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HIGH-SPEED RAILWAY EMBANKMENTS STABILIZATION
BY USING A PLANT BASED BIOPOLYMER
Huseyin Suha Aksoy*, Mesut Gor
Civil Engineering Department, Engineering Faculty, Firat University, Elazig, Turkey

Astragalus have a very long shelf life without loss of
viscosity [2]. Astragalus has been used commercially for well over 2000 years and is currently
widely used as an emulsifier and thickener in emulsion systems in food, pharmaceutical and cosmetic
industries [3]. In literature, numerous studies can be
found about chemical and mechanical properties of
Astragalus [3-4].
People have been building roads and houses by
using soil as building and base material for ages. A
road embankment should be built with a certain loadbearing capacity and resistant to volumetric changes.
Besides, the fill settlements must not go over the limits; the embankment slope should be preferred in appropriate gradient or the strength must be increased
via proper techniques such as geotextile, soil nailing
and anchorage. The engineering properties of a fill
can be enhanced in two ways: making compaction or
adding additives such as lime, cement, fly ash and
natural resin.
Since the fills are continuously under the effect
of dynamic external forces like traffic, their dynamic
characteristics such as the modulus of elasticity and
the resilience modulus must be known. The resilience modulus of the sub-ground material is determined with the Eq. (1) below by using the CBR test
results [5].
(1)
M R 1500.CBR
where ܯோ is the modulus of resilience (psi).
The earthworks of a road can be ranked as base,
sub-base and the sub-grade layers. The qualities of
sub-grade materials for fills are divided into 5 categories depending on their CBR values (very poor,
poor to fair, fair, good and excellent) [6]. The CBR
values of sub-grade materials are between 0-7% and
these rank in very poor and poor to fair classes. Besides, the unconfined compressive strength (25 100kN/m2) of sub-grade is classified as soft and mid.
These kinds of soils are recognized as unstable and
needed to be stabilized in road constructions.
The existing soil may not be suitable for the
construction of supporting fill. Therefore, low-cost,
harmless and natural additive materials must be used
for the purpose of soil stabilization. Cement, bituminous materials, lime, fly ash, resins and chloride can
be used as additives [7]. Gopal et al. [8] used some
different natural resins for stabilizing sandy soil
(dune sand). They determined that natural resins,
Rosin and Terminalia alata tannins could reliably be

ABSTRACT
Astragalus is a biopolymer, obtained from a
plant that grows mostly in Turkey, Iran, Turkmenistan, Iraq, China, Korea, Japan, Syria, Mongolia and
North Africa etc. In this study, the availability of
Astragalus as an additive in the rail road fills is researched with regards to durability and strength parameters. A bump grows up when there is differential settlement between a bridge abutment and an approach embankment. The allowable differential settlement should be nearly equal to zero at high speed
train railway embankments. For determining the proportion of Astragalus needed for reaching the maximum strength parameters, ten different soil samples
were prepared with Astragalus content ranging from
0% to 10% by weight. The optimum moisture content (wopt), maximum dry density and strength parameters are figured out for all mixtures. Nowadays,
the high resilience modulus (MR) fills are commonly
used in high speed rail roads. These fills have a high
energy absorption capacity and strength. The MR
value can be determined through CBR (California
Bearing Ratio) tests. According to the experimental
studies, adding 1 % of Astragalus to the sandy soils
was deemed suitable in terms of strength parameters,
economy and CBR values.

KEYWORDS:
Railway embankment design, biopolymer, strength parameters, resilience modulus, Astragalus, unconfined compression test.

INTRODUCTION
Astragalus is a plant based biopolymer that
grows in Turkey, Iran, Turkmenistan, Iraq, China,
Korea Japan, Syria, Mongolia and North Africa etc.
Thousand tons of Astragalus is produced in these
countries [1]. It is possible to purchase Astragalus
lower than 6 $/kg in global markets. Chemically, it
is a complex mixture of acidic polysaccharides,
mostly present as calcium, magnesium and potassium salts. Astragalus swells quickly in water to
form highly viscous colloidal sols or semi-gels,
which act as protective colloids and stabilizing
agents. Unlike many other gums, solutions of
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used in the soil. They examined the effect of compaction on the strength to determine the optimum
stabilized layer thickness in roads and the helipads
that are to be constructed in arid and dune regions.
Besides, they analyzed the effects of temperature and
bacteria on stabilized samples. Several researchers
used various biopolymers and polymers (gellan gum,
agar gum, glucan, xanthan gum, guar gum, modified
starches etc.) to improve strength parameters of soils
[9-16]. Levacic and Bravar [17] determined the
properties of soil samples prepared by mixing the
urea formaldehyde resin with soil. They prepared
soil samples added different proportions of resins.
The investigation of various parameters showed that
resin significantly improved the geotechnical parameters of soil. They, consequently, determined that
urea formaldehyde was suitable for soil stabilization.
On the other hand, some investigators used chemical
resin for improving the geotechnical parameters of
dunes. These chemical products consist of melamine, urea, sodium carbonate and sulphuric acid.
They determined that the compression strength increased to the value of 2.4 N/mm2, in case 2% of sulfonated urea-melamine formaldehyde and 0.25% of
sodium chloride were used. Researchers indicated
that this resin had nutritious effects for the plants.
Thus, improving dunes with these materials would
have positive effects on the environment [18]. Galan-Marin et al. [19] used natural polymer (alginate)
for the stabilization of clayey soil. The compressive
strength of clayey soils increased from 2.23 to 3.77
MPa. Maghchiche et al. [20] utilized polymers and
biopolymers (polystyrene, polyacrylamide and cellulose) in order to improve water retaining properties
and stabilization of arid and semiarid lands. In several studies, researchers analyzed the settlement of
high speed train embankments by using finite element method. Both researches showed that the total
differential settlements provided only high strength
subgrade layer [21-22]. Tayfur and Egeli [23] analyzed the total differential settlements of railway embankments. They used different water-cement ratios.
By using finite element analysis results, researchers
used artificial neural networks to predict the main
stiffness specifications of cement-stabilized high
speed railway embankment layers.
The cross sections of the road structures are
ranked as base, sub-base and the sub-grade layers
[24]. The base and sub-base layers are the two main
layers ensuring the load bearing capacity of roads.
The base and sub-base layers consist of the mixture
of crushed stone, the particle diameter of which
reaches up to 19mm, and the clay material. These
layers should transmit the load weight to the ground
without permanent deformation. Settlement and expansion are the main problems for these layers. The
basic components of a rail road can be seen in the
Fig. 1.

Fresenius Environmental Bulletin

MATERIALS AND METHODS
With the purpose of determining the effects of
Astragalus on the geotechnical properties of sandy
soil, laboratory works are carried out in accordance
with ASTM E1266-12 [25], Standard Practice for
Processing Mixtures of Lime, Fly Ash, and Heavy
Metal Wastes in Structural Fills and Other Construction Applications standard. In the lab works; the
sieve analysis is performed in accordance with the
ASTM C136 / C136M-14 [26], Standard Test
Method for Sieve Analysis of Fine and Coarse Aggregates standard and in line with these analyses, the
classification is made according to the Unified Soil
Classification System (USCS). Right after these
classification works, standard compaction test is implemented to the mixtures and the optimum moisture
content and the maximum dry density are determined correspondingly ASTM D698-12e1 [27],
Standard Test Methods for Laboratory Compaction
Characteristics of Soil Using Standard Effort (12 400
ft-lbf/ft3 (600 kN-m/m3). The samples are prepared
as ten different mix proportions of Astragalus from
0% to 10%. All the samples are prepared in the optimum moisture content and the shear box tests are
carried out in accordance with the ASTM D3080 /
D3080M-11 [28], Standard Test Method for Direct
Shear Test of Soils Under Consolidated Drained
Conditions standard. Unconfined compressive
strength of samples which contained 1% to 10%
Astragalus are determined (according to ASTM
D2166 / D2166M-13 [29], Standard Test Method for
Unconfined Compressive Strength of Cohesive
Soil). The CBR values are determined in accordance
with the ASTM D1883-14 [30], Standard Test
Method for California Bearing Ratio (CBR) of Laboratory-Compacted Soils.
The index tests. A sandy soil, received from
Turkish city of Elazig, is used as the embankment
material in the tests performed. The relevant laboratory test results can be seen in the Table 1 and Fig.
2. In the result of the hydrometer tests and sieve analysis, the clay, silt, sand, and gravel rates of the soil
are found to be 2.0%, 9.9%, 85.5% and 2.6% respectively. Consequently, the soil class is defined as SWSM (well-graded Sand with Silt) in USCS and A-1b (excellent to good) in AASHTO soil classification
systems.
Astragalus (a biopolymer) is used as the additive. Astragalus is grinded as it is seen in Fig.3. After
this grinding process, the Astragalus material is
sifted by the sieve 177μm. Then, the sifted Astragalus is added to the soil from 1% to 10% and Proctor
tests were performed on these mixtures.
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FIGURE 1
Typical cross-sections of road.
TABLE 1
Soil properties
Specific Gravity
Optimum Water Content (%)
Max. Dry Density (kN/m3)
Content of Fines (%)
,QWHUQDO)ULFWLRQ$QJOH Û
Cohesion (kN/m2)
CBR value
Soil Classification (USCS), (AASHTO)

2.68
12.0
18.9
11.9
41.5
26.0
14.0
SW-SM, A-1-b



Percent Finer (%)





















Particle Size, D (mm)

FIGURE 3
Astragalus
(before and after granulation and sieve process)

FIGURE 2
Particle size distribution of soil

TABLE 2
Results of the Proctor tests
Resin ratio
(%)
0
1
2
3
4
5
6
7
8
9
10

Max. dry density
(kN/m3)
19.0
18.0
17.5
16.9
16.2
15.9
15.0
14.8
14.6
14.5
14.6

7628

Optimum Moisture Content
(%)
12.0
14.5
15.0
16.5
16.5
17.0
18.0
18.5
18.5
19.0
19.0
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Dry Density (kN/m3)
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Optimum Moisture Content, wopt (%)

FIGURE 4
Results of the Proctor tests

FIGURE 5
Shared test specimen
TABLE 3
Results of shear box test

Resin ratio (%)
0
1
2
3
4
5
6
7
8
9
10

,QWHUQDOIULFWLRQDQJOH Û
41.5
37.0
27.5
20.0
19.5
18.5
18.2
18.3
18.0
17.5
18.5

Cohesion (kN/m2)
26.0
38.0
44.0
48.5
51.5
52.5
51.5
47.5
45.0
41.0
35.5

Astragalus content. Therefore, in UCS tests load-displacement readings after reaching peak strength are
not ceased, until limitations of test system.
Increase in Astragalus content decreases the
unconfined compression strength and elasticity (tangent) modulus. Maximum compressive strength
value is obtained from the 1% Astragalus samples.
Increasing Astragalus content caused barrel type
failure like cohesive soils in UCS tests (Fig.7.).

RESULTS AND DISCUSSION
Proctor tests. The values of optimum moisture
contents and maximum dry density are determined
in the result of the Proctor tests for each mixture. The
data obtained as a result of the tests were summarized in Table 2 and Fig. 4. In this study, samples
prepared at the Proctor density and optimum moisture content are used in all tests.

CBR tests. The CBR test consists of measuring
the necessary load for ensuring a piston in standard
sizes to penetrate in the soil sample in a definite
speed. This load is divided by the load needed for the
piston to penetrate into the same depth in a standard
crushed rock sample and the result obtained multiplied by 100 and so the CBR value is found. Usually,
2.5 and 5mm of depths are used, but the depth values
of 7.5 - 10 and 12.5 mm can be used too, if required.
The penetration loads relating to crushed rock were
standardized too. The CBR values are developed for
measuring the bearing capacity of the soil for road
construction [31]. The CBR tests are performed on
the samples with optimum moisture content, in Proctor density and by adding increasing amounts of
resin (0% to 10% by weight). CBR test results can
be seen in Fig. 8.

Shear box tests. Various ratios of Astragalus
(1% to 10%) are added to the sandy soil and compacted to Proctor density. After this, the shear box
tests are performed on the prepared soil samples. The
samples are sheared at a constant rate of 0.5mm/min.
The results of the shear box test are provided in Table 3. The final state of the sample in the shear box
test is seen in Fig. 5.
Unconfined compression tests (UCS). Unconfined compression tests are conducted on the soil
samples containing Astragalus (1% to 10%). The
samples are sheared at a constant rate of 0.5mm/min.
Fig.6. shows the results of the unconfined compression tests. In the figure, it is clearly seen that the ductility of soil samples increases with increasing
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Unconfined compression strength
(kN/m2)




































Deformations (%)

FIGURE 6
Results of the UCS tests

FIGURE 7
Detail of soil samples after the UCS tests





CBR Values (%)
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Resin Ratio (by weight) (%)

FIGURE 8
CBR values vs. resin ratio
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FIGURE 9
Soil sample with 10% Astragalus after CBR test

decrease in dry density. As a result of the
experiments carried out, the increasing percentage of
Astragalus decreased the dry density. However, it is
determined that the unconfined compressive strength
and CBR value peaked in 1 % of Astragalus and then
decreased sharply. It is considered that this was
caused by Astragalus to constitute adhesion among
the soil grains then soil samples pretend to be
cohesive soils.

Especially for samples which contain 10%
Astragalus, soil spurted out from CBR mould and
some heave of soil is observed (Fig.9.). Increasing
Astragalus content caused plastic-like behavior of
the samples.
Astragalus can be used as a soil additive in
small quantities. Increasing its amount increases the
optimum moisture content. For instance, when
comparing additive-free soil (0% Astragalus) and
soil containing 5% Astragalus, it is observed that the
optimum water content increases from 12 to 17 %.
Moreover, it is also observed that the dry density
decreased from 18.9kN/m3 to 15.9kN/m3, after
adding 5% of Astragalus.
Increase in Astragalus content not only
decreases the angle of internal friction, but also
results in higher cohesion values. For instance, when
comparing additive-free soil and soil samples
containing 5% of Astragalus, the angle of internal
friction decreaVHVIURPÛWRÛZLWKDGHFUHDVH
of 55%, and the cohesion value increases to
52.5kN/m2 from 26kN/m2 with an increase of 100%.
While the maximum cohesion is obtained with
the addition of 5 % Astragalus, it is seen that the
angle of internal friction declines sharply. This
decline in the angle of internal friction and increase
in the cohesion separate the behavior of the
embankment soil from the properties of the
cohesionless soils and causes them behave like the
cohesive soils.
Even as the angle of iQWHUQDOIULFWLRQLVÛLQ
the additive-IUHH VDPSOHV LW EHFRPHV Û ZLWK D
decrease of 11% after the addition of 1 % Astragalus.
Besides, the cohesion value of the additive-free
samples has been determined as 26kN/m2. With the
addition of 1% Astragalus, it increased 45% and iss
determined as 38kN/m2.
As indicated above, the increase in the rate of
Astragalus increases the dry density of the soil.
When the previous studies are analyzed, it is
observed that the resilience modulus (and the CBR
value) was affected too much by the density of the
soil [32-33]. In these studies, it was reported that the
resilience modulus decreased as a result of the

CONCLUSIONS
$VWUDJDOXVLVD³JUHHQ´PDWHULDOZKLFKFDQEH
used in soil as a stabilizer. With the addition of 1%
Astragalus, the CBR results and UCS of sandy soil
reaches a maximum value. It is seen that the carrying
capacity of the soil decreased rapidly when the
Astragalus content exceeded 1% by weight.
Furthermore, adding Astragalus in the increasing rates causes a decrease in soil strength. It is determined that 1% is the most suitable rate of Astragalus addition in sandy soils in terms of economy,
strength parameters, and the CBR values.
The immobilization of Astragalus in the ground
using soil stabilisation treatment is emerging as a viable and economical way of stabilization because of
its advantages over other containment and soil stabilization methods.
In the laboratory observations, it is seen that the
strength of the soils with Astragalus additive considerably increased after they lose their water content.
Therefore, the effects of the changes of water content
on the behavior of soils with Astragalus additive can
be researched in the future studies.
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ARSENIC REMOVAL FROM AQUEOUS SOLUTIONS USING
IRON OXIDE COATED SEPIOLITE
Sedef Arikan*, Deniz Dolgen, M Necdet Alpaslan
Dokuz Eylül University, Department of Environmental Engineering, 35160, øzmir, Turkey.

relatively high investment, operational and
maintenance costs; and thus their wide application
are limited due to the economic constraints.
Adsorption is such a system which can remove
arsenic efficiently, with sludge-free operation and it
can be low-cost alternative provided that regional
available adsorbents are used [10,11,12, 13]
Natural affinity of arsenic to iron(hydro)oxides
is a well-known issue and makes this material
attractive in adsorption process [14,15]. Several
studies were done by using iron based materials in
order to improve their adsorption capacity such as
ferrous based red mud sludge [16], bead cellulose
loaded with iron(oxy)hydroxide [17], iron based
biomass-silica gel composites [18], iron oxide coated
sponge [19], iron oxide coated natural rock [20], iron
oxide coated cement [21], Fe-exchanged natural
zeolite [16], iron oxide coated perlite [22], modified
activated carbons with iron hydro(oxide)
nanoparticles [23], iron±manganese binary oxide
(FeMnOx/RGO) [24]. The responsible mechanism
for the removal of arsenic is adsorption on iron
modified adsorbents, which refers to the formation
of surface complexes between soluble arsenic
species and the surface hydroxyl groups, as arsenic
connects with the iron sites of the material [25].
Sepiolite is a natural clay mineral with large
surface area and porosity which provides excellent
adsorption capacity. Main deposits of sepiolite are
located in Anatolia in Turkey, Ceelbuur in Somalia,
South-central China and Spain, and commercially
available [26]. The abundance and availability of
sepiolite mineral reserves as raw material sources
and the relatively low cost of sepiolite guarantee its
continued utilization in the future [27]. These
advantages make sepiolite a unique adsorbent to use
it in arsenic treatment. Iron modified sepiolite was
effectively used to remove heavy metals like
chromium(VI) and lead(II) from ground water and
cobalt(II) ions from aqueous solutions [28, 29].
Sepiolite has been recently researched by [30] and
[31] in order to evaluate arsenic sorption. For an
effective adsorption, surface area is one of the
critical parameter and it depends on particle size
[32]. Because of the lack of this important detail in
the literature as well as material characterization and
competing anions in the water, this study presents a
comprehensive approach for arsenic adsorption by
iron oxide coated sepiolite. In this scope, surface

ABSTRACT
In this research, adsorption of arsenic As(V) by
iron oxide coated sepiolite (IC-SEP) was studied.
Sepiolite which has significant deposits in Turkey
and as a low cost natural material, was used as
adsorbent after coating with iron oxide. Material
characterization study as well as adsorption data
affirmed that iron oxide was successfully coated onto
sepiolite. Optimum adsorption parameters were
determined by batch experiments. As(V) removal
was best achieved at neutral pH range. Results
showed that removal percentage of As(V) could be
over 94% in the conditions of IC-SEP dosage 5.0
g/L, contact time 4 h, and initial concentration of 110
μg/L As(V). Bicarbonate was detected as a major
anion possibly interfere As(V) adsorption. Langmuir
isotherm model well fitted to equilibrium data; and
maximum adsorption capacity was calculated as
0.501 mg/g which is larger than that of several other
adsorbents. Kinetics study showed that As(V)
adsorption was well described by pseudo secondorder model. Results suggested that IC-SEP is an
easily available and low-cost adsorbent, and can
effectively be used to reduce As(V) concentration
below the standards, i.e.ȝJ As/L.

KEYWORDS:
Adsorption, arsenic, sepiolite, iron oxide coating, low-cost
adsorbent

INTRODUCTION
Arsenic is a heavy metal and accumulates in the
body so can be toxic or cancerogenic depending on
dosage [1]. In view of the toxicity to humans, the
contamination limit of arsenic in drinking water is
reduced from 50 to 10 Pg/L by the World Health
Organization - WHO [2, 3]. The European
Commission (EC) and USEPA maximum admissible
concentrations for arsenic in drinking water have
DOVR EHHQ UHGXFHG WR  ȝJ/ [4]. Various
technologies are being used for removal of arsenic
from water. Adsorption, membrane processes,
oxidation- filtration and ion exchange are most
preferred advanced methods for arsenic removal
from water [5,6,7,8,9]. However, they have
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emission spectrometry (HG-ICP-OES) (Optima
2100 DV).

morphology, phase structure, surface area and pore
volume data were investigated for both raw sepiolite
and iron oxide coated sepiolite. Further, high arsenic
bearing groundwater, sXSSOLHGIURP%DOÕNHVLUin the
west part of Anatolia, where arsenic was measured
up to 1000 μg/L, was also tested for competing ions
interference on arsenic adsorption.

Adsorption kinetic study. Adsorption kinetics
of the selected adsorbent (IC-SEP) were identified
by batch experiments. Three different initial arsenic
concentrations, i.e., 100.8, 494 and 1503 μg/L, were
reacted with 5 g/L of adsorbent during 8 hours.
Samples were taken 15, 30, 60, 120, 240 and 480
minutes time intervals and arsenic concentrations
were measured. The pH was kept as 7 and the
experiments were conducted at room temperature.
The obtained data were fitted to the first-order,
pseudo first-order, second-order and pseudo secondorder reaction kinetics models.
The equation to define the first order reaction
mechanism is presented as [33];
(1)
െሺ݀ܥ௧ ሻȀ݀ ݐൌ ݇ܥ௧
In this equation, Ct is the concentration at a
contact time (mg/L), Co is the initial concentration
(mg/L) and k is the first order adsorption rate
constant. When integrating equation for the
boundary conditions (t =0 to t and C=Co to Ct), the
linearized form of model is obtained as;
݈݊ܥ௧ ൌ ݈݊ܥ െ ݇ݐ
(2)
In pseudo-first order reaction model, the rate
(dqe/dt) is proportional to the difference between the
amount of adsorption at time t and the adsorption
capacity of adsorbent (qe ±qt). The pseudo-first order
reaction equation is generally expressed as follows;
(3)
ሺ݀ݍ௧ ሻȀ݀ ݐൌ ݇ଵ ሺݍ െ ݍ௧ ሻ
In the equation, qe and qt define the adsorption
capacity at equilibrium time and any time, and k1 is
the adsorption rate constant. Integrating equation at
the boundary conditions (t =0 to t and q t=0 to qt)
gives the linearized form of model and it can be
presented as:
ሺݍ െ ݍ௧ ሻ ൌ ݈݊ݍ െ  ݇ଵ ( ݐ4)
Second order reaction model is based on steady
state concentration and widely used for the
adsorption process [34, 35]. The mathematical
expression of the second order reaction mechanism
is expressed as;
(5)
െሺ݀ܥ௧ ሻȀ݀ ݐൌ ݇ଶ ܥ௧ଶ
In the equation, Ct defines the concentration at
a contact time (mg/L), Co the initial concentration
(mg/L), and k2 is the second order adsorption rate
constant. Integrating equation at the boundary
conditions (t =0 to t; Ct=0 to Ct), linearized form of
model is written as;
ͳȀܥ௧ െ ͳȀܥ  ൌ ݇ଶ ݐ
(6)
Finally, pseudo-second-order reaction model
which is based on the adsorption capacity [35] is
presented as;
(7)
݀ݍ௧ Τ݀௧ ൌ ݇ଶ ሺݍ െ ݍ௧ ሻଶ
In the equation, qt is the adsorption capacity of
any time (mg/g), qe is the adsorption capacity at
equilibrium time (mg/g) and kp2 is the pseudo second
order adsorption rate constant. Integrating the
equation at boundary conditions (t =0 to t and qt=0 to

MATERIALS AND METHODS
Reagents. All chemicals were of reagent grade
and used without further purification. The water used
in this study was deionized water. A standard 1,000
mg/L As(V) solution (Merc, Germany) was used for
preparation of diluted solutions. 0.1 M NaOH and
HCl solutions were used for pH adjustment. Arsenic
bearing groundwater was also experienced in order
to investigate competing ions effect on the
adsorption efficiency.
Preparation of iron oxide coated sepiolite
(IC-SEP). Raw sepiolite (SEP) was provided from
(VNLúHKLU region, Turkey. It was crushed and sieved
in the range of 300-1000 μm, washed with deionized
water and dried in an oven at 105ͼC. Then, 20 g of
this material, was soaked in 50 mL of 0.5 M ferric
nitrate solution at pH 10, at room temperature. The
mixture was homogeneously stirred by mechanical
shaker for 2 hours, and dried again at 200ͼC in an
oven for overnight. After that, iron oxide coated
material was repeatedly washed in deionized water
until the supernatant was clear. The material was
dried in an oven and stored in capped bottles for
further use.
Characterization of the adsorbents. The
particle morphology of raw sepiolite (SEP) and iron
oxide coated sepiolite (IC-SEP) were measured by
scanning electron microscopy (SEM, Japan, JEOL
JSM6060). Elemental analyses of SEP and IC-SEP
was carried out by EDX connected to the SEM. Xray diffraction pattern was taken from X-ray
diffractometer
(Rigaku
D/Max
2200PC
diffractometer with Ni-ILOWHUHG &X .Į UDGLDWLRQ to
identify the components. 7KH VSHFL¿F VXUIDFH DUHD
and pore volume of adsorbents were measured by
BET method on a Micromeritics Gemini apparatus.
Batch experiments. Batch experiments were
carried out in Erlenmeyer flasks in order to obtain
rate and equilibrium data. Two parallel experiments
were conducted using SEP and IC-SEP. 50 mL
As(V) solutions and adsorbent were put in
Erlenmeyer flasks and shaken in a mechanical shaker
with speed of 100 rpm. The effects of pH, contact
time, initial As(V) concentration, adsorbent dose,
particle size, competing anions were studied.
Influent and effluent arsenic concentrations were
measured by an inductively coupled plasma-optical
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qt) gives the linearized form of model as;
ݐȀݍ௧ ൌ ͳȀሺ݇ଶ ݍ ଶ ሻ  ሺͳȀݍ ሻݐ

analyses. As sepiolite has porous structure, iron
coating could be penetrated into deeper parts via
pores resulting lower iron content in the samples.

(8)

Adsorption isotherm study. Adsorption
capacity of iron-oxide coated sepiolite (IC-SEP) was
found through isotherm study. For this purpose,
batch experiments were performed with 50 mL of
As(V) solutions at initial concentrations ranging
from 100 to 10,000 ȝJ/L. Experiments were
conducted at pH 7, at room temperature and 4 h of
contact time. Effluent arsenic concentrations were
measured by ICP-OES. Obtained data were used in
arsenic equilibrium studies fitting them to Langmuir
model (Eq.9) and Freundlich model (Eq.10). The
linearized Langmuir isotherm equation is given as
follows [36]:
ͳȀݍ ൌ ͳȀݍ  ͳȀሺܾݍ ሻሺͳȀ ሻ
(9)
Where qe is the amount of arsenic adsorbed at
equilibrium (mg/g), Ce is the equilibrium
concentration (mg/L), qmis the adsorption capacity
(mg/g), b is the adsorption energy (L/mg).
Freundlich isotherm is an empirical equation
and commonly used for adsorption processes [37], as
well. Linearized form of Freundlich isotherm is
expressed as:
(10)
݈݊ݍ ൌ ݈݊݇  ͳΤ݊ ሺ݈݊ܥ ሻ
Where kf is the adsorption capacity (mg/g), qe is
amount of adsorbate adsorbed per unit mass of
adsorbent (mg/g) and Ce is equilibrium concentration
and 1/n is affinity coefficient.

FIGURE 1
Photographs and SEM images a Photo of SEP, b
Photo of IC-SEP, c 75x magnification of SEP, d
1000x magnification of SEP, e 75x magnification
of IC-SEP, f 1000x magnification of IC-SEP

TABLE 1
Elemental analysis of SEP and IC-SEP
SEP
Element
Si
O
Mg
Ca
Al
Fe

In addition to EDX analysis, XRD analyses
were also conducted, and phases of SiO2, MgO, CaO,
Al2O3, and Fe2O3 have been detected in IC-SEP.
These results indicate that iron oxide coating on raw
sepiolite was successfully achieved. BET surface
area, pore volume and average pore size of
adsorbents were presented in Table 2. Ironoxide
coating process caused decrease in surface area of
IC-SEP. The surface area of SEP was 197.3 m2/g,
whereas after coating with iron oxide, it decreased to
183.2 m2/g. Similarly, total pore volume of SEP was
0.41cm3/g and it decreased to 0.39 cm3/g for IC-SEP.
Reduction on pore volumes after coating might be
explained iron impregnating into pores. On the other
hand, for coated material, decrease in particle size
was resulted insignificant reductions in surface area,
pore volumes, and average pore size (see Table 2).
Those reductions might be attributed to destroying
pores during the crushing of raw materials.

IC-SEP
Weight (%)

59.06
21.99
16.86
0.89
1.18
-
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60.71
22.57
10.63
0.33
2.32
3.44

RESULTS AND DISCUSSION
Adsorbent
characterization.
Surface
morphologies of adsorbents (SEP, IC-SEP) were
identified by SEM analyses, and chemical
compositions by EDX. The original pictures of the
materials and the images obtained from SEM
analysis were given in Fig. 1. The SEM images in
Fig. 1 indicate that SEP and IC-SEP particles has
quite porous surface. The chemical compositions of
adsorbents are listed in Table 1. EDX analyses
showed that SEP is primarily a mixture of Si, O, Mg,
and Al and major constituent of sepiolite was
silicate. Iron content was not detected in SEP, while
the iron content IC-SEP particles were 3.44 % by
weight. This is relatively low value and most likely
attributed to surface sensitive characteristics of EDX
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TABLE 2
BET analyses of SEP and IC-SEP
Material
SEP
(710-1000 μm)
IC-SEP
(710-1000 μm)
IC-SEP
(425-710 μm)
IC-SEP
(300-425 μm)

Surface Area (m2/g)
BET
197.28

Micropore Area
46.33

Pore Volume (cm3/g)
Total
Micropore Volume
0.41
0.0195

82.35

183.24

33.92

0.39

0.0139

85.72

177.01

34.38

0.37

0.0142

84.14

188.80

35.11

0.38

0.0144

81.48

Avg. Pore Size (Å)

time was selected for the experiments. Figure 3
further indicates that arsenic removal by SEP was
negligible and also time-independent. This result
also shows that As(V) adsorption occurs only on
positively charged iron coated sites of sepiolite, ICSEP, and SEP without coating does not have
adsorption capacity under the defined experimental
conditions.

Adsorption experiments. Effect of pH on
adsorption. Three different pH values of the
influent, namely acidic (4), neutral (7) and basic (10)
were experienced and As(V) removal efficiencies
were found as 72%, 79% and 48% for IC-SEP (see
Fig 2). However, SEP did not give any significant
removal efficiency for varied pH levels. Figure 2
shows that pH values higher than 7 negatively affect
As(V) removal efficiency. As reported by [38],
decrease in adsorption of As(V) on iron oxide
surface could be attributed to an increase in
competing OH± for adsorption sites with increasing
pH. Maji [39] reported that, the neutral (H3AsO4),
the monovalent (H2AsO4í), the divalent (HAsO4í)
and the trivalent (AsO4í) ions are stable at the pH
ranges of 0±2, 3±6, 7±11, and 12±14, respectively. In
our experiments, As(V) bearing water having pH
value 7 was used. Monovalent and divalent arsenate
oxyanions (stable at the pH ranges 3±6 and 7±11,
respectively) might be present in the water and
adsorb onto the positive surfaces of coated materials
via ion exchange/ion attraction.

FIGURE 3
Effect of contact time on SEP and IC-SEP
(initial As(V) concentration 110 μg/L, 5 g/L
adsorbent dose)
Effect of initial arsenic concentration. ICSEP could treat As(V) in water over 90% efficiency
XSWRȝJ/LQLWLDO$V 9 FRQFHQWUDWLRQ%H\RQG
this concentration, removal rate decreased and was
80% IRU  ȝJ/ $ERYH  ȝJ/ UHPRYDO
HIILFLHQF\ ZDV QHDUO\ VWDEOH DQG XS WR  ȝJ/
initial arsenic concentrations, removal rate decreased
only approximately 8%. The reason for the decrease
in As(V) adsorption efficiency at higher initial
arsenic concentration might occur due to the
adsorbent sites eventually became saturated with
adsorbed arsenic. Those findings are illustrated in
Figure 4. IC- SEP has a large adsorption capacity and
it showed great performance to remove arsenic from
water for high arsenic bearing water. Large surface
area and pore volume of IC-SEP provide to hold
As(V) anions not only onto surface, into the pores,
as well. Raw sepiolite had almost no adsorption
capacity in any As(V) concentrations as expected.

FIGURE 2
Effect of pH on arsenic removal for SEP and ICSEP (initial As(V) concentration 110 μg/L, 2
hours contact time 5 g/L adsorbent dose)
Effect of contact time on adsorption. The
effect of contact time on As(V) adsorption is
demonstrated in Figure 3. Arsenic removal rate
increased and reached to 82.5% at the end of two
hours contact time, as shown in Fig. 3. Maximum
removal efficiency of 90% was achieved within 4
hours, and remained fairly constant up to the end of
the experiment (8 hours). Thus, four hours contact
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and IC-SEP. Negligible arsenic removal occurred for
all size ranges, for SEP as expected. However, ICSEP had lower performances in the smaller size
ranges as seen in Fig.6. In the range of 300-ȝP
and 425- ȝP removal rates were nearly same
and were obtained 85% and 88%, respectively. For
710- ȝP VL]H UDQJH  UHPRYDO ZDV
achieved. This situation can be caused from
disappearing the pores in sepiolite when crushing to
smaller sizes. Also, it can be interpreted that
adsorption occurs into pores more than surface.
Therefore, 710- ȝP VL]H UDQJH RI PRGLILHG
sepiolite was found suitable to remove arsenic below
ȝJ/

FIGURE 4
Effect of initial As(V) concentration on SEP and
IC-SEP (5 g/L adsorbent dose)
Effect of adsorbent dose. The relationship
between adsorbent dose and As(V) adsorption is
depicted in Figure 5. Arsenic removal rapidly
increased with an increase of IC-SEP dosage up to 5
g/L. For 1 g/L and 2 g/L adsorbent doses, removals
were around 35% and 55%, respectively. Adsorption
efficiency was reached to 95% for 5 g/L. For further
doses, As(V) removal did not significantly change,
app. 97% of initial As(V) could be treated for 25 g/L
and 50 g/L doses. The rapid increase up to 5 g/L
doses might be attributed to the fact that with an
increase in the adsorbent dose, more adsorbent
surface is available for the As(V) to be adsorbed.

FIGURE 6
Effect of particle size on SEP and IC-SEP
(initial As(V) concentration 110 μg/L, 5 g/L
adsorbent dose)
Effect of competing anions in groundwater
on adsorption. In groundwater sources several
anionic components might exist, which could
compete with arsenic for the available adsorption
sites [40]. Sulfate (SO4í), phosphate (PO4í) and
bicarbonate (HCO3í) are the major co-existing
anionic components usually present in groundwater
and affect arsenic removal undesirably. Therefore, in
order to determine the effect of competing ions on
As(V) removal, arsenic bearing groundwater (300
μg/L) from BalÕkesir region, Turkey, was used in the
study. Major anions in the groundwater used in the
experiments were HCO3-, NO32, SO42- and Cl(Table 3).

FIGURE 5
Effect of adsorbent dose on SEP and IC-SEP
(initial As(V) concentration 110 μg/L, 4 hours
contact time)
As a result of experiments, 5 g/L adsorbent
dose was found capable to decrease arsenic
concentration under desirable limit (i.e. 10 μg/L).
Under 5 g/L, active surface site was not enough for
satisfactory arsenic adsorption. Nearly 95% arsenic
in the solution could be held by 5 g/L adsorbent dose
and more. For this reason, 5 g/L adsorbent dose was
used in the further experiments.

TABLE 3
Concentration of anions in groundwater before
and after adsorption tests
Anions (mg/L)
Chloride
Nitrate
Sulphate
Bicarbonate
Phosphate

Effect of particle size. The effect of particle
size on adsorption is presented in Figure 6 both SEP
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Before
treatment
5.9
18.1
10.4
402.6
not available

After Treatment
by IC-SEP
5.1
12.1
6.2
244.0
not available
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TABLE 4
Kinetic equations for IC-SEP
Kinetic of reaction
First order

Pseudo-first-order

Second-order
Pseudo-secondorder

Initial concentration(μg/L)
100.8
494
2605
100.8
494
2605
100.8
494
2605
100.8
494
2605

Equation of reaction
lnCt=-0.251t-2.9802
lnCt = -0.2833t - 1.4314
lnCt = -0.1641t + 0.2264
ln(qe-qt)= -1.2768t-4.184
ln(qe-qt) = -0.2833t - 1.4314
ln(qe-qt) = -0.7556t - 1.569
1/Ct=11.324t+20.961
1/Ct = -0.2833t - 1.4314
1/Ct = 0.2035t + 0.88
t/qt=52.942t+16.357
t/qt = 10.535t + 3.1607
t/qt = 2.2554t+ 0.4808

R2
0.707
0.7475
0.5479
0.9898
0.9619
0.8254
0.8339
0.8749
0.7477
0.9993
0.9993
0.9997

removal efficiencies of other anions were quite low.
Gao [41], studied existing anions on arsenic
adsorption and observed an increase of 56 μg/L of
arsenic concentration with initial bicarbonate content
up to 1500 mg/L. They reported that desorption of
arsenic by bicarbonate is significant, even at
relatively low concentration levels. Stachowicz [42],
observed that the presence of HCO3- increased the
arsenate as well as arsenite concentration in solution,
particularly evident in the pH range relevant for
Bangladesh groundwater. They obtained from the
experiments, the As(III) concentration increased
about 10 times at the lowest pH value due to the
presence of 0.01 M bicarbonate. HCO3- also
enhances dramatically the adsorption of both
pesticides on alpha-Al2O3 and clay [43].

The groundwater sample was diluted to 100 μg
As/L±5 with deionized water in order to compare the
results with experiments by synthetic As(V)
containing water. All the other parameters (pH,
contact time, adsorbent dose) remained constant.
Results revealed that competing anions in real
arsenic bearing water resulted with interference; and
thus arsenic removal efficiency decreased. Due to
high adsorption capacity of IC-SEP (0.501 mg/g),
the reduction of percent removal was only 17±5%.
For the same experimental conditions, arsenic
removal rate was obtained 94% for synthetic water
and 77% for groundwater sample (Fig.7).

Adsorption kinetic study. The adsorption
kinetics of IC-SEP were studied using first order,
pseudo first order, second order, and pseudo second
order reaction mechanisms. The equations and
coefficient of determination values (R2) for all
reaction models are presented in Table 4.

FIGURE 7
Effect of existing ions on arsenic adsorption
(initial As concentration 110 μg/L, 4 hours
contact time, pH 7)
As it presented in Table 3, following the
adsorption experiments, the concentrations of HCO3,NO3-, SO42- and Cl- were measured as 244.0, 6.2,
12.1 and 5.1 mg/l, respectively. HCO3concentration, as major anion, decreased
dramatically after treatment and this situation also
resulted by decreasing removal efficiency of As(V)
for the groundwater sample (Table 3). However,

FIGURE 8
Adsorption kinetics of IC-SEP
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TABLE 5
Langmuir and Freundlich isotherm constants for IC-SEP
Adsorbent
Langmuir
Freundlich
dose (g/L)
qmax (mg/g)
b (L/mg)
R2
n
kf
(mg/g)
5
0,501
6,909
1,528
0,644
0,9958
10
0,164
21,03
1,65
0,351
0,9857
20
0,102
44,85
1,82
0,242
0,9912

R2
0,9860
0,9890
0,9819

charged. EDX and XRD analyses indicated that iron
was successfully coated onto sepiolite (IC-SEP).
As(V) was removed 94% within 4 hours at an initial
concentration of 110 μg/l with 5 g/l of IC-SEP
dosage. The adsorption of As(V) had highest
efficiency at around neutral pH values that are
typical for natural waters, therefore no pH
adjustment would be required in application phase.
This makes IC-SEP also easily-used and costeffective material. In the existence of bicarbonate, as
competing anion in ground water, may reduce the
adsorption efficiency of IC-SEP, due to the
competitively adsorption of HCO3- and As(V) onto
IC-SEP. As(V) adsorption onto IC-SEP well defined
by Langmuir isotherm and adsorption kinetic of ICSEP revealed good with pseudo-second order
reaction model. Results show that IC-SEP can be
used as a low-cost and highly efficient adsorbent in
order to treat arsenic bearing water.

The kinetic data could be best described by the
pseudo-second-order kinetic equation which was
based on the assumption that the rate limiting step
may be chemical sorption or chemisorptions
involving valency forces through sharing or
exchange of electron between adsorbent and
adsorbate [44, 45]. In chemisorption, the metal ions
bind to the adsorbent surface by forming a chemical
(usually covalent) bond and tend to find sites that
maximize their coordination number with the surface
[48]. Experimental data correlate excellent to the
pseudo second order reaction model with a high coefficient of determination value (R2) as 0.9993. The
rate constant kp2 is 172.87 g/mg.h. Similar results for
arsenic removal obtained by [22, 47]. Figure 8 shows
adsorption kinetics of IC-SEP during 8 hours contact
time.
Adsorption isotherm study. The equilibrium
adsorption isotherms have primarily importance to
evaluate arsenic adsorption capacity. In order to
determine the optimum isotherm model according to
coefficient of determination values, both Langmuir
and Freundlich models were applied to the
adsorption experimental results as given in Table 5.
The co-efficient of determination value (R2) is
obtained as R2=0.9958. High (R2) value revealed that
the Langmuir model was more suitable to explain the
results than Freundlich model. Langmuir isotherm
assumes monolayer adsorption onto a homogeneous
surface with limited number of identical sites [49].
Thus, it can be implied that As(V) ions formed a
monolayer on the adsorbent surface. The Langmuir
constant and maximum adsorption capacity was
calculated as 6.909 L/mg and 0.501mg/L,
respectively. IC-SEP has higher adsorption capacity
than most of the iron modified natural materials in
the literature such as iron oxide coated sand
0.02857mg/g [6], iron oxide coated perlite 0.39 mg/g
[22], iron coated zeolite 0.68mg/g [48] and iron
oxide coated rock 0.36 mg/g [49].
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nutrients and in this way it can be a useful practice
of nutrient recycling [7,8,9]. Different soil properties
such as pH, texture, type of the oxyhydroxides and
amount of organic matter generally determine the
transport of trace metals and essential components
(carbonates, phosphates and clay) thereby trans-locating heavy metals from soil to plants [10].Some investigations have confirmed that after 50 to 100
years, the level of toxic heavy metals in the soil
would surpass the maximum permissible limits if irrigated with reclaimed sewage water and this could
have devastating effects on the environment [11].
From the nutritional point of view, wheat crop
is very important and main constituent of diet all
over the world and especially in Pakistan. Throughout the world, wheat (Triticum aestivum L.) is an essential crop preceding rice and other cereals. In Pakistan, wheat is widely grown over about 8,069,000
ha. Per capita usage of wheat is 120 kg per year that
is quite high if compared with other countries of the
world [12].
Major environmental issues arise from the deposition of heavy metals in the plants as these are
toxic and can also cause harm to both plants and animals. Present study was conducted in order to determine heavy metal toxicity in soil and wheat grown
using wastewater and to investigate associated health
risk and the enrichment pattern of irrigating
wastewater to the soil.

ABSTRACT
Dietary intake of contaminated crops with
heavy metals causes serious human health risks. The
current study focused on the atomic absorption analysis of Zn, Cu, Co, Pb, Mn, Fe, Cd, and Cr in the
wheat grains and soil using pot experiment conducted in Sargodha, Pakistan. Results showed that
the Zn concentration in wheat grains increased with
continuous wastewater utilization. Except cadmium,
mean concentration of other heavy metals was
within permissible limits in the soil. A significant
and positive correlation was also observed for Cu,
Pb, and Cr between soil and crop. The application of
wastewater for longer period of time caused enrichment factor and health risk index to be increased considerably suggesting that proper management is required for treating domestic wastewater to prevent
potential health risks via dietary intake of crops contaminated with heavy metals.
KEYWORDS:
wastewater irrigation, heavy metals, health risk index, soil.

INTRODUCTION
Wastewater is widely used all over the world
for irrigation [1,2,3,4].The application of
wastewater, whether treated or untreated, is increasing at an alarming rate, irrigating about 20 million ha
of agricultural land in the world. The industrial and
household wastewater irrigation normally contains
non-essential heavy metals in small amounts but this
causes bioaccumulation of noxious metals in the
plants transferring them via food chain [5,6].
Wastewater irrigation can provide water and

MATERIALS AND METHODS
Experimental Design. The study was carried
out in Botanical Garden of University of Sargodha,
Sargodha, Pakistan. Sargodha is an agricultural city
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TABLE 1
Tolerable daily intake limits of different heavy metals
Heavy metals
Co
Cu
Zn
Pb
Mn
Fe
Cr
Cd
TDI (mg kg-1 day-1)
3.01a
3b
60b
0.214b 0.5c
45d
105e
0.07e
Source: a Food and Nutrition Board [21]; b FAO/WHO [22]; cFAO/WHO [23]; dUSEPA [20]; eUSEPA [24]

TABLE 2
Oral reference dose of different heavy metals
Heavy metals
Co
RfD a (mg kg-1 day-1)
0.043
Source: aUSEPA [24]; b WHO [25]

Cu
0.04

Zn
0.3

Pb
0.0035b

Mn
0.041

Fe
0.70

Cr
1.5

Cd
0.001

Cr
2.3a
9.07d

Cd
0.2a
1.49d

TABLE 3
Reference values of different heavy metals in grain and soil
Reference Value of Heavy metals (mg kg-1)
Heavy metals
Co
Cu
Zn
Pb
Mn
Fe
In Crop
50a
73.3a
99.4a
3b
500a
425.5a
In Soil
5.23c
8.39d
44.9d
8.15d
46.7d
56.9e
Source: aFAO/WHO [26]; bWHO [25]; cShad et al. [27]; dSingh et al. [28]; eDosumu et al. [29]

TABLE 4
Results of analysis of variance for heavy metal concentrations in grains and soil
Mean Squares
Heavy metals
Co
Cu
Zn
Pb
Mn
Fe
Grains
0.02*** 0.16ns
10.1ns
0.06ns
0.5**
1.9***
Soil grown with wheat
0.01**
0.2ns
0.4ns
0.1ns
0.06ns
25.5ns
ns= not-significant; *** = Level of significance at 0.001; ** = Level of significance at 0.01

Cr
0.03ns
0.003**

Cd
0.01***
0.12ns

Statistical Analysis. The data were statistically
examined using software package SPSS 16. To assess soil-plant interaction, Pearson's correlation coefficient was calculated. One-way ANOVA was employed for obtained data of concentration of heavy
metals in soil and wheat. The statistical analysis for
grain and soil was carried at different probability levels of 0.001, 0.01, and 0.05 [14].

known for citrus fruit. Using four different treatments of domestic wastewater, healthy seeds of
ZKHDWYDULHW\µµ*DOD[\´were sown in Nov, 2015 and
harvested in April, 2016. Plastic pots were filled with
about 2.5 kg of soil with two replicates of every treatment and then labeled accordingly. 8 seeds were
sown in each plastic pot. The treatments were: T-I
(GWI), T-II (50% GWI+50% WWI), T-III (25%
GWI+75% WWI), and T-IV (WWI). The positions
of pots were also changed regularly to ensure suitable environmental conditions.

Daily Intake of Metals. DIM was computed
according to Sajjad et al. [15]. The average body
weight was taken as 55.9 kg and daily intake of metal
in wheat as 0.318 kg/person/day respectively
[16,17].

Sample Preparation. Seed samples were
drawn from each pot after harvest. Samples of soil
were collected from upper 3-5 cm soil profile. After
drying in air, samples were oven-dried at 72oC for 4
days. Furthermore, the seed samples were powdered
with grinder and digested following Allen et al. [13].

Enrichment Factor. Enrichment factor was
calculated using Buat-Menard and Chesselet [18].
Health Risk Index. HRI was worked out by dividing daily metal intake value by its RfD (oral reference dose) [19]. HRI value greater than 1 considered serious health risks for consumers [20].
Table 1-3 show tolerable daily intake limit, oral
reference doses, and reference values of different
heavy metals in soil and grain, respectively.

Digestion. Taking 15 ml mixture of H2SO4,
HNO3 and HClO4 (1:5:1), 1 gram of both seed and
soil samples were separately heated at 80oC to attain
colorless solution. After cooling, the samples were
filtered and finally 50 ml volume of each sample was
maintained by addition of distilled water.
Determination of Metals and Metalloids. To
analyze concentration of different metals (Co, Pb,
Cu, Cd, Mn, Zn, Fe, and Cr) in digested samples,
atomic absorption spectrophotometer was used. Calibration curve was drawn for each metal and metalloid.

RESULTS
The results revealed that analysis of variance
has non-significant effect (p>0.05) of treatments on

7644

© by PSP

Volume 26 ± No. 12A/2017 pages 7643-7650

Fresenius Environmental Bulletin

TABLE 5
Mean concentrations for physico-chemical characteristics of soil
Physico-chemical pa- pH
EC
OM
Avail. P
Avail. K
rameters
(dS m-1)
(%)
(mg kg-1)
(mg kg-1)
8.03±0.16
9.33±0.17
0.83±0.08
8.10±0.47
2.35±0.38
T-I
7.80±0.13
1.02±0.29
0.75±0.19
1.39±0.23
3.06±0.67
T-II
8.13±0.30
6.64±0.21
1.13±0.14
1.32±0.07
3.45±0.83
T-III
7.80±0.50
1.12±0.74
1.27±0.12
1.62±0.03
3.61±0.16
T-IV
0.085ns
0.901ns
1.935ns
3.455***
1.672**
Mean squares
*** = Level of significance at 0.001; ** = Level of significance at 0.01; ns= not-significant

Textural
class
Loam
Loam
Loam
Loam

TABLE 6
Mean concentration of heavy metals (mg kg -1) in soil under study
Heavy metals
T-I
T-II
T-III
T-IV
Co
0.185±0.1
0.22±0.11
0.313±0.1
0.36±0.15
Cu
0.82±0.19
1.05±0.23
1.06±0.28
1.38±0.25
Zn
4.653±0.2
8.293±0.2
8.413±0.3
8.28±0.35
Pb
0.11±0.1
0.13±0.11
0.13±0.12
0.42±0.18
Mn
0.81±0.09
1.17±0.12
1.43±0.16
1.82±0.25
Fe
0.72±0.23
1.38±0.31
1.65±0.36
2.64±0.34
Cr
0.54±0.1
0.63±0.22
0.58±0.25
0.78±0.16
Cd
1.55±0.19
1.67±0.28
1.68±0.21
1.73±0.26
Source: a FAO/WHO [26]; b FAO/WHO [32]; PML= Permissible Maximum Limit

PMLa (mg kg-1)
50
73.3
99.4
0.2b
500
425.5
2.3
0.2

TABLE 7
Mean concentration of heavy metals (mg kg -1) in wheat grains
Heavy metals
T-I
T-II
T-III
T-IV
PML (mg kg-1)
Co
0.77±0.16
0.79±0.12
0.87±0.17
0.896±023
9.1a
Cu
0.83±0.2
1.32±0.18
1.38±0.15
1.50±0.21
8.39b
Zn
0.99±0.15
0.301±0.1
0.64±0.09
1.12±0.12
44.19b
Pb
0.331±0.1
0.408±0.14
0.43±0.16
0.79±0.19
350c
Mn
0.55±0.17
0.65±0.12
0.70±0.13
0.89±0.18
46.75b
Fe
3.13±0.27
3.66±0.2
2.97.±0.31
3.26±0.23
56.9d
Cr
1.29±0.19
1.33±0.16
1.35±0.11
1.36±0.14
9.07b
Cd
1.93±0.2
2.06±0.24
2.11±0.27
2.41±0.2
1.49b
Source: aVROM [30];b Singh et al. [28]; c MEPC [31]; dDosumu et al. [29]; PML= Permissible Maximum Limit

Fe>Cd>Cu>Cr>Co>Mn>Zn>Pb while decreasing
order ofmetals concentration was seen at T-IV as:
Fe>Cd>Cu>Cr>Zn>Co>Mn>Pb. Of all the treatments, the mean concentration of Fe in soil was highest (Table 6).

Cu, Pb, Fe, Cd, Mn and Zn concentrations in the soil
whereas significant effect on the concentrations of
Cr and Co. A non-significant effect (p>0.05) of treatments on Cr, Pb, Cu and Zn concentrations while significant effect (p<0.05) was seen on concentrations
of Mn, Fe, Cd and Co in wheat grains (Table 4).

Metals and metalloids (mg kg-1) in grains.
Among four different treatments, the mean values of
Zn and Cd was found to be highest in wheat grains.
The decreasing trend of heavy metals concentration
reported
at
T-I
was:
Zn>Cd>Mn>
Cu>Fe>Cr>Co>Pb. The same sequence of metals
and metalloids was observed at T-II and T-III while
at T-IV, the metals and metalloids were seen as:
Zn>Fe>Mn>Cd>Cu>Cr>Pb>Co (Table 7).

Physico-chemical characteristics of soil. The
texture of the soil used for growing wheat was loam.
Soil of all treatments was found basic with pH ranging from 7.80-8.13. The mean concentration of EC
(dS m-1) in treatments I, II, III, and IV was 9.33, 1.02,
6.64, and 1.12 respectively, while that of organic
matter (%) was 0.83, 0.75, 1.13, and 1.27, respectively. The range of available phosphorus and potassium (mg kg-1) was 1.32-8.10 and 2.35-3.61, respectively (Table 5).

Correlation between soil and wheat grains.
In present study, Co, Mn, and Cd showed positive
significant correlation, whereas Zn and Fe observed
negative non-significant correlation, while Cu, Pb
and Cr exhibited positive non-significant correlation
between soil and wheat grains (Table 8).

Metals and metalloids (mg kg-1) in soil. The
concentration of heavy metals in soil grown with
wheat at T-I showed following order:
Fe>Cd>Cr>Zn>Cu>Co>Mn>Pb. At T-II, the order
of heavy metals concentration was observed as:
Fe>Cd>Cr>Cu>Co>Mn>Pb>Zn. The trend of concentration of heavy metals recorded at T-III as:
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Zn>Cd>Fe>Mn>Cu>Cr>Co>Pb. Among four treatments, the highest DIM was found in the case of
Zn(Table 9).

TABLE 8
Correlation between heavy metal
concentrations in soil and wheat grains
Heavy metals
Soil-Grain
Co
0.908**
Cu
0.513
Zn
-0.193
Pb
0.009
Mn
0.762**
Fe
-0.213
Cr
0.444
Cd
0.647*
** = Level of significance at 0.01; * = Level of
significance at 0.05

Enrichment Factor (EF). The highest enrichment factor in all the treatments was obtained for Cd
and Zn while lowestEF was reported for Co. The decreasing order of EF at T-I and T-IV was seen as:
Cd>Zn>Cr>Pb>Mn>Cu>Fe>Co while those at T-II
and T-III as: Zn>Cd>Cr>Pb>Mn>Cu>Fe>Co (Table
10).
Health Risk Index (HRI). Among the examined metals, Cd showed the highest HRI value in all
treatments during present study. The trend of HRI at
T-I
and
T-II
was
the
same
as:
Cd>Pb>Mn>Cu>Zn>Co>Fe>Cr. T-III followed the
decreasing order of HRI of different metals as:
Cd>Mn>Pb>Cu>Zn>Co>Fe>Cr. T-IV followed the
order as: Cd>Pb>Mn>Cu>Zn>Co>Fe>Cr (Table
11).

Daily Intake of Metals (DIM). At T-I, daily
metal intake was of the following order:
Zn>Cd>Mn>Cu>Fe>Cr>Co>Pb.At T-II almost similar trend was seen differing only in concentrations
of Fe, Mn and Cu. Similar trend was observed at TIII
and
T-IV;
observed
order
was:

TABLE 9
DIM of heavy metals via intake of crop
Treatments
I
II
III
IV

Co
0.0011
0.0013
0.0018
0.0021

Cu
0.0046
0.0059
0.0063
0.0079

Zn
0.0265
0.0472
0.0479
0.0471

Pb
0.0006
0.0007
0.0008
0.0024

Mn
0.0047
0.0067
0.0082
0.0103

Fe
0.0041
0.0079
0.0094
0.0150

Cr
0.0030
0.0036
0.0033
0.0045

Cd
0.0088
0.0095
0.0096
0.0098

Cr
1.65751
1.86795
1.69424
2.262

Cd
5.9831
6.0396
5.9317
5.348

TABLE 10
Enrichment factor for heavy metals in edible parts of crop
Treatments
I
II
III
IV

Co
0.02513
0.02911
0.03763
0.04203

Cu
0.11308
0.09105
0.08792
0.1083

Zn
2.23548
12.4453
5.93787
3.335

Pb
0.9028
0.86561
0.82132
1.4443

Mn
0.13755
0.16812
0.1908
0.191

Fe
0.03076
0.05042
0.07429
0.10504

TABLE 11
HRI of heavy metals via intake of crop
Treatments
I
II
III
IV

Co
0.027
0.032
0.045
0.053

Cu
0.126
0.162
0.164
0.213

Zn
0.078
0.138
0.140
0.138

Pb
0.194
0.226
0.226
0.732

Mn
0.153
0.219
0.268
0.339

Fe
0.006
0.012
0.015
0.023

FIGURE 1
The variation of heavy metal concentration in soil
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0.002
0.003
0.004
0.003

Cd
9.572
10.35
10.36
10.64
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FIGURE 2
The variation of heavy metal concentration in grains of T. aestivum

lyzed in current research in comparison to the observations of Kahlown et al. [47].Khan et al. [48] observed very high value of Fe as compared to the current value. The value of chromium observed in the
present research was lower by the value of Han and
Ma [49]. The values of Cr and Cd analyzed by Wang
et al. [50] were higher than the analyzed values. The
Cd concentration in wheat was also higher than the
standard values given by FAO/WHO [26].
Pearson's correlation was used in order to analyze relationship of various elements between soil
and plant. Except Zn and Pb, all other metals had
positive correlation level among soil and grains depicting the absorption of metals.
The present DIM values of every treatment
were below the tolerable daily intake (TDI), suggesting no human health risks. This finding was similar
to Radwan and Salama [51].
If EF is greater than 1, it allows more bioavailability of metals in the soil using wastewater irrigation [52]. The current EF values were lower than the
values of Fytianos et al. [53].
Metal concentrations in the cereal crops (like
rice and wheat) are comparatively less than vegetables suggesting larger proportion of cereals in daily
human diet [28]. HRI was worked out to evaluate
subsequent risk from heavy metals contaminated
crops grown on sewage irrigated soil. Current values
displayed no such sign except for Cd which had
HRI>1.

DISCUSSION
When pH is usually higher than 6.5, metals are
less likely to be available to the plants [33]. The activity of the soil microorganisms is affected due to
the high amount of salts accumulated in the upper
soil layers [34]. Soil salinity is measured in terms of
electrical conductivity. Salakinkop and Hunshal [35]
reported lower value of pH but higher value of EC as
compared to the current findings. The organic matter
(OM) contents of the soil frequently increased with
the increasing application of wastewater. OM can be
an important source of providing carriers for some
heavy metals (Ni, Cu, Zn and others) in the soil [36].
All heavy metals were considerably higher in
wastewater irrigated soil in comparison to all other
treatments in current study. Yadav et al. [37] observed higher values of Fe and Mn but lower concentrations of Cu and Pb. In soil, the mean metal concentrations except cadmium were within the standard limits delineated by different public health organizations. Continuous use of wastewater might be
the major cause of increasing concentration of toxic
metals in soil as reported by other researchers [38].
The observed value of cobalt in wheat grains in
current study was lower than the recommended limit
of FAO/WHO [26]. Present Co concentration was almost similar to Tegegne [39].The copper concentration observed by Yu et al. [40] was much higher than
the present values. An early finding of Feizi and
Rastghalam [41] was much higher than current investigation in case of Cu. The present observed value
of Zn in wheat was higher as compared to Pang et al.
[42].Current work showed lower values of lead from
the reported value of Han [43] but it was in accordance with Zhang [44] and Li et al. [4]. Concentration
of manganese reported by Karatas et al. [45] was
higher than present investigation. Current value was
also higher than the findings of Al-Othman et al.
[46]. Lower concentration of Fe and Cd was ana-

CONCLUSION
The current findings concluded that continuous
wastewater irrigation causes toxic heavy metals to
accumulate in the edible parts of crop. Except cadmium, all the metals in the wheat grains were found
within respective permissible limits. The examined
DIM values of different metals and metalloids were
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[7] Pereira, B.F., He, Z.L., Silva, M.S., Herpin, U.,
Nogueira, S.F., Montes, C.R. and Melfi, A.J.
(2011) Reclaimed wastewater: Impact on soilplant system under tropical conditions. Journal
of Hazardous Materials. 192(1), 54-61.
[8] Gwenzi, W. and Munondo,R. (2008) Long-term
impacts of pasture irrigation with treated sewage effluent on nutrient status of a sandy soil in
Zimbabwe. Nutrient Cycling in Agroecosystems. 82(2), 197-207.
[9] Baddesha, H.S., Rao, D.L.N., Abrol, I.P. and
Chhabra, R. (1986) Irrigation and nutrient potential of raw sewage waters of Haryana. Indian
Journal of Agricultural Sciences. 56(8), 584.
[10] Marcussen, H., Holm, P.E., Strobel, B.W. and
Hansen, H.C.B.. (2009). Nickel sorption to goethite and montmorillonite in presence of citrate.
Environmental Science and Technology. 43,
1122-1127.
[11] Smith, C.J., Hopmans, P. and Cook,F.J. (1996)
Accumulation of Cr, Pb, Cu, Ni, Zn, and Cd in
soil following irrigation with treated urban effluent in Australia. Environmental Pollution. 94,
317.
[12] PARC. Pakistan Agricultural Research Council.
(1989) Wheat Research and Development in Pakistan, Islamabad.
[13] Allen, S., Grimshaw, H. and Rowland, A.
(1986) Chemical analysis, Moore PD, Chapman
SB, Methods in Plant Ecology, Blackwell Scientific Publications, Oxford. pp. 285-344.
[14] Steel, R.G.D and Torrie, J.H. (1980) Principles
and procedures of statistics. A Biometrical Approach, 2. McGraw-Hill, New York.
[15] Sajjad, K., Farooq, R., Shahbaz, S., Khan, M.A.
and Sadique, M. (2009) Health risk assessment
of heavy metals for population via consumption
of vegetables. World Applied Science Journal.
6(12), 1602-1606.
[16] Wang, X., Sato, T., Xing, B. and Tao, S. (2005)
Health risks of heavy metals to the general public in Tianjin, China via consumption of vegetables and fish. Science of the TotalEnvironment.
350, 28-37.
[17] Ge, K.Y. (1992)The status of nutrient and metal
of Chinese in the 1990s %HLMLQJ 3HRSOH¶V Hygiene Press. pp. 415±434.
[18] Buat-Menard, P. and Chesselet. R. (1979) VariDEOH LQÀXHQFH RI WKH DWPRVSKHULF ÀX[ RQ WKH
trace metal chemistry of oceanic suspended
matter. Earth and Planetary Science Letters.
42(3), 399±411.
[19] Cui, Y.J., Zhu, Y.G., Zhai,R. H.,Chen, D.Y.,
Huang, Y.Z., Qiu,Y. and Liang,J.Z. (2004)
Transfer of metals from soil to vegetables in an
area neara smelter in Nanning, China. Environment International. 30(6), 785-791.
[20] USEPA. US Environmental Protection Agency.
(2002) Region 9. Preliminary Remediation
Goals.

within tolerable daily intake limits. Health Risk Index value of Cd was above 1, suggesting serious
health risks to the consumers. The increasing population might be the reason of increasing heavy metal
concentration in the domestic wastewater to manifold. Therefore, treated wastewater should be used
for irrigating agricultural crops. Various remediation
techniques can be applied to avoid heavy metal contamination of soil to some extent like engineering remediation and bioremediation etc.
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Naegleria being the most common genera, and others, like Balamuthia, Vahlkampfia, Willaertia and
Nuclearia, detected more rarely in these environments. Most FLA can exist in two forms, a vegetative trophozoite one, able to feed, move and divide,
and an inactive dormant cyst form [4, 5]. Some FLA
are pathogenic for humans and responsible for keratitis. Some FLA cause infections of the central nervous system such as granulomatous amoebic encephalitis (GAE), a fatal disease [6, 7, 8] often in immunocompromised patients.
Furthermore, FLA have been described as reservoirs for several pathogenic bacteria, such as coliform bacteria, Legionella, Mycobacterium and Chlamydia. Although FLA actually ingest bacteria
through phagocytosis, some bacteria are able to resist amoebal phagocytosis and consequently survive
within FLA. Moreover, these bacteria become resistant to disinfectants and can lyse their host and
spread through the aquatic environments. Recently,
FLA have been described as by-passes, due to their
ability to protect bacteria from water treatments. [9,
10, 11, 12, 13]. It is therefore important that effective
disinfection methods for FLA in man-made water
systems, such as swimming pools, are employed to
protect human health.
The most common means of providing protection in swimming pool waters is the use of chlorine
residual. The use of effective levels of chlorine concentration for the disinfection of swimming pools results in the death of free floating pathogenic bacteria,
but these levels may not have the same effect on FLA
[14, 15]. So, it is necessary to know the effective
concentration of chlorine against FLA in order to
eliminate both pathogenic FLA and their intracellular bacteria.
In Turkey, the water qualities considered to be
healthy for swimming pools are indicated in a guideline issued (15.11.2011) by the Ministry of Health..
However, the current guideline fails to include any
mention of FLA, despite the risks they present on account of their pathogenicity and capacity to host bacteria. For this reason, this study has aimed to investigate the effects of different concentrations and contact times of NaClO against FLA in order that preventative measures might be formulated.

ABSTRACT
The presence of free-living amoebae (FLA) in
swimming pools has become an issue of increasing
concern in recent years on account of their pathogenicity and their capacity to host other microorganisms. Effective disinfection doses for neutralizing
bacteria in swimming pools are specified in the
guideline (15.11.2011) put out by the Turkish Ministry of Health; however, this guideline does include
any information about FLA. This study aims, therefore, to investigate the effect of different concentrations (1, 3, 5 mg/L) and contact times (0, 30, 240
minutes) of NaClO against trophozoites of FLA isolated from swimming pool waters in Turkey. Experiments were conducted using the most probable
number (MPN) method. Maximum log reductions
were determined to be 1.764, 2.165, and 3.388 for 1,
3, and 5 mg/L of NaClO, respectively, at 240
minutes of contact time. A. castellanii (ATCC
50373) cysts showed little log reduction (0.017)
against 5 mg/L of NaClO, which has a cytotoxic effect against 3T3 cells. Thus, we recommend that new
disinfection strategies be developed to try to control
the presence of FLA in swimming pools.

KEYWORDS:
Swimming pool, free- living amoeba, Acanthamoeba,
NaClO, disinfection.

INTRODUCTION
Although used for sport and leisure, swimming
pools contain various microorganisms, including
pathogenic ones, such as bacteria, viruses, fungi and
protozoa, which can threaten the health of swimmers. Escherichia coli, Pseudomonas aeruginosa,
Salmonella sp., Shigella sp., Staphylococcus sp., Mycobacterium sp., and Legionella sp.are the most
common bacterial pathogens in such aquatic environments. Other less common pathogens potentially
found in these environments include Giardia sp.,
Cryptosporidium sp. , and free-living amoebae
(FLA) [1, 2, 3].
FLA are a heterogeneous group of protozoa
found in natural environments, such as water and
soils, with Acanthamoeba, Hartmannella and
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to a sterilized centrifuge tube and centrifuged at 3000
rpm for 10 min. The supernatant was removed, and
the pellet was washed twice (3000 rpm for 5 min) by
resuspension in PAS. After a final wash, the cysts
were resuspended in PAS and viable cyst numbers
were adjusted to a final concentration of 106
cells/mL using a hemocytometer and the trypan blue
method. Cyst suspensions were used within 2 days.

MATERIALS AND METHODS
The disinfection effects of NaClO against FLA
at different concentrations (1, 3, 5 mg/L) and contact
times (0, 30, 240 min) were investigated in this
study.
Preparation of disinfectant. The disinfectant,
NaClO (Fastchlor), commonly used for the disinfection of swimming pools, was used in the experiments. After chlorine solutions were freshly prepared, the DPD method was applied immediately before each of the experiments to measure the 1 and 3
mg/L free chlorine concentration values, while a
chlorine measurement kit (Norateks) was used to
measure the 5 mg/L disinfectant. A 0.1M sterile solution of sodium thiosulfate (Merck) was used as
neutralizer.

Antiamoebal Activity Assay. For investigation of the effect of NaClO against amoeba cells, the
most probable number enumeration technique described by Beattie et al. [17] was carried out. As can
be seen the Figure 1, aliquots (0.1 mL) of trophozoite
or cyst suspensions were added to three different
sterile tubes, each containing 9.9 mL of NaClO solutions ( 1, 3, 5 mg/L), and to the control solution
(PAS). The tubes were incubated at room temperature throughout tested contact time (0, 30, 240 min).
At the end of each contact time, the tubes were vigorously shaken, and 1 mL aliquots were removed
from test tubes and control solution. Aliquots taken
from test tubes were placed in 9 mL of sodium thiosulfate (1:10 dilution) and permitted to stand for 15
min at room temperature for disinfectant neutralization. Aliquots taken from control tubes were placed
in 9 mL of PAS. A 1-in-100 dilution was prepared in
PAS from these 1-in-10 dilutions, and from these dilutions, five aliquots, each of which were of 1, 0.1,
and 0.01 mL, were inoculated onto NNA plates
seeded with heat-killed E. coli ATCC 8739. Flat-bottom 6-well tissue-culture plates were used for inoculation of 1 mL aliquots, and flat-bottom 12-well tissue-culture plates were used for inoculation of 0.1
mL and 0.01 mL aliquots. All plates were incubated
at 30 ºC for 14 days.
Amoebic growth in each well was scored as 1,
while no growth was scored as 0. Thus, the score for
each of the 10-fold dilutions (i.e. 1, 0.1, and 0.01
mL) yielded one 3-digit number value. This number
was entered into the most probable number (MPN)
table to generate the MPN of amoebae per milliliter
of each chlorine concentration, or control solution, at
each time interval. Additionally, five 1-mL aliquots
of the 1-in-10 dilution prepared in sodium thiosulfate
were inoculated onto 90-mm Petri dishes containing
NNA seeded with heat-killed E. coli. These plates
were checked to ensure that there was no amoebic
growth in the aliquots taken from the 1-in-100 dilution.
All experiments were done in triplicate. The average log reductions were calculated using the MPN
of trophozoites or cysts per mL of chlorine concentration at the designated time points. The following
formula was used to calculate the log reductions:
Log (viable cell at 0) ± log (viable count at each
time interval)

Amoeba strains. One standard strain of Acanthamoeba castellanii (A. castellanii) ATCC 50373
and four environmental Acanthamoeba strains (A10,
A13, A14, A20) were used for the study. These environmental amoeba strains were isolated and selected from different swimming pools in Istanbul in
a previous study [16].
All strains were thawed from -86 ºC before experiments and were re-grown on non-nutrient agar
(NNA) spread with a dense suspension of heat- inactivated Escherichia coli (E.coli) ATCC 8739, which
was prepared in Page saline. All NNA Petri dishes
were incubated at 28 ºC and routinely examined with
inverted microscope (x 100) until FLAs were able to
be observed.
Get the trophozoites of amoeba cells. The
amoeba cells were grown in an axenic culture on 75
cm2 tissue culture flasks which contained 30 mL of
protease peptone-yeast extract glucose (PYG) broth
supplemented with 100 ȝJP/3HQLFLOOLQH*DQG
ȝJP/6WUHSWRP\FLQHDQGWKHQLQFXEDWHGDW ºC
for 3-7 days. After incubation, the PYG medium was
replaced with 3DJH¶V $PRHED 6DOLQH 3$6  DQG
flasks were shaken vigorously to detach trophozoites
adhering to the base of the flasks. Next, these trophozoite suspensions were transferred to a sterilized
centrifuge tube. The number of viable trophozoites
were adjusted to 106 cells/mL using a hemocytometer and the trypan blue method. Trophozoite suspensions were freshly prepared prior to conduct the experiments.
Get the cysts of amoeba cells. Cysts were produced from the culture of trophozoites. Mature cysts
of each of the strains were obtained from cultures
that had been aged in flasks for up to 6 weeks at 30
ºC. After incubation, cysts were directly transferred
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FIGURE 1
Antiamoebal Activity Assay

Contact time (minute)

Avg. Log 10 ATCC 50373
cyst
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Log
reductions

Avg. Log 10 ATCC 50373
trophozoite
counts

Log
reductions

Avg. Log 10 A10 trophozoite
counts

Log
reductions

Avg. Log 10 A13 trophozoite
counts

Log
reductions

Avg. Log 10 A14 trophozoite
counts

Log
reductions

Avg. Log 10 A20 trophozoite
counts

Log
reductions

TABLE 1
The effect of 1 mg/L of NaClO against tested FLA strains.

0
30
240

4.255
4.255
4.255

0
0
0

4.156
3.87
4.057

0.099
0.198
0.385

4.156
3.477
3.477

0.099
0.778
0.778

4.156
3.644
3.025

0.099
0.611
1.23

3.576
3.088
2.549

0.679
1.167
1.706

4.255
3.545
2.491

0
0.710
1.764

Cytotoxicity assay. An MTT assay was
used to investigate whether different concentrations
of NaClO (1, 3, 5 mg/L) generated cell proliferation
on 3T3 cells (embryonic rat fibroblast) at 30 and 240
minutes [18, 19]. Statistical significance was deterPLQHGE\6WXGHQW¶Vt test. The p-Values <0.05 were
considered significant.

RESULTS
Evaluation of Antiamoebal Activity of
1mg/L of NaClO. The effect of 1mg/L of NaClO
against tested Acanthamoeba strains is shown in Table 1. Also presented in Table 1 are the average log10
counts of amoeba cells at the start of the experiment
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Contact time (minute)

Avg. Log 10 ATCC 50373
counts
cyst

Log
reductions

Avg. Log 10 ATCC 50373
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trophozoite

Log
reductions

Avg. Log 10 A10 trophozocounts
ite

Log
reductions

Avg. Log 10 A13 trophozocounts
ite

Log
reductions

Avg. Log 10 A14 trophozocounts
ite

Log
reductions

Avg. Log 10 A20 trophozocounts
ite

Log
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TABLE 2
The effect of 3 mg/L of NaClO against tested FLA strains.

0
30
240

4.255
4.255
4.255

0
0
0

3.985
3.606
2.245

0.27
0.649
2.01

3.465
2.869
2.207

0.79
1,386
2.048

3.647
2.300
2.173

0.608
1.955
2.082

3.045
2.549
2.299

1.21
1.706
1.956

3.729
2.771
2.090

0.526
1.484
2.165

Contact time (minute)

Avg. Log 10 ATCC 50373 cyst
counts

Log
reductions

Avg. Log 10 ATCC 50373
trophozoite
counts

Log
reductions

Avg. Log 10 A10 trophozoite
counts

Log
reductions

Avg. Log 10 A13 trophozoite
counts

Log
reductions

Avg. Log 10 A14 trophozoite
counts

Log
reductions

Avg. Log 10 A20 trophozoite
counts

Log
reductions

TABLE 3
The effect of 5 mg/L of NaClO against tested FLA strains.

0
30
240

4.255
4.255
4.255

0
0
0.017

3.572
2.546
1.401

0.683
1.709
2.854

2.427
2.084
1.698

1.828
2.171
2.557

2.299
1.796
0.867

1.956
2.459
3.388

2.489
1.866
0.867

1.766
2.389
3.388

3.507
2.204
1.812

0.748
2.051
2.443

against tested Acanthamoeba strains is shown in Table 3. Unlike other free chlorine doses used in the
experiments, the 5mg/L of free chlorine concentration led to a slight decrease (0.017) in log reduction
on A. castellanii (ATCC 50373) cysts. On the other
hand, the trophozoite form of all tested strains were
generally inhibited much more with 5 mg/L of free
chlorine concentration than with 3 mg/L of free chlorine concentration. Maximum log reduction (3.388)
was detected against trophozoites of A13 and A14
strains.
From these results (Tables 1, 2, 3), it can be
clearly seen that as free chlorine concentrations and
contact times increased, the number of viable tested
strains decreased.
When the effects of 1 and 3 mg/L of NaClO on
3T3 cell proliferation were investigated, it was found
that none of these chlorine concentrations caused
significant decrease of 3T3 cell proliferation at contact times of 30 and 240 minutes (p> 0.05). However,
the highest dose used in the experiment, 5 mg/L of
NaClO, was observed to significantly inhibit proliferation of these cells at an exposure time of 30
minutes (p<0.05).

(0 min) and after each contact time (30, 240 min), as
well as the average log reduction for trophozoites
and cysts after each contact time. Although this dose
of free chlorine did not affect A. castellanii (ATCC
50373) cysts, it did cause a significant decrease, at
various rates, in the number of trophozoite cells of
both A. castellanii (ATCC 50373) and other tested
environmental isolates. Maximum log reduction
(1.764) was detected against trophozoites of the A20
strain after 240 minutes of contact time.
Evaluation of Antiamoebal Activity of 3
mg/L of NaClO. The effect of 3mg/L of NaClO
against tested Acanthamoeba strains is shown in Table 2. A concentration of 3 mg/L of free chlorine did
not inhibit A. castellanii (ATCC 50373) cysts, yet it
did cause a decrease, at various rates, of trophozoite
cell numbers of both A..castellanii (ATCC 50373)
and other tested environmental isolates. Maximum
log reduction (2.165) was detected against trophozoites of the A20 strain after 240 minutes of contact
time.
Evaluation of Antiamoebal Activity of 5
mg/L of NaClO. The effect of 5mg/L of NaClO
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Two of the tested trophozoite strains (A13, A14)
showed 3 log reduction at this dose. A. castellanii
(ATCC 50373) cysts, however, were not inhibited
with 3mg/L of free chlorine concentration at tested
maximum contact time (240 minutes) and showed
little log reduction (0.017) at 5 mg/L. Similar to the
results from the present study, Mogoa found 3 log
reduction for 5mg/L [22] and Jonckheere and
Voorde reported virulent or avirulent Acanthamoeba
strains to be insensitive to the chlorine concentrations used in tap water and swimming pools; a free
chlorine concentration of 4 μg/mL did not destroy
these strains after 3 h [21]. Bergmanson et al. demonstrated that 5mg/L killed A. polyphaga and A. castellanii within 24±48 h. The effective control of Acanthamoeba in water therefore requires a free chlorine
residual of at least 5 mg/L [24].
The environmental strains (A10, A13, A14,
A20) were detected to be generally more sensitive
than A. castellanii ATCC 50373 against all tested
doses of NaClO (Table 1, Table 2, Table 3 ), with the
most sensitive strains being A20 for 1 mg/L of
NaClO; A20 for 3mg/L of NaClO; and A13, A14 for
5mg/L of NaClO. These results reveal that the sensibilities of amoeba cells against free chlorine concentrations can change according to the specification of
strains. As an illustration of this, Jonckheere and
Voorde found that the pathogenic A. culbertsoni A1 was more resistant to chlorine than the avirulent
Acanthamoeba strain isolated from tap water [21].
However, Coulon et al. demonstrated that environmental strains had greater resistance than collection
strains [25]. As the present study did not identify
Acanthamoeba isolates at species-level nor investigate their pathogenicity, molecular studies have been
planned for the future in order to conduct identification and pathogenicity tests of these strains that have
been isolated from swimming pool waters in Turkey.
FLA trophozoites are known to be able to transform into cyst form under unfavorable conditions
(e.g. chlorination) in aquatic environments (e.g.
swimming pools), and thereby become more resistant [26]. Results from this study showed that A.
castellanii (ATCC 50373) cyst growth was inhibited
slightly (log reduction 0.017) with 5mg/L of free
chlorine concentration at 240 minutes. It is quite
clear from this that the elimination of the cyst form
of FLA in swimming pools requires higher concentrations of chlorine and a longer time of contact.
However, here it is important to note that studies
concerning the potential health effects of chlorine on
animals and humans have shown that even brief exposure to 1-3 mg/L of chlorine caused nose irritation
and 5 mg/L caused eye irritation, while any amount
higher than these concentrations caused chest pain,
vomiting, lung injury and death [27]. In the present
study, with the 5 mg/L concentration of free chlorine, significant reduction was observed in the proliferation of 3T3 cells, a 3 log reduction (not 100 %
death) was determined on tested FLA trophozoites

DISCUSSION
As swimming pools can harbor a wide variety
of pathogenic microorganisms, their disinfection is
very important. Chlorination is the predominant disinfection method applied in this type of aquatic environment. The guideline (15.11.2011) issued by the
Ministry of Health in Turkey (http://www.
resmigazete.gov.tr/eskiler/2011/12/2011121513.htm) indicates that a free chlorine concentration
of 0.3- 0.6 mg/L is necessary for swimming pools.
This guideline also suggests limits on the number of
indicator bacteria, such as total bacteria, total coliform bacteria, Escherichia coli, and Pseudomonas
aeruginosa, but fails to include any information
about FLA. Though a largely unnoticed microorganism, FLA could pose serious health threats due to
both their pathogenicity and their capacity to host
other pathogens. As they passes through water, FLA
can cause rapidly progressing diseases, such as the
fatal granulomatous amebic encephalitis (GAE), as
well as amebic keratitis (AK), cutaneous lesions and
sinusitis in swimmers. Moreover, FLA harboring
bacteria can protect them from the effecst of biocides
in swimming pools, even enabling these bacteria to
grow more resistant to the biocides by harboring
FLA [11, 6, 12]. Considering these risks, the control
and elimination of FLA in swimming pools is necessary for the protection of public health.
The presence of FLA in swimming pools has
been known for many years, with scientific research
around the world being conducted to discover ways
to eliminate them [20, 21]. However, this is the first
study on this subject to be conducted in Turkey. In
the study, the minimum inhibitor effect against
tested strains was detected to be 1mg/l free chlorine,
and the maximum log reduction was determined to
be 1.764 against strain A20 (but not all), at a maximum exposure time of 240 minutes (Table 1). As this
chlorine concentration is clearly higher than the
chlorine concentration (0.3-0.6 mg/L) indicated in
the guideline issued (15.11.2011) by the Ministry of
Health in Turkey, the 1 mg/L of free chlorine concentration is believed to be insufficient for the elimination of FLA in swimming pool water. Similarly,
Mogoa et al. found that free chlorine concentrations
of 1 or 2 mg/L had no significant effect on the cultivability of Acanthamoeba castellanii (ATCC 30234)
[22]. Critchley and Bentham observed that trophozoites of Acanthamoeba sp. were inhibited by a chlorine concentration of 1 mg/L but with an exposure
time of 8 hours [23].
Disinfection can be defined as the killing of a
large portion (but not necessarily all) of potential
pathogenic organisms. As shown in Table 2, all
tested amoeba trophozoites showed much more log
reduction against 3 mg/L of free chlorine than
against 1 mg/L at the same contact times, but none
of them caused 3 log reduction. The most effective
free chlorine concentration was 5 mg/L (Table 3).

7655

© by PSP

Volume 26 ± No. 12A/2017 pages 7651-7657

and a minor inhibitor effect was detected (0.017 log
reduction) on A. castellanii ATCC 50373 cysts. Just
as FLA trophozoites can transform into cysts, the reverse can also occur, that is, FLA cysts can transform
into trophozoites in suitable environmental conditions. Therefore, it necessary that FLA cysts, as well
as their trophozoites, be eliminated to ensure the
health and safety of swimmers in the swimming
pools. On account of all the reasons presented in this
paper, it is recommended that new, non-toxic, environment-friendly disinfectants, instead of chlorine,
be tested against every form of FLA. In this way, it
will be possible to eradicate both the trophozoite and
F\VWIRUPVRIWKHVHµXQQRWLFHG¶PLFURRUJDQLVPV
In summary, Acanthamoeba spp., a natural inhabitant of swimming pools, is able to survive the
free chlorine concentration used to ensure the microbial quality of these aquatic environments. The free
chlorine concentrations used in this study were
higher than the concentrations typically specified to
control the environmental strains present in swimPLQJSRROVLQ7XUNH\$FFRUGLQJWRWKLVVWXG\¶VUH
sults, it was clearly shown that the Acanthamoeba
strains isolated from swimming pool water in Turkey
were unable to be destroyed by the applied amount
of chlorine in these aquatic environments. Otherwise
stated, the swimming pool disinfection procedures
used in Turkey are not sufficient for preventing presumptive Acanthamoeba infections in human beings.
Hence, first it is suggested that swimming pool water
EH FRPSUHKHQVLYHO\ VFDQQHG IRU WKHVH µXQQRWLFHG¶
microorganisms. Secondly, should these microorganisms be detected, treatment strategies specifically
targeting FLA should be developed. Lastly, it is
hoped that the data provided from this study shall
serve to contribute to securing public health and raising awareness in public health authorities.
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.DURO:LHF]RUHN-DQ.XFKDUVNL-DGZLJD:\V]NRZVND
8QLYHUVLW\RI:DUPLDDQG0D]XU\LQ2OV]W\Q)DFXOW\RI(QYLURQPHQWDO0DQDJHPHQWDQG$JULFXOWXUH
'HSDUWPHQWRI0LFURELRORJ\3RODQG

IRUFDWDO\WLFK\GURO\VLVRIFHOORELRVHPROHFXOHVDQG
VKRUW-FKDLQ ROLJRVDFFKDULGHV WR JOXFRVH >@ 7KH
HQ]\PH VDFWLYLW\LVOLPLWHGE\VXEVWUDWHDYDLODELOLW\
DQG SURGXFW FRQWHQW LQ WKH HQYLURQPHQW >@ ȕJOXFRVLGDVHLVSURGXFHGE\YDULRXVJURXSVRIRUJDQ
LVPV LQFOXGLQJ SODQWV DQLPDOV IXQJL DQG EDFWHULD
>@ȕ-JOXFRVLGDVHLVWKHRQHRIWKHNH\LQGLFDWRUV
XVHGLQHYDOXDWLRQVRIVRLORUJDQLFPDWWHUDQGLQVRLO
ELRPRQLWRULQJ >@ ȕ-JOXFRVLGDVH DFWLYLW\ LQ VRLO
LQGLFDWHV WKH RI HDUO\ FKDQJHV LQ RUJDQLF FDUERQ
FRQWHQW ZKLFK FDQQRW EH REVHUYHG ZLWK WKH LQ
YROYHPHQW RI RWKHU DQDO\WLFDO PHWKRGV >@ ȕJOXFRVLGDVHLVDOVRVHQVLWLYHWRWKHVRLOS+DQGFDQ
EHXVHGDVDQLQGLFDWRURIVRLODFLGLILFDWLRQ>@
7KH DELOLW\ RI PLFURRUJDQLVPV WR DGDSW WR D
QHZHQYLURQPHQWLVDYLWDOPHFKDQLVPRIUHVLVWDQFH
WR HQYLURQPHQWDO SROOXWLRQ >@ 0LFURRUJDQLVPV
GHYHORSPHFKDQLVPVWKDWVXSSRUWWUDQVIRUPDWLRQRI
PHWDOV LQWR OHVV WR[LF IRUPV LPPRELOL]DWLRQ RI
PHWDOVRQWKHFHOOVXUIDFHRULQWKHIRUPRILQWUDFHO
OXODUSRO\PHUVSUHFLSLWDWLRQ DQGELRPHWK\ODWLRQRI
PHWDOV >@ (Q]\PHV VHFUHWHG E\ VRLO-GZHOOLQJ
PLFURRUJDQLVPV DUH H[SRVHG WR GLUHFW FRQWDFW ZLWK
KHDY\PHWDOLRQVEHFDXVHWKH\DUHQRWSURWHFWHGE\
FHOOV FDSDEOH RI GHWR[LI\LQJ PHWDOV >@ ȕJOXFRVLGDVH KDV EHHQ IRXQG WR EH VHQVLWLYH WR WKH
SUHVHQFH RI KHDY\ PHWDOV LQ WKH VRLO HQYLURQPHQW
>@
7KHDLPRIWKLVVWXG\ZDVWRGHWHUPLQHWKHLQ
IOXHQFHRIKHDY\PHWDOVRQȕ-JOXFRVLGDVHUHVLVWDQFH
DQG WR HYDOXDWH WKH XVHIXOQHVV RI ȕ-JOXFRVLGDVH DV
DQ LQGLFDWRU RI FKDQJHV LQ VRLO FRQWDPLQDWHG ZLWK
KHDY\PHWDOV

ABSTRACT
,Q WKH H[SHULPHQW ORDP\ VDQG VDQG\ ORDP
DQGVDQG\FOD\ORDPZLWKDS+RIDQGZHUH
FRQWDPLQDWHG ZLWK =Q &X 1L &G DQG 3E
LQ WKH ODERUDWRU\ 7KH DQDO\]HG VXEVWUDWHV GLIIHUHG
LQ WKHLU FKHPLFDO SURSHUWLHV DQG WKHUHIRUH WKH\
ZHUHFRQWDPLQDWHGZLWKVL[GLIIHUHQWGRVHVRIHDFK
PHWDO6XEVWUDWHVDPSOHVZHUHLQFXEDWHGIRU
DQGGD\VDQGWKHDFWLYLW\RIȕ-JOXFRVLGDVHZDV
GHWHUPLQHG DW WKH HQG RI HDFK LQFXEDWLRQ SHULRG
7KH UHVXOWV ZHUH XVHG WR FDOFXODWH WKH HQ]\PH V
UHVLVWDQFHWRVRLOFRQWDPLQDWLRQZLWKKHDY\PHWDOV
(Q]\PH DFWLYLW\ LQ VRLO ZLWK QDWXUDO OHYHOV RI
WUDFHHOHPHQWVUDQJHGIURPP0313NJ-K-
'0 LQ VDQG\ FOD\ ORDP ZLWK D S+ RI  WR 
P0 S-QLWURSKHQRO 313  NJ- K- '0 LQ WKH VDPH
VXEVWUDWHZLWKDS+RI7KHKLJKHVWOHYHOVRI ȕJOXFRVLGDVHDFWLYLW\ZHUHQRWHGLQVDQG\FOD\ORDP
DQG WKH ORZHVW LQ ORDP\ VDQG ,Q DFLGLF VRLOV HQ
]\PH DFWLYLW\ LQFUHDVHG DIWHU WKH ILUVW LQFXEDWLRQ
SHULRG  GD\V  ZKHUHDV LQ QHXWUDO VXEVWUDWHV
KLJKHU OHYHOV RI ȕ-JOXFRVLGDVH DFWLYLW\ ZHUH RE
VHUYHG DIWHU WZR VXFFHVVLYH LQFXEDWLRQ SHULRGV 
DQGGD\V  ȕ-JOXFRVLGDVH ZDV PRVWUHVLVWDQWWR
FRQWDPLQDWLRQ ZLWK &X 56   DQG OHDVW
UHVLVWDQWWRFRQWDPLQDWLRQZLWK=Q 56  
.(<:25'6
ȕ-JOXFRVLGDVHKHDY\PHWDOVUHVLVWDQFHVRLO

INTRODUCTION
&HOOXORVH LVWKH PDLQ VWUXFWXUDOFRPSRQHQWRI
FHOO ZDOOV RI WHUUHVWULDO DQG DTXDWLF SODQWV 7KLV
ELRSRO\PHUKDVOLQHDUVWUXFWXUHDQGLVFRPSRVHGRI
WKRXVDQGV RI JOXFRVH PROHFXOHV MRLQHG E\ ȕ-JO\FRVLGLF ERQGV >@ &HOOXORVH GLIIHUV IURP RWKHU
QDWXUDO SRO\VDFFKDULGHV LQ LWV ULJLG VWUXFWXUH ZKLFK
LPSDUWV UHVLVWDQFH WR ELRGHJUDGDWLRQ >@ ȕJOXFRVLGDVH LV DQ H[RHQ]\PH EHORQJLQJ WR WKH
JURXS RI FHOOXODVHV ,Q WKH VRLO HQYLURQPHQW ȕJOXFRVLGDVH FDQ EH ERQGHG WR RUJDQLF FROORLGV >@
7KHGLVFXVVHGHQ]\PHSDUWLFLSDWHVLQWKHILQDOVWDJH
RI FHOOXORVH GHFRPSRVLWLRQ >±@ ,W LV UHVSRQVLEOH

MATERIALS AND METHODS
7KH H[SHULPHQW ZDV SHUIRUPHG LQ WKH ODERUD
WRU\7KHH[SHULPHQWDOYDULDEOHVZHUH VRLOW\SH
ORDP\ VDQG /6  VDQG\ ORDP 6/  DQG VDQG\ FOD\
ORDP 6&/  S+.&ORIVRLODQG 7DE 
 W\SHRIKHDY\PHWDO=Q&X1L&G3E
G GHJUHHRIVRLOFRQWDPLQDWLRQZLWKKHDY\PHWDOV
,,,,,,,99 7DEOH H VRLOLQFXEDWLRQ
WLPHDQGGD\V
1DWXUDOVRLOVDPSOHVZHUHFKDUDFWHUL]HGE\WKH
IROORZLQJS+.&OYDOXHV/6-6/-DQG
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-QDWXUDOFRQWHQW,-HOHYDWHGFRQWHQW,,-ZHDNFRQWDPLQDWLRQ,,,-PHGLXPFRQWDPLQDWLRQ,9-VWURQJFRQWDPLQD
WLRQ9-YHU\VWURQJFRQWDPLQDWLRQ

6&/-%HIRUHWKHH[SHULPHQW/6VDPSOHVZLWK
D S+ RI  ZHUH DONDOL]HG ZLWK  DTXHRXV VXV
SHQVLRQRI&D&2XQWLOWKHDFKLHYHPHQWRIDS+RI
DQG6&/VDPSOHVZLWKDS+RIZHUHDFLGL
ILHG ZLWK 0 DTXHRXV VROXWLRQ RI +&O XQWLO WKH
DFKLHYHPHQW RI D S+ RI  %RWK VRLO W\SHV ZHUH
PRGLILHGWRVWDELOL]HS+OHYHOVLQVDPSOHVQRWFRQ
WDPLQDWHGZLWKKHDY\PHWDOV

'HWHUPLQDWLRQ RI ȕ-JOXFRVLGDVH DFWLYLW\ 2Q
H[SHULPHQWDO GD\V   DQG  ȕ-JOXFRVLGDVH
DFWLYLW\ (&   LQ HDFK VDPSOH ZDV GHWHU
PLQHGLQWKUHHUHSOLFDWLRQVDFFRUGLQJWRWKHPHWKRG
SURSRVHGE\$OHIDQG1DQQLSLHUL>@7KHVXEVWUDWH
ZDV  P0 S-QLWURSKHQ\O-ȕ-'-JOXFRS\UDQRVLGH
31*  VROXWLRQ 6RLO VDPSOHV RI  J ZHUH FRP
ELQHG ZLWKFPRIEXIIHU ZLWKDS+RIDQG
FP RI 31* 7KH EXIIHU ZDV DQ DTXHRXV VROXWLRQ
FRQWDLQLQJ  J RI &+12 75,6   J RI
&+2  J RI &+2  J RI +%2 DQG
 FP RI 0 1D2+ GLVVROYHG LQ ZDWHU DQG
SRXUHGLQWRDGPPHDVXULQJIODVNFPRIWKH
EXIIHU ZDV GLOXWHG LQ GHLRQL]HG ZDWHU LWV S+ ZDV
EURXJKWWRZLWK0+&ODQGLWZDVILOOHGXS
WR  GP 6DPSOHV ZHUH LQFXEDWHG IRU  KRXU DW
& $IWHU LQFXEDWLRQ VDPSOHV ZHUH FRPELQHG
ZLWKFPRI0DTXHRXVVROXWLRQRI&D&ODQG
FPRI75,6ZLWKDS+RI7KHH[WLQFWLRQRI
S-QLWURSKHQRO 313 ZDVPHDVXUHGZLWKWKH3HUNLQ(OPHU /DPEGD  VSHFWURSKRWRPHWHU Ȝ  QP 
ȕ-JOXFRVLGDVH DFWLYLW\ ZDV H[SUHVVHG LQ P0 313
NJ-K-VRLOGU\PDWWHU '0 

([SHULPHQWDO GHVLJQ  J DLU-GULHG VRLO
VDPSOHV ZHUH SODFHGLQFP JODVVEHDNHUVDQG
FRPELQHG ZLWK DTXHRXV VROXWLRQV RI =Q&O &X&O
1L&O ā  +2 &G&O ā +2 DQG 3E&O 0HWDO
GRVHV ZHUH VHOHFWHG WR SUHSDUH VRLO VDPSOHV ZLWK
YDULRXVOHYHOVRIFRQWDPLQDWLRQ 7DEOH UHODWLYHWR
3ROLVKFODVVHVRIVRLOVXLWDELOLW\IRUDJULFXOWXUDODQG
QRQ-DJULFXOWXUDOSURGXFWLRQGHYHORSHGE\WKH,QVWL
WXWH RI 6RLO 6FLHQFH DQG 3ODQW &XOWLYDWLRQ LQ
3XáDZ\ 3RODQG >@ 7KH PD[LPXP DOORZDEOH
FRQFHQWUDWLRQV RI KHDY\ PHWDOV YDU\ GHSHQGLQJ RQ
WKHLUWR[LFLW\IRUOLYLQJRUJDQLVPV6RLOFRQWDPLQD
WLRQ OHYHOV ZLWK KHDY\ PHWDOV ZHUH GLVFXVVHG LQ
JUHDWHUGHWDLOE\:LHF]RUHNHWDO>@6RLOVDPSOHV
FRPELQHGZLWKKHDY\PHWDOVROXWLRQVZHUHEURXJKW
WR  PD[LPXP ZDWHU-KROGLQJ FDSDFLW\ FRYHUHG
ZLWK 3( ILOP DQG SODFHG LQ DQ LQFXEDWRU VHW WR WKH
WHPSHUDWXUH RI & 7KURXJKRXW WKH H[SHULPHQW
 GD\V  VRLO PRLVWXUH OHYHOV ZHUH FRQWUROOHG
RQFH D ZHHN DQG GHLRQL]HG ZDWHU ZDV DGGHG WR
FRPSHQVDWHIRU PRLVWXUH ORVV7KH H[SHULPHQW ZDV
HVWDEOLVKHG LQ WKUHH VHULHV ZLWK WKUHH UHSOLFDWLRQV
7KHILUVWVHULHVZDVGLVFDUGHGDIWHUGD\VRILQFX
EDWLRQWKHVHFRQG±DIWHUGD\VDQGWKHWKLUGRQH
±DIWHUGD\V

&DOFXODWLRQ RI WKH ȕ-JOXFRVLGDVH UHVLVWDQFH
56 LQGH[ȕ-JOXFRVLGDVHDFWLYLW\OHYHOVZHUHXVHG
WR FDOFXODWH WKH HQ]\PH V UHVLVWDQFH WR =Q &X
1L &G DQG 3E LQ VRLO EDVHG RQ WKH IRUPXOD
SURSRVHGE\2UZLQDQG:DUGOH>@
ȁ' ȁ
56 
& ȁ' ȁ

ZKHUH
& ± ȕ-JOXFRVLGDVH DFWLYLW\ LQ VRLO ZLWK QDWX
UDOO\-RFFXUULQJ FRQFHQWUDWLRQV RI KHDY\ PHWDOV '
± GLIIHUHQFH EHWZHHQ ȕ-JOXFRVLGDVH DFWLYLW\ LQ VRLO
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H[SODQDWLRQXQGHU7DEOH

/6-ORDP\VDQG6/-VDQG\ORDP6&/-VDQG\FOD\ORDP

7$%/(
7KHSURSRUWLRQRIYDULDQFHȘLQVRLOFRQWDPLQDWHGZLWK=Q&X1L&GDQG3E
Zn2+
Cu2+
Ni2+
[%]
a
18.5
3.8
1.6
b
6.1
7.0
20.2
c
9.4
12.0
1.2
d
13.5
14.0
9.2
ab
0.8
1.4
3.7
ac
0.1
0.4
0.5
bc
13.1
13.2
25.8
ad
0.7
1.2
4.1
bd
29.5
39.0
20.3
cd
1.3
0.5
1.8
abc
1.6
0.5
0.5
abd
2.8
2.8
5.1
acd
0.1
0.5
0.6
bcd
1.3
2.9
4.1
abcd
0.6
0.5
0.9
Error
0.6
0.3
0.5

D±VRLOFRQWDPLQDWLRQGHJUHHE±VRLOW\SHF-S+RIVRLOG±LQFXEDWLRQWLPH
Factor1

PHWDOV DQG ȕ-JOXFRVLGDVH DFWLYLW\ LQ VRLO FRQWDPL
QDWHGZLWKKHDY\PHWDOVIRUGD\V
7KH56LQGH[FDQWDNHRQYDOXHVLQWKHUDQJH
RI-WR$Q56LQGH[RILQGLFDWHVDQDEVHQFH
RI FRQWDPLQDWLRQ IXOO UHVLVWDQFH  /RZHU YDOXHV
SRLQWWRWKHSUHVHQFHRIIDFWRUVWKDWGLVUXSWWKHVRLO
EDODQFH ORZHU UHVLVWDQFH  7KH FORVHU WKH YDOXH RI

Cd2+

Pb2+

2.2
15.7
12.5
1.0
0.7
0.1
37.3
5.3
6.9
2.5
0.4
12.9
0.5
0.3
1.3
0.5

2.1
3.5
10.6
10.9
4.4
0.3
31.5
8.8
11.5
0.1
0.3
10.3
1.2
0.2
2.2
2.1

WKH56LQGH[WRWKHJUHDWHUWKHGURSLQUHVLVWDQFH
$Q 56 LQGH[ RI  SRLQWV WR  GLVWXUEDQFH
ZKHUHDVQHJDWLYHYDOXHVRIWKHLQGH[DUHLQGLFDWLYH
RI H[FHVVLYH OHYHOV RI HQ]\PDWLF DFWLYLW\ $Q 56
LQGH[RI-SRLQWVWRGLVWXUEDQFHFDXVHGE\D
GLVUXSWLQJIDFWRU
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7XNH\ V WHVW DW D VLJQLILFDQFH OHYHO RI S  
3HDUVRQ V FRHIILFLHQWV RI FRUUHODWLRQ ZHUH GHWHU
PLQHG EHWZHHQ ȕ-JOXFRVLGDVH DFWLYLW\ DQG WKH 56
LQGH[ YV WKH GHJUHH RI VRLO FRQWDPLQDWLRQ ZLWK
KHDY\ PHWDOV 7KH SURSRUWLRQ RI YDULDQFH Ș ZDV
FDOFXODWHG LQ YLHZ RI DOO H[SHULPHQWDO IDFWRUV ȕJOXFRVLGDVH DFWLYLW\ ZDV SUHVHQWHG LQ UDGDU FKDUWV
GHYHORSHG LQ ([FHO 3ULQFLSDO FRPSRQHQW DQDO\VLV
3&$  RI ȕ-JOXFRVLGDVH UHVLVWDQFH WR KHDY\ PHWDOV
ZDVSHUIRUPHGLQWKH6WDWLVWLFDDSSOLFDWLRQ

'HWHUPLQDWLRQ RI WKH SK\VLFRFKHPLFDO
SURSHUWLHV RI VRLO 7KH FRQWHQW RI GLIIHUHQW VRLO
IUDFWLRQV ZDV GHWHUPLQHG EDVHG RQ WKH PHWKRG
SURSRVHG E\ &DVVDJUDQGH DQG PRGLILHG E\
3UyV]\ĔVNL>@+\GURO\WLFDFLGLW\ +$& DQGWRWDO
H[FKDQJHDEOHEDVHV 7(% ZHUHGHWHUPLQHGDFFRUG
LQJ WR WKH PHWKRG GHYHORSHG E\ .DSSHQ >@ 2U
JDQLF FDUERQ &RUJ  FRQWHQW ZDV PHDVXUHG E\ 7L
XULQ V TXDQWLWDWLYH PHWKRG >@ +$& DQG 7(%
YDOXHVZHUHXVHGWRFDOFXODWHWRWDOFDWLRQH[FKDQJH
FDSDFLW\ &(&  DQG EDVH VDWXUDWLRQ %6  6RLO S+
ZDV GHWHUPLQHG SRWHQWLRPHWULFDOO\ ZLWK 0
.&OVRLO>ZZZLVRRUJ@

RESULTS

'HWHUPLQDWLRQRIWKHKHDY\PHWDOFRQWHQWRI
VRLO7KHFRQWHQWRIKHDY\PHWDOVLQVRLOZDVGHWHU
PLQHG E\ XVLQJ DWRPLF DEVRUSWLRQ VSHFWURPHWU\
$$6-&DUO=HLVV-HQD =QDWQP&X DW
QP1LDWQP&GDWQPDQG3EDW
 QP DIWHU H[WUDFWLRQ ZLWK 0 +&O
>ZZZSNQSO@ 7DEOH 

7KH H[SHULPHQW JHQHUDWHG LQIRUPDWLRQ DERXW
WKH HIIHFW RI KHDY\ PHWDOV RQ WKH DFWLYLW\ DQG UH
VLVWDQFHRIȕ-JOXFRVLGDVH(IIHFWVL]HPHDVXUHPHQWV
7DEOH   LQGLFDWH WKDW WKH DQDO\]HG IDFWRUV KDG D
YDULRXV LQIOXHQFH 5HJDUGOHVV RI WKH DGGHG KHDY\
PHWDO WKH PRVW LPSRUWDQW IDFWRUV ZHUH VRLO W\SH
 RQ DYHUDJH  IROORZHG E\ LQFXEDWLRQ WLPH
 RQ DYHUDJH  DQG VRLO S+  RQ DYHU
DJH 

6WDWLVWLFDO DQDO\VLV (PSLULFDOGDWD ZHUHSUR
FHVVHG VWDWLVWLFDOO\ E\ $129$ > ZZZVWDWVRIW
FRP@ +RPRJHQHRXV JURXSV ZHUH LGHQWLILHG E\

7$%/(
$FWLYLW\RIȕ-JOXFRVLGDVHLQVRLOFRQWDPLQDWHGZLWK=Q&X1L&GDQG3E
P0313NJ-K-'0RIVRLO
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H[SODQDWLRQXQGHU7DEOH

JOXFRVLGDVHDFWLYLW\ZDVFRQVLGHUDEO\KLJKHUWKDQLQ
6&/ ZLWKDS+RI7KHKLJKHVWOHYHOVRIHQ]\
PDWLF DFWLYLW\ ZHUH REVHUYHG LQ VDPSOHV FRQWDPL
QDWHG ZLWK =QDQG &G IRUGD\V ,9DQG 9
DIWHUGD\V &XDQG1LIRUGD\V ,9DIWHU
 GD\V  3E IRU  GD\V , - ,,,  DQG  GD\V
,9 DQG 9  (Q]\PH DFWLYLW\ ZDV VXEVWDQWLDOO\
ORZHULQ6&/VDPSOHVZLWKDS+RI 7DE 
5HJDUGOHVV RI WKH VRLO FRQWDPLQDWLRQ GHJUHH
=QLQKLELWHG ȕ-JOXFRVLGDVH DFWLYLW\E\ 6&/
ZLWK D S+   WR  /6 ZLWK D S+ RI   RQ
DYHUDJH &X - E\  6&/ ZLWK D S+ RI   WR
 /6ZLWKDS+RI 1L-E\ 6&/ZLWK
DS+RI WR /6ZLWKDS+RI &G -
E\ 6/ZLWKDS+RI WR /6ZLWKDS+
RI DQG3E-E\ 6&/ZLWKDS+RI 
WR 6&/ZLWKDS+RI 'HVSLWHWKHDERYH
VRLOFRQWDPLQDWLRQDOVRVWLPXODWHGHQ]\PHDFWLYLW\
2Q DYHUDJH ȕ-JOXFRVLGDVH DFWLYLW\ LQFUHDVHG E\
 LQ VRLO VDPSOHV FRQWDPLQDWHG ZLWK &X 6/
ZLWKDS+RI E\ 6/ZLWKDS+RI WR
 6/ZLWKDS+RI LQVRLOVDPSOHVFRQWDPL
QDWHGZLWK1LDQGE\ 6/ZLWKDS+RI WR
 /6ZLWKDS+RI LQVRLOVDPSOHVFRQWDPL
QDWHGZLWK3E

ȕ-JOXFRVLGDVH DFWLYLW\ 7KURXJKRXW  GD\V
RI WKH H[SHULPHQW GXUDWLRQ WKH ȕ-JOXFRVLGDVH
DFWLYLW\ LQ VRLO YDULHG IURP WKH VRLO W\SH DQG WR D
VPDOOHUH[WHQWVRLOS+,QORDP\VDQGZLWKDS+RI
 DQG  WKH W\SH RI FRQWDPLQDQW KDG D PLQRU
LQIOXHQFH RQ ȕ-JOXFRVLGDVH DFWLYLW\ ,Q /6 VDPSOHV
ZLWKDS+RIWKHKLJKHVWOHYHOVRIȕ-JOXFRVLGDVH
DFWLYLW\ ZHUH QRWHG DIWHU  GD\V RI LQFXEDWLRQ
+LJKHU DFWLYLW\ ZDV REVHUYHG RQO\ LQ VDPSOHV
FRQWDPLQDWHG ZLWK =Q 9  1L ,,  DQG &G
,9DQG9 IRUGD\V,Q/6VDPSOHVZLWKDS+
RI  WKH KLJKHVW OHYHOV RI HQ]\PH DFWLYLW\ ZHUH
QRWHG DIWHU  GD\V RI LQFXEDWLRQ H[FHSW IRU VRLO
FRQWDPLQDWHGZLWK3E 7DE 
,Q6/VDPSOHVZLWKDS+RIȕ-JOXFRVLGDVH
DFWLYLW\ OHYHOV ZHUH KLJKHVW LQ VRLO LQFXEDWHG ZLWK
=Q XSWR,9  DQG3E XSWR,9  IRUGD\V
DQG ZLWK &X H[FOXGLQJ ,9  1L DQG &G IRU
GD\V,Q6/VDPSOHVZLWKDS+RIWKHKLJK
HVW HQ]\PH DFWLYLW\ ZDV REVHUYHG DIWHU  GD\V RI
LQFXEDWLRQZLWK=Q1LDQG&GDIWHUGD\V
ZLWK&XDIWHUGD\VRIFRQWDPLQDWLRQZLWK3E 
,, ,,, 9  DQG DIWHU  GD\V ZLWK 3E , DQG
,9  7DE 
,Q 6&/ VDPSOHV ZLWK D S+ RI  ȕ-

7$%/(
5HVLVWDQFHRIȕ-JOXFRVLGDVH 56 LQVRLOFRQWDPLQDWHGZLWK=Q&X1L&GDQG3E
6RLOW\SH
=Q

,

,,

6RLOFRQWDPLQDWLRQGHJUHH
,,,

,9

9
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H[SODQDWLRQXQGHU7DEOH
H[SODQDWLRQXQGHU7DEOH

S+RI , WRLQ6/ZLWKDS+RI 9 
DQG3E-LQWKHUDQJHRILQ/6ZLWKDS+RI
,9  WR  LQ 6&/ ZLWK D S+ RI  9  7KH
LQIOXHQFH RI KHDY\ PHWDOV RQ FKDQJHV LQ ȕJOXFRVLGDVH UHVLVWDQFH YDULHG DFURVV WKH DQDO\]HG
VRLO W\SHV 6RLO W\SH ZDV PRUH OLNHO\ WR LQGXFH
FKDQJHVLQWKH56LQGH[WKDQVRLOS+RUFRQWDPLQD
WLRQ W\SH 7KH YDOXHV RI FRUUHODWLRQ FRHIILFLHQWV
LQGLFDWH WKDW ȕ-JOXFRVLGDVH UHVLVWDQFH ZDV PRVW
VLJQLILFDQWO\ LQKLELWHG E\ &G  IROORZHG E\ 1L
=Q&X DQG WKDW LW ZDV OHDVW DIIHFWHG E\ 3E
ZKLFKGLGQRWVLJQLILFDQWO\LPSDLUUHVLVWDQFHLQ /6
DWDS+RIRUDQGLQ6&/ ZLWKDS+RI
7DEOH 
7KH SULQFLSDO FRPSRQHQWV LQ 3&$ H[SODLQHG
SULPDU\YDULDEOHVLQ )LJ ȕ-JOXFRVLGDVH
UHVLVWDQFHZDVPRVWVLJQLILFDQWO\LQKLELWHGE\&G 
IROORZHGE\1L=Q&XDQGLWZDVOHDVWDIIHFW
HG E\ 3E 7KH PRVW VLJQLILFDQW FRPELQHG HIIHFW
ZDV H[HUWHG E\ &X DQG &G DQG E\ &X DQG
=QZKHUHDVWKHFRPELQHGHIIHFWRI&XDQG3E
DQG RI =Q DQG 3E ZDV OHDVW VLJQLILFDQW 7KH
KLJKHVWGHJUHHRIFRQWDPLQDWLRQ 9  KDGWKH PRVW
LQKLELWRU\HIIHFWRQȕ-JOXFRVLGDVHDFWLYLW\LQDOOVRLO
W\SHV

3HDUVRQ V FRHIILFLHQWV RI FRUUHODWLRQ EHWZHHQ
ȕ-JOXFRVLGDVH DFWLYLW\ DQG VRLO FRQWDPLQDWLRQ ZLWK
KHDY\ PHWDOV DUH SUHVHQWHG LQ 7DEOH  ,Q WKH YDVW
PDMRULW\RIFDVHVWKHFRUUHODWLRQVZHUHVWDWLVWLFDOO\
VLJQLILFDQWZKLFKLPSOLHVWKDWȕ-JOXFRVLGDVHDFWLYL
W\LVVWURQJO\OLQNHGZLWKWKHDPRXQWVRI=Q&X
1L&GDQG3ESUHVHQWLQWKHVRLOHQYLURQPHQW
$GHFUHDVH LQHQ]\PH DFWLYLW\ OHYHOV ZDVREVHUYHG
LQ /6 VDPSOHV DIWHU   DQG  GD\V LQ 6/
VDPSOHVDIWHUGD\VDQGLQ6&/VDPSOHVDIWHU
DQGGD\VRIWKHH[SHULPHQW
ȕ-JOXFRVLGDVHUHVLVWDQFH7KHKLJKHVWDYHUDJH
ȕ-JOXFRVLGDVHUHVLVWDQFHUHJDUGOHVVRIWKHGHJUHHRI
FRQWDPLQDWLRQZDVREVHUYHGLQ/6ZLWKDS+RI
H[SRVHGWR&X 56  DQGWKHORZHVW ±LQ
6&/ ZLWK D S+ RI  LQ VRLO FRQWDPLQDWHG ZLWK
3E 56    7DEOH   =Q UHGXFHG ȕJOXFRVLGDVH UHVLVWDQFH LQ WKH UDQJH RI  LQ /6
ZLWKDS+RI ,, WRLQ/6 9 &X -LQ
WKH UDQJH RI  LQ /6 ZLWK D S+ RI  ,,,  WR
LQ6/ZLWKDS+RI 9 1L-LQWKHUDQJH
RILQ /6 ZLWKDS+RIDQGLQ6&/ ZLWKD
S+RI , WRLQ6/ZLWKDS+RI ,9
DQG 9  &G - LQ WKH UDQJH RI  LQ 6&/ ZLWK D
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5HVLVWDQFHRIȕ-JOXFRVLGDVHLQVRLOFRQWDPLQDWHGZLWK=Q&X1L&GDQG3E
SUHVHQWHGDV3ULQFLSDO&RPSRQHQW$QDO\VLV 3&$
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VRLOW\SH-ORDP\VDQG-VDQG\ORDP-VDQG\FOD\ORDPVRLOS+D-S+E-S+
VRLOFRQWDPLQDWLRQGHJUHH-,-,,,-,,,,,-,,,,9-,99-9
YHFWRUVRI=Q&X1L&GDQG3EUHIHUWRD[HV;-ERWWRP<-OHIWFDVHVUHIHUVWRD[HV;-XSSHU<±ULJKW 

SDUWLFXODUO\ YLVLEOH ZKHQ HQ]\PH DFWLYLW\ OHYHOV
ZHUHFRPSDUHGLQ6&/ZLWKDS+RIDQGLQ6/
DQG/6VXEVWUDWHVZLWKWKHVDPHS+,QVRLOVZLWKD
QHXWUDOS+ȕ-JOXFRVLGDVHDFWLYLW\LQFUHDVHGFRQVLG
HUDEO\ ZLWKLQFUHDVLQJSHUFHQWDJHVRIVLOWDQGFOD\
ZKHUHDVLQDFLGLFVRLOVWKHDERYHWUHQGZDVQRWDV
SURIRXQGO\ H[SUHVVHG ,Q 6&/ ZLWK D S+ RI 
HQ]\PHDFWLYLW\ZDVORZHUWKDQLQ/6DQG6/ZLWK
WKHVDPHS+:\V]NRZVNDHWDO>@.XFKDUVNLHW
DO >@ DQG /HH HW DO >@ GHPRQVWUDWHG WKDW WKH
DSSOLFDWLRQRIQHXWUDOL]LQJVXEVWDQFHVRUWHPSRUDU\
FHVVDWLRQ RI DJULFXOWXUDO DFWLYLW\ RQ VRLOV FRQWDPL
QDWHG ZLWK KHDY\ PHWDOV FDQ VWLPXODWH ȕJOXFRVLGDVHDFWLYLW\
,Q WKLV VWXG\ WKH DSSOLFDWLRQ RI WKH VL[-SRLQW
VFDOHRIVRLOFRQWDPLQDWLRQGHYHORSHGE\WKH,QVWL
WXWH RI 6RLO 6FLHQFH DQG 3ODQW &XOWLYDWLRQ LQ
3XáDZ\ SDUWLDOO\ H[SODLQV KRZ WKH VDPH OHYHOV RI
FRQWDPLQDWLRQZLWK=Q&X1L&GDQG3E
LQIOXHQFH RQH RI WKH PRVW LPSRUWDQW DQG UHOLDEOH
ELRFKHPLFDO LQGLFDWRUV RI VRLO TXDOLW\ 7KH XVH RI
QRQ-KRPRJHQHRXV JUDQXORPHWULF FRPSRVLWLRQ DV D
YDULDEOHFDQH[SDQGRXUNQRZOHGJHDERXWWKHWR[LF
HIIHFWRIKHDY\PHWDOVRQVRLO-GZHOOLQJPLFURRUJDQ
LVPVQRWRQO\LQGLUHFWLQWHUDFWLRQVEXWDOVRLQLQGL
UHFWLQWHUDFWLRQVLQFOXGLQJWKHDFLGLILFDWLRQRIFRQ
WDPLQDWHG VRLO IXUWKHU LQKLELWLRQ RI WKH JURZWK RI
DFLG-VHQVLWLYHPLFUREHVDQGELRFKHPLFDODFWLYLW\RI
VRLO

DISCUSSION
(Q]\PHV V\QWKHVL]HG E\ VRLO PLFURRUJDQLVPV
SOD\DQLPSRUWDQWUROHLQELRGHJUDGDWLRQDQGRUJDQ
LFPDWWHUWUDQVIRUPDWLRQ>@3URGXFWVFDWDO\]HGE\
WKRVH FRPSRXQGV DUH XVHG E\ RWKHU RUJDQLVPV DQG
SODQWV DV D VXEVWUDWHV QHFHVVDU\ IRU JURZWK DQG
GHYHORSPHQW>@7KH\DUHDOVRUHOLDEOHLQGLFD
WRUVRIFKDQJHVLQGXFHGE\DQWKURSRJHQLFFRQWDPL
QDWLRQLQWKHVRLOHQYLURQPHQW>@
ȕ-JOXFRVLGDVHDFWLYLW\LVKLJKO\FRUUHODWHGZLWK
WKH GHJUHH RI KHDY\ PHWDO FRQWDPLQDWLRQ LQ VRLO
6XEMHFWWRWKHW\SHRIKHDY\PHWDODQGWKHGHJUHHRI
FRQWDPLQDWLRQ HQ]\PHV FDQ UHVSRQG SRVLWLYHO\ RU
QHJDWLYHO\ WR FRQWDPLQDWLRQ VWUHVV >@ .XSHUPDQ
DQG&DUUHLUR>@GHPRQVWUDWHGWKDWWKHSUHVHQFHRI
$V &G &U =Q &X 1L DQG 3E LQ VRLO DW
FRQFHQWUDWLRQVRIWRP0NJ-KDGDQDGYHUVH
HIIHFW RQ HQ]\PH DFWLYLW\ 6LPLODU REVHUYDWLRQV
ZHUHPDGHE\)UHGHULFNHWDO>@LQDVWXG\RIVRLO
VDPSOHVIURPDGHIXQFWFHPHQWSODQWFRQWDPLQDWHG
ZLWK =Q &X &U )H &G 3E 6L DQG 0Q
7KH QRWHG UHGXFWLRQ LQ ȕ-JOXFRVLGDVH DFWLYLW\ UH
VXOWHGIURPVLPXOWDQHRXVFRQWDPLQDWLRQZLWKPDQ\
PHWDOVZKRVHLQGLYLGXDOFRQFHQWUDWLRQVZHUHORZHU
WKDQ LQ WKH SUHVHQW VWXG\ $FFRUGLQJ WR 'LFN DQG
7DEDWDEDL>@VRPHKHDY\PHWDOV-LQFOXGLQJ=Q
1L&RDQG0Q-DFWDVFRIDFWRUVDQGDFWLYDWRUV
+HDY\ PHWDO OHYHOV WROHUDWHG E\ VRLO-GZHOOLQJ RU
JDQLVPVFDQFRQWULEXWHWRDQLQFUHDVHLQHQ]\PDWLF
DFWLYLW\
7KLVVWXG\DQDO\]HGDEURDGHUVSHFWUXPRIVRLO
W\SHV WKXV HQDEOLQJ D PRUH GHWDLOHG HYDOXDWLRQ RI
FRQWDPLQDWLRQZLWK=Q&X1L&GDQG3E
DV LQGLYLGXDO IDFWRUV GHJUDGLQJ WKH VRLO HQYLURQ
PHQW'HVSLWHWKHDERYHPRUHLQIRUPDWLRQLVQHHG
HG DERXW WKH LPSDFW RI KHDY\ PHWDOV LQ YDULRXV
HQYLURQPHQWDO FRQGLWLRQV LQ SDUWLFXODU LQ HQYLURQ
PHQWV H[SRVHG WR WKH FRPELQHG HIIHFW RI VHYHUDO
PHWDOV DQG DERXW PXWXDO LQWHUDFWLRQV EHWZHHQ
KHDY\PHWDOVLQWKHELRVSKHUH
ȕ-JOXFRVLGDVH DFWLYLW\ YDULHV DFURVV GLIIHUHQW
VRLO W\SHV :\V]NRZVND HW DO >@ GHPRQVWUDWHG
KLJKHU OHYHOV RI HQ]\PDWLF DFWLYLW\ LQ VDQG\ ORDP
WKDQ LQ ORDP\ VDQG ERWK FRQWDPLQDWHG DQG QRW
FRQWDPLQDWHG ZLWK &X ȕ-JOXFRVLGDVH UHVLVWDQFH
GHFUHDVHG ZLWK DQ LQFUHDVH LQ &X FRQFHQWUDWLRQV
EXWJUHDWHUFKDQJHVLQWKH56LQGH[ZHUHREVHUYHG
LQ VDQG\ ORDP WKDQ LQ ORDP\ VDQG ,Q D VWXG\ E\
.XFKDUVNL HW DO >@ VRLO FRQWDPLQDWLRQ ZLWK 1L
GHFUHDVHGȕ-JOXFRVLGDVHDFWLYLW\E\RQDYHUDJH
,Q WKH FXUUHQW VWXG\ HQ]\PH DFWLYLW\ GHFUHDVHG E\
 RQ DYHUDJH LQ ORDP\ VDQG 8QOLNH LQ VDQG\
VXEVWUDWHV KLJKHU SHUFHQWDJHV RI VLOW DQG FOD\ FRQ
WULEXWHG WR WKH VWDELOLW\ RI WKH VRLO HQYLURQPHQW
FRQWDPLQDWHG ZLWK 1L ,Q WKH SUHVHQW VWXG\ ȕJOXFRVLGDVHDFWLYLW\ ZDVFOHDUO\FRUUHODWHGZLWKWKH
FRQWHQWRIGLIIHUHQWVRLOIUDFWLRQV'LIIHUHQFHVZHUH

CONCLUSIONS
ȕ-JOXFRVLGDVH DFWLYLW\ GHFUHDVHG ZLWK DQ LQ
FUHDVLQJ FRQFHQWUDWLRQV RI =Q &X DQG 1L LQ
ORDP\VDQGDQGVDQG\ORDPDQGZLWKDQLQFUHDVHLQ
&GDQG3EOHYHOVLQVDQG\ORDPDQGVDQG\FOD\
ORDP
ȕ-JOXFRVLGDVH DFWLYLW\ ZDV PRVW VLJQLILFDQWO\
LQKLELWHGE\&GIROORZHGE\=Q&X1LDQG
3E
7KHW\SHRIVRLOVXEVWUDWHVRLOS+DQGGXUDWLRQ
RI WKH H[SHULPHQW ZHUH PRUH OLNHO\ WR LQGXFH
FKDQJHVLQȕ-JOXFRVLGDVHDFWLYLW\WKDQWKHW\SHDQG
FRQWHQWRIKHDY\PHWDOVLQVRLO
7KH SK\VLFRFKHPLFDO SURSHUWLHV RI VRLO FRQ
WDPLQDWHG ZLWK =Q &X 1L &G DQG 3E
VLJQLILFDQWO\ GLIIHUHQWLDWH WKH LQIOXHQFH RI WKRVH
HOHPHQWVRQȕ-JOXFRVLGDVHUHVLVWDQFHȕ-JOXFRVLGDVH
DFWLYLW\ZDVKLJKHULQVDQG\FOD\ORDPZLWKDS+RI
 WKDQ LQ VDQG\ ORDP DQG ORDP\ VDQG ZLWK WKH
VDPHS+,QDFLGLFVXEVWUDWHVWKHKLJKHVWOHYHOVRI
ȕ-JOXFRVLGDVH DFWLYLW\ ZHUH QRWHG LQ VDQG\ ORDP
IROORZHGE\ORDP\VDQGDQGWKHORZHVWOHYHOVZHUH
REVHUYHGLQVDQG\FOD\ORDP
7KHSHULRGGXULQJZKLFKȕ-JOXFRVLGDVHDFWLYL
W\ ZDVLQKLELWHGLQUHVSRQVHWRFRQWDPLQDWLRQ ZLWK
=Q&X1L&GDQG3EZDVVKRUWHQHGZLWK
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[11] 1GLD\H(/6DQGHQR-00F*UDWK'DQG
'LFN 53   ,QWHJUDWLYH ELRORJLFDO LQGLFDWRUVIRUGHWHFWLQJFKDQJHLQVRLOTXDOLW\$P
-$OWHUQDWLYH$JU-
[12] $FRVWD-0DUWtQH] 9 DQG 7DEDWDEDL 0$
  (Q]\PH $FWLYLWLHV LQ D /LPHG
$JULFXOWXUDO6RLO%LRO)HUWLO6RLO-
[13] 6LOYHU 6 /DGGDJD 5$ DQG 0LVUD 7.
  0HWDO-0LFUREH ,QWHUDFWLRQV ,Q 3RROF
5. DQG *DGG *0 (GV  3ODVPLG-GHWHUPLQHG UHVLVWDQFH WR PHWDO LRQV ,5/ 3UHVV
2[IRUG-
[14] 'RHOPDQ 3   5HVLVWDQFH RI VRLO
PLFURELDO FRPPXQLWLHV WR KHDY\ PHWDOV >LQ@
0LFURELDO &RPPXQLWLHV LQ 6RLO (OVHYLHU $SSOLHG6FLHQFH9-HQVHQ$.MROOHU&+6RUHQVHQ HGV 3XEOLVKHUV/RQGRQ-
[15] %DOGULDQ 3   ,QWHUDFWLRQV RI KHDY\ PHWDOV ZLWK ZKLWH-URW IXQJL (Q]\PH 0LFURE
7HFK-
[16] 6LHELHOHF*6PUHF]DN%.OLPNRZLF]-3DZODV $ 0DOLV]HZVND-.RUG\EDFK % 7HUHODN
+ .R]D 3 +U\ĔF]XN % à\VLDN 0
*Dáą]ND 5 3HFLR 0 6XV]HN %  0LWXUVNL
7 DQG +U\ĔF]XN %    $EVROXWH FRQWHQW
RI WUDFH HOHPHQWV ,Q 6LHELHOHF *  (G 
0RQLWRULQJRIWKHFKHPLFDOFRPSRVLWLRQRIVRLO
LQ 3RODQG LQ - ,81* 3,% 3XáDZ\
-
[17] :LHF]RUHN.:\V]NRZVND-DQG.XFKDUVNL
-   ,QIOXHQFH RI ]LQF FRSSHU QLFNHO
FDGPLXP DQG OHDG LQ VRLOV RQ DFLG SKRVSKDWVH
DFWLYLW\ )UHVHQ (QYLURQ %XOO  $  
[18] $OHI . 1DQQLSLHUL 3 DQG 7UDVDU-&HSHGD &
  Ǻ-JOXFRVLGDVH DFWLYLW\ >LQ@ $SSOLHG
6RLO 0LFURELRORJ\ DQG %LRFKHPLVWU\ . $OHI
3 1DQQLSLHUL HGV  $FDGHPLF 3UHVV +DUFRXUW
%UDFH  &RPSDQ\ 3XEOLVKHUV /RQGRQ 
[19] 2UZLQ .+ DQG :DUGOH '$   1HZ
LQGLFHV IRU TXDQWLI\LQJ WKH UHVLVWDQFH DQG
UHVLOLHQFHRIVRLOELRWDWRH[RJHQRXVGLVWXUEDQFHV6RLO%LRO%LRFKHP-
[20] /LW\ĔVNL 7 -XUNRZVND + DQG *RUODFK ,
  &KHPLFDO DQG DJULFXOWXUH DQDO\VLV LQ
SROLVK 3:1:DUV]DZD-
[21] 1) ,62    6RLO 4XDOLW\ 'HWHUPLQDWLRQRIS+$)125
[22] 3ROLVK 6WDQGDUG 31-5-  
$JURFKHPLFDO 6RLO $QDO\VH 'HWHUPLQDWLRQ RI
DVVLPLODWHG ]LQF FRQWHQWV 3ROLVK &RPPLWWHH
IRU6WDQGDUL]DWLRQ LQSROLVK 
[23] 3ROLVK 6WDQGDUG 31-5-
 
$JURFKHPLFDO 6RLO $QDO\VH 'HWHUPLQDWLRQ RI
DVVLPLODWHGFRSSHUFRQWHQWV3ROLVK&RPPLWWHH
IRU6WDQGDUL]DWLRQ LQSROLVK 
[24] 6WDW6RIW ,QF   67$7,67,&$ 'DWD
$QDO\VLV 6RIWZDUH 6\VWHP  78/6$ 86$
YHUVLRQ

DQLQFUHDVHLQWKHVLOWDQGFOD\FRQWHQWRIVRLOUHOD
WLYHWRVDQG\VXEVWUDWHV
7KH HIIHFW RI KHDY\ PHWDOV RQ ȕ-JOXFRVLGDVH
DFWLYLW\RYHUWLPHZDVLQIOXHQFHGE\WKHS+RIVRLO
,Q DFLGLF VXEVWUDWHV HQ]\PH DFWLYLW\ ZDV KLJKHU
DIWHUGD\VDQGLQQHXWUDOVRLOV±DIWHUDQG
GD\V

ACKNOWLEDGEMENTS
The study was supported by research grant
No. N N305 361839 from the Polish National Science Center and by the Ministry of Science and
Higher Education funds for statutory activity.

REFERENCES
[1] 8WRER (% DQG 7HZDUL /   6RLO
HFRV\VWHP DV ELRLQGLFDWRUV RI VRLO HFRV\VWHP
VWDWXV$SSO(FRO(QY5HV  -
[2] +RQ'  &HOOXORVHDUDQGRPZDONDORQJ
LWVKLVWRULFDOSDWK&HOOXORVH-
[3] -RDFKLP +- DQG 3DWULFN $1  
6HOHFWHG 6RLO (Q]\PHV ([DPSOHV RI WKHLU
3RWHQWLDO 5ROHV LQ WKH (FRV\VWHP $IU -
%LRWHFKQRO  -
[4] &RXJKODQ 03   ,QWHUVFLHQFH ,Q
5XVVHOO*( (G %LRWHFKQRORJ\DQG*HQHWLF
(QJLQHHULQJ 5HYLHZV 1HZFDVWOH-XSRQ-7\QH
-
[5] 9HUFKRW /9 DQG %RUHOOL 7  
$SSOLFDWLRQRISDUD-QLWURSKHQRO 313 HQ]\PH
DVVD\V LQ GHJUDGHG WURSLFDO VRLOV 6RLO %LRO
%LRFKHP±
[6] 1DP .+ .LP 6- .LP 0< .LP -+
<HR <6 /HH &0 -XQ +. DQG +ZDQJ
.<   &U\VWDO VWUXFWXUH RI HQJLQHHUHG
EHWD-JOXFRVLGDVH IURP D VRLO PHWDJHQRPH
3URWHLQV  -
[7] 5DSD 3 DQG %HHUPDQ $   %DFWHULDO
FHOOXORVH>LQ@%LRV\QWKHVLVDQGELRGHJUDGDWLRQ
RI&HOOXODVH&++DLJOHU3- :LHPHU HGV 
0DUFHO'HNNHU1HZ<RUN-
[8] $OOLVRQ 6' DQG 9LWRXVHN 30  
5HVSRQVHV RI H[WUDFHOOXODU HQ]\PHV WR VLPSOH
DQG FRPSOH[ QXWULHQW LQSXWV 6RLO %LRO
%LRFKHP±
[9] $OOLVRQ6':HLQWUDXE0*DUWQHU7%DQG
:DOGURS 03   (YROXWLRQDU\-HFRQRPLF
SULQFLSOHV DV UHJXODWRUV RI VRLO HQ]\PH
SURGXFWLRQ DQG HFRV\VWHP IXQFWLRQ >LQ@ 6RLO
HQ]\PRORJ\ * 6KXNOD $ 9DUPD HGV 
6SULQJHU-9HUODJ%HUOLQ±
[10] 9HHQD 9 3RRUQLPD 3 3DUYDWKDP 5 DQG
.DODLVHOYL .   ,VRODWLRQ DQG FKDUDFWHUUL]DWLRQ RI ȕ-JOXFRVLGDVH 3URGXFLQJ %DFWHULD
IURP 'LIIHUHQW 6RXUFHV $IU - %LRWHFKQRO
  -

7665

© by PSP

Volume 26 ± No. 12A/2017 pages 7658-7666

[25] 0RUHQR -/ *DUFtD & DQG +HUQiQGH] 7
 7R[LF HIIHFW RI FDGPLXP DQG QLFNHO RQ
VRLO HQ]\PHV DQG WKH LQIOXHQFH RI DGGLQJ
VHZDJHVOXGJH(XU-6RLO6FL-
[26] âLãD 5   (Q]\PRYi DNWLYLWD SĤG\ MDNR
XND]DWHOMHML ELRORJLFNLp DNWLYLW\ 5RVW 9\URED
-
[27] 0DVWR 5( &KKRQNDU 3. 6LQJK ' DQG
3DWUD $.   &KDQJHV LQ VRLO TXDOLW\
LQGLFDWRUVXQGHUORQJ-WHUPVHZDJHLUULJDWLRQLQ
DVXE-WURSLFDOHQYLURQPHQW(QYLURQ*HRO
-
[28] 3DULVD 6 +DVDQ 69 $KPDG +  
(YDOXDWLRQ RI VRPH SDGG\ VRLO SURSHUWLHV RQ
XUHDVH HQ]\PH DFLYLW\ &RQIHUHQFH RQ LQWHUQDWLRQDO 5HVHDUFK RQ )RRG 6HFXULW\ 1DWLR-QDO
5HVRXUFHV 0DQDJHPHQW DQG 5XUDO 'HYHORSPHQW7URSHQWDJ
[29] .XSHUPDQ 5* DQG &DUUHLUR 00  
6RLOKHDY\PHWDOFRQFHQWUDWLRQVPLFURELDOELRPDVV DQG HQ]\PH DFWLYLWLHV LQ D FRQWDPLQDWHG
JUDVVODQG HFRV\VWHP 6RLO %LRO %LRFKHP 
-
[30] )UHGHULFN22,URKD$(DQG2VZDOG(&K
  (YDOXDWLRQ RI WKH FRQFHQWUDWLRQ RI
VHOHFWHG KHDY\ PHWDOV DQG WKH HIIHFWV RQ VRLO
HQ]\PDWLF DFWLYLWLHV LQ DEDQGRQHG FHPHQW IDFWRU\1LJHUFHP1NDODJXDQGLWVHQYLURQV,QW-
%LRFKHP5HV  -
[31] 'LFN:$DQG7DEDWDEDL0$  $FWLYDWLRQ RI 6RLO 3\URSKRVSKDWDVH E\ 0HWDO LRQV
6RLO%LRO%LRFKHP-
[32] :\V]NRZVND-.XFKDUVNL0DQG.XFKDUVNL
-   $FWLYLW\ RI ȕ-JOXFRVLGDVH DU\OVXOSKDWDVH DQG SKRVSKDWDVHV LQ VRLO FRQWDPLQDWHG
ZLWKFRSSHU-(OHP  -
[33] .XFKDUVNL - %RURV ( DQG :\V]NRZVND -
 %LRFKHPLFDODFWLYLW\RIQLFNHO-FRQWDPLQDWHG VRLO 3RO - (QYLURQ 6WXG   
[34] /HH,6.LP2.&KDQJ<%DH%.LP
++ DQG %DHN .+   +HDY\ PHWDO
FRQFHQWUDWLRQV DQG HQ]\PH DFWLYLWLHV LQ VRLO
IURPDFRQWDPLQDWHG.RUHDQVKRRWLQJUDQJH-
%LRVFL%LRHQJ  -

Fresenius Environmental Bulletin

Received:
Accepted:

01.01.2017
28.09.2017

CORRESPONDING AUTHOR
Jadwiga Wyszkowska
University of Warmia and Mazury in Olsztyn, Faculty of Environmental Management and Agriculture, Department of Microbiology, 10-727 Olsztyn,
Pl. Lodzki 3, Poland,
e-mail: jadwiga.wyszkowska@uwm.edu.pl



7666

Volume 26 ± No. 12A/2017 pages 7667-7673

© by PSP

Fresenius Environmental Bulletin

BIOCHAR-MOREL PROMOTES WHEAT SALINE
RESISTANCE BY INCREASING ROOT/SHOOT RATIO
Zhongdong Yu1,*, Phonepaserd Phanpadith1, Shuai Zhang1, Dan Yu1, Minglei Li2, Yongxiang Kang1
2

1
College of Forestry, Northwest A&F University, Yangling, Shaanxi Province, 712100,China
Institute of soil and water conversation, Chinese Academy of Science, Yangling, Shaanxi, 7121009, China

activity of morel by concentrating nutrition and humidity around the morel mycelium, the interaction
between morel and biochar gets a win-win result for
wheat growing. This is a novel soil improving agent
with potential application in practise.

ABSTRACT
Water and soil with rich phosphate and salinization, as well as soil degradation, raise the requirement of adopting alternative methods for soil improvements. The potential use of symbiotic fungi
and modern vector material agents as soil amendments increases the interesting of scientists world
widely. To identify the role of biochar-morel agent
for winter wheat growing in the salt stressed soil,
winter wheat seeds were arranged in pot array after
biaochar-morel agents were input to the soil, and
growth index was dated and evaluated in green
house. High performance liquid chromatography
(HPLC) and histological dying after artificial inoculation were employed to detect the phytohormone secreted by morel in the liquid suspending and symbiosis structure, respectively, biochar was prepared in
a optimized program from trimmed cedar in winter.
Results showed seeds germinated highest at concentration 1.5% of this mixture. Without salt stress
(namely, the positive control PC2), biochar-morel
could improve seedlings root/shoot ratio significantly (p<0.05) at concentration 2.0%, 2.5%, with
ratio of 0.469, 0.549, respectively. However, under
0.5% salt stress, the biochar-morel agent could improve root/shoot ration of seedlings significantly at
tested concentration from 1.0% to 2.5% (p<0.05),
with ratio of 0.515,0.653,0.573, 0.580, respectively,
which are even higher than those results from positive control PC2. No significant difference was
found on seedlings height, fresh weight, and biomass, but most of them are higher than the control
except 0.5% tested concentrations whether under salt
stress or not. Higher concentration showed higher
improvement for wheat growth index. Averagely,
salt stress can contribute 21% inhibition ratio for
seeds germination, 21.8% for seedlings height,
36.3% for seedlings fresh mass, 12% for biomass,
and 23.9% for root/shoot, respectively. However, biochar-morel can relieve salt stress at ratio 33.3% for
seeds germination, 3% for height, 21% for fresh
mass, 36.4% for biomass, and 471.4% for root/shoot
ratio, respectively. Winter wheat improve itself salt
resistance by enhancing root/shoot ratio. Morel in
this study can secret phytohormons, IAA, SA and
ABA, and so further stimulate the root system developing. Biochar in this agent can help reserving the

KEYWORDS:
Biochar-morel agent, Winter wheat, Growth, Salt stress,
Phytohormones

INTRODUCTION

In recent years, problems of soil salinization,
water and soil rich phosphate and degradation in
north China are getting very serious, seeking pollution-free bio-fertilizer and soil amendments has become a new trend of modern agriculture. Organic
fertilizer, nanotechnology and high molecular polymer materials, and so on, have been implemented in
soil improvement and environmental management
[1],[2], in which the activated carbon material, because of its special micro porous structure and physicochemical properties[3], can help plants absorb nutrients, adjust the soil nutrients cycling, maintaining
soil fertility, has been reported successfully applying
for soil improvement in practise [4]. Soil effective
microorganisms (EM), including rhizoidal, nitrogenfixing bacteria [5], phosphorous bacteria [6],[7], mycorrhizal fungi [8], endophyte [7], which can establish good symbiosis relations with plant root system
[9], and help plants absorb nutrients [10], [11], increase plant resistance by inducing the expression of
resistant genes under biotic and abiotic stress
[12],[13], or secreting plant pathogen antagonism for
confronting pathogen infection[14], are so widely
used as a novel agent instead of traditional chemical
fertilizers and soil amendments. The synergistic
from effective beneficial microorganisms (EM) and
biological charcoal combination has created a new
type of soil amendments with high efficacy, but also
increase the sustainable adaptability of beneficial
microbes in harsh environments [11].
In order to explore a comprehensive utilization
of agricultural and forestry waste, we made those
waste into biocharcocal, and optimized a cedar biochar for combining with an ascomycets, Morchella
crassipes, collected from Chinese red pine stands
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agent. Biochar-morel agent of weight ratio 0.5%,
1.0%, 1.5%, 2.0%, 2.5% per 800 gram soil, and 0.5%
salt per 800 gram of pot soil , were blended carefully
before putting them together into the pot as treatment
groups with 3 repeats. A set of 3 repeats blanked with
salt and biochar-morel was chosen as negative control group (abv. NC), and a set of 0.5% salt per pot
without biochar-morel (abv. PC1) and without salt
but biochar-morel (abv. PC2) were taken as positive
control groups. Winter wheat seeds of 15 was
planted into per pot and grow under 25ć greenhouse
with enough lighting. Dated germ ration by sprout
seeds number dividing 15, and harvested shoot and
root of seedlings 15 d later. Seedlings were dried at
105 ć for 2 h, and biomass of shoot and root was
recorded. Average growth index under negative control and positive control, as well as under treatments
(abv. TR) were then figured out and surveyed . The
salt stress ratio (SSR) calculated as the formal, SSR
= index of (NC - PC1) / NC * 100%; the relieved
stress contributed by biochar-morel (abv. RSD) was
calculated by formal, RSD = index of (TR-PC1) /
PC1 * 100%; the putative promotion contributed
(abv. PPD) by biochar-morel was calculated by formal; PPD1 = index of (PC2-NC) / NC * 100%; PPD2
= index of (TR-PC1) / PC1 * 100%.

(Pinus massoniana Lamb.) in Mt. Qinling, we
checked this agent in greenhouse and recorded the
impact on winter wheat under a salt stress, so as to
figure out a putative agent for soil improvement in
north China, where soil salinization is prevail.

MATERIALS AND METHODS
Materials. Biochar material was prepared according to the method of Liang Xiao et al, [15].
Trimmed cedar branches were collected and dried to
50% fresh moisture content, cut into 10 cm of small
section, and then put into the ceramic fibber muffle
furnace in coking, according to the preset program
within 80 min gradually from room temperature to
900 Ԩ and back to room temperature, as the followings, 100 ć 10 min, then 200 ć 15 min, 400 ć 15
min, 600 ć 20 min, 800 ć 20 min, 900 ć 15 min,
and then down to 800 ć 15 min, 300 ć 15 min, then
decrease to 100 ć and powered off till it gets to
room temperature naturally.
The branches after above program yielded a
black biochar, with pH 8.17. It was crushed and
sieved with 1 mm mesh size, and was left for the following processes.
Soil was collected from Yangling region in
Shaanxi province, a typical farming soil under surface 5 ~ 10 cm depth , dried by natural wind and then
sieved by a 1 mm mesh. Tested winter wheat varieties is Xiaoyan 6, which is widely planted in Yangling region, bought from Yangling Jin seed company. Morchella crapsesis was collected under the
tree, Pinus mossoniana in Mt. Qinling , and identified by phylogen tree and morphology and kept in
forest pathology lab in Northwest A&F University as
no. NW-morel-003. When the morel was inoculated
on PDA medium after 7 to 10 d culturing with sclerotium developed, it was scraped down gently from
petridish surface and washed into sterilized water, a
blender (PE, teck BTC - 329, USA) was then employed to prepare morel suspending liquid by 1 dish
Ɏ PP per 100 mL sterilized water.

Infection histological observation. Sampled
root of winter wheat, washed in running tap water
carefully, and then checked under the microscope in
order to pick up the infected hair root. A freehand
cutting was made and stained by cotton blue and acid
fuchsin, respectively. Infection structures of root
were checked and recorded under a microscope
Leica 4000B.
Detection of Phytohormones. The M. crassipes strain was inoculated into liquid potato dextrose media at 25°C for at least 8 days to allow the
fungus to secrete hormones such as indole-3-acetic
acid (IAA), abscisic acid (ABA), jasmonate, salicylic acid (SA) and gibberellic acid. After filter sterilization, the media were analyzed and quantified using an LC-20AD high-performance liquid chromatography system (Shimadzu, Kinh Do, Japan) and an
$3,HOHFWURVSUD\WDQGHPPDVVVSHFWURPHWHU
(Allen-Bradley, Milwaukee, WI, USA) per 8 days.
6DPSOHV ZHUH VHSDUDWHG ZLWKLQ D :RQGDVLO &
FROXPQ  ȝP  × 150 mm; Shimadzu) as described by Shi et al. [16]. The amount of exogenous
hormone was calculated from the peak areas of exogenous phytohormone compared with the corresponding standards.

TABLE 1
Composition of the medium mixture
Composition

Cedar
biochar

Ratio(%)

5

Corn
cob
powdery
85

agar

K2HPO4

CaCl2

5

2.5

2.5

Fresenius Environmental Bulletin

Preparation of biochar-morel agent. The culture medium mixture for the agent involved compositions as that in Table 1, per 100 gram mixture was
pushed into one 150 mL triangle bottle for sterilization at 121 Ԩ for 20 min. After cooling, Morchella
suspending liquid of 30 mL was poured into each
bottle, and then incubated in 25 Ԩ chamber for 7-10
days so that the biochar-morel agent was developed.

Statistical Analysis. Microsoft Excel 2003 and
IBM SPSS18.0 Statistics software were employed
for data processing and statistical analysis, LSD
method of the multiple comparison was used to
judge the difference between treatments and controls.

Growth test by applying biochar-morel
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TABLE 2
Effect of different concentrations of the mixture on the wheat seeds germination ratio

NC
PC1
PC2
TR
SSR
RSD
PPD1
PPD2

Germination rate(%)
76f0.031
60f0.0103
80f0.0285
62f0.091
21.0526f0.33
33.3333f2.19
5.26315f0.08
3.33333f0.01

Height (cm)
20.82f0.002
16.29f0.19
21.4f0.63
16.78f1.57
21.7579f9.89
3.00798f7.26
2.88461f0.13
3.00798f0.02

Weight(g)
0.21f0.021
0.132f0.082
0.21f0.013
0.16f0.39
36.53846f2.9
21.212f3.76
0f0.38
21.2121f0.03

Biomass(g)
0.03f0.009
0.022f0.008
0.03f0.0057
0.03f0.0066
12f0.111
36.36364f0.18
20f0.367
36.36363f0.11

Root/shoot ratio
0.42f0.082
0.318f0.062
1.02f0.29
0.96f0.207
23.92344f0.243
471.4286f2.34
142.8571f2.536
201.88679f1.24

TABLE 3
˘0. 05)
Growth index of winter wheat under the biochar-morel applied (P˘
concentration
Fresh mass
Biomass per seedRoot-fresh weight
Height (cm)
(%)
(g)
ling (g)
(g)
0
20.82±1.82a
0.208±0.02a 0.035±0.04a
0.042±0.01a
5
20.11±0.56a
0.213±0.01a 0.024±0.04ab
0.054±0.00ab
10
21.93±1.52a
0.205±0.01a 0.029±0.05ab
0.049±0.00a
15
21.15±1.80a
0.191±0.03a 0.025±0.03ab
0.047±0.01a
20
21.65±1.70a
0.222±0.04a 0.039±0.02bc
0.072±0.02bc
25
20.84±1.12a
0.228±0.01a 0.033±0.01bc
0.081±0.01c
Note: Different small letters in the same column mean significant difference ( P˘0. 05).

Shoot-fresh
weight (g)
0.166±0.01a
0.160±0.02a
0.156±0.00a
0.144±0.01a
0.151±0.02a
0.147±0.00a

Root/Shoot
0.255±0.06a
0.341±0.06a
0.313±0.02a
0.322±0.04a
0.469±0.09b
0.549±0.09bc

FIGURE 1
Seeds germination ratio under PC2 and TR

Seedlings growth by applying biochar-morel
mixture. Different concentrations of biochar-morel
can promote height of winter wheat seedlings, but
there was no significant difference compared with
the negative control. At concentration of 1.0%,
wheat seedlings reached maximum height of 21.93
cm averagely; Biochar-morel can both promote the
root weight and root/shoot ratio, when at concentration 2.0% and 2.5%, there is a significant difference
from the negative control (p<0.05), Table 3, Figure
2. Fresh mass of seedlings showed no significantly
difference among treatments, while biomass of seedling at 0.5% and 1.5% is significantly lower than the
negative control, the other treated concentration
showed no significant difference with the negative
control. The low concentration of biochar-morel
agent is not helpful for seedlings biomass accumulation, but helpful for height, root fresh weight and
root/shoot ration, those index are slightly higher than
the negative control. Table 3. The averaged promotion of biochar-morel for seedlings was 2.8% for
height, zero for fresh mass, 20% for biomass,

RESULTS AND ANALYSIS
Germination under biochar-morel agent applying. Compare the negative control NC, the seeds
germination of the positive control PC1 is significantly lower than the NC, all positive control PC2,
with application of biochar-morel only, improved
averaged 9.86% germination rate of wheat seed comparing to PC1. At the concentration of 1.0% and
1.5% of the agent in PC2 group, seeds germination
reached the highest rate of 84% and 70%, respectively (Figure 1), however, At 2.0% concentration
point, germination rate getting down below the PC1.
Under 0.5% salt stress, all groups showed lower
seeds germination than NC, however, comparing to
PC1, germination in treatment groups showed diverse style. concentration at 1.0%, 1.5%, 2.5%
showed significantly higher germinated ratio than
PC1 (P<0.05), the other two concentration, 0.5%,
and 2.0% were significantly lower than the
PC1(P<0.05), salt stress inhabited seeds average
germ rate (SSR) 21.056%, Table 2 .
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salt stress (RSD) and promote each growth index
(PPD), especially on root/shoot ratio. Biochar-morel
can relieve salt stress ratio more than 4 fold that of
the positive control PC1 (RSD=471%), and enhance
root/shoot ratio 142% (PPD1) than the negative control PC2, 201.9% (PPD2) than the positive control
PC1, Table 2. All treatment groups (TR) except at
0.5% biochar-morel, root/shoot ratio of 0.515, 0.653,
0.573, 0.580 under concentration 1.0%, 1.5%, 2.0%,
2.5%, were significantly higher than the positive
control PC1, and at 1.5% concentration, root/shoot
ratio reached the highest among all TR, Table 4.
However, the height of seedlings was diverse and no
significantly difference between the treatments (TR)
and the positive control PC1. Except at 2.5% concentration, all treatment seedlings height is lower
than the PC1. At concentration 1.0% and 1.5%, biomass showed significantly higher than the PC1, biomass of concentration 2.0% and 2.5% showed no difference with the PC1, and biomass 0.5% concentration is significantly lower than the PC1, this 0.5%
concentration showed no help for biomass acumination whatever it is under salt stress or without salt
stress, Table 3&4. Biochar-morel improve wheat salt
stress and biomass by helping root system developed, the root/shoot ratio under salt stress and without salt stress are both higher than the negative control.

142.8% for root/shoot ratio without salt stress, respectively, and 3% for seeds germination and height,
21% for fresh mass, 36% for biomass, 201% for
root/shoot ratio under salt stress, respectively, Table.
2.

FIGURE 2
Winter wheat grow in pot with biochar-morel
applying
Note: 0,0.5%,1.0%,1.5%,2.0%,2.5% represent
biochar-morel concentration used

Salt resistance of wheat seedlings. Compared
with NC, salt stress inhibited growth index of seedlings, too, Table 3. The inhibition ratio for height is
2.75%, 36% for fresh weight, 12% for biomass, 23%
for root/shoot ratio, respectively. Compared with the
positive control PC1, the biochar-morel can relieve

TABLE 4
˘0. 05)
Effect of the mixture on wheat seedlings growth under the stress of 0.5% NaCl (P˘
Concentration
(%)
0
0.5
1.0
1.5
2.0
2.5

Height (cm)
16.29±1.08a
14.49±4.61a
16.23±0.17a
14.43±3.15a
16.12±1.27a
12.85±0.52a

Fresh mass
(g)
0.124±0.01a
0.112±0.11a
0.143±0.01a
0.138±0.00a
0.148±0.01a
0.158±0.04a

Biomass
per
seedling (g)
0.142±0.03a
0.073±0.04ab
0.191±0.02abc
0.165±0.03abc
0.148±0.02a
0.147±0.01a

Root fresh weight
(g)
0.037±0.01a
0.033±0.01a
0.049±0.01a
0.047±0.02a
0.054±0.02a
0.058±0.01a

Shoot
fresh
weight (g)
0.087±0.02a
0.079±0.02a
0.094±0.01a
0.091±0.01a
0.094±0.01a
0.100±0.00a

Root/Shoot
0.420±0.04a
0.413±0.03a
0.515±0.05b
0.653±0.01c
0.573±0.04bc
0.580±0.03bc

Note, Different small letters in the same column mean significant difference ( P˘0. 05).

FIGURE 3
Colonization of M. crass ipes in the wheat root tissue
(Note, arrows refer to mycelia of infected morel)
A: the roots of infested, top enlargement, be full of hyphae circled the root surface; B: the hypha infection,
induced root primordium (Fuchsin dyeing); C: the root surface with red mycelium (Fushin dyeing); D: the longitude mycelium in root epidemic (Cotton blue dyeing); E: Mycelium intra and inter epidermal cells and cells infected get enlarged (Cotton blue dyeing); F: the cortex cells, Casparian strip cells, pericycle cells infected by
mycelium (Cotton blue dyeing).
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and trees absorb nutrients, improve stress resistance
and stimulate plant growth by secreting phytohormones[17]. In this study, SA and ABA secreted by
morel were believed to be functional of water metabolism, stomata behaviour, biotic and abiotic resistance[22], IAA is in charged for improving wheat
growth[23], the symbiosis histological checking also
provide more clues for this kind of functional morel,
more hair roots and swelled root tip were found if
there is a morel colonized. Furthermore, exogenous
abscise acid was reported to alleviate zinc uptake and
accumulation in Populus × canescens when exposed
to excess zinc[15], while, we still don't know
whether those phytohormones we detected can help
hold back the salt harm directly. Biochar in this study
not only acted as a vector for morel survival under
high salt stress environment, but also biochar itself
can improve plant stress resistance by absorbing ambient humidity, changing iron motion and magnetic
field around it, which interacts with morel symbiosis
was proved more higher effective for winter wheat
growth than sole using respectively (data not
shown). Biochar-morel can increase root/shoot ratio
significantly both under 0.5% salt stress and non-salt
stress, which means root system developed well with
this potential soil ameliorant, and the optimized concentration for using this biochar agent is from1.0%
to 2.0% in greenhouse tests. Lower concentration
than 0.5% in this study may not be helpful for morelwheat symbiont construction, as that reported in mycorrhizal symbiont [24]. Fungi infection and salt
harm may add up the burden for plant survival under
a transformation soil, and an unfit higher concentration of biochar-morel can also accelerate the early
infection and hence cause the seeds germinated
badly and seedlings died quickly (data not shown).
Growing winter wheat faced many challenges, including climate change[25] and rude tillage system[26], which seriously affect wheat yield in the
world. This study first provided a novel symbiont
soil amendment vectored by biocharcoal for winter
wheat in greenhouse, however, the functional mechanism is still beyond understand, and need an intensive study in the future.

Colonization of morel on the root of winter
wheat. Roots infected by morel get swelled, and
more adventitious roots and haired roots occurred
whatever under salt stress or not. Infected hypha can
be found both at root epidemic and primordial root ,
Figure 3 (A,B,C). Cross-section of cotton blue
showed a mycelium sheath circled around the root,
Figure 3D,E. Mycelia could be observed at the epidermal root layer, cortex layer (Figure 3E, F), Casparian strip cell and vessel cells in the pericycle (Figure 3F). Cortex cells infected with the mycelia became enlarger than those that were not infected (Figure 3E). Colonization of wheat roots by M. crassipes
occurred both at the intercellular and intracellular
levels (Figure 3E), forming an ectendomycorrhizalike structure but without the ectomycorrhizal harting net, similar to that sweet corn[17].
Phytohormones secreted by biochar-morel.
The functional endophytes ascribed to phytohormones secreted by themselves or induced from the
host plant [18]. In this study, ABA, SA, and IAA
could be stably detected after M. crassipes was inoculated into the liquid medium of potato and dextrose
with concentration of 44.43 ng/mL, 36.55 ng/mL and
5.16 ng/mL at 24 dpi (Figure 4), respectively.
Jasmonic acid and gibberellic acid 3 could not be detected by HPLC in this study. Further, none else of
the phytohormones were found in the control samples.

FIGURE 4
Phytohormones secreted by M. crassipes at
24 dpi

DISCUSSION
CONCLUSION
Generally, species of Morchella are symbiotically versatile; a strain of Morchella that was mycorrhizal with species of a Pinaceae species, was a nonmycorrhizal symbiont of Arbutus menziesii [19], a
species of black morel can promote one European
grass ˄Bromus tectorum˅ growth and its fire tolerance strongly, which was attributed to the seasonal
forest fire in North America[20]. China is rich in
Morchella species[21], most of them are explored as
edibles, but they possess remarkable potential to be
used for symbiotic associations in the agro-forestry
system. We have collected another isolate morel,
NW-morel-001, and we have found it can help crops

Winter wheat improve itself salt resistance by
enhancing root/shoot ratio. Biochar-morel in this
study can secret phytohormons and so further stimulate the root system developing. Although biocharmorel agent showed a diverse function on seeds germination, seedling heights, fresh mass and biomass,
this novel agent can enhance root/shoot ratio stably
and showed a potential application in field. Biocharmorel at concentration above 1.0% can help seeds
germinate and root developing, increase root/shoot
ratio significantly and so enhance winter wheat salt
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[12] Abit, S.M., Bolster, C.H., Cai, P. (2012) Influence of feedstock and pyrolysis temperature of
biochar amendments on transport of Escherichia
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Sci. Technol. 46(15), 8097-8105.
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(2014) Effect of activate charcoals and a coupled biochar on growth of crops. Biomass
Chemical Engineering. 48(3), 1-5.
[14] Warnock, D.D., Lehmann, J., Kuyper, T.W.
(2007) Mycorrhizal responses to biochar in soilconcepts and mechanisms. Plant and Soil. 300:.
9-20.
[15] Liango, X., Yu, Z.D., Ma, J., Zhu, W.X., Zhao,
C.J., Chen, L.M. (2013) Preparation and characterization of activated biocharcoal from different tree species. Chemistry and Industry of Forest Products. 33(3),125-130
[16] Shi, W.G., Li, H., Liu, T.X., Polle, A., Peng,
C.H. (2015) Exogenous abscise acid alleviates
zinc uptake and accumulation in Populus x canescens exposed to excess zinc. Plant Cell and
Environment. 38, 207-223.
[17] Yu, D., Bu, F.F., Hou, J.J., Kang, Y.X., Yu, ZD.
(2016). A morel improved growth and suppressed Fusarium infection in sweet corn. World
J Microbiol Biotechnol. (2016) 32,192.
[18] Provorov, N.A., Vorobyow, N.I., Tikhonovich,
I.A. (2009).Evolutionary genetics of plant-microbe symbioses. ISBN: 9781608768066
[19] Dahlstrom, J.L., Smith, J.E., Weber, N.S.
(2000). Mycorrhiza-like interaction by Morchella with species of the Pinaceae in pure culture synthesis. Mycorrhiza. 9, 279-285.
[20] Baynes, M., Newcombe, G., Dixon, L., Castlebury, L., O'Donnell, K. (2012). A novel plantfungal mutualism associated with fire. Fungal
Biol.116, 133-144.
[21] Du, X.H., Zhao, Q., O'Donnell, K., Rooney, A.
P. and Yang, Z.L. (2012) Multigene molecular
phylogenetics reveals true morels (Morchella)
are especially species-rich in China. Fungal Genetics and Biology. 49,455-469 .

resistance. Morel in the mixture can secret phytohormones, including IAA, SA and ABA, and form a
special symbiosis with wheat, which is attribute to
growth index promotion. Biochar as a functional
vector in this study can help morel sustainably survival under stressed environment. This interact between biochar and morel got a win-win result for
winter wheat, and showed a potential application in
practise.

ACKNOWLEDGEMENTS
This study was supported by the national key
research projects 2017YFD0600103-4-2 in China,
Shaanxi Agricultural science and Technology Extension Project (2014NY124) and Forestry industry research special funds for public welfare projects
(201404302).
The authors have declared no conflict of interest.

REFERENCES
[1] Downie, A., Crosky, A., Munroe, P. (2009)
Physical properties of biochar [M]. In: Lehmann
J, Joseph S (eds). Biochar for Environmental
Management Science and Technology.
ISBN:1849770557.
[2] Kurosaki, F., Koyanaka, H., Hata, T. (2007)
Macroporous carbon prepared by flash heating
of sawdust . Carbon. 45, 671-673.
[3] Chun, J., Xue, J.H., Jin, M.J. (2014). Review of
researches on effects of biochar in reducing nitrogen and phosphorus losses with agricultural
non-point source pollution. Journal of Ecology
and Rural Environment. 30(4), 409-415.(in Chinese )
[4] Elmer, W.H., Pignatello, J.J. (2011) Effect of biochar amendments on mycorrhizal associations
and Fusarium crown and root rot of Asparagus
in replant soils. Plant Disease. 95(8), 960-966.
[5] Yang, Q., Chai, W.J., Zhang, C.L. (2013). Effects of a microbial fertilizer on Sorghum bicolor L. seeds germination, seeding growth and
stress tolerance. Journal of Inner Mongolia Agricultural University. 34(6), 102-109.(in Chinese)
[6] Wei, W.,Wu, X.Q., Qiao, H. (2014) Screening
and identification of phosphate-solubilizing
fungi of Pinus massoniana rhizosphere and its
application. Scientia Silvae Sinica. 50(9), 82-88.
(in Chinese)
[7] Zhao, X.R., Lin, Q.M. (2001) A review of phosphate-dissolving microorganisms. Soils and
Fertizers. 3, 7-11.(in Chinese)

7672

© by PSP

Volume 26 ± No. 12A/2017 pages 7667-7673

[22] Waqas, M., Khan, A.L., Kamran, M. (2012).
Endophytic fungi produce gibberellins and indoleacetic acid and promotes host-plant growth
during Stress. Molecules.17(9),10754-73.
[23] Dat, J.F., Lopea-Delgado, H., Foyer, C.H.
(1998). Parallel changes in H2O2 and catalase
during the remote tolerance induced by salicylic
acid or heat acclimation in mustard seedings.
Plant physiol, 116(3), 1351-1357.
[24] Nina, K., Marie-Pierre, T., Ernst, E.H. (2009)
Interactions between mycorrhizal fungi and mycorrhizosphere bacteria during mineral weathering: Budget analysis and bacterial quantification. Soil Biology & Biochemistry. 41(9), 19351942.
[25] Caldag, B., Saylan, L., Akatas, N., Bakanogullari, F., Ozgur, E. (2017). Investigation
of the adaptation potential of winter crop to future climatic conditions in northwest of Turkey.
Fresen. Environ. Bull. 26(1), 29-39.
[26] Taner, A., Arisoy, Z.R., Kaya, Y, Gultekin, I,
Parigoc, F. (2015). The effects of various tillage
systems on grain yield, quality paramenters and
energy indices in winter wheat production under
the rained conditions. Fresen. Environ. Bull.
24a,1463-1473.

Received:
Accepted:

08.01.2017
10.10.2017

CORRESPONDING AUTHOR
Zhongdong Yu
College of Forestry, Northwest A&F University,
Yangling,712100 Shaanxi China
e-mail: yuzhongdong001@nwsuaf.edu.cn

7673

Fresenius Environmental Bulletin

Volume 26 ± No. 12A/2017 pages 7674-7680

© by PSP

Fresenius Environmental Bulletin

ENVIRONMENTAL EFFECTS OF T-SHAPED GROINS
BUILT ON THE EASTERN BLACK SEA COAST ON
SHORE PROTECTION
Veli Sume*
Department of Civil Engineering, Faculty of Engineering, Recep Tayyip Erdogan University, 53100, Rize, Turkey

to ensure that coastal structures do not disturb the
coastal equilibrium.
The project designer should make a project
with the best approach that will not disturb the balance by analysing these effects thoroughly. These
works should be done before the project starts. After
the start of the project, any new developments should
be monitored and if necessary the balance of the
coast should be protected through adjustments [1, 2].
Otherwise, the coastal balance can be quickly
deteriorated and it may lead to a massive loss of
property and life. The human factor should not be
ignored while conducting these studies and the applications that help to establish human-coastal relations should be preferred.
For the establishment of a coastal-human relationship, the best way to protect the coast is to build
sandbanks on the coast. The groins are the most important engineering constructions made within the
scope of the coastal protection [3, 4].
The groins are coastal protection structures
built generally perpendicular to the shore in order to
create a shoreline along the coast that keeps the sediment and prevents the coastal erosion. It is built in
the form of I, T, Y, r and L. They are constructed in
a way that the intermediate distance will be 2-3 times
of the length depending on the shape of the coast, the
direction and amount of the sediment transport and
the wave climate of the region [5-7].
In addition the groins also is awkward serve to
hold the moving material on the shore, preserving
the balance of the existing beach, keeping the large
items on the upper part of the beach, preventing the
KDUERXU DQG WKH ILVKHUPHQ¶V VKHOWHUV IUom being
filled and ensuring a smooth beach formation.
The groins which are constructed as a result of
the analysis of the coastal parameters ensure the formation of the beach in a short time and accelerate the
coastal-human relationship. In addition, they meet
the PDUNHW¶VQHHGIRUVDQGDQGJUDYHOE\KROGLQJWKH
sediment carried by the rivers and taking them according to the engineering procedures [8, 9].
When coastal structures are to be constructed,
the conditions of the region should be carefully examined. The direction of the dominant wave and accordingly the direction of the sediment transport
along the coast should be determined. If there is a

ABSTRACT
The construction of the double highway on the
Black Sea Coast was initiated in 1998, completed in
2000. During the construction, T-shaped groins
where were built to protect the shore. In this article,
the contribution of T-shaped groins to beach formation and their positive or negative effects on the
change of coast and submarine topography were environmentally examined.
For this purpose, before the research on the
map the groins were marked then the places where
the groins would be constructed were levelled by
taking soundings and their bathymetric maps were
prepared. After the groins were built, the surrounds
of the T-groins were determined by taking data with
the echo sounders device and their bathymetric maps
were prepared again.
Afterwards, these are whose construction was
completed were observed at the beginning of winter,
at the end of winter, at the beginning of summer, and
at the end of summer. These observations investigated whether a beach was formed on the coast and
the environmental effects conclusions were investigated. At the end of the study, the effects of the
groins on submarine topography in terms of shore
protection and the positive or negative environmental contributions to the shore were determined and
the data were shown in graphs and figures.

KEYWORDS:
Environmental protection, T-head groin, Coastal protection, Eastern Black Sea, Sediment

INTRODUCTION
The coasts; the sediments dragged by the
creeks, streams, and rivers, the coastal structures and
coastal currents are effected of the wind and waves.
As long as there is no invention, it will reach the state
of equilibrium after a long period of time. Each intervention affects the coastal dynamics and contributes the movement to reach the state of equilibrium.
The impacts of wind, currents and the sediment
transport should be taken into consideration in order
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transport towards the downwards of the shore is protected. As a result the sand which was carried to the
shore will form a hill. Although the groins which
were examined in this study were made of stones,
there are also groins type according to the types and
function of the used materials. They can be classified
in the following way.

structure on the shore, the upstream side of the structures which is affected by the sediment transport will
start to be filled, while its downstream side will be
subjected to erosion. This situation provides different results for the structures which are constructed in
series [10, 11].
Again, according to the reviews it was found
that exact results were not given about the length,
space and heading lengths of the groins. When a
coastal structure is built on any coast the followings
factors affect the shoreline changes; the height of the
wave (H), wave period (T), the angle of the wave Į 
ERWWRPVORSH WDQȕ JUDLQGLDPHWHU(d50), the size of
the structure (Lx), the distance between the structures
(Lg) and the amount of the sediment transport along
the coastline (Q).
It is understood from the literature studies that
when a structure is constructed along the shoreline,
the balance of the shore changes and the shoreline is
affected. If there is not any structure, the shore remains in balance [12, 13].
The groins built on coasts are coastal structures
that are usually built upright on the shore to prevent
coastal sediment should be movements, to reduce its
amount, to prevent erosion occurring on the coast
and to create a new shoreline or protective beach.
They are also used to reduce the sediment movement
on the upstream side and to prevent the port and the
fishery shelters from being filled.
The interaction between the groins and the sediment transport along the shoreline has a very complex relationship. Therefore, the ability to set very
precise guidelines for projecting can be only the requires long work results.
While constructing a groin, the connection of
the groin to the coast should be strong and it should
enter at least a 6 m. area. The groins should be placed
in such a way, that the sediments moving towards the
shore should not go beyond the angle of the structure. In this case, the most important factors to considered are the direction and development of the
waves and the movement of the material.
The length of the groins varies from about 30
to 200 meters. The average angle is taken approximately as,
 ீܮൌ ሺͳ െ ͵ሻǤ ܮ
(1)
The ³7´ groins hold the shore materials from
both sides and provide better protection according to
the straight groins. A series of T-groins, that work
together in order to protect a long part of the shore is
called the groin system. The T-groins are both functionally and structurally different from the breakwater. The breakwaters are made from heavier and
larger components and therefore they are larger and
higher. The length of a groin determines the amount
of the coastal sediment transport and it is used to determine the gap between the groins. In the groins
when the transport towards the shore increases, the
transport towards the angle is decreased and the

According to the Type of the Used Material.
Wooden groin, steel groin, concrete groin, asphalt
and stone groins
According to the Function. Permeable, impermeable groins, high and low groins, fixed and adjustable groins
According to the Form. Plain (I) groins, T
groins, L groins, Y groins,  ݎgroins

MATERIALS AND METHODS
The wave climate of the Eastern Black Sea region; In the simplest sense, it can be said that wave
is a mess that distorts and turns the balance of the
hydraulic system upside-down. The waves seen in
the seas, lakes and gulfs occur due to dependant
forces such as tides and wind. They are named according to the name of the events they came from
such as Tidal waves, wind waves etc. There are also
waves which occur due to the volcanic eruptions and
undersea earthquakes. Waves are classified according to the depths of the sea, the characteristics of the
wave motions and the forces producing the wave.
Since the measurement of the wind wave is difficult and expensive, the observations are rather
short. In Turkey, a regular wave measurement network has not been established yet. Therefore, the
data which are required for the project estimated
with the help of the wind records. The wind data
which is used in the estimation of the wave is obtained from the meteorological wind data or from the
synoptic wind maps [14-16].
Several methods have been developed to convert the wind data obtained from both sources into
wave estimates. The most common of these is the
SMB (Sverdrup Munk Bretschneider) method. The
wind data used in this method is transformed into
significant wave height and period.
The dominant wave direction of the shore region is N, NNW and NW and the significant wave
heights vary between 1.5 m and 7.5 m. In some extreme values this can also reach 11.5 m. (At the
storm which occurred in the region at the beginning
of April 2002, a 200 kg heavy part of the lighthouse
threw which was situated 12 meter high into the harbour).
Since the wave data obtained from the meteorological data are smaller than those obtained from
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In addition, the sand- gravel which is taken randomly from the coast or from the coastal areas in improper manner can also change the coastal profile.
The transport which is parallel to the shore is the
transport caused by the coastal currents [20].
The impact of the groins onto the sediment distribution along the coast; T-groins are built along the
route of the Black Sea Double Highway and are constructed to parallel the shore in most places where
coastal protection is necessary according to the project criteria. The T-groins which have successfully
been implemented in countries such as Japan, Britain, the USA and Israel have been constructed in
groups in sequential order. Unlike the plain and Lgroins they hold the sediment and do not leave it
back during the transport which is upright or parallel
to the shore.
The sand and gravel which constitutes the majority of the transport along the coast are kept by the
groins built sequentially and as a result great sanding
occurs on the shore. This new sanding creates a new
shoreline and acquires a natural beach view. Thus, it
contributes to the development of the coastal tourism
and to the acceleration of the coastal-human relationship and allows people to benefit from the coast to
the maximum extent.

the synoptic maps, the data obtained from the SMB
data were used for the safety of the structure.
The rivers in the Eastern Black Sea Regions are
wild as their slopes are quite large due to the topographic structure of the region. Therefore, their flow
rates are very high. This leads to significant sediment
transport. This amount is estimated to be about 3-5
million tons / years [17-19].
The flow rate of the sediment carried by the
stream depends on the flow conditions and the properties of the fluid and sediments.
(2)
4 ¦ YȡsȣGȡK5M 
(v: mean flow rate, ȡs: specific weight of the sedimentȣIOXLGYLVFRVLW\GJUDLQGLDPHWHUȡVSHFLILF
weight of the fluid; h: water depth; R: hydraulic radius; j: base slope of the river).
The general formula is given above. The general substance transport formula was developed by
E. I..E.
Q=14.153.101.26016.log.A
(3)
(A: basin area Km2 ; Q: flow rate of the sediment
tonnes/ year)
In addition, an equation was developed according to the data taken from the rivers in the Eastern
Black Sea Region.
ܳ ൌ ݍǡ ܳ௧
(4)
a and b are regression coefficients, Qort is the
daily average flow rate m2/ sec. Q: the flow rate of
the sediment transport tonnes / day.
The sediment transport made by the rivers in
the Eastern Black Sea Region are estimated to be 35 million tonnes / year.
The sediment transport in the coast. The
source of the sediment transport is the material
which occurs as the result of the erosion of the land
and the breakdowns of the rocks and is transported
to the shore with the help of the rivers. The sediment
which reaches the sea in this way is constantly moving in the coastal zone. This movement continues after adding the existing sediments. The movement of
the sediments in the coasts is examined on the cross
section of the coastal section of the unit width which
is taken perpendicular to the shore and these sections
are called the coastal profile. The coastal profiles are
also classified according to the wave effects among
themselves. The profile of the waves when they are
VPDOO DQG OHVV LV FDOOHG WKH ³1RUPDO 3URILOH´ RU
³6XPPHU3URILOH´DQGZKHQWKHZDYHVDUHmore and
KLJKWKHQLWLVFDOOHGWKH³6WRUP3URILOH´RU³:LQWHU
3URILOH´
Although the main parameter which affects the
coastal profile is the transport which is perpendicular
to the coast, the effect of the parallel transport is also
excessive. Here the effective factors are the settling
velocity of the deep sea particle (w), mean wave
stiffness (Ho/ Lo), and diameter of the sediment
(d50).

FIGURE 1
The place and location of the T-groins

The sanding caused by the T-groins provides
the opportunity to obtain a wide beach by continuing
the coastal circulation. The coast ensures the balanced distribution of the sediment transport. The
coast ensures the hydrodynamic balance as well as it
helps to protect the highway from the wave effects
and reinforcing the coastal-human relationship. It
creates environmental health. On the other hand, the
T- groins which are not built sequentially in a system
along with the flat and L-groins may cause undesirable results such as damaging the shore. On the one
hand, they fill the shore (by holding the sand-gravel),
but on the other hand they may cause erosion (carving) [22].

7676

© by PSP

Volume 26 ± No. 12A/2017 pages 7674-7680

Fresenius Environmental Bulletin

First of all visual inspections were performed
on the constructed groins to determine whether there
was any damage, filling or loss around the groin, if
there was any sand-gravel accumulation around the
heels. In addition, the groins are 60 m parallel to the
sea and 80 m perpendicular to the sea. 5 x5 m grid
sounding line capacity was realized on the area
whose length is 60 x 80m (Figure 2).
The contour lines of the groins were obtained
by processing the obtained sounding values in a
computer. This process was made separately according to the sounding values of the years between 2000
and 2016 and this gave the opportunity to compare
the changes occurred within 16 years.
As a result; it was investigated whether there
was material accumulation around the groins depending on the sediment motion and the groins were
subjected to functional evaluation. The examination
and evaluation was carried out 2 by 2 from west to
east [23-28].

Coastal erosion is one of the most frequent serious consequences that disrupt the coastal-human
relations. The classic coastal protection structures
which are made to prevent this are very large and expensive. Moreover, they completely disrupt the ecological balance of the place where they are built.
They are causing environmental disasters.
The coastal engineers have started to look for
effective solutions which can replace the classical
coastal protection structures and which change the
natural structure of the coast as little as possible. In
this context, it can be easily said that the natural
beaches are the best coastal protection structures.
Therefore, the way to formation natural beach is to
make T-groin.
This study examined the T-groins built on the
coast of Trabzon Of - 6R÷XNSÕQDU for protection
within the scope of the Black Sea Double Highway.
The coast which was selected as the study area is a
1.7 km-long part of the Of coast whose total length
is 11 km. There are 8 T-groins along the route (Figure 1). Also this route includes the port of Of, one
fishery shelter and a boat yard.
The construction of the T-groins started in 2000
and in the same year all from this route were completed. They were constructed by combining them
into groups. There are8 T-groins within the working
area. In this study they are referred to as
1,2,3,4,5,6,7,8 from west to east [21].
All of the constructed groins are in the same
size and the space between the groins (a) in the group
is usually twice the size of the groin. Only the size of
the No 3,4,5,6 groins along 6R÷XNSÕQDU is between
20 and 30 meters. The length of their headings (c) is
half of the length of the groins (c= b/2). The size and
tKH DOWLWXGH DUH WKH VDPH 7KH JURLQ¶V KHLJKW LV
b=75m, the length of the head is c=37.5 m, the space
between the groins is a=150m, the width is 10 m,
while the altitude of the groin is +1 m.

B
C
FIGURE 3
6R÷XNSÕQDU7 (A) July 2000, (B) July 2016,
(C) Current view
A

B
C
FIGURE 4
6R÷XNSÕQDU7 (A) July 2000, (B) July 2016,
(C) Current view
A

RESULT AND DISCUSSION
As a result of the research and investigation the
groins were measured and evaluated 2 by 2 and the
following results were obtained. In addition, the fullness % is according to the inside area of the T.
The transport which is parallel to the coast is
also from west to east. So, the direction of the maximum transport dominant wave is north- west (NW).
This means that the results of the investigation,
measurement and observation are in agreement with

FIGURE 2
Measurement Grid
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this way, data-based feedback will be ensured and
the information reinforcement about the land and observation results will be realized. This data will increase the approach rate in the results after it is supported by empirical studies.

the theoretical information. This shows that the approach is correct. According to this: the T-head
groins were constructed along the coast of
6R÷XNSÕQDU ZKHUH WKHUH DUH 8 T-head groins in a
group, an amount of material accumulated on the
heel like sand, gravel et. on the No. T1, T2 and T3
groins. 33% fullness up to +2 altitudes has observed
RQWKHULJKWKHHORIWKH6R÷XNSÕQDU7JURLQ )LJXUH
3-4 A-B-C).
There is a 35% fullness up to +2,5 altitudes on
WKHKHHOVRIWKH6R÷XNSÕQDU7DQG7JURLQV7KHVH
groins which are filled with thin material are the
groins that have had the most fullness so far. They
are used as beache (Figure 5 A-B-C).
There is 50% fullness with fine material at the
6R÷XNSÕQDU 7 DQG 77-head groins. These overfilled T-head groins are used as beaches nowadays
(Figure 6 A-B-C).
Their fullness rate is increasingly growing;
they are used as beaches. There are 80% fullness
ZLWK ILQH PDWHULDODWWKH 6R÷XNSÕQDU7DQG77head groins. These are the most filled groins according to the other T-head groins. They have very high
environmental contribution and are used as beaches
(Figure 3-4-5-6 A-B-C).

A

B

C
FIGURE 5
6R÷XNSÕQDU7 (A) July 2000, (B) July 2016,
(C) Current view

RESULS AND DISCUSSION
When the study area was investigated by walking along the coast, it was seen that the selection of
the size was right, however the selection of the place
was not done properly because, attention was not
paid to the geometry of the groins and the altitude
was too high (+1,5-2m). However, in some places on
the beach T groin construction may be on agenda
along the route until the end of the road construction.
When these will be constructed in groups, it should
be considered to calculate the distance between
groins as 3 times of the length of the T and sufficient
attention should be paid to the fishery shelters, boat
yards and ports and the height of the construction
should not exceed +0,5m. This allows the incoming
waves to pass over the construction and reach the
other T-groin, to release more materials and to speed
up the filling.
Over time, the groins will be completely covered with sand and will disappear and a natural beach
will be created. In this way, an environment will be
occurred which can be used by the people more easily. In addition, the coastal changes should be monitored periodically, the occurred damages should be
repaired, sand-gravel should be removed from the
overfilled groins, and artificial filling can be done on
some groins which need to be used as beaches. The
coast must be monitored continuously and data bank
should be established. It will be also useful to set up
wave measurement stations at certain places along
the coast in a region such as the Black Sea Region
which provides too many values in this regard. In

A

B

FIGURE 6
6R÷XNSÕQDU7 (A) July 2000, (B) July 2016,
(C) Current view
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region, and assess the impact and harm on the public
daily activities. The air pollution forecast, providing
conditions of future atmospheric environmental
quality, can help the government to timely take effective measures to control the air pollution. In particular, serious pollution event is about to happen,
relevant factory may be notified to limit production
or traffic restriction may be released. People are advised to reduce outdoor activities to minimize the
impact of urban air pollution on human body.
In recent years, research on atmospheric environmental change mainly focused on SO2, NOx [46], and total suspended particulate [7, 8]and involved
the organic compounds and heavy metals in PM 10
and PM2.5. The research employed mainly include
analysis methods which combine investigation-sampling and physics-chemistry experiments [5, 9], pollution-load method [10, @6SHDUPDQ¶VUDQNFRUUH
lation coefficient method [12], environmental Kuznets curve model [13], gray neural network model
[14], fuzzy mathematics method [15] and so on. The
development of air pollution is a complex dynamic
system, and the air pollution series itself is nonlinear
and non-stationary. Hence, it is difficult to reveal the
dynamic characteristics of air pollution using traditional methods and it cannot highlight the acts of nature.
The air pollution index (API), a referential parameter describing air pollution levels by many developed countries and regions in the world, provides
information which could enhance the public awareness of air pollution. It could determine the pollution
indices classification and corresponding pollutant
concentration limits on the basis of environmental
air quality standards and the influence of various pollutants on human health and ecological environment.
Meanwhile, the API reporting in China requires converting monitored daily average air quality data into
integer values, and then the report is released to the

ABSTRACT
Based on the dynamics of air pollution in the
Lanzhou from July 1, 2000 to June 30, 2015, the
multi-scale characteristics of air pollution indices
(i.e. SO2, NO2 and PM10) are analyzed using the
detrended cross-correlation analysis (DCCA). In the
double logarithm curve logF2(s)~logs, the longrange correlation of PM10 vs. NO2 shows only one
scaling regimes at the whole timescale which means
their cross-correlation keep exhibiting long-term
persistence with positive power-law in the scale-free
interval of greater than 16 years; the long-range correlation of SO2 vs. NO2 shows two scaling regimes
with two different scale indexes and a critical time
scale of about one year; the long-range correlation of
SO2 vs. PM10 presents three scaling regime with
three different scale indexes and with two critical
time scales of about one year and 10 years. These
results reflect the multi-scale response characteristics of the air pollution indices change on different
time scales.

KEYWORDS:
Lanzhou, air pollution, multi-scale, power laws, longrange correlation

INTRODUCTION
Urban air pollution is one of the serious environmental issues that plagued the world. The impact
of urban air pollution on human health has been also
the focus of the public and governments [1, 2]. Air
pollution forecast is in this context [3]. The so-called
air pollution forecast is based on urban pollutant
emissions and weather conditions, atmospheric diffusion, geographical and other factors to timely determine the next day the extent of air pollution in the
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FIGURE 1
Topographic map of Lanzhou, northwest China

public. That is to say, though difficult to be understood in the single conceptual numerical form, the
simplified air pollutants concentration (APC) can describe air quality and air pollution levels intuitively.
Since June 2000, under the requirement of the State
Environment Protection Agency of China, three major pollutants, including respirable particulate matter
(PM10), sulfur dioxide (SO2) and nitrogen dioxide
(NO2) have been selected for API reporting in China.
Temporal evolution of air pollutants is a complex
phenomenon. It has to do with many factors, such as
the movement and transformation of air pollutants,
pollutants emission and climate condition [16].
Some previous studies indicate that some air pollutants exhibit nonlinearities, such as surface ozone
[17], carbon dioxide (CO2) emissions [18, 19], TSP
and PM10 concentration [20, 21], just to name a few
examples. Some studies focus on the methods and
models for air quality assessment and the prediction
of daily API time series.
Shi et al. [22] analyzed SO2, NO2 and PM10, as
well as the daily air pollution indexes (APIs) of
Shanghai in China, and found that the temporal scaling behaviors in all the four series exhibit two different power laws. That is, SO2, NO2 and PM10, have
synchronization, however, their chemical characteristic and pollution mechanism are different from
each other. Then, how are the scale-changes relationships among them implied? What are relationships
among them? How does the change of one air pollution index affect the other one quantitatively? How

to quantify the long-range correlation between factors? Although the three air pollution indexes have
long memory, the article researched on relationship
among them has not yet found. Therefore, further research on their relationship is necessary. Hence, the
scale characteristics of the three air pollution indexes
are studied by the Detrended Cross-Correlation
Analysis (DCCA). And they, by now, have proved
to be very useful to detect deep dynamical features.

STUDY AREA AND DATA
Overview of the study area. Lanzhou, the capital of Gansu Province in China, is located at the
northeast edge of the Tibetan Plateau (102°30"104°30"E, 35°5"-38°N). It has an urban area that is
approximately 40 km long and 2 km to 8 km wide. It
is a typical dumbbell-shaped valley city surrounded
by the Tibetan Plateau in the west, Baita Mountain
in the north, and Gaolan Mountain in the south (Figure 1). The special weather condition is controlled by
WKH DUHD¶V VSHFLILF WRSRJUDSKLFDO IHDWXUHV 6WDWLc
wind frequency can reach 75%; during winter, the
figure can be higher than 87%. An inversion layer
has been in existence in the urban area for many
years, particularly in winter. The height of this layer
varies from 200 m to 600 m. The stability in the urban area is approximately 80% due to static wind and
because the atmospheric stratification stability of the
inversion layer and the basin is not conducive to the
turbulent diffusion of pollutants [23, 24]. Lanzhou is
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each box contains s values. Since N may not be divisible by s, part data points in the tail of data series
may not be able to enter the operation. In order to
solve the problem, we can repeat the partitioning
process from the tail of the data series, and a total of
2Ns boxes will be obtained accordingly.
  ,Q HDFK ER[ ZH FDQ GHWHUPLQH WKH ³ORFDO
WUHQG´ xk ,v and x 'k ,v , to be the ordinate of a linear

an industrial city known for petrol chemistry, metallurgy, and mechanical manufacturing. It consists of
four districts (Figure 1), namely, Chengguan (metropolitan area), Xigu (large, heavy industrial area), and
Qilihe and Anning (mix of residential areas, small
factories, and farming areas). Hundreds of industrial
plants are distributed throughout the four districts.
The largest energy source in Lanzhou is coal
(79.2%). The irrational energy consumption structure that relies mainly on the burning of coal triggers
serious air pollution. The total SO2 emission is 44.3
million kg, in which 21.5 million kg originates from
industries in Lanzhou [25]. All of these factors render Lanzhou one of the most heavily polluted cities
in China.

least-squares fit. Next we calculate the covariance of
the residuals in each box:
1 s
f 2 ( s, v )
¦ ( xk  xk ,v )( xk'  xk' ,v )
sk1
Where f2(s,v) is the covariance of residuals
within the vth box of size s. xk ,v and x 'k ,v are the fitted equation of the vth box.
(4) We calculate the detrended covariance by
summing over all 2Ns boxes of size s as follows:

Data source and data preprocessing. The
data source is the daily air quality index of Lanzhou
offered on website of the Chinese Ministry of Environmental Protection (http://www.zhb.gov.cn/), and
the data were obtained from July 1, 2000 to June 30,
2015. When the air pollution index data of 9 days
were unavailable, we made up for it by the arithmetic
DYHUDJHYDOXHRIGD\V¶GDWD,I-XO\LVVHW
as number 1, then June 30, 2015 is set as 5477.
Moreover, other factors like time series length,
edge effect and noise may also impact time-scaling
property. To eliminate the boundary effect, the data
were extended by cycle method [26, 27]. The method
works on the hypothesis that a natural time series is
a combination of both a low-dimensional dynamical
system and a high-dimensional (random) noise. Unlike linear filters, nonlinear ones only remove those
noisy data points. Those points can be then replaced
by estimates computed from a nonlinear interpolation process [28, 29]. The Matlab7.6 and R softwares
were adopted to accomplish the calculation.

F 2 (s)

2 Ns

¦( f

2

( s, v))

v 1

RESULTS AND DISCUSSION
Figures 2-4 gives the DCCA results of the three
pollution indexes. There obviously are two or even
three distinctly different intervals in the Figures. For
the relationship between three pollution indexes in
the same time interval, there are one, two, or even
three scale-free intervals for the double logarithmic
curve of F(s) and s. Specifically, there is one scalefree interval for the PM10 vs. NO2, two for the SO2
vs. NO2, and three for the SO2 vs. PM10 and PM10 vs.
NO2; their scaling exponent Ȝis obtained by using a
linear it in each scale-free interval. With sc
(sc1 OQ§DQGsc2 OQ§) as the two cutoff point, the corresponding time of location sc is one
year and 10 years, and this reflects the impact of natural year and interdecadal variations to the longrange correlation of climate factors.
In the first scale interval, for the scaling exponent Ȝ of PM10 vs. NO2, their scaling exponent Ȝ
=1.62 >1 at the whole timescale (up to 16 years at
least), which means their cross-correlation keep exhibiting long-term persistence with positive powerlaw in the scale-free interval of greater than 16 years.

In order to quantify long-range cross correlations when nonstationarities are present, Podobnik
and Stanley [30] propose a modification of standard
covariance analysis which is called detrended crosscorrelation analysis (DCCA). DCCA is also a generalization of detrended fluctuation analysis (DFA),
but can be used to investigate the power-law crosscorrelations between two simultaneously recorded
time series. This method is very suitable to test the
correlation of API time series with non-stationary
characteristics. The specific algorithm of DCCA is
as follows:
(1) Consider two time series {xi} and {yi},
where i= 1,2,...N and N is the length of series:
k

˄yi  y˅
¦˄x  x˅ yk ¦
i 1
k

1
2Ns

(5) For F2(s) and s, they obey the power law in
double logarithmic coordinates, that is:
F2(s)~sȜ
which indicates that the series {xi} and {yi}
there are long-range cross correlations. The Ȝis the
scaling exponent of long-range cross correlations.
Ȝ>0.5 means that there are positive long-range cross
correlations for the two series, that is, if there is a
growing trend in one series, then the other series also
shows an growing trend. While it is contrary when
Ȝ>0.5. The value of Ȝ = 0.5 means there is no longrange cross-correlation, i.e., the change trend of one
series has no effect on the change of the other one.

DCCA METHOD

xk

Fresenius Environmental Bulletin

i

i 1

(2) Each of two time series xk and [ƍk is covered
with Ns=int(N/s) nonoverlapping boxes of size s, i.e.,
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In the third scale-free interval, the scaling exponent of SO2 vs. PM10 is Ȝ=1.62, their long-range
cross-correlation changes to positive non-power-law
as the time becomes longer.

That is, the PM10 increased (decreased) with increasing (decreasing) NO2, both have stronger synchronicity at the time scale of 16 years at least. For SO2
vs. NO2, their cross-correlation is similar to that of
PM10 vs. NO2. One thing it is not, there is a same
trend, increasing or decreasing, for least one year
(s<sc1). While for SO2 vs. PM10 , Ȝ=0.99 is regarded
as 1/fȕ noise, which indicates that the cross-correlation of SO2 and PM10 manifested as 1/f noise behavior with power law at a large temporal scale.

FIGURE 4
DCCA of SO2 vs. PM10
The scale-free intervals of the cross-correlation between SO2, NO2 and PM10 reflect the interaction, interdependence and change characteristics between them. In the whole 16 years, there is a strong
positive long-range cross-correlation between PM10
vs. NO2 all along. If the NO2 pollution in Lanzhou
increases (decreases) within one year, the PM 10 also
increases (decreases) over 16 years. But the crosscorrelation of SO2 vs. NO2 and SO2 vs. PM10 are
clearly different from that of PM 10 vs. NO2, which
can be reference Part 4. In a word, for the three pollution indexes of Lanzhou, the DCCA exponent
quantitatively measures the cross-correlation of any
two series in terms of long-term cross-correlation exists at the different time scale. The prevention and
control of air pollution in Lanzhou should be developed towards regional jointly prevention and control
in the planning and construction of Lanzhou and its
surrounding towns.

FIGURE 2
DCCA of PM10 vs. NO2

CONCLUSIONS
FIGURE 3
DCCA of SO2 vs. NO2

In this paper, we collected the daily air pollution index data of Lanzhou from July 1, 2000 to June
30, 2015, which were analyzed by using the
detrended cross-correlation analysis (DCCA)
method. From the DCCA analysis results, we can
find that there are two or even three scale-free intervals for the double logarithmic curve of F(s) and s
between three pollution indexes (SO2, NO2 and
PM10) in the whole 16 years. The two cut-off points
sc1 OQ§DQGsc2 OQ§RIWKHFURVV-correlation reflect the impact of natural year and inter
decadal variation. In the first scale-free interval, the
scaling exponent Ȝ of PM10 vs. NO2 and SO2 vs. NO2
show positive power-law long-range cross-correlation; the scaling exponent Ȝof PM10 vs. SO2 is close

In the second scale-free interval, the same state
of PM10 vs. NO2 in temporal evolution still exist.
While for SO2 vs. NO2, Ȝ=0.97 means their crosscorrelation keep exhibiting long-term persistence
with positive power-law in the scale-free interval of
greater than one year and up to 16 years at least, but
performance is slow compared with the time scale of
one year. Moreover, as to the SO2 vs. PM10, the scaling exponent Ȝ=0.37<0.5 means their cross-correlation presents anti-persistence with negative powerlaw in the scale-free interval of greater than one
year and less than 10 years.
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[4] Krotkov, N.A., Mclinden, C.A., Li, C., Lamsal,
L.N. and Celarier, E.A. (2016) Aura OMI observations of regional SO2 and NO2 pollution
changes from 2005 to 2015. Atmospheric
Chemistry & Physics. 16, 4605-4629.
[5] Hamer, P.D. and Shallcross, D.E. (2007) Modelling the impact of oxygenated VOC and meteorology upon the boundary layer photochemistry at the South Pole. Atmospheric Science Letters. 8, 14-20.
[6] Sun, L.N., Liu, Z.H., Wang, J.Y., Wang, L.L.,
Bao, X.C., Wu, Z.M. and Yu, B. (2016) The
evolving concept of air pollution: a smallǦworld
network or scaleǦfree network? Atmospheric
Science Letters. 17, 308-314.
[7] Larissi, I.K., Koukouletsos, K.V., Moustris,
K.P., Antoniou, A. and Paliatsos, A.G. (2010)
Pm10 concentration levels in the Greater Athens
area Greece. Fresen. Environ. Bull. 19, 226-231.
[8] Sanchez-Reyna, G., Wang, K.Y., Gallardo, J.C.
and Shallcross, D.E. (2005) Association between PM10 mass concentration and wind direction in London. Atmospheric Science Letters. 6,
204-210.
[9] West, L.J., Killworth, P.D., Cornell, V.C. and
Challenor, P.G. (2005) Remote visualization of
Labrador convection in large oceanic datasets.
Atmospheric Science Letters. 6, 198-203.
[10] Zhang, R.B., Qian, X., Zhu, W.T., Gao, H.L.,
Hu, W. and Wang, J.H. (2014) Simulation and
evaluation of pollution load reduction scenarios
for water environmental management: a case
study of inflow river of Taihu Lake, China. International Journal of Environmental Research
& Public Health. 11, 9306-9324.
[11] Bhargava, A. and Gopani, N. (2016) Assessment and forecasting of automobile air pollution
load in ahmedabad based on different methods.
IJSRE 4, 5034-5045.
[12] Heo, S. and Lee, J.T. (2013) Study of environmental health problems in Korea using integrated environmental health indicators. International Journal of Environmental Research &
Public Health. 10, 3140-3156.
[13] Xiao, Q., Gao, Y., Hu, D., Tan, H. and Wang,
T.X. (2011) Assessment of the interactions between economic growth and industrial waste
water discharges using co-integration analysis:
DFDVHVWXG\IRU&KLQD¶V+XQDQ3URYLQFH,QWHU
national Journal of Environmental Research &
Public Health. 8, 2937 - 2950.
[14] Pasini, A. and Modugno, G. (2013) Climatic attribution at the regional scale: a case study on
the role of circulation patterns and external forcings. Atmospheric Science Letters. 14, 301305.

1 between SO2 vs. NO2, which can be regarded as
1/fȕnoise. In the second scale-free interval, days, the
cross-correlation of PM10 vs. NO2 exhibits continually long-term persistence. The cross-correlation of
SO2 vs. NO2 changes to 1/fȕnoise and that of SO2 vs.
PM10 changes to anti-persistence with negative
power-law in the scale-free interval of greater than
one year and less than 10 years (sc1<s<sc2). In the
third scale-free interval, the cross-correlation of
PM10 vs. NO2 and SO2 vs. NO2 are similar to characteristic in the second scale-free interval, but that of
SO2 vs. PM10 is transformed into high long-term persistence with positive power-law.
These results correspond to atmospheric circulation and regional transport hypothesis. It suggests
that in specific geographical and meteorological conditions, the atmospheric pollution type of Lanzhou
may have changed from local pollution into regional
pollution. The long range cross-correlation properties of air pollution in Lanzhou between the three
pollution indexes helps to understand the nature of
regional air pollution in the city.
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SPATIAL VARIABILITY IN SOIL FERTILITY RELATED TO
THE "FERTILE ISLANDS" EFFECT OF VITEX NEGUNDO
He Zhao, Yong Zhao*, ZhiMing Zhang, Guo Dong, XiaoKe Yuan
College of Forestry, Henan Agricultural University, Zhengzhou, Henan, China

increasing total N in the upper 15 cm of soil has been
reported along with an increased density of plants
under shrubs [8]. Changes in the soil nutrient profile
at different soil depths in saline-alkaline soil as well
as the higher soil nutrient accumulation ability of
near-surface soil (defined as soil surface fertility)
over deeper strata have also been explored [9-10].
In recent years, many analyses of "fertile islands" have been performed in China, where research concentrates on the northern part of Inner
Mongolia, the grasslands of western Ningxia and the
Xinjiang Desert. However, this phenomenon has
rarely been studied in the central Chinese arid and
semi-arid regions. In addition, research on the zonal
concentration of nutrients has focused mainly on the
shrub canopy. Studies on the effects of spatial zones,
various horizontal distances from plants, various soil
zones and shrubs facing different directions (i.e., the
aspect of exposure) have yet to be reported. In terms
of plant species, existing research concentrates on
Halostachys caspica, Haloxylon ammodendron,
Tamarix ramosissima and Ammopiptanthus mongolicus. Nutrient hoarding in the Vitex negundo shrub
has received less attention. In general, “fertile islands” can been taken as sites for the regeneration of
shrubs and herbaceous plants [11], it provided nutrients for the soil microbial populations and soil microfauna [7], and it also can effectively promote nutrient cycling [12]. Thus, through investigating Vitex
negundo’s "fertile island" effect on the soils of the
semi-arid Taihang Mountain will contribute valuable
information for sustainability of the ecological environment.

ABSTRACT
Vitex negundo shrubs serve as both windbreaks
and soil stabilizers and can aid in soil water retention
and improve soil nutrients in the soils of arid and
semi-arid regions. To reveal the factors underlying
these functions of Vitex negundo, this study analyzes
the total nitrogen, organic matter and available phosphorus contents of soil exposed to the “fertile islands” effect of Vitex negundo and investigates the
correlating variability in spatial structure. The results
show significant differences in soil nutrients at varying horizontal distances from the main stem of the
shrub, and the richness of soil nutrients gradually declines with increased distance from the main stem.
The results also demonstrate that total nitrogen and
soil organic matter typically decrease from the surface to the lower levels. Analysis by Kriging interpolation indicates that soil strata nearer to the surface
contain greater nutrient richness than deeper soil.
Hence, the results indicate that Vitex negundo’s "fertile islands" effect causes great variability in spatial
structure. Analyzing this variation will contribute to
efforts to improve local ecological sustainability.

KEYWORDS:
Vitex negundo, "fertile islands", soil nutrient, horizontal
and vertical distances

INTRODUCTION
"Fertile islands" is a phenomenon in which soil
nutrients accumulate under shrubs as a result of complex interactions between soil and organisms [1-2].
The "fertile islands" effect is most dramatic in arid
and semi-arid areas [3], and it appears that this phenomenon is due to the gathering of nutrients by various shrub species [4]. The "fertile islands" themselves are defined as areas that include the non-biological environment of shrubs and shrubs themselves, and beneath plants with more soil resources
than the bare areas. And they practice tends to be
seen as the results of a range of interacting physical
and biotic concentrating mechanisms [5-7]. In recent
years, an increasing number of studies have investigated the effects of "fertile islands." Much has been
discovered about “fertile islands”; for instance, an

SITE
Our study site is located on a low hill (112°28'–
112°30'E, 35°01'–35°03'N) of approximately 337–
342 m in elevation, near Jiyuan City, Henan Province, China. The test area has a temperate continental
monsoon climate, with an annual average temperature of 14.3°C. The study area’s average active temperature exceeds 5°C, while the annual cumulative
temperature is 50.610°C, and the area receives an average of 2370.5 h of sun annually. The inter-annual
variation is between 1948 h and 2602 h. The average
annual sunshine rate is 54%, for which the annual
variation is between 44% and 50%. The study soil
7687
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type is cinnamon soil, with a pH value of 7.0–7.5 and
parent rock composed mainly of sandstone and
shale. The main plant community constituents are
shrubs and trees; shrubs include Vitex negundo L,
Ziziphus jujube and Lespedeza bicolor, while trees
include Quercus variabilis, Platycladus orientalis
and Robinia pseudoacacia. Dominant herbaceous
plants of the study area include Setaria viridis, Artemisia princeps, Pennisetum flaccidum, Heterophylla
arthraxon and Rehmannia glutinosa. Under the
abovementioned climatic factors, the native Vitex
negundo is resistant to drought and barren soil and is
thus widely distributed in the study area.

the crown of the main stem of 0–30cm, 30–60 cm,
60–90 cm, 90–140 cm and 140–190 cm. Additionally, three samples from the vertical strata were collected, at depths of 0–5 cm, 5–10 cm and 10–20 cm
(Figure 1). In general, a total of 60 samples were
tested for each shrub, which contains 20 samples at
every earch horizontal direction and 3 samples in
every depth. We considered each Vitex negundo soil
sample to be one repeat, and soil samples from a
given Vitex negundo specimen served as one data set,
while data from three specimens were averaged to
determine the soil nutrient content.
Soil chemical analysis. Total nitrogen (TN)
was determined using the Kjeldahl nitrogen method.
To determine the available phosphorus content (AP),
the NaHCO3 molybdenum stadium anti-mix reagent
method was used, while soil organic matter (SOM)
was determined using the potassium dichromate volumetric method. Sample distribution diagrams were
prepared using Photoshop 7.0software, Data were
elicited by means of the valid questionnaire called
SPSS and analyzed with one-way ANOVA, and RStudio software was used for Kriging interpolation
maps.

MATERIALS AND METHODS
In March 2013, three Vitex negundo shrubs of
similar size and location served as test subjects (Table 1). To avoid mutual interference between the individual shrubs selected, Vitex negundo subjects
were more than 3 m from their nearest neighbors.
Next, soil samples were collected from each of the
four directions (north, south, east, and west) around
the subject. Samples were chosen from earch horizontal direction, with distances from the shrub roots

FIGURE 1
Diagram of soil sampling points.
TABLE 1
Basic characteristics of subject Vitex negundo.
Shrubs
1
2
3

GPS
35°01'N, 112°29'E
35°02'N, 112°29'E
35°01'N, 112°28'E

Altitude/m
342
340
337

7688

Height/m
1. 70
1. 40
1. 65

Crown Size/m2
1. 5 ×1. 2
1. 3 ×1. 4
1. 5 ×1. 6
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TABLE 2
Variation in spatial structure of the total nitrogen content.

Direction

E

W

S

N

Soil
depth
(cm)

TN at different distances (g kg-1)
0–30 cm

30–60 cm

60–90 cm

90–140 cm

140–190 cm

0–5

1. 38±0. 17

A a 1. 43±0. 16

A

a

0. 97±0. 10 A ab 0. 95±0. 13 A ab 0. 62±0. 19 A b

5–10

0. 61±0. 05

B a 0. 63±0. 09

B

a

0. 56±0. 04 B a

10–20

0. 58±0. 04

B a 0. 55±0. 05

B

a

0–5

1. 08±0. 12

A b 0. 82±0. 07

A

b

5–10

0. 64±0. 05

B a 0. 58±0. 03 AB a

10–20

0. 478±0. 09 B a 0. 53±0. 09

B

a

0–5

1. 73±0. 32

A a 0. 92±0. 14

A

b

1. 56±0. 19 A ab 1. 29±0. 23 A ab 1. 09±0. 12 A ab

5–10

0. 70±0. 09

B a 0. 62±0. 06 AB a

0. 68±0. 08 B a
0. 57±0. 02 B a

a

0. 66±0. 43 B a

0. 75±0. 09 A a

0. 63±0. 07 B a

0. 58±0. 04 B a

0. 67±0. 02 A a

1. 54±0. 21 A a

1. 01±0. 11 A b

0. 94±0. 11 A b

0. 63±0. 02 B a

0. 65±0. 03 B a

0. 61±0. 01 B a

0. 49±0. 04 B a

0. 52±0. 08 B a

0. 55±0. 09 B a

0. 72±0. 14 B a

0. 65±0. 04 B a

0. 52±0. 04 B a

0. 55±0. 03 B a

10–20

0. 54±0. 11

B a 0. 57±0. 07

B

0–5

1. 00±0. 12

A b 1. 17±0. 12

A ab 1. 63±0. 18 A a

1. 20±0. 16 A ab 0. 90±0. 22 A b

5–10
10–20

0. 63±0. 05
0. 72±0. 14

A a 1. 04±0. 36
A a 0. 52±0. 09

A
A

1. 00±0. 22 A a
0. 64±0. 08 A a

a
a

0. 89±0. 25 B a
0. 57±0. 03 B a

1. 22±0. 29 A a
0. 64±0. 08 A a

Note: In each table, E represents east, W represents west, S represents south and N represents north. Capital direction symbols indicate full 5% significance in each column, while lowercase letters represent a clear 5% significance in each row. TN is total nitrogen. AP is available phosphorus. SOM is soil organic matter.

In the vertical direction, total nitrogen content
followed a trend in which values at the 0–5 cm soil
depth > values at 5–10 cm > values at 10–20 cm. To
the east, within 0–140 cm from the shrub’s center,
the total nitrogen content at soil depths of 0–5 cm
was significantly higher than that at depths of 5–10
cm and 10–20 cm. To the west and south, total nitrogen content values at 0–5 cm were significantly
higher than those at 10–20 cm of soil. To the north,
while the total nitrogen content tended to decrease
from shallow to deep, the change values were not
significant at the same distance and at different soil
depths—except at the distance of 60–90 cm (Table
2).
The Kriging interpolation map shows that the
total nitrogen content of the soil was significantly enriched under Vitex negundo at 0–5 cm of soil, and the
values were higher in the center than outward to the
north, the west and the south (Fig. 2). This phenomenon demonstrates the "fertility island" mechanism
of nutrient concentration. Moreover, the enrichment
effect in other directions was not obvious, except
northward at a soil depth of 5–10 cm. At a soil depth
of 10–20 cm, a weak nutrient concentration effect
appeared to the north, with no obvious effect in other
directions. These results indicate that the total nitrogen is higher under the shrub canopy than outside
that area, and the total nitrogen content decreases
from shallow to deep in the soil under the shrubs.

RESULTS
Spatial variability in total nitrogen content.
We analyzed the phenomenon of "fertile islands"
from the perspective of spatial structure. In the horizontal direction, the total nitrogen content of the soil
tended to decrease from the root crown toward the
stem of the shrub drip line, but results vary in each
direction (Table 2). To the east, total nitrogen content
was greatest at 30–60 cm from the main stem at soil
depths of 0–5 cm, reaching 1.43 g kg-1. The second
largest value was in the range of 0–30 cm from the
main stem, and the smallest values were found at
140–190 cm. The values remained steady and without significant differences (P<0.05) at soil depths of
5–10 cm and 10–20 cm. To the west, the total nitrogen content was greatest at 60–90 cm from the main
stem of the shrub at the 0–5 cm soil depth, reaching
1.54 g kg-1. In this direction, the total nitrogen content also remained steady and without significant
variation (P<0.05) at soil depths of 5–10 cm and 10–
20 cm. To the south, the total nitrogen content was
highest at 0 – 30 cm from the shrub’s center in 0–5
cm of soil, reaching 1.73 g kg-1. There were no significant differences in the total nitrogen values over
the range of soils at 5–10 cm and 10–20 cm depths.
To the north, total nitrogen content was highest at
60–90 cm from the shrub’s center at soil depths of 0–
5 cm, reaching 1.63 g kg-1. There were no significant
differences in total nitrogen at soil depths of 5–10 cm
and 10–20 cm.
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(a)

(b)
FIGURE 2
Kriging interpolation map of total nitrogen (g kg-1) at
(a) 0–5 cm, (b) 5–10 cm, and (c) 10–20 cm soil depth.

(c)

TABLE 3
Spatial variation of available P content.

Direction

E

W

S

N

Soil
depth
(cm)
0–5
5–10
10–20
0–5
5–10
10–20
0–5
5–10
10–20
0–5
5–10
10–20

AP at different distances (mg kg-1)
0–30 cm
7. 06±0. 73
4. 26±0. 54
4. 91±1. 23
8. 87±1. 76
3. 26±0. 69
1. 75±0. 34
13. 89±1. 19
7. 23±1. 25
4. 90±2. 36
5. 14±1. 07
5. 38±0. 89
3. 54±0. 22

A
A
A
A
B
B
A
B
B
A
A
A

a
ab
a
a
a
b
a
a
a
b
a
ab

30–60 cm
4. 50±0. 75
3. 75±0. 86
3. 08±0. 39
9. 01±2. 03
2. 73±0. 20
1. 85±0. 25
6. 23±0. 39
5. 34±0. 67
3. 64±0. 72
3. 54±0. 72
4.00±0. 67
3. 86±1. 54

A
A
A
A
B
B
A
AB
B
A
A
A

bc
ab
a
a
a
b
b
a
a
b
a
ab

60–90 cm
6. 09±0. 72 A ab
3. 26±0. 60 B b
4. 02±0. 92 AB a
7. 61±0. 08 A a
4. 54±1. 44 B a
1. 56±0. 23 C b
2. 57±0. 29 A b
5. 25±2. 12 A a
5. 75±2. 22 A a
5. 58±1. 15 A b
4. 67±1. 93 A a
1. 80±0. 30 A b

90–140 cm
4. 72±0. 54
3. 65±0. 90
4. 75±0. 67
4. 12±1. 93
4. 96±1. 07
5. 36±1. 89
6. 49±2. 30
5. 51±0. 45
4. 92±1. 90
8. 46±0. 38
4. 54±1. 14
4. 57±0. 77

A bc
A ab
A a
A a
A a
A a
A b
A a
A a
A a
B a
B a

140–190 cm
2. 64±0. 35 A c
5. 74±0. 25 A a
4. 40±1. 55 A a
3. 71±1. 05 A a
2. 96±0. 70 A a
2. 85±0. 89 A ab
5. 77±0. 60 A b
3. 28±1. 3 AB a
1. 48±0. 15 B a
3. 36±0. 81 A b
4. 17±0. 96 A a
1. 49±0. 47 A b

Note: Explanation analogous to Table 2.

(a)

(b)
FIGURE 3
Kriging interpolation map of available P (mg kg-1) at
(a) 0–5 cm, (b) 5–10 cm, and (c) 10–20 cm soil depth.

(c)

0–5 cm soil depth, reaching 7.06 mg kg-1. The second highest values were in the range of 60–90 cm
from the main stem of the shrub, and the lowest were
found at 140–190 cm. The available P content remained steady, without significant differences
(P<0.05), at distances of 0–140 cm and at soil depths

Variability in the spatial structure of available P content. Collated findings from our test samples are presented here (Table 3). Along the surface
and eastward, the available P content was highest at
0–30 cm from the main stem of the shrub and at the
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of 5–10 cm and 10–20 cm. Westward, the available
P content was highest at 30–60 cm from the main
stem of the shrub and at the 0–5 cm depth, reaching
9.01mg kg-1, followed by the values in the 0–30 cm
range. The available P content remained steady in the
westward direction, with insignificant differences
(P<0.05) at the 5–10 cm depth. The available P content was highest in the range of 90–140 cm from the
main stem of the shrub, at 10–20 cm of soil, reaching
5.36 mg kg-1. To the south, the available P content
was highest at 0–30 cm from the main stem of the
shrub at soil depths of 0–5 cm, reaching 13.89 mg
kg-1. Differences to the south were insignificant
(P<0.05) for available P among soil strata 5–10 cm
and 10–20 cm deep. To the north, the available P
content was highest at distances of 90–140 cm from
the main stem of the shrub at soil depths of 0–5 cm
and 10–20 cm. Samples at various distances showed
insignificant (P<0. 05) differences in available P values in 5–10 cm of soil.
In eastern vertical soil levels, available P values
in 0–5 cm of soil were significantly higher than in 5–
10 cm soil at distances from the main stem of the
shrub of 60–90 cm. To the west and south, values for
available P at the 0–5 cm soil depth were significantly higher than those at the 10 – 20 cm depth at a
distance of 60–90 cm. Only at 90–140 cm northward
from the shrub canopy core was the available P content in 0 – 5 cm of soil significantly higher than that
at 5–10 cm and 10–20 cm depths (Table 3).
The Kriging interpolation map shows significant available P content enrichment of soil under Vitex negundo at soil depths of 0–5 cm, while in all
directions, enrichment appears higher in the center
and is higher than anywhere else (Fig. 3). Enrichment effects were not obvious elsewhere, except to
the south at the 5–10 cm soil depth. In soil 10–20 cm
deep, enrichment in all directions was not obvious
except to the south, where there was a weak nutrient
concentration effect. These results indicate that the
content of available P in our samples exhibited the
widely reported phenomenon in which critical soil
elements are concentrated under the shrub canopy.
Additionally, the value of available P decreased from
the surface to deep soil.

significantly (P<0.05). The highest organic matter
content to the south lay between the 0–30 cm and 0–
5 cm soil depths, reaching 31.29 g kg-1, a value significantly higher than that observed in other directions. No significant differences in the values of organic matter appeared laterally across the shrub canopy at depths of 5–10 cm and 10–20 cm. To the
north, the organic matter content at distances of 30–
60 cm from the stem of the shrub and at 0–5 cm soil
reached 22.64 g kg-1. The organic matter content at a
depth of 5–10 cm of soil was not significantly different across the lateral plane. The highest organic matter content appeared at distances of 0–30 cm from
the main stem of the shrub and at the 10–20 cm
depth, reaching 10.89 g kg-1.
Across soil depths to the east, organic matter
values in 0–5 cm of soil were all significantly higher
than those at depths of 5–10 cm and 10–20 cm. To
the west, organic matter content at the 0–5 cm soil
depth was significantly higher than the values from
the 5–10 cm and 10–20 cm depths, except at 30–60
cm deep. To the south, the organic matter content at
the 0–5 cm depth was significantly higher than the
values at 10–20 cm deep and 0–140 cm from the
main stem of the shrub. The organic matter contents
northward at 0–5 cm depths were significantly
higher than the values at 5–10 cm and 10–20 cm of
soil and 0–140 cm from the main stem of the shrub
(Table 4).
The Kriging interpolation map shows that the
organic matter content of the soil was significantly
enriched under Vitex negundo at 0–5 cm of soil
depth, gradually decreasing outward in all directions
(Fig. 4). Additionally, the enrichment effect was not
dramatic, except at the 5–10 cm soil depth toward
the south. At soil depths of 10–20 cm, the nutrient
concentration was not dramatic, except to the east
and north, where weak enrichment effects were detected. Therefore, the near-surface organic matter
content results meet the expectation of concentrated
nutrients under a shrub canopy. The depth sample results also show that the organic matter values at 0–5
cm were greater than those at the 5–10 cm and 10–
20 cm depths.

Spatial variability of organic matter content.
Along the soil surface, organic matter content varied
in each direction (Table 4). To the east, organic matter content was highest at a distance of 0–30 cm from
the shrub area and at the 0–5 cm soil depth, reaching
25.54 g kg-1. Among the 0–90 cm values at the 5–10
cm and 10–20 cm depths, the organic matter content
showed no significant change. To the west, the organic matter content at soil distances of 60–90 cm
from the main stem of the shrub and at 0–5 cm soil
depth was highest, reaching 26.24 g kg-1, while values from soils at a distance of 0–30 cm were the second highest. Values for the organic matter content
at the 5–10 cm and 10–20 cm depths did not vary

DISCUSSION
The soil samples under Vitex negundo exhibited higher levels of total nitrogen, available P and
organic matter content close to the base than at the
shrub periphery. It is clearly observable that Vitex
negundo shrubs function to gather soil nutrients; the
shrubs absorb nutrients as an adaptation to arid and
semi-arid environments [13-14]. These results are
consistent with other studies showing that the contents of total nitrogen, nitrate and organic compounds in the shrub rhizosphere were higher than the
contents outside that zone [15-19]. The reason for
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this enrichment effect is that the shrub produces nutrients in the form of leaf detritus, which is then
trapped by roots and sheltered by branches and
stems; organisms associated with the plant also trap
nutrients by ingesting detritus and excreting byproducts locally, preventing the solution and washing
away of nutrients by rainfall [20]. In addition, shrubs
serve as shelter and habitat for large fauna, whose
dung contributes to the shrubs’ "fertility island" effect [21]. The process of obtaining nutrients and metabolic secretions from plant roots may cause complex changes in the structure of nutrients [22], while
the quantity and activity of microbiota around plant
roots will affect the accumulation and transformation
of soil nutrients [23].
In the vertical direction, the soil nutrients decrease with the depth from the surface, with soil nutrient content values at 0 – 5 cm higher than those at
5 – 10 cm, which in turn are higher than those at the
10 – 20 cm soil depth. This finding is consistent with
the conclusions of previous studies [24-25]. This
vertical heterogeneity exists because the shallow
layer of soil receives shrub litter, where accumulated
nutrients tend to remain concentrated.
In the horizontal plane, the effect of the nutrient
enrichment of soil is more obvious in the 0 – 5 cm
soil depth layer than that in the soil layers of 5 – 10
cm and 10 – 20 cm. This difference may be related
to root development and shrub growth [26-28]. Additionally, fungi are known to fuse with the roots of
many species in many genera of woody plants, and
the shallow conditions may be more suitable for the
growth of fungi. Fungal activities also can add soil
nutrients that will make nutrients more easily accessible to shallow soil [29].
In each direction, the soil nutrients differ, even
at the same distance from the main stem of the shrub
and at the same soil depth. The soil enrichment effect
varies according to plant aspect and conditions [30].
The nutrient enrichment effect in some directions is

higher than in other directions, which may be related
to the localized effect of wind, terrain conditions and
other environmental factors; many studies show that
plants grow roots very unevenly in accordance with
such conditions [31]. Roots seek out moisture and
are often stunted on the sunny side by heat and dryness but grow vigorously where some shade retains
moisture. However, shrubs may be more vigorous on
the sunny side given the specific conditions of heat
and dryness extremes. Where extremes are weak,
moisture remains available, and heat is not excessive, richer soil lies to the south and west due to increased biotic activity. Where heat and dryness dominate, the shaded side is often richer because biota
have adapted to the heat and thrive in the sheltered
directions [32].

CONCLUSION
Our work indicates that the “fertile island” effect creates significant differences in the soil nutrients under Vitex negundo shrubs. Regardless of the
slope aspect, the nitrogen, organic matter and available phosphorus content of soil follow the same
trend in which the richness of soil nutrients gradually
declines with increased distance from the main stem
of the shrub. The “fertile island” also causes soil
strata nearer to the surface to have greater nutrient
richness than deep soil, and the enrichment effect
reaches its highest concentration in shallow soil; it is
much higher near the surface than in deep soil. Characterizing the spatial variation where "fertile islands"
may significantly change the soil environment, this
ability of Vitex negundo. Shrub will be beneficial for
soil reclamation, plant restoration and increasing biodiversity in poor soil, with high ecological relevance in semi-arid areas.

TABLE 4
Variation in spatial structure of organic matter content.

Soil
Direction depth
(cm)

E

W

S

N

0–5
5–10
10–20
0–5
5–10
10–20
0–5
5–10
10–20
0–5
5–10
10–20

SOM at different distances (g kg-1)
0–30 cm
25. 54±2. 21
9. 94±0. 20
9. 89±0. 60
24. 64±0. 17
10. 33±1. 14
8. 28±0. 22
31. 29±3. 59
13. 34±1. 39
10. 16±1. 12
17. 48±2. 73
9. 63±2. 31
10. 886±1. 25

A
B
B
A
B
B
A
B
B
A
B
AB

a
ab
a
a
a
a
a
a
a
a
a
a

30–60 cm
18. 69±1. 21
7. 83±0. 42
9. 07±0. 56
11. 08±0. 68
9. 30±0. 79
9. 74±0. 55
16. 81±3. 59
11. 97±1. 18
9. 74±1. 17
22. 64±3. 70
11. 32±1. 17
9. 38±0. 68

A
B
B
A
A
A
A
B
B
A
B
B

b
b
a
c
a
a
b
a
a
a
a
a

60–90 cm
22. 05±0. 70
9. 77±0. 52
11. 15±1. 48
26. 24±1. 57
10. 43±0. 92
9. 27±2. 36
18. 86±1. 92
10. 48±0. 83
9. 55±0. 17
17. 78±1. 23
10. 30±0. 99
9. 10±0. 50

Note: Explanation analogous to Table 2.
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A
B
B
A
B
B
A
B
B
A
B
B

ab
ab
a
a
a
a
b
a
a
a
a
a

90–140 cm
19. 50±0. 32
11. 84±1. 05
8. 66±1. 34
18. 37±2. 53
10. 38±0. 75
9. 11±0. 50
22. 35±2. 45
11. 81±1. 45
9. 43±0. 75
19. 45±1. 50
12. 17±0. 67
10. 68±1. 63

A
B
B
A
B
B
A
B
B
A
B
B

b
a
a
b
a
a
b
a
a
a
a
a

140–190 cm
19. 62±2. 22 A
11. 16±1. 18
B
10. 83±0. 48
B
18. 71±2. 41 A
10. 27±1. 33
B
6. 72±0. 20
B
13. 55±1. 51 A
10. 33±0. 09 AB
9. 48±0. 69
B
10. 40±0. 49 A
11. 40±1. 92 A
8. 29±0. 28
A

b
a
a
b
a
a
b
a
a
b
a
a
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(a)

(b)
FIGURE 4
Kriging interpolation map of organic matter (g kg-1) at
(a) 0–5 cm, (b) 5–10 cm, and (c) 10–20 cm soil depth.

(c)

[7] Stock, W.D., Dlamini, T.S. and Cowling, R.M.
(1999) Plant induced fertile islands as possible
indicators of desertification in a succulent desert
ecosystem in northern Namaqualand, South Africa. Plant Ecology. 142(1-2), 161-167.
[8] Francopizana, J., Fulbright, T.E. and Gardiner,
D.T. (1995) Spatial relations between shrubs
and prosopis glandulosa canopies. Journal of
Vegetation Science. 6(1), 73-78.
[9] Zhang, P., Yang, J., Zhao, L., Bao, S. and Song,
B. (2011) Effect of Caragana tibetica nebkhas
on sand entrapment and fertile islands in steppe–
desert ecotones on the Inner Mongolia Plateau,
China. Plant and Soil. 347, 79-90.
[10]Zhang, Y., Liang, A., Wang, P., Yang, G. and
Zhang, X. (2010) Effect of different vegetation
restoration models on soil fertility in zhifanggou
watershed in gully region of loess region. Acta
Agriculturae Boreali-Occidentalis Sinica. 19(9),
114-118.
[11]Xuehua, L.I., Jiang, D. and Luo, Y. (2010) Soil
fertile islands of shrub canopy and impacts on
vegetation in chronosequence of caragana microphylla. Journal of Liaoning Technical University. 49(4), 830–838.
[12]Rong, Q., Liu, J., Cai, Y., Lu, Z., Zhao, Z., Yue,
W. and Xia, J. (2016) “Fertile island” effects of
tamarix chinensis, lour. on soil n and p stoichiometry in the coastal wetland of laizhou bay,
china. Journal of Soils & Sediments. 16(3), 864877.
[13]Chaudhry, Q., Blom-Zandstra, M., Gupta, S.
and Joner, E.J. (2005) Utilising the synergy between plants and rhizosphere microorganisms to
enhance breakdown of organic pollutants in the
environment. Environmental Science & Pollution Research International. 12(1), 34-48.
[14]Dieffenbach, A. and Matzner, E. (2000) In situ
soil solution chemistry in the rhizosphere of mature Norway spruce (Picea abies [L.] Karst.)
trees. Plant and Soil. 222, 149-61.
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production too [1]. About 34 million ha of cotton
growing and obtained from approximately 24.8
million tons of lint yield from this area in the world.
India, China, USA, Pakistan, Brazil, Uzbekistan
and Turkey is one of the leading countries in cotton
production [1, 2]. In Turkey, about 458.000 ha of
upland cotton was grown and 738.000 tons lint
yield was produced in the four main regions Southeastern Anatolia, Aegean, Çukurova and Antalya.
7XUNH\¶V VKDUH LQ ZRUOG FRWWRQ SURGXFWLRQ LV Dpproximately 2.5 % and is ranked seventh [3].
Gossypol is a phenolic compound triterpenoid
aldehyde or polyphenolic binaphthyl aldehyde in
both plant and seeds in all types of cotton grown.
This compound was synthesized by the epidermal
cells in the roots, it is communicated to the interior
decoration of transmission and here it is localized.
Firstly, Gossypol defined in 1886 by Longmore and
purified by Marchlewski in 1889 [4]. No gossypol
plants were obtained by Michael for the first time in
1954. Smith [5] reported the lowest rate of gossypol
on root and the highest rate of gossypol on seed in
plant. Sotelo et al. [6] observed the amount of gossypol in the leave with 0.297 mg g-1, in the seed with
0.847 mg g-1 of G. hirsutum L. Fidan et al. [7] concluded that gossypol concentration of the seed varies from 0.0 % to 9.0 %, but most commercial cotton varieties usually contain the compound from 0.6
% to 2.0 %. Gossypol not only to human and animals, but also can be active against pests, fungi and
microorganisms. Many researchers reported that
gossypol have antimicrobial, anticancer and antioxidant properties [8, 9, 10]. Also, the pigment glands
of cotton plants includes derivatives with gossypol
such as desoxyhemigossypol, hemigossypol, hemigossypolone and heliocide. These compounds are
important in plant protection against pests and diseases [11].
V. dahliae Kleb. is one of the factors that negatively affect yield and quality in cotton growing,
known worldwide as the most devastating and destructive, causing wilt in 160 families and 40 different plant species [12, 13]. Pathogen, invaded
xylem, cause xylem occlusion, so major damage
occurs on plant yield and quality [14, 15, 16, 17].

ABSTRACT
The aim of study was determined to relationship between on the seed surface microflora and
reaction to Verticillium wilt of cotton cultivars with
different gossypol levels. Thirteen cotton cultivars
were examined gossypol level and the seed surface
microflora of the cotton in vitro. Then, these cultivars were observed susceptibility to non-defoliating
(Vd11 isolate) and defoliating (PYDV6 isolate)
pathotypes of Verticillium dahliae Kleb. in vivo.
Cultivars weUH VLJQLILFDQW DW 3  SUREDELOLW\
level for disease intensity values in vivo and gossypol values in vitro. While the highest gossypol
value was determined in ³Gloria´ cultivar (Gossypium hirsutum L.) with a 1.669 μg mL-1and resistant control ³Giza 45´ (Gossypium barbadense
L.) with a 1.343 μg mL-1, the lowest gossypol value
was found in ³Gossypolsüz Nazilli´ (0.196 μg mL1
) and susceptible control ³Çukurova 1518´ (0.484
μg mL-1) of G. hirsutum L. While the lowest of
disease intensity value was observed Vd11 isolate
and PYDV6 isolate in the highest gossypol, resistant control ³Giza 45´ cultivar (0.30-1.11). The
highest disease intensity values were found in the
lowest gossypol, ³Gossypolsüz Nazilli´ cultivar
(2.24-2.82) and susceptible control ³Çukurova
1518´ cultivar (2.00-2.63), respectively. Fungus
species were isolated in high and low gossypol of
cotton seeds at the same rate.

KEYWORDS:
Gossypol, Verticillium dahliae Kleb., disease intensity,
cotton.

INTRODUCTION
Cotton, outside the textile industry is the raw
material of approximately 50 industries such as oil,
gunpowder and film material. Cotton oil is used in
many areas such as soaps and detergents and animal
feed. Cotton oil, as an alternative to petrol, is increasingly being used as raw material in bio-diesel
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96 % ethanol. Extract was removed and the residue
passed through two layers of cheesecloth. After
filtration, the extracts were extracted three times
with 1 volume diethyl ether (1:1, v:v). The ethanol
was removed by rotary evaporator [28]. Extraction
procedures were performed in three replications for
each cotton varieties. Liquids containing various
concentrations gossypol (0-2 ppm) were used for
determining quantities of gossypol as standard. The
resulting liquid UV visible spectrophotometer (T80 Plus UV-VIS Spectrophotometer, PG Ins Ltd
LA) was observed at 440 nm and quantitated by
gossypol [29].

The losses of seed cotton yield due to Verticillium
wilt were reported about 75 % in California, 8- 10
% in Russia and 4 % in Syria [18]. Verticillium wilt
was responsible for significant yield losses (approximately 1.5 million bales) in the world cotton belt
[19]. One of the most effective methods is used to
resistant varieties without an economic chemical
control in the control against the Verticillium wilt.
Several authors reported that varieties lose resistance over time and development of resistant
varieties studies should be made permanent [20, 21,
22]. Also, in Turkey, cotton is grown in different
climatic conditions, causing damage to drought and
heat, and this is effective in the selection of cotton
varieties [23].
Today, the number of studies of susceptibility
to Verticillium wilt containing of gossypol levels in
cotton cultivars is very limited. Desoxyhemigossypol and hemigossypol synthesized in plants against
pathogenic fungi such as V. dahliae and Fusarium
oxysporum f.sp. vasinfectum, these pathogens were
classified as phytoalexin, because they are also
toxic [24]. Puckhaber et al. [25] carried out to determine the effect of gossypol on Rhizoctonia solani development of positive and negative in the
studies, reported gossypol may equally positive and
negative effect, whereas seen gossypol inhibition
less than desoxyhemigossypol and hemigossypol,
hemigossypol and desoxyhemigossypol has the
most important fungicide. A positive gossypol was
found better bactericide by negative gossypol [26].
The aim of study was determined to relationship between on the seed surface microflora and
susceptibility to non-defoliating (ND) and defoliating (D) pathotypes of V. dahliae Kleb. of cotton
cultivars with different gossypol levels.

Pot trials. Conidial suspension technique was
used to test the susceptible of cotton cultivars with
different percentage levels of gossypol against V.
dahliae Kleb. in pot trials. Experiment was established as randomised plot design with five replications in a growth room (at 24±1 °C; 50-70 % relative humidity; a 12 h light/12 h dark). A 33 % soil,
33 % sand and 33 % peat containing mixture was
sterilized in autoclave at 121°C for one hour and
was filled into 5 cm diameter plastic pots. Of the 4
seeds sown each plastic pots, only one left at cotyledonary stage and others were removed. V. dahliae
cultures having high virulence isolates (Vd11 and
PYDV6) were developed on Potato Dextrose media
broth for inoculation. After two weeks, spore suspension in the flask were adjusted as 4 x 106 conidia mL-1 with a hemacytometer and 5 mL of adjusted
suspension released to the bottom of each plastic
pots and plants at the six-true-leaf stage were
placed in the pots. Three-five weeks after inoculation, disease severity was assessed for each plant on
a 0-to-4 rating scale according to the percentage of
foliage affected by acropetal chlorosis, necrosis,
wilt, and/or defoliation (0=healthy plant; 1=1±33
%; 2=34±66 %; 3=67±97 %; 4=dead plant) [30].
Disease Severity Index (DSI) was calculated using
the formula and obtained data were subjected to
Arcsin for transformation [31].
DSI=[(ax0)+(bx1)+(cx2)+(dx3)+(ex4)]/M
DSI: Disease severity index; a, b, c, d, e: The plant
number with degree 0, 1, 2, 3, 4 respectively, M=
Total plant number.

MATERIALS AND METHODS
Materials. Plant materials. In the study, a total of thirteen cotton cultivars were used as control
of three different cultivars (Carmen/tolerant-Bayer
Crop Science AG, Leverkusen, Germany; Çukurova 1518/susceptible-Eastern Mediterranean Agricultural Research Institute, Adana, Turkey and Giza
45/resistant-Cotton Research Institute, Egypt) of
different cotton species as material (Table 1).

Detection of microflora on cotton seed surface. Seeds of each cultivar in order to determine
microflora of cotton seed heated for 5 minutes in 5
% NaOH and a waiting period on sterile blotting
excess moisture is received after washing twice
with sterile distilled water. Seed surfaces after drying were cultured on Potato Dextrose Agar (PDA)
media and the seeds were incubated at 25 ± 1°C for
10 days. 100 seeds were used for each genotype in
this method. Growing colonies at the end of incubation period were counted to genus level and isolating ratios are calculated in the experiment. At the
species level identification of isolated fungi were

Test microorganism. Isolated from cotton
and a high virulence pathotypes, Vd11 isolate (ND
pathotype, Nazilli Cotton Research Institute) and
PYDV6 isolate (D pathotype, Adnan Menderes
University, Faculty of Agriculture, Department of
Plant Protection) used for an artificial inoculum
[27].
Detection of gossypol level on cotton seeds.
Cotton seeds of each cultivar were weighed 1 g in
experiment, these were homogenized in 10 mL of
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0.196 μg mL-1 and susceptible control ³Çukurova
1518´ cv (G. hirsutum) with a 0.484 μg mL-1 in the
cotton seeds. While the highest amount of gossypol
was observed in ³Gloria´ cv (G. hirsutum) with a
1.669 μg mL-1 and resistance control ³Giza 45´ cv
(G. barbadence) with a 1.343 μg mL-1, respectively
and followed by ³St-373´ cv (1.090 μg mL-1) and
³GSN 12´ cv (0.911 μg mL-1). Other candidate
cultivars had gossypol levels between 0.599 μg mL1
and 0.850 μg mL-1 (Table 2). In a similar study,
gossypol level was observed between 0.81 % - 1.04
% in G. barbadense L. and 0.64 % - 1.09 % in G.
hirsutum L. in the seeds studies [37]. Gossypol
level with 0.0 % type of G. sturtian Will. of Australian origin was determined more than 9.0 % type
of G. davidsonii Kell. [38]. Gossypol level was
found a 0.384 mg g-1 in ³Mexico 72-69´ (G. barbadense L.), a 0.218 mg g-1 in ³SP-21´ (G. hirsutum
L.) [9]. The amount of gossypol in cotton plants
and seeds which can vary across varieties [39]. The
amount of gossypol was determined a 0.387 mg g-1
and a 6.780 mg g-1 in the leaves and seeds of

carried out using macroscopic and microscopic
methods [32, 33, 34, 35].
Statistical analysis. All data obtained in experiments were analysed statistically by using JMP
statistical software program (5.0.1, SAS Institute,
Cary, NC) for analysis of variance and means were
compared using FisheU¶V SURWHFWHG OHDVW VLJQLIL
cance difference (LSD) test at 5 % probability level
[36].

RESULTS AND DISCUSSION
Detection of gossypol level on cotton seeds.
The levels of gossypol (μg mL-1) in the seeds of
cotton cultivars in the experiment were given in
Table 2. The amounts of gossypol have varied according to the species and cultivars of the same
species in cotton seeds. Cultivars were significantly
3  different level for gossypol results. The
lowest amount of gossypol was determined in
³Gossypolsüz Nazilli´ cv (G. hirsutum) with a

TABLE 1
Species and origins of cotton cultivars in the experiment.
Cultivar (cv)
Species
Gloria
G. hirsutum
Carmen (tolerant-control)
G. hirsutum
Nazilli DT-15
G. hirsutum
Çukurova
1518
(susceptibleG. hirsutum
control)
Flash
G. hirsutum
Maydos Yerlisi
G. herbaceum
Giza 45 (resistant-control)
G. barbadence
Gossypolsüz Nazilli
G. hirsutum
NP Özbek 100
G. hirsutum
BA 308
G. hirsutum
St-373
G. hirsutum
GSN 12
G. hirsutum
Cloudia
G. hirsutum

Origin
Australian
Australian
Nazilli-Turkey
Adana- Turkey
Hatay- Turkey
Nazilli- Turkey
Egypt
Nazilli- Turkey
Nazilli- Turkey
Hatay- Turkey
USA
Nazilli- Turkey
Australian

TABLE 2
Gossypol level of cotton seeds in the experiment (μg mL-1).
Cultivar (cv)
Gossypol level (μg mL-1)a
Gloria
1.669 a
Carmen (tolerant-control)
0.599 ef
Nazilli DT-15
0.850 bcd
Çukurova 1518 (susceptible-control)
0.484 f
Flash
0.764 cde
Maydos Yerlisi
0.701 cdef
Giza 45 (resistant-control)
1.343 a
Gossypolsüz Nazilli
0.196 g
NP Özbek 100
0.722 cdef
BA 308
0.769 cde
St-373
1.090 b
GSN 12
0.911 bc
Cloudia
0.630 def
a Mean

values with the same letter within a column are not significantly different at the 0.05 probability level by LSD.

7697

© by PSP

Volume 26 ± No. 12A/2017 pages 7695-7702

Fresenius Environmental Bulletin

TABLE 3
Disease intensity values of cotton cv inoculated with two pathotypes of V. dahliae isolates in pot trials.
Disease intensity values in pot trials
Cultivar (cv)
Vd11 isolatea
PYDV6 isolatea
Gloria
0.72 f
1.58 ef
Carmen (tolerant-control)
0.60 g
1.51 f
Nazilli DT-15
0.72 f
1.60 ef
Çukurova 1518 (susceptible-control)
2.00 b
2.63 b
Flash
0.70 f
1.57 ef
Maydos Yerlisi
0.60 g
1.51 f
Giza 45 (resistant-control)
0.30 h
1.11 g
Gossypolsüz Nazilli
2.24 a
2.82 a
NP Özbek 100
1.50 c
2.25 c
BA 308
0.89 d
1.79 d
St-373
0.70 f
1.56 ef
GSN 12
0.85 de
1.77 d
Cloudia
0.77 ef
1.65 de
a Mean

values with the same letter within a column are not significantly different at the 0.05 probability level by LSD.

TABLE 4
Rates of fungi growing on the seed surface in PDA media (%).
Growing rates of fungi in seed (%)
Cultivar (cv)
Fs
Rh
Al
As
Tr
Rz
Gloria
18
5
39
24
2
1
Carmen
18
6
28
26
7
2
Nazilli DT-15
20
4
31
27
3
1
Çukurova 1518
19
8
33
26
2
2
Flash
18
3
33
33
3
1
Maydos Yerlisi
25
6
37
28
4
3
Giza 45
28
2
35
21
5
1
Gossypolsüz Nazilli
30
12
30
15
5
1
NPÖzbek 100
12
4
35
24
5
1
BA 308
35
6
20
29
1
1
St-373
28
7
31
25
2
4
GSN 12
25
4
35
26
2
3
Cloudia
22
3
33
30
3
3

Ng
5
6
7
3
4
6
3

Othersa
10
13
8
10
9
10
8
4
15
2
3
5
3

Fs: Fusarium, Rh: Rhizoctonia, Al: Alternaria, As: Aspergillus, Tr: Trichotechium, Rz: Rhizopus, Ng; Nigrospora.
aGrowing bacteria, yeast colonies in seeds on PDA media.

³Acala 1517-´D PJJ-1 and a 10.980 mg
g-1 LQWKHOHDYHVDQGVHHGVRI³25-´UHspectively
[40].

was in the first place and followed by tolerant control ³Carmen´ cv (1.51) and ³Maydos Yerlisi´ cv
(1.51). Again the highest intensity of disease was
determined in ³Gossypolsüz Nazilli´ (2.82) and
susceptible control ³Çukurova 1518´ cv (2.63) for
PYDV6 isolate. Zaki et al. [41] reported the antifungal compounds determining in inoculated plants
with Verticillium albo-atrum, these compounds
could not detect in uninoculated plants. Also, vergosin and hemigossypol compounds were more
effective than the antifungal agents and gossypol
against V. albo-atrum. According to Mace and
Stipanovic [42] found desoxyhemigossypol (ȝJ
ml-1 dose) in cotton roots and stems infected with V.
dahliae reduced growth of the pathogen around 75
%. When used to different concentrations of some
herbicides in cotton areas applied to cotton seed,
haloxyfob and linuron have prevented to the mycelial growth of F. oxysporum f. sp. vasinfectum in
solid and liquid culture. The amount of gossypol

Pot trials. Disease intensity index values of
cotton cultivars in pot trials were given in Table 3.
Differences between cultivars were significant at
3 SUREDELOLW\OHYHOIRUGLVHDVHVHYHULW\YDOXH
in a pot experiment conducted in a growth room. In
the pot experiments, disease resistant and high
amount of gossypol, resistant control ³Giza 45´ cv
with a 0.30 index value showed the lowest disease
severity and followed by ³Carmen´ cv (0.60) and
³Maydos Yerlisi´ cv (0.60) for Vd11 isolate according to the disease severity index. The highest
intensity of disease was observed in low amount of
gossypol, ³Gossypolsüz Nazilli´ cv (2.24) and
susceptible control ³Çukurova 1518´ cv (2.00).
Other candidate cultivars had index values between
0.70 and 1.50. Resistant control ³Giza 45´ cv (1.11)

7698

© by PSP

Volume 26 ± No. 12A/2017 pages 7695-7702

Fresenius Environmental Bulletin

the seed surface may be attributed to environmental
and climatic conditions. Similar results were reported by Baba [50].

increased compared to control in disease plants,
which prevented to the mycelial growth of the
pathogen in vitro [43]. The peptide components
have isolated resistant to fungal pathogens and
bollworm seeds of the eight cotton varieties and
when capable of inhibition V. dahliae FRQLGLD Įamylase and other peptides viewed, between fungicidal activity of peptides and resistance of cotton
varieties determined a correlation [44]. Ten cotton
varieties were inoculated with D and ND pathotypes (106 conidia mL-1) in the growth chamber, As
a result of the study, the lowest disease severity
value was determined in the ³Maydos Yerlisi´ FY
[45].

CONCLUSION
In this study, the amount of gossypol in the
cotton seed was determined different to species, the
cultivars of the same species and origins. While the
highest amount of gossypol determining both G.
barbadence L. (tolerant control Giza 45 cv) and G.
hirsutum L. (Gloria cv), the lowest amount of gossypol has been determined in ³Gossypolsüz Nazilli´
cv and susceptible control ³Çukurova 1518´ cv (G.
hirsutum L.). In this context, gossypol content of
the seed may vary according to species, variety,
environmental conditions, plant growth and development stages. While the lowest disease severity
against both pathotype of V. dahliae Kleb. was
determined on the highest amount of gossypol in
resistant control ³Giza 45´ cv, the highest intensity
of disease was found on the lowest amount of gossypol in ³*RVV\SROV] 1D]LOOL´ cv. The disease intensity index values were obtained near the G. barbadance L. such as ³Gloria´, ³Carmen´ and ³Claudia´ cultivars with origin of Australian in upland
cotton. Plant breeders will increase the chances of
success in the resistance breeding studies against
the Verticillium wilt, especially the use of cultivars
with high gossypol in the cotton plant parts without
an economic chemical control in the control against
Verticillium wilt. Meanwhile, fungi were isolated
on the seeds of low and high gossypol cultivar at
the same level. Therefore, there was concluded any
relationship between level of gossypol on the seed
and species of fungi growing on the seed surface.

Detection of microflora on cotton seed surface. Rates of fungi growing on the seeds cultured
on PDA medium were given in Table 4. Alternaria
spp., Fusarium spp. and Aspergillus spp. isolated
intensively both low levels of gossypol and high
levels of gossypol on seed, respectively. Alternaria
spp. were found the highest in ³Gloria´ cv (39 %),
the lowest in ³BA 308´ cv (20 %). Fusarium spp.
were determined the highest in ³BA 308´ cv (35 %)
and ³Gossypolsüz Nazilli´ cv (30 %). In similarly,
Aspergillus spp. were isolated between 15 % - 33 %
in low and high gossypol of cultivars. Macroscopic
and microscopic studies of carried out on cotton
seed; Alternaria colonies were identified as largely
A. alternata; Fusarium spp. were identified as F.
oxysporum, F. semitectum and F. solani; Aspergillus spp. were identified as Aspergillus niger, A.
flavus and A. ochraceus. Isolating rate of Rhizoctonia spp. was found between 2 - 12 % in low
and high gossypol of cultivars (Table 4). Our results showed parallels with the other studies. Moore
and Rollins [46] reported that outside capillary
roots and seed coat of gossypol in the cotton plant,
as the internal structure of seeds, leaves, stems,
roots, branches, boll shell, stigma and the sytle in
plant and flower parts. Klich [47] was isolated
different filamentous fungi in delinted surface sterilized cotton seeds and there were no differences in
fungal flora among cultivars. Of the seventheen
taxa isolated, Alternaria spp. Colletotrichum gossypii, Fusarium equiseti, F. pallidoroseum (F. semitectum) were present more than 10 %. F. semitectum have isolated a sulfuric acid delint in the cotton
seed by blotter method, but haven¶W GHWHUPLQHG D
relationship with disease symptoms after the seed
output in the autoclaved soil [48]. Arabsalmani [49]
isolated that fungal species of different genus from
seed coat and embryo parts on PDA medium after
surface disinfection of seeds in the study. While A.
alternata and Fusarium spp. were isolated from
embryo portion of ³Sahel´ cv by 32.1 % and 33.3
% ratio, A. macrospora and Fusarium spp. were
isolated from the seed surface by 25 % and 21.4 %
ratio, respectively. The absence of a relationship
between gossypol level and fungus developing on
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VISUAL QUALITY ASSESSMENT OF TOWNSCAPES:
A STUDY FOR NIKSAR TOWN (TOKAT) OF TURKEY
Pervin Yesil*
Department of Landscape Architecture, Faculty of Agriculture, Ordu University, 52200, Ordu, Turkey

to areas that are rich in water, oxygen, geomorphological formations, animal and vegetal species,
and/or are interesting for educational or scientific
purposes [3]. An environmental management system must necessarily include scenic beauty as a key
component [4]. Though, it is not always easy to
apply techniques for the assessment of landscape
visual quality, this quality can be reasonably considered as a resource which has to be preserved in
order to protect rural landscape diversity [5].
Visual landscape quality assessment has been
emphasized and methodologically searched in recent studies [6-14]. Although physical approach
model [15, 16] and psychological approach model
[17] are used in visual quality assessment studies,
psychophysical approach model [18-24] relating
human preferences with environmental stimulants
is the most common model used in visual quality
assessments. The Scenic Beauty Estimation (SBE)
Method is a well-known psychophysical technique
for landscape visual quality evaluation [18]. In SBE
researches, participant assessments based on photographic presentation of landscape images are used
[4, 10, 18, 21, 23, 25-36].
The present study was conducted to put forth
visual landscape quality of the selected sites, to
determine the best representative landscape types
and to determine the prominent sides of these landscape types and finally to provide future planning
recommendations.

ABSTRACT
Although Middle Black Sea region of Turkey
harbors various natural and cultural aspects, the
scientific researches about such a rich source of the
region are still insufficient. The present study was
conducted to assess the visual landscape quality of
natural and cultural beauties of Niksar town and
close surroundings and to investigate the effects of
landscape components on visual quality. The type
of landscape with the greatest visual quality value
was identified as Rocky Habitat Landscape 2
(r=4.386) and it was followed respectively by Agricultural Landscape 5 (r=4.227) and Natural Landscape 3 (r=4.137). It was observed that all of the
landscape parameters considered in this study (naturalness, variety, vividness, being interesting, harmony, originality, cultural value) significantly affected visual quality values. Besides, perceptibility
also had significant effects on visual quality of the
landscapes. Finally recommendations were provided for the future use of natural resources of the
region.

KEYWORDS:
Visual quality, visual quality assessment, visual perception, aesthetic of landscape, Niksar, Turkey.

INTRODUCTION
MATERIALS AND METHODS

The visual impact of a site is related to level
of degradation, degree of naturalness, diversity of
flora and fauna in natural landscapes and also related to physical attributes of the space like availability, accuracy in space setup, functionality and conventionality in cultural landscapes. Therefore visual
quality studies deal not only with esthetic characteristics of the landscapes, but also with functional
characteristics of those landscapes.
Identification, assessment, preservation and
sustainability of visual quality of landscapes are
among the essential topics of ecosystem management studies [1]. Landscape quality assessment
constitutes a significant component of environmental management and planning works and it is also
actively used in environmental perception researches [2]. High quality landscapes usually correspond

Study area. The present research was conducted in Niksar town and close surroundings.
Niksar is a town of Tokat province and located in
Middle Black Sea section of Black Sea region.
Niksar is established at the most strategic location
of Silk Road extending along Kelkit Valley and
also at significant and active routes of Turkey. It is
located within Kelkit valley, which is an important
natural site of Turkey. Kelkit valley is located in
Black Sea region, but has Mediterranean microclimate, thus biome of the region harbors narrow and
disconnected spreads. The mixture of EuropeanSiberian and Mediterranean biomes is observed
together within the valley. The important nature site
has a mosaic landscape composed of oak forests,
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red pine, scotch pine and black pine forests, residual cedar populations, agricultural lands, river-side
plant communities and Mediterranean-specific
maquis populations. The flora of Kelkit Valley
includes a unique mixture of Mediterranean, IranTuran and Europe-Siberia floristic components
which have never been seen in other cedar (C. libani) forests of the world. The flora of the site consists of 200 taxa, of which 13 are endemic to Turkey [37]. One of these cedar populations is located
within the boundaries of Niksar town.

out and participants were asked to score accordingly. While presenting the photos into the screen,
initially information was provided about the parameters.
The first section of the survey (questionnaire)
form was composed of questions about demographic characteristics of the participants. In the second
section, participants were asked to score each photo
for relevant parameters [Naturalness (Na), Variety
(Va), Vividness (Vi), Being interesting (I), Harmony (H), Originality (O), Cultural values (Cv) and
Visual Landscape Quality (VLQ)] in a 1-5 scale (1
representing the lowest and 5 the highest score).
Participants were undergraduate students of Ordu
University Agricultural Faculty (92 people), Faculty of Education (62 people), Faculty of Science (61
people) and Ünye Faculty of Economics and Administrative Sciences (35 people) and graduate
students (27 people). There were a total of 277
participant university students.
A scale was created by using some references
[21, 29, 30] for the analysis of landscape characteristics. Landscape variables were determined on the
basis of mean scores according to measurement
scale by means of expert method [38]. This scale is
composed of 13 landscape characteristics (Table 1).
SPSS 22 statistical software was used to evaluate the surveys applied for visual quality analysis.
Mean values were taken into consideration and
resultant data was subjected to correlation analysis.

Selection of the photographs. In this study,
the method used by Bulut and Yılmaz [23] in the
town of Kemaliye was modified and applied to
Niksar. Initially 600 photographs were taken from
Niksar town and close surroundings. Then these
photos were divided into 6 main groups based on
represented landscape characteristics and 5 photos
were selected for each group (a total of 30 photos).
The main groups were as follows: Natural Landscape (NL), Urban Landscape (UL), Rural Settlements Landscape (RS), Rocky Habitats Landscape
(RH), Agricultural Landscape (AS) and Plateau
Landscape (PL).
Surveys. Selected photos were arranged as a
Power Point presentation and presented to groups
of 30 participants. The survey questions were asked
to be replied along with this presentation. The main
groups represented by these photos were pointed

TABLE 1
Scale for landscape parameters
Variables

Degree of naturalness

Vegetation type
Percentage of land cover by
vegetation
Diversity of man-made elements
Presence of positive man-made
elements (sights and typical houses)
Percentage of negative man made
elements (roads, industries, power
lines, etc.)
Type of topography
Type of dominant texture
% area covered by dominant texture
Colour diversity of natural elements
Colour diversity of man-made elements
Perceptibility
Horizon type

Abbreviation

Scoring
0

1

2
Crops without
man-made
elements

3

DN

Houses + roads
+ other = 0;

Few isolated
elements

VT

No vegetation
or unclear

Only grass,
herbaceous

Grass and
bushes

Mixed vegetation (grass,
bushes and
trees)

PLCV

%0-25

%25-50

%50-75

%75-100

natural

DME

none

1

2

3 or more

PPME

%0-25

%25-50

%50-75

%75-100

PNME

%0-25

%25-50

%50-75

%75-100

TT
TDT
ACDT
CDNE

almost flat
smooth
%0-25
none

wavy
medium
%25-50
1

mountain
rough
%50-75
2

Very mountain

CDME

none

1

2

3 or more

PE
HT

weak
panoramic

medium
semi-open

high
vista
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Picture NL3, average scoring: 4.137

Picture UL2, average scoring: 4.206

Picture RS1, average scoring: 3.931

Picture RH2, average scoring: 4.386

Picture AL5, average scoring: 4.227

Picture PL2, average scoring: 4.271

FIGURE 1
The photos with the greatest VLQ values

evaluated. Of the participants, 41.2% were female,
58.8% were male, 83.8% were younger than 24
years, 15.5% were between 25-39 and 7% were
between 40-59 years.
The photos with the greatest VLQ values were
identified as NL3 (4.137), UL2 (4.206), RS1
(3.931), RH2 (4.386), AL5 (4.227) and PL2
(4.271). Based on VLQ order, the photos with the
greatest scores for each landscape type are presented in Figure 1. Among these photos, Rocky habitat

RESULTS AND DISCUSSION
Demographic characteristics of participants
are commonly used to identify the interactions
between demographic parameters and relevant
traits. Since all the participants were composed of
undergraduate and graduate students, participants
exhibited a homogenous pattern with regard to
education level and occupation-like criteria. Therefore, only the age and gender distributions were
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pected case. In other words, it is irrelevant to expect
high naturalness degree from settlement areas.
According to Clay and Smith [26], cursory
analysis does not provide sufficient evidence.
Therefore, the relationships were also evaluated
with correlation analysis. Initially correlations of
VLQ with naturalness (Na), variety (Va), vividness
(Vi), being interesting (İ), harmony (H), originality
(O) and cultural value (Cv) parameters were investigated.
As it was seen in Table 3, there were quite
strong significant correlations between VLQ and all
parameters (p<0.01). The variable with the strongest linear relationship with VLQ was Vi (r = 0.931)
and it was respectively followed by H (r = 0.922)
and I (r = 0.907).
There were quite significant and positive correlations between landscape types (NL3, UL2, RS1,
RH2, AL5 and PL2) and perceptional parameters
(N, Va, Vi, H, O, Cv) (p<0.01). Current findings
are parallel to findings of [38]. Considering the
correlations between landscapes and perceptional
parameters, the greatest correlations were observed
between AL5 landscape and naturalness (r=0.626),
variety (r=0.582) and vividness (r=0.636) parameters and between RH2 landscape and being interesting (r=0.460), harmony (r=0.585) and originality
(r=0.540) parameters (Table 4).
The correlation analysis results presenting the
relationships between landscape attributes and VLQ
are provided in Table 5. The only variable with a
significant correlation with VLQ was PE. In this
case, a positive change was observed in visual quality level of the site with increasing perceptibility
levels. Özhancı and Yılmaz [39] also reported increasing landscape score with increasing perceptibility of the images.

scenery (RH2) had the greatest score and it was
respectively followed by Agriculture Landscape
(AL5) and Natural Landscape (NL3) (Table 2).
Tokat province is prominent with rocky habitats and with this characteristic, it became the subject matter of the study of Acar et. al [38]. The
present study also supported the idea that rocky
habitats were among the most valuable attributes of
the region.
Of the landscapes with the greatest average
VLQ scores, NL3, UL2, RH2, AL5 and PL2 scenes
had also the greatest naturalness scores in their
groups (respectively with 4.566; 3.585; 4.498;
4.238; 4.375). The scenes RS1, RH2, AL5 and PL2
had the greatest variety scores (3.578; 3.978; 3.675;
3.632); RS1 and PL2 had the greatest vividness
scores (3.708; 3.971); UL2, RS1, RH2 and PL2 had
the greatest being interesting scores (3.347; 3.058;
3.581; 3.227); NL3, UL2, RS1, RH2, AL5 and PL2
had the greatest harmony scores (3.863; 3.758;
3.545; 3.960; 3.838); RS1, RH2 and PL2 had the
greatest originality scores (3.625; 3.892; 3.606);
UL2 and RS1 had the greatest cultural value scores
(4.043; 3.578) and all these values supported the
VLQ values of the photos. In this case, of the photos with the greatest scores, 83.3% were parallel to
naturalness parameter, 66.7% variety, 33.3% vividness, 66.7% being interesting, 100% harmony, 50%
originality and 33.3% cultural value parameter.
Among all groups, the photo PL2 with the greatest
VLQ value in its own group had the greatest average score from all parameters except for cultural
value.
Only UL2 and RS1 differentiated from the
others with regard to naturalness parameter and
nonparallel increase in VLQ values of the photos of
urban landscape (UL) and rural settlements (RS)
groups with the degree of naturalness was an ex-

TABLE 2
Average VLQ scores of the photos

NL1
NL2
NL3
NL4
NL5
UL1
UL2
UL3
UL4
UL5

Average
VLQ
3.433
3.560
4.137
3.639
4.083
3.357
4.206
3.108
3.635
3.032

Standard
Deviation
0.974
1.057
0.946
1.090
0.998
1.172
0.883
1.184
1.036
1.246

RS1
RS2
RS3
RS4
RS5
RH1
RH2
RH3
RH4
RH5

Average
VLQ
3.931
3.765
3.845
3.697
3.928
4.379
4.386
3.780
3.794
4.112

7706

Standard
Deviation
1.056
0.959
1.033
0.979
1.015
0.815
0.765
0.996
1.024
0.904

AL1
AL2
AL3
AL4
AL5
PL1
PL2
PL3
PL4
PL5

Average
VLQ
4.094
4.090
3.899
3.668
4.227
3.022
4.271
4.058
3.542
3.733

Standard
Deviation
0.880
0.874
1.034
1.112
0.870
1.176
0.849
0.903
1.016
0.971
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TABLE 3
Correlations between landscape elements and VLQ (N=277)
VLQ
N
Va
N
0.641
Va
0.840
0.522
Vi
0.931
0.742
0.816
İ
0.907
0.488
0.838
H
0.922
0.781
0.707
O
0.871
0.764
0.677
Cv
0.751
0.338
0.717
Correlation is significant at 0.01 level (2-tailed).

Vi

İ

H

O

0.758
0.909
0.834
0.680

0.777
0.808
0.742

0.925
0.627

0.755

TABLE 4
Correlations between visual preference points and landscape parameters
NL3
UL2
N
0.454
0.368
Va
0.378
0.321
Vi
0.484
0.432
İ
0.351
0.370
H
0.323
0.473
O
0.311
0.411
Hv
0.333
0.384
Correlation is significant at 0.01 level (2-tailed).

RS1
0.527
0.523
0.431
0.420
0.469
0.470
0.433

RH2
0.529
0.486
0.486
0.460
0.585
0.540
0.456

TAL5
0.626
0.582
0.636
0.404
0.533
0.408
0.326

PL2
0.565
0.521
0.568
0.360
0.511
0.398
0.369

TABLE 5
Correlations between landscape attributes and VLQ

DN
VT
PLCV
DME
PPME
PNME
TT
TDT
ACDT
CDNE
CDME
PE
HT

VLQ
0.278
0.131
0.123
0.309
0.000
-0.131
0.278
-0.679
0.555
0.131
-0.034
0.926
-0.393

DN

VT

PLCV

DME

PPME

PNME

TT

TDT

ACDT

CDNE

CDME

PE

0.707
0.583
-0.783
-0.783
-0.707
0.167
-0.833
0.633
0.707
-0.822
0.300
-0.283

0.707
-0.566
-0.632
-1.000
0.707
-0.707
0.141
1.000
-0.775
0.141
0.200

-0.367
-0.224
-0.707
0.583
-0.417
-0.117
0.707
-0.365
-0.117
-0.283

0.894
0.566
-0.033
0.433
-0.433
-0.566
0.876
0.167
-0.141

0.632
-0.224
0.671
-0.671
-0.632
0.980
-0.224
-0.316

-0.707
0.707
-0.141
-1.000
0.775
-0.141
-0.200

-0.417
-0.117
0.707
-0.365
0.217
0.424

-0.733
-0.707
0.730
-0.733
0.141

0.141
-0.584
0.733
-0.141

-0.775
0.141
0.200

-0.219
-0.310

-0.141

Correlation is significant at 0.01 level (2-tailed).
The relationship between landscape attributes
and VLQ were put forth with Spearman’s correlation analysis. There were quite significant correlations between VLQ and PE (p<0.01). Besides, there
was a negative correlation between PNME and VT
(p<0.01). In other words, negative man-made elements in the photo effected vegetation type and
reduce diversity. There was a significant relationship between CDNE and VT (p<0.01) and colour
diversity of natural elements increased with increasing diversity in vegetation. There was a negative
relationship between DN and TDT (p<0.05) and
such a correlation indicated the relationship between increasing slope and degree of naturalness.
Existence of a correlation between DME and PPME
(p<0.05) indicated a relationship between manmade items and diversity. There was a significant

correlation between DME and CDME (p<0.05) and
quite significant correlations between CDME and
PPME. There was quite negative correlations between PNME and CDNE (p<0.01) and increasing
negative man-made elements decreased colour
diversity of natural elements.

CONCLUSIONS
The present study was conducted to assess the
perceived landscape values of a settlement located
in Middle Black Sea Region of Turkey. Present
results revealed rocky sites, agricultural lands and
other natural attributes in Niksar town and close
surroundings as significant and prominent resources. The region has a rich agricultural land-
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scape and there are several sites potentially available for agro-tourism, highland tourism and ecotourism activities. However, natural preservation and
transfer to future generations without distortions
should be the basic target in future planning works.
It was observed in this study that naturalness,
variety, vividness, being interesting, harmony,
originality and cultural value parameters had significant roles in increase or decreases in visual quality
level of the landscape. The more these parameters
in the forefront, the higher the landscape beauty is.
Besides, perceptibility of the landscape also significantly affected visual quality. Therefore, landscape
visual quality and patterns should definitely be
taken into consideration while preparing land use
plans.
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trumpet-shaped flowers like lilies on a flower stem
with 3-15 flowers. Because it has showy scented
flowers, this species has a potential for use as a cut
flower, an outdoor plant in patios, or as a pot plant.
In addition, the species contains a number of alkaloids, flavanoids and polyphenolic compounds such
as pancratistatin, etanol, ungeremine and zefbetaine
which are used in medical and pharmacological areas [4, 5, 6]. Also, extracts of Pancratium maritimum
L. could be used as an insecticide and acaricide [7].
This species has a natural distribution in countries in
the Mediterranean basin including Turkey, France,
Spain, Italy, Greece, Lebanon and Israel, and on Cyprus and Crete [8].
Environmental factors have important implications for the germination and survival of Mediterranean plants since the climate is well characterized by
its seasonality of temperature and precipitation [9].
Natural proliferation of sea daffodoils occurs by germination of seeds which are scattered around, and by
the formation of bulblets. However, the seed distribution areas of sea daffoils are sand dunes, so that a
lack of adequate abiotic conditions for germination
and development in these areas prevents the spread
of the plant. In a natural environment, the existence
of sand dune vegetation is spatially and temporally
influenced by environmental factors such as temperature, moisture deficiency, sand erosion, salinity and
salt spray. Also, vegetation in coastal sites is destroyed by human activities, construction and tourism facilities. Man-made disturbances such as tourism and housing infrastructure and the heavy use of
recreational activities may cause the destruction of
habitats beyond the recovery limits of the ecosystem
[10]. Also, Demir et al. [10] reported that Sea Daffodil populations are under threat because of intensive
housing development and recreational usage in
coastal areas. This causes a decline in the distribution of some plants such as sea daffodils which grow
in dune areas, and this in turn further endangers this
species by decreasing the number of plants [8]. At
the same time, because this species is used for medical purposes, it is removed from its native growing
habitats for its alkaloid content [1, 6]. Considering
its medicinal, ornamental and ecological value, an
appropriate conservation program is urgently needed
to prevent further loss of these plants [11]. Because

ABSTRACT
Pancratium maritimum L. (Amaryllidaceae) is
a native bulbous species which has a potential as an
ornamental plant. It is in danger of extinction due to
human activities and dense housing in coastal regions, which are its natural habitat. The aim of this
research was to propagate Pancratium maritimum L.
in tissue culture by using its seeds. In order to test
the tissue culture, explants (part of (a) primary root
(radicle) + hypocotyl and (b) epicotyl + cotyledon)
from small seedlings of sea daffodils germinated
from seeds in water + agar medium, were cultured in
MS medium, which included 6.5 g/L agar, 30 g/L
saccharose, and two different dosages of BAP (1.02.0 mg/L) and NAA (0.1-1.0 mg/L). In three different germination tests in water+agar medium, germination ratios of 58.74 %, 57.75% and 29.58 % were
achieved at the end of the 21st day. However, contamination was observed in most of the seedlings
which were grown from seeds germinated in the water + agar medium. Only the explants obtained from
the seeds which were sown in the second germination test were transferred to MS nutrient medium.
Callus formation was observed in the MS medium
containing 1.0 mg/L BAP-0.1 mg/L NAA, but
bulblet formation was not observed.

KEYWORDS:
Tissue culture, seed germination, bulblet formation, epicotyl, hypocotyl

INTRODUCTION
Turkey is rich in geophytes and there are about
600 species of bulbs in Anatolia [1]. Pancratium is a
bulbous genus in the Amaryllidaceae family [2] and
P. maritimum L. is one of the geophytic species
which grows in Turkey. It has a perennial, tunicate
bulb like a tulip, narcissus or hyacinth. The plants
also have long strip-shaped greenish-bluish waxy
leaves. Sea Daffodil plants grow to a height and
spread of 30 cm and bear umbels of sweetly scented
flowers in late summer [3], which in Turkey is from
June to October. This species forms large, white,
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be increased. In addition, the results also will contribute to shortening the time for the improvement of
new varieties [14].

of this and the medical importance of its secondary
metabolites, plant biotechnology methods such as
tissue culture, micropropagation and molecular cloning have been employed for the production of this
species [12].
Because of the destruction of its natural distribution area, the population of this plant species is decreasing, growth parameters are weakening, and also
a reduction in the size and number of organs such as
leaves, shoots and flowers is taking place. Sea daffodil plants under stress conditions can lose their seed
production capacity and bulblet formation performance. Also, because it is in the category of endangered species and because of the collection of bulbs
from its native habitats, it is necessary to propagate
this species from seeds. Although a germination rate
of approximately 50% [13] has been obtained in the
propagation of sea daffodils from seeds, it was necessary to use in vitro culture techniques instead of
classical methods, because a long time is needed
with production from seeds for the formation of a
mature bulb and for it to reach the size for blooming.
On the other hand, loss of seeds cultured in in vivo
conditions, failure of embryo feeding because of insufficient endosperm, and technical faults in the
propagation period prevented us from achieving the
desired success. For these reasons, it has been stated
that germinating the seeds in in vitro conditions
might be more successful [14]. Furthermore, the germination rate remains low due to unsuitable abiotic
conditions for seed germination in sand dune areas
where the seeds of this species are naturally dispersed where, although seed germination occurred,
the seedling did not form a bulblet.
When a scan was made of previous research on
the propagation of Pancratium via tissue culture, it
was realized that studies were mainly conducted using the bulb and pieces of the bulb such as scales [15,
16, 17, 18], as in many other species [19]. Therefore,
the aim of the current study was to investigate the
propagation and bulb formation possibilities of sea
daffodils by using seeds in tissue culture techniques.
Thus, this study aimed to propagate Pancratium by
using parts of seedlings previously germinated. In
order to achieve this, the research hypotheses were:
1) H0 = It is possible to propagate bulblets by using
(a) primary root (radicle)+hypocotyl and (b) epicotyl+cotyledon parts of a seedling of sea daffodil;
2) H0 = BAP and NAA dosages in MS culture medium used in this study are suitable for bulblet formation using explants taken from seedlings obtained
by seed germination. To our knowledge, there are no
studies in which the explants used are directly taken
from seedling parts such as primary root (radicle)+hypocotyl and epicotyl+cotyledon parts of sea
daffodils.
If this method is successful, the time needed to
obtain bulbs from seeds will be shortened and also
the number of bulblets obtained from one seed will

MATERIALS AND METHODS
In this research, which was conducted from
2011 to 2013 at Adnan Menderes University, Pancratium maritimum L. seeds were used as plant propagation material. Naturally matured pods which had
botanical seeds in them were collected from plants
from a Pancratium maritimum L. patch growing in a
wild habitat in the region of Alata (Erdemli), Mersin
(in the Mediterranean region of Turkey) in October
and November in 2011 and 2012. The seeds were not
separated from the testa and were kept in room conditions in the black spongy protective testa which
looks like a piece of coal [20] until germination.
Studies were conducted in two stages: in the
first stage of the experiment, the seeds were germinated in water + agar medium; in the second stage,
explants obtained from the germinated seeds were
planted in enriched MS [21] culture medium with
different dosages of NAA and BAP.
The first stage of the experiment was conducted as follows. For in vitro propagation of sea
daffoils, seeds were first separated from the matured
pods and then the coal-colored spongy seed testa was
removed from the seed and the seeds were sterilized.
After that, a water + agar culture was prepared for
seed germination. For sterilization, the seeds were
kept in 70% ethanol for 1-2 minutes, and after that
they were sterilized by immersion for 20 minutes in
a commercial sodium hypochlorite (NaOCl) (50%)
solution which included 5% active Cl with the addition of 2-3 drops of Tween-80. Later, they were
washed three times for five minutes each with sterilized deionised water [22]. Also, to prevent the development of fungi on the seeds, the fungicide Benomil (Benlate PM 50%, w/w, methyl 1-butylcarbamoyl-2-benzymidazol carbamate) was applied for
20 minutes at a 1% dosage. After sterilization, the
seeds were transferred under aseptic conditions for
germination in the water+agar medium, and the cultures were placed in an incubation chamber for 30
days.
The germination conditions in the incubator
where the seeds were kept were 24 h darkness and a
temperature of 23oC until germination ended. The
percentage of germinated seeds was determined
every day for 21 days starting from the first germination date.
Preparation of water + agar medium. First, 8
g of agar was weighed and mixed with 1 L of sterile
distilled water. The resulting solution that obtained
after mixing water and agar, was sterilized at 121 °C
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TABLE 1
NAA and BAP dosages in the MS culture medium used for planting explants obtained from germinated
seeds
Treatment No
1
2
3
4

Dosages of NAA and BAP
0.1 mg.L-1 NAA- 1.0 mg.L-1 BAP
1.0 mg.L-1 NAA- 2.0 mg.L-1 BAP
0.1 mg.L-1 NAA- 2.0 mg.L-1 BAP
1.0 mg.L-1 NAA- 1.0 mg.L-1 BAP

TABLE 2
Germination percentages in water+agar medium and percentage of explants obtained from the seedlings

Treatment
repetitions
1
2
3
LSD%5

Number of
seeds
cultured in
water+agar
240
240
240

Number of
germinated
seeds (after
21 days)
141
138
71

Germination rate
(%)
58.75 a
57.50 b
29.58 c
0.627**

Infection
on germinated seeds
(%)
100.00
92.75
100.00

Number of
explants obtained from
seedlings
10
-

Percentage of
explants obtained from
seedlings (%)
7.25
-

Percentage
of explants
forming callus (%)
10
-

(a)

(b)
FIGURE 1
(a) General view of Pancratium maritimum L. seeds in water +agar medium
(b) Germinated seeds in water+agar medium

was decanted into sterile cups in sterilized cabins. Finally, the explants were cultured in this medium.
Both in the seed germination period and in the
explant culture period, the cultures were kept at 23 ±
1 °C in a climate-controlled room. The seeds were
cultured in water + agar medium and were maintained in dark conditions until germination ended,
and the explants obtained by dividing the seedlings
grown from the germinated seeds were maintained
in 16/8 h light / dark photoperiod (3000 lux) conditions. During the study, the germination rate of the
seeds sown in the prepared media (water + agar) was
determined.

for 40 min in an autoclave, and after sterilization, the
mixture was poured into jars and allowed to dry.
In the second stage. The seedlings derived
from the water + agar medium seed germination culture were separated into two parts: (a) primary root
(radicle) + hypocotyl and (b) epicotyl + cotyledon.
These two explant types were cultured for bulblet
formation in aseptic conditions in MS [21] medium
supplemented with 6.5 g.L-1 agar, 30 g. L-1 saccharose and various alternative concentrations of naphthaleneacetic acid (NAA) and 6-benzylaminopurine
(BAP) [16, 23]. The MS medium used for explant
planting contained two different dosages of NAA
and BAP as shown in Table 1. The pH of the MS
culture medium was optimized to 5.7. The MS culture medium was sterilized in an autoclave at 121 °C
for 20 minutes [17], and afterwards the MS medium

Experimental design and data analysis. At
first stage of the experiment, a completely randomized experimental design was used and the germination experiment was conducted at three different
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Alexopoulos [24] advised that GA3 should definitely
not be added to the culture medium during seed germination. When the germination rates in the work of
these researchers were analyzed, it was found that
the germination rate was approximately 15-25 % in
a 30 day period and that germination of the seeds was
low at the beginning in relation to the increasing dosages of GA3 in the culture medium.
At the end of the second seed germination experiment, two different explant types were obtained
from the 7.25% of the seedlings which had grown
from germinated seeds by dividing the seedlings into
(a) primary root (radicle) + hypocotyl and (b) epicotyl + cotyledon. These explants were cultured in
MS medium prepared by adding different doses of
NAA and BAP (Figure 2). The desired development
was not achieved in the explants planted in the culture medium and no bulblet formation took place. As
seen in Figure 3, callus formation occured only on
one primary root (radicle) + hypocotyl type explant
in the MS medium which contained 1.0 mg.L-1 BAP0.1 mg. L-1 NAA. Likewise, as reported by Nikopoulos and Alexopoulos [24] low NAA concentration
(0.1 mg.L-1) also had a positive effect on bulblet development. In our research, no callus or bulblet formation was obtained in the culture medium which
contained 1.0 mg.L-1 NAA. This indicated that callus
formations on explants occurred because of the effect of BAP rather than the NAA used in the culture
medium. Thus, it was determined that the highest
callus development on Camelina sativa L. explants
occurred on root explants and in MS medium with
1.0 mg. L-1 BAP+ 1.0 mg. L-1 NAA added [25]. And
it was reported that the best response of bulblet regeneration in both F. imperialis and F. persica was
obtained from 1 mg/L BAP + 0.4 mg/L NAA+4
mg/L IAA (by Mohammadi-Dehcheshmeh et al.
[23]). In our study also, callus development occurred
on primary root (radicle) + hypocotyl type explants.
In another study which included BAP in the culture
medium, Nasırcılar et al. [19] obtained the highest
bulblet formation rate on Muscari sp. in an MS medium that contained 4 mg.L-1 BAP and 0.25 mg.L-1
NAA. On the other hand, considering Nasırcılar et
al.’s [19] study, the use of high BAP concentrations
in the MS medium may increase bulblet formation.
It is reported that the type, concentration and combination of plant growth regulators added to the culture
medium affect the regeneration capacity of explants
[26, 27, 28], and also that genotype may affect
bulblet formation as mentioned by Marinangeli and
Curvetto [29] in Lilium sp. propagation. For example, traumatic acid increased the number of bulblets
per scale of Lilium in in vivo culture [29].
The most important problem in this experiment
was the contamination that occured during seed germination and explant culture. As reported by Gümüş
and Ellialtıoğlu [17] and Gümüş [35], the contamination rate was not succeeded to decrease below
40% in in vitro culture of this species. In order to

times with four replicates. In each repetition of germination tests twenty four jars were used and in each
replication six jars were used that contains ten seeds
in each jar. In a replication 60 seeds, totally 240
seeds were used in each germination tests. At the second stage; the research was conducted with three
replicates using randomized plots in the factorial designs, and in each replicate two jar (one of the jar
contains explants type of primary root (radicle)+hypocotyl and the second jar contains explants type of
epicotyl+cotyledon) were used. In Arcsine transformation was performed for experimental data taken in
percentages before statistical analysis. An analysis
of variance (ANOVA) and LSD comparison of
means test (p ≤ 0.05) were performed.

RESULTS AND DISCUSSION
In this research, an attempt was made to develop a method for bulblet formation in tissue culture
by using explants taken from seedlings obtained
from germination of natural mature seeds of Pancratium maritimum L.
The results of the experiment showed that the
germination rate of the seeds cultured in aseptic conditions (water + agar medium) was increased when
healthy and mature seeds were used. However, the
germination rates varied depending on the seed collection period. Germination tests were replicated
three times and the highest germination rate was obtained in the first germination test while the lowest
rate was found in the third test (Table 2, Figure 1).
In the first germination experiment, 141 seeds
of 240 seeds planted in water+agar were germinated
and a 58.75 % germination rate was obtained at the
end of 21 days in tissue culture medium consisting
of only water+agar (Figure 1), but because of the effect of certain phenolic components in the seeds,
some contamination (blackout points) occurred on
the seedlings before the explants were obtained. In a
very short period the seedlings lost their vitality and
the medium lost its usage properties. Therefore, the
germinaton test was repeated and at the end of the
second germination test 138 seeds of 240 seeds cultured in medium were germinated (57.50% germination rate). In order to increase the reliability of the
results, the germination was repeated for a third time
in the water + agar medium, and as a result a germination rate of 29.58% was obtained (Table 2). This
percentage of germination is satisfactory as it is proportional to the percentage established by Nikopoulos and Alexopoulos [24]. However, higher germination rates (70-90%) were obtained in 70 days [24],
but in the present study the seeds were germinated in
the water + agar medium for only 21 days. The germination rates obtained at the end of this period are
given in Table 2. No plant growth regulator was
added to the water + agar medium used in the seed
germination experiments. Similarly, Nikopoulos and
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solve this problem, Nikopoulos and Alexopoulos
[24] suggested the use of mycostatics, antibiotics or
immersion of the bulbs in hot water for 1-3 hours before sterilization with sodium hypochlorite solution.
In the study, even though all sterilization procedures
were followed before culturing in medium, a high
rate of contamination occurred on the explants, and
in all cultures on all explants except one, contaminations occured and explants lost their vitality. However, Nikopoulos and Alexopoulos [24] stated that
the sterilization process was easier and more effective using ripe seeds of P. maritimum obtained from
closed pods rather than those collected from the
ground and from opened pods. Likewise, difficulties
were encountered in the sterilization process with
other explant types such as twin scales in the production of tissue culture of this species, and these could
not be effectively sterilized [30].
In conclusion, no bulblet formation occurred on
any explants in this research, including the explant
which formed a callus. Unlike Dragassaki et al. [15]
who succeeded in bulblet formation by using scale
explants in MS medium, bulblet formation did not
occur in this research, which used a different explant
type. Despite success in bulblet formation depending
on the type of explants in work on numerous species
such as Muscari sp. [19], Galanthus elwesii [31] and
Pancratium biflorum Roxb. [32], in this study no
bulblet formation took place because of the character
of the explants used. For example, in MS medium
with 4.0 mg/l BAP +1.0 mg/l NAA, P. biflorum
Roxb. scale explants produced adventitious bulblets
and also leaf segments produced a large number of
adventitious bulblets on B5 medium supplemented
with 1.0 mg/l NAA + 0.2 mg/l BAP [32]. At the same
time, Genova et al. [33] reported that bulblets were
regenerated directly from bulb scales as well as from
leaves. In our study, callus development occurred on
primary root (radicle) + hypocotyl type explants. Because the explants used in this study were different

from bulb scales, bulb formation was not achieved,
and only a callus was formed. On the other hand,
achieving callus formation in the explants which
were grown shows that bulblets can form if the
length of time in MS medium is extended. Thus,
Nesi et al. [34] obtained bulblets from bulb scales
cultured in BA supplemented MS medium after 60
days of culture and obtained 4-6 bulblets per bulb after 6 months later.
Even though a 29.58 % germination rate was
obtained in the third repetition of seed germination
tests in in vitro culture, in this last repetition of germination tests all of the cultures were soon lost because of infection. Because of the infection problems
which occurred during the trial, new procedures for
sterilization must be developed in future studies on
P. maritimum L. In addition, it was thought that the
infection was not only related to the seed surface but
may also have come from the seed structure. Gümüş
and Ellialtıoğlu [17], who tried to propagate Sea
Daffodils in in vitro conditions, mentioned that the
main problem was infection when underground parts
of the plants were used as explants, as in this study.

CONCLUSIONS
Pancratium maritimum L. is a native bulbous
plant species which has a usage potential as a potted
plant, a seasonal outdoor plant or as a cut flower. At
the same time, some components of the bulbs that
are used in the fields of pharmaceuticals and medicine increase the usefulness and importance of this
species. The species can be propagated by using
seeds under properly controlled conditions for germination. However, with the plants obtained in this
manner, it takes a long time for them to grow and for
the bulb to reach a sufficient size for flowering.

FIGURE 2
Explants cultured in MS mediums which included
different NAA and BAP dosages

FIGURE 3
Callus formation on explant in MS medium containing 1.0 mg.L-1 BAP - 0.1 mg.L-1 NAA
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Therefore, production of this species by biotechnological methods is gaining importance. Parts
obtained from the developed bulb such as bulb scales
have been used as explants in production by these
techniques in in vitro conditions. Our results showed
that the most important problem with in vitro production was the infections which developed on explants obtained from bulbs. On the other hand, it was
observed that the potential for new bulblet formation
from bulb scales was low. In this study explants obtained from plantlets grown from germinating seeds
were used because it was thought that the infection
rate might be low and their ability to regenerate
might be high.
However, contamination was still an important
problem both on the seeds germinated on water+agar
medium and on the explants taken from the seedlings. At the end of research, the highest germination
rate obtained was 58.75 %; explants were obtained
from only 10 seedlings and callus formation occurred on only one of the explants. It is thought that
extending the duration of seed germination, the development of new sterilization techniques against infection, and keeping the explants with calluses
grown in MS culture medium for longer in the culture will enable the formation of bulblets.
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in plant protection with this method during these operations is called a sprayer.
As chemical applications, liquid applications
are the most common. Liquid spraying is carried out
with various types of the sprayer with different characteristics. Spraying the fluid is usually performed
with a pump and a nozzle to use the pressure’s energy for converting the fluid into droplets. Sprayer
success depends on the selection of the appropriate
type of purpose and accuracy of calibration. Spraying quality can be demonstrated by determining the
drop diameter and drop distribution value. Droplet
size uniformity is one of the most important parameters that determine the suitability of spraying for the
purpose, while other characteristics may be listed as
the average diameter and size ranges of droplets collected on the target surface, droplet frequency and
coverage rate of the droplets.
Moreover, researchers who work on spraying
technologies, sprayer sellers, growers and companies that produce pesticides want to compare spraying equipment and application parameters [6].
Therefore, determining the characteristics and evaluation of droplet distribution is very important.
In these kinds of studies, a micrometer
microscope-based method generally use for conduct
analyses in measurements, and they are more
reliable. However, this measurement technique is
complicated, and the measurement process takes too
much time. It can be completed in a relatively short
time if analysts use a computer with an image analysis program. By this way the characteristic values
can be obtained on the entire surface of the watersensitive paper. This provides a significant advantage over other measurement methods of droplet
analysis. Therefore, particularly in recent years, the
image analysis software has become widespread for
droplet evaluations.
In this study; average droplet size, droplet size
distribution and range of droplet sizes were evaluated using image analysis techniques. The results
were analyzed statistically.

ABSTRACT
This study aims to evaluate the average droplet
size and range of droplet size, which affects agricultural pesticide quality using image analysis techniques.
In the study droplet diameters was measured by
using 26 x 76 mm water sensitive paper produced by
Ciba-Geigy with a little sprayer. A Nikon D300s
camera body and a 105-mm macro lens were used
for capturing images. Image J software was used for
image evaluations, and Microsoft Excel software
was used for evaluation of numerical data.
At the end of the study, number median
diameter (NMD) was calculated as 75 µm, diameter
surface (ds) was calculated as 31 µm, volume
median diameter (VMD) was calculated as 300 µm,
Sauter diameter (dv/s) was calculated as 37 µm, and
VMD/NMD was found 4.00 from evaluations.

KEYWORDS:
Image processing, Image J, Droplet size, Water-sensitive
card

INTRODUCTION
The primary objective of agricultural pesticide
applications is to protect a variety of agricultural
products from the diseases, reduce crop losses, and
at the end, obtaining high-quality products. There are
a lot of agricultural application types in the world
such as physicomechanical applications, plant
breeding, genetic applications, biological control,
and cultural control. However, in Turkey, chemical
control method is using as a common method.
Chemical control is based on liquid chemicals and
sprayers which deliver the liquid to the target surface.
Transmitting droplets to the target surface by
carrying them with water or oil solutions is called the
spraying treatment (spraying). The equipment used
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FIGURE 1
Water sensitive card

FIGURE 2
Small sprayer pump

ment techniques is to convert the image into a suitable format for a more particular purpose than the
original image.
‘Image J’ software for image processing system consists of the operations after getting image
from a camera to perform all operations up to statistical analysis [1]. ‘Image J’ software was used for the
image analysis, while ‘Microsoft Excel’ was used
the numerical value analysis (Fig. 3). In the study,
for capturing images, a Nikon D300s camera body
was used which has a 12-megapixel CMOS sensor,
was more reliable and precision for droplet diameter
measurements on the water-sensitive cards with using a 105-mm macro lens (Fig. 4).

MATERIALS AND METHODS
Material. The research took place in laboratory
conditions. To collect droplets and analyze droplet
sizes, 26 x 76 mm water sensitive cards used in the
study which was produced by Ciba-Geigy. The role
of these cards is to make spots where droplets fall
visible. The diameter of droplets smaller than 10 microns can be measured with these cards (Fig. 1).
A small sprayer pump was used for carrying
out the spraying in this study (Fig. 2). As a test liquid, water was used instead of pesticide in the laboratory for making the experiments easier.
Image analyses process covers topics of converting an image to a digital image and processing
this image on a computer to make it easier to understand. The computer is required to analyze the image
for image interpretation. The goal of image enhance-

Method. For the measurement of droplet size,
a small sprayer was used to spray the fluid onto the
water-sensitive cards. During the trial, the spraying
process was carried out from 15-cm high in normal
walking speed. After spraying, the water-sensitive
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Based on the periphery of the droplets that were
measured, they were corrected with spreading factor
coefficients, so the droplet diameter values which
were measured from water-sensitive cards were converted into actual diameter values. Then the Excel
data table was converted to plots (Table 1)
Diameter measurements showed a broad distribution range of drop diameters, depending on spraying. Diameter values and a wide distribution range
of drop clusters are used for the evaluation of the
quality of spraying [8]. The most characteristic droplet diameters used for assessing the quality of pulverization are; Volumetric Median Diameter
(VMD), Number Median Diameter (NMD), Arithmetic Median Diameter (da), (ds), Diameter volume
(dv), Sauter diameter (dv/s).

cards were photographed with a professional Nikon
D300s camera using a 105-mm macro lens. The images were captured in a JPEG file format. These
photographs then analyzed with the help of the ‘ImageJ’ image processing software, and the droplet
sizes were determined.
While the images were analyzed by the ‘ImageJ’ image processing software, the images of the
water sensitive cards were opened using the open
command in the ImageJ software, and then the image
was converted to 8-bit – grayscale image by using
the process menu, threshold sub-menu. 8-bit - gray
color selection, followed by particle analysis. Perimeter and clear results were selected from the settings
menu to obtain the desired particle analysis data
(Fig. 5). Then, perimeter values converted to the diameter values.

FIGURE 3
Nikon D300s camera body and 105-mm macro lens

FIGURE 4
Image software interface
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FIGURE 5
Image processing steps
TABLE 1
Spreading Factor
Droplet diameter (µm)
100
200
300
400
500
600

Spreading factor
1.7
1.8
1.9
2.0
2.1
2.1

Real droplet diameter (µm)
59
109
155
200
243
285

TABLE 2
Classifications of spraying based on the characteristic of drop diameter [5]
VMD (um)
10-30
31-50
51-100
101-200
201-400
>400

Spraying term
Fog
Aerosol
Very small spraying
Small sprays
Medium size spraying
Large size spraying

7720

#"

  $  

 







  !




•

lets and droplet diameter. For each spraying application type, there are appropriate numbers of droplets
and droplet diameters (Table 3).
Number median diameter (NMD) expresses the
droplet diameter, which is equal to the limit value of
the numbers of smaller and larger diameters.
The range of droplet size is important as well.
Two different way may be used in the calculation of
the coefficient for the range of droplet size. This
value indicates significant changes based on the type
of nozzle used. The range of droplet size coefficient
of homogeneity (CH) was calculated to obtain the
relevant data.
The obtained CH value showed that the spraying droplet diameters were getting closer. This value
was higher than ‘1’ and the values converging to ‘1’
showed that the droplet diameters were becoming
uniform. Drop formation affects the physical properties of the spray liquid, sprayer nozzle type and size,
operating pressure, and factors like spraying pattern.
A liquid pesticide resistance of flow varies based on
its content. Another important factor that affects the
size of droplets is working pressure. When we fix
nozzle type and size the pressure increase and droplet sizes become smaller [3]. Homogeneity coefficient or drop range of droplet size changes according
to the type of nozzle (Table 4).

Diameter surface (ds), which is the average diameter, the surface that could dampen was
calculated from the ((∑ni*di2 / n)1/2) formula,
• Sauter diameter (dv/s), which gives information
about the surface coverage rate, was calculated
from the (∑ni*di3/∑ni*di2) formula,
• The range of droplet size (VMD/NMD) also expresses the diameter closeness values among
droplet diameters.
In the formulas; ‘n’ is the express droplet number and ‘d’ express droplet diameter.
Volume Median Diameter (VMD) separates
the total volume values of the sprayed droplets into
two equal parts. The volume formed by the smaller
drops equal the volume formed by the larger diameter drops based on the VMD value. Briefly, this is
the diameter value with 50% of the spray volume.
This diameter value is expressed in different symbols like Dv0.5, D0.5 or V (0.5) [7]. Spraying commonly refers to the value of the average diameter,
and it is named according to these diameter values
(Table 2).
To ensure biological effectiveness, the target
surface must have the appropriate number of drop-

TABLE 3
Optimum droplet size based on targets of spraying [5]
Target surfaces and type of spraying
Flying insects (insecticides)
Insects on the leaves (insecticide)
Leaf sprays (fungicide)
Ground spraying (herbicide)

Droplet diameter (VMD, µm)
10-50
30-50
40-100
250-500

TABLE 4
CH value according to the nozzle type
Nozzle type
Range impingement jet nozzles
Range jet slotted nozzles
Cone-beam nozzles
Rotary disc nozzles
Electrodynamic nozzles

CH
5... 10
2...7
2...4
1.20...1.60
1.08...1.30

TABLE 5
Number of droplets, and calculation of diameter range and other characteristics
Droplet
number
(n)
1090
1429
3586
1271
163
14
7553

Diameter
Range
(μm)
0-30
30-50
50-100
100-200
200-400
400-500

Average
range of
group (μm)
0.015
0.01
0.025
0.05
0.1
0.05

ni.di
(mm)

ni.di^2
(mm^2)

ni.di^3
(mm^3)

16.35
14.29
89.65
63.55
16.3
0.7
200.84

0.25
0.14
2.24
3.18
1.63
0.04
7.47

0.00
0.00
0.06
0.16
0.16
0.00
0.38
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Number
addition
%
14.43
33.35
80.83
97.66
99.81
100.00
100.00

ni.Vi
(mm^3)
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Volume
Addition
(%)
0.00
0.34
1.57
11.42
90.16
100.00
100.00
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FIGURE 6
Graph of VMD and NMD
Droplet density (number/cm2)
Droplet coverage (It also means that liquid coverage (%).)
• Drift
For this reason, a lot of studies have been conducted to observe different aspects of spraying applications. For example, Mangadoa et al. [4] studied
measurement of pesticide treatment by image analysis. They used water-sensitive cards for determining
spraying coverage and provided results of coverage
for spraying regarding insignificant, under-dosing,
ideal, excessive, overdosing spraying applications.
In difference to Mangadoa, in this study, we provided different droplet size spectra such as Number
median diameter (NMD), Volume median diameter
(VMD), Diameter surface (ds) and Sauter diameter
(dv/s) [4]. These droplet size spectra present the relationship between target surfaces and spraying
types as seen in Table 3. Moreover, droplet coverage
values are given in the results section of the study as
seen in Fig. 6. Additionally, the CH factor was
evaluated as 4.00 for determination of the appropriate nozzle type as seen in Table 4.
De Moor et al. worked on image analysis of
water-sensitive paper as a tool for evaluation of
spray distribution for orchard sprayers [2]. They determined a spraying machine’s working quality for
different distances and angles. They revealed relationships of velocity, distance, and angle as results
for determining the spraying machine’s working
quality by using water-sensitive cards. Unlike De
Moor, in this study, we used water sensitive cards for
determining spraying characteristics using image
analysis techniques as a reverse application for CH
and droplet size spectra [2]. The CH and Droplet size
spectra values that we obtained gave us a chance of
determining the appropriate nozzle type and target
•
•

RESULTS AND DISCUSSION
For (VMD) and (NMD) evaluations, the droplet diameters were grouped within the 0-50 μm diameter range. The droplet numbers were evaluated
in each group and exaluated in Excel tables (Fig. 4).
After the diameter evaluations, VMD and NMD
plots were drawn using the Excel software (Fig. 6).
The number of droplets was calculated in each
group using the data in Table 5 and the results were
as the following;
• Number median diameter (NMD) was
calculated as 75 µm.
• Diameter surface (ds) was calculated as 31 µm
• Volume median diameter (VMD) was
calculated as 300 µm.
• Sauter diameter (dv/s) was calculated as 37 µm.
• In the plot, the red line represents the VMD
values, and the blue line represents the NMD
values. Midlines on the plot can give us VMD
and NMD values. According to these lines, the
VMD value was calculated as 300 µm and the
NMD value was calculated as 75 µm.
• The range of droplet size coefficient of homogeneity (CH = VMD/NMD) was calculated as
4.00.
Different researchers are studying different issues about spraying and quality improvements in
spraying machines.
The main characteristics of spraying quality
are;
• Spraying norm and dose (Calibration is very important for norm (Lt/ha) and dose (ml/ha).)
• Spraying coverage (It also means chemical coverage (ml/cm2).)
• Droplet size spectra (µm)
• Range of droplet size (CH)
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surfaces, as well as spraying type relationships as it
is seen in Tables 3 – 4.
According to the study results, the small
sprayer pump showed the characteristics of range
impingement jet nozzles. We understand this from
the 4.00 range of droplet size coefficient of homogeneity. This type of sprayer is used for herbicide applications, as well as for prevention from aerial effects.
According to the results, we may state that;
• Usage of an image processing technique is
quick, easy and effective.
• Usage of an image processing technique is lowcost and directly usable.
• Effective digital data are obtained, and storage
may provide an easy way to compare rates for
other studies based the droplet analysis.
• The measurements of droplets that do not have
a specific shape may be easily carried out by image processing techniques.
• When we compare the method to other methods
like Microscopy, the process may be carried out
easier in comparison to others.
• Considering the resolution of the images and the
camera used in this study, one may obtain better
results using the higher-quality equipment.

[3] Dursun, E. and Çilingir, I. (1991) Sprayer characteristics and the factors affecting it. Ankara
University, Faculty of Agricultural Publications: 1206, Associations: 49, Ankara, 34p.
[4] Mangadoa, J., Arazuria, S., Arnala, P., Jaréna,
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petroleum oil [5]. The mechanism of Hg0 removal by
Fe-based ionic liquids has shown that it involves
with Hg0 oxidation by the FeCl4- anion and the regeneration of FeCl4- anion [6]. A previous study [7]
has found that Fe-ILs, ethanol and water could be
composed of a ternary system for removing SO2.
Fe-based ionic liquids were usually prepared by
conventional heating method, involving two steps:
Menschutkin quaternisation 1-methyl-imidazole by
butylchloride, followed by the anion exchange with
metal chloride [8, 9]. However, the conventional
synthesis is quite time-consuming which requires as
long as 72 h of reflux [7, 10] and uses large amounts
of classical solvents. Thus, the separation and purification steps are crucial [11]. These drawbacks become the chief barriers to the large-scale production
and application of ionic liquids. Therefore, it is necessary to introduce auxiliary means to shorten the
synthesis time of ionic liquids. An efficient microwave-assisted method [12] was used to prepare 1,3dialkylimidazolium tetrafluoroborate ionic liquids
on a large scale in a closed vessel. It was found that
the introduction of microwave shortens drastically
the reaction time and achieves good yields. Ultrasonic irradiation can enhance dramatically the anion
exchange for the preparation of 1-butyl-3-methylimidazolium salts from ammonium salts and [Bmim]Cl
[11]. When an ultrasonic field was produced directly
in the reaction vessel, a yield of 86% was able to get
for [Bmim]Cl via the sonication of 1-chlorobutane
and 1-methylimidazole within 2 h [13]. However,
few studies have examined the effect of ultrasonic
heating circumfluence on the [Bmim]Cl preparation.
Furthermore, the improvement of ionic liquids synthetic method to make a rapid and inexpensive route
is one of the great challenges for the wide application
of Fe-ILs. Therefore, the objective of this study is to
evaluate the impacts of ultrasonic oscillation on the
structure and reaction time of [Bmim]Cl, especially
[Bmim]FeCl4, and more in-deeply, to investigate the
influence of desulfurization reaction system of
[Bmim]FeCl4 on desulfurization activity.
In the present study, an ultrasonic heating circumfluence method was utilized to prepare
[Bmim]Cl. The synthesis product was used as the
precursor of [Bmim]FeCl4. Initially, the effect of ultrasound bath on the reaction of 1-chlorobutane and

ABSTRACT
1-butyl-3-methylimidazolium
chloride
([Bmim]Cl) was synthesized by ultrasonic heating
circumfluence method and used as the intermediate
for preparing Fe-based ionic liquids (Fe-ILs). By introducing the ultrasonic oscillation, the structure of
[Bmim]Cl was unaffected but the reaction was shortened, achieving a good yield. The prepared
[Bmim]Cl was mixed with FeCl3·6H2O at different
mole ratios to synthesize Fe-ILs. The characteristic
results showed that Fe-ILs have excellent thermal
stability and FeCl4- is the principal anion in Fe-ILs.
A ternary desulfurization solution consisted of prepared Fe-ILs, water, and ethanol was applied for the
flue gas desulfurization. Different compositions of
desulfurization solution have great effects on the
desulfurization efficiency and water is an indispensable component for SO2 removal. Fe-ILs with different mole ratios of [Bmim]Cl to FeCl3·6H2O exhibit different SO2 removal activities. When the
mass ratio of Fe-ILs, water, and ethanol is at 1:2:4,
Fe-IL1 has the highest SO2 adsorption capacity of
69.35 mg/g while Fe-IL3 has the maximum SO42conversion rate of 42.3%, indicating that the prepared Fe-ILs have dual functions of adsorbent and
catalyst and are able to catalytically oxidize SO2 to
form H2SO4 in the presence of O2 and H2O.
KEYWORDS:
Fe-based ionic liquids, Ultrasonic heating circumfluence
method, Desulfurization, Catalyst

INTRODUCTION
Ionic liquids have many advantages, including
extremely low vapor pressure, wide liquid range,
high thermal and chemical stability, and excellent
gas solubility [1-4]. Apart from being used as green
solvents and catalyst carrier, ionic liquids are widely
used for capturing CO2, removing sulfides from fuel
oil or pollutants in flue gas. Among diverse ionic liquids, Fe-ILs have attracted much attention due to the
catalytic oxidation properties. It was reported that
Fe-ILs combined with H2O2 could be utilized to catalytically oxidize and remove the organic sulfur in
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molar ratios of 1:1 (Fe-IL1), 1:2 (Fe-IL2), and 1:3
(Fe-IL3), respectively. These mixtures were stirred
vigorously in air at room temperature for 24 h
(Scheme 2). A two-phase system was achieved after
centrifugation and the upper layer was so-called the
Fe-ILs. Then the product was purified with distilled
water and dried under vacuum at 90 °C for 10 h. A
yield of 90% was achieved for Fe-ILs. The viscosity
of the prepared Fe-ILs was measured by an AntonPaar AMVn falling ball viscometer and was determined to be 19.52 mPa·s at 40 °C (in three measurements).

1-methylimidazole was investigated. Secondly, Fourier transform infrared (FTIR) spectroscopy, 1H nuclear magnetic resonance (1H-NMR), Raman spectroscopy, and thermogravimetric/differential thermal analysis (TG/DTA) were conducted to determine the chemical structures of prepared [Bmim]Cl
and [Bmim]FeCl4. Thirdly, the prepared ionic liquids were applied to the wet flue gas desulfurization
and the influences of FeCl3·6H2O content in Fe-ILs
as well as desulfurization solution composition on
the desulfurization performance were investigated.
Lastly, the content of oxidized SO2 (SO3 or SO42-) in
the products was measured to verify the catalytic oxidation ability of Fe-ILs.

MATERIALS AND METHODS
SCHEME 2

Material. 1-methylimidazole (AR) was provided by Chengdu Xiya Reagent Co. Ltd.. Butyl
chloride (99%) was purchased from Changzhou
Xinhua Active Material Research Institute. Hexahydrated ferric chloride (FeCl3·6H2O), ethyl acetate,
and ethanol were all of analytical grades reagent
from Chengdu Kelon Chemical Reagents Factory.
The pure nitrogen, oxygen, and liquid SO2 were provided by Sichuan Xuyuan Chemical Co. Ltd.. All
chemicals were used without further purification.
The SO2 gaseous with a concentration of 0.25% was
diluted by N2 from liquid SO2.

Characterizations. The chemical structures of
synthetic ionic liquids were determined by FTIR, 1HNMR, and Raman spectroscopy. FTIR spectra were
acquired with a Bruker TENSOR27 spectrometer
(KBr film). Raman spectra were recorded on a Renishaw RM2000 spectrometer. The 1H-NMR spectrum was measured by a Bruker Avance 400 Hz
spectrometer with deuterated dimethyl sulfoxide
(DMSO-d6) as the solvent, and tetramethylsilane
(TMS) as the internal standard. The thermal behaviours of ionic liquids were investigated by TG/DTA
using a Thermal Analyzer (EXSTAR 6000, Japan)
under nitrogen atmosphere at a heating rate of 10
°C/min.

SCHEME 1

Activity evaluation. The experiments were
carried out in a fixed bed reactor at ambient pressure
and 40 °C. For all experiments, the flow rate of gas
was 50 mL/min and the dosage of ionic liquids was
2 g. The simulated flue gas contained 0.25% SO2,
10% O2, and N2 as the balance. The gas mixture was
passed through a micro reactor (scrubber) containing
the ionic liquids. The reactor was a U-shaped tube
with a ball (2 cm in diameter) in the lower-middle
part of the outlet. The ball was filled with some glass
beads. They allow the ionic liquids to be contacted
with gas to the maximum extent. The reactor was
partly immersed in a water bath to control reaction
temperature. The SO2 concentrations in the gas
stream were determined according to our previous
study [15]. The desulfurization efficiency η was calculated by analyzing the SO2 inlet and outlet concentrations:

Preparation of Fe-based ionic liquids. Fe-ILs
were synthesized by two steps according to a similar
procedure as described in the previous report [7, 14].
(1) Synthesis of 1-butyl-3-methylimidazolium chloride. An improved preparation method
was used to synthesize the intermediate of Fe-ILs,
which is [Bmim]Cl, by ultrasonic heating circumfluence. Both 1-methylimidazole (500 mmol, 41.44 g)
and 1-chlorobutane (600 mmol, 56.07 g) were placed
in a 250 mL flask. The sonochemical reactions were
carried out in an ultrasonic cleaning bath of frequency 40 kHz (KQ-100 E). The reaction mixture
was refluxed for 7 h at 70 °C by ultrasonic irradiation
assistance (Scheme 1). The mixture was cooled and
washed with isovolumetric ethyl acetate for 3 times
to remove unreacted starting materials. The
[Bmim]Cl intermediate was obtained by drying the
product under vacuum at 90 °C for 7 h and achieved
a yield of 95%.
(2) Synthesis of [Bmim]FeCl4. Fe-ILs were
prepared by mixing [Bmim]Cl and FeCl3·6H2O at
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According to the reported procedure [16-18],
the content of SO2 (SO3 or SO42-) oxidized by the FeILs was measured on a spectrophotometer (UV-
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TABLE 1
Comparison of synthetic methods
Entry
1
2
3
4
5

method
Conventional refluxing method
Conventional refluxing method
Conventional refluxing method
MW a
MW(closed vessel )c

RX
/mmol
110
120
4
155

MIM
/mmol
100
100
2
155

Time

Temp.
/°C
70
75
80
80
150

Yield
/%
89
76
91

Power

Ref.

72 h
[7]
48 h
[6]
24 h
[21]
90 s b
240 w
[22]
24
300 w
[12]
min
6
Probe system d
220
200
2h
80
86
20 Hz
[13]
7
Ultrasonic heating circumfluence
600
500
7h
70
95
40 Hz
This study
a Microwave irradiation was used as the energy source by simple exposure of neat reactants in open containers. b The reaction
was conducted by intermittent heating with a 10 s interval for mixing after each heating is completed, i.e.
90(s)=30+15+15+15+15 (s). c The reaction was conducted in a closed vessel under microwave irradiation. d An ultrasonic
field is produced directly in the reaction vessel in probe system.

1100, Shanghai Meipuda Instrument Co. Ltd.,
China). Briefly, the sample was dissolved in deionized water. Polyvinyl alcohol, as the protect reagent,
was added into the aqueous solution. Hydrochloric
acid and barium chloride were then slowly added
into the above solution with the blender running. Ten
min later, the content of SO42- was calculated by determining the absorbance of the aqueous mixture using the spectrophotometer at 422.5 nm.

Table 1, the ultrasonic heating circumfluence
achieved the highest yield of 95%. It could be a
promising method for the synthesis of [Bmim]Cl
which could greatly reduce the reaction time from 72
h to 7 h, compared to the conventional method at the
same reaction temperature. This is because the ultrasound produces cavitation effect under the high-energy situation and forms the internal jet with strong
impact force. The internal jet accelerates the formation and adiabatic collapse of the transient cavitation bubbles, which promotes the chemical reactions
[19, 20].

RESULTS AND DISCUSSION

Characteristic of [Bmim]Cl intermediate.
FTIR and 1H-NMR analyses were used to determine
the chemical structure of [Bmim]Cl intermediate
prepared by ultrasonic heating circumfluence. As
shown in Figure 1a, C–H stretching vibration on the
imidazole ring appears at 3395 cm-1, and C–H
stretching vibration on the line is observed at 2960
cm-1. The peaks at 3080 and 3140 cm-1 can be assigned to the interaction of aromatic C–H with Cl[23, 24]. The region around 1630 cm-1 is assigned to
C–H symmetric stretching vibration on the imidazole ring. Peaks at 1460 and 1380 cm-1 belong to the
–CH3 stretching vibration. A peak observed at 1170
cm-1 corresponds to the stretching vibration of C–N
on the ring. The vibration of out-of-plane ring C–H
bending appears at 755 cm-1, and the stretching vibration of C–Cl is detected at 665 cm-1. It suggests
that the chemical structure of the ionic liquid contains alkyl and imidazolyl groups. In Figure 2a, the
1
H-NMR spectrum (DMSO-d6, ppm) is composed of
0.91 (3H, NCH2CH2CH2CH3), 1.29 (2H,
NCH2CH2CH2CH3), 1.82 (2H, NCH2CH2CH2CH3),
3.95 (3H, NCH3), 4.27 (2H, NCH2), 7.92 (1H,
CHCHN), 8.01(1H, (CH3) NCHCH), 9.68 (1H,
NCHN). These peaks correspond to the hydrogen atoms from the [Bmim]Cl ionic liquid [25-28]. All the
characterization results are consistent with the published data [6, 29], indicating that the ionic liquid
prepared by ultrasonic assistance possesses the expected structure.

Effect of synthesis methods. The comparison
of different preparation methods of 1-butyl-3-methylimidazolium chloride is shown in Table 1. The
conventional method takes several hours to afford
reasonable yields. It can be concluded that the reaction time could be reduced by using higher reaction
temperature for the synthesis of [Bmim]Cl intermediate by conventional refluxing method (entries 1, 2,
3). For entry 4, microwave irradiation was used as
the energy source, and this solvent-free method requires a reaction time of only a few minutes. However, it is not suitable for manufacture on a larger
scale because of the hygroscopic nature of salts. In
view of the irritant volatile alkyl halides and the corrosive and hygroscopic 1-methylimidazole, heating
volatile materials in an open vessel in a microwave
oven is redundant and hazardous. Therefore, in order
to improve this method, Bhushan et. al. [12] has synthesized [Bmim]Cl on a larger scale in a closed vessel under microwave irradiation, and the yield
reached 91%. In addition, the introduction of ultrasound irradiation can provide a relatively mild synthetic condition and expand the production scale during the [Bmim]Cl preparation process [13]. A probe
system was used to produce an ultrasonic field directly in the reaction mixture for the preparation of
[Bmim]Cl. After 1-chlorobutane and 1-methylimidazole have been oscillating for 2 h at 80 °C, the yield
of [Bmim]Cl was 86%. Among all the methods in
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FIGURE1
FTIR spectra of fresh [Bmim]Cl (a) and recycled [Bmim]Cl (b)

1

FIGURE 2
H-NMR spectra of the intermediate [Bmim]Cl (a) and Fe-IL2 (b)
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and Fe3Cl10-. The Raman spectra of Fe-ILs with different [Bmim]Cl/FeCl3  6H2O molar ratios were
taken to further confirm their major anionic Fe(III)
species. As shown in Figure 4, the peaks at 195.85
and 319.58 cm-1 in the spectrum of Fe-IL1 might be
ascribed to [Bmim]Cl, and the peaks observed at
333.13 and 113.08 cm-1 are due to the symmetric Fe–
Cl bond stretch vibrations of FeCl4- [34]. This indicates that [Bmim]Cl is not fully formed Fe-ILs when
the ratio of [Bmim]Cl to FeCl3·6H2O is at 1:1. The
Raman spectrum of Fe-IL2 is similar to that of FeIL3 in 100~500 cm-1. The peaks at 195.85 and
319.58 cm-1 disappear and Raman intensity of peaks
at 113.08 and 333.13 cm−1 are enhanced, indicating
that [Bmim]Cl is fully formed Fe-ILs when the ratios
of [Bmim]Cl and FeCl3·6H2O are 1:2 and 1:3. The
increased FeCl4- content in Fe-ILs is very helpful for
the catalytic oxidation of SO2. According to the literatures [30, 35], when the molar ratio of [Bmim]Cl
to FeCl3 was one, FeCl4- was the main anion; when
the ratio was less than one, the anion Fe2Cl7- formed;
and when the ratio exceeded one, some Cl- are remained. However, in this study, some Cl- are remained when the molar ratio of [Bmim]Cl/FeCl3 
6H2O is 1:1, and the characteristic peak of Fe2Cl7does not appear in the spectrum of Fe-ILs when the
molar ratio of [Bmim]Cl/FeCl36H2O is 1:3. It indicates that the anionic structure of Fe-ILs is affected
by the different raw materials because anhydrous
FeCl3 is used as the raw materials in the literatures
[30, 35] while FeCl3•6H2O is used in this paper.
Therefore, it demonstrates that Fe-ILs with different
[Bmim]Cl/FeCl3 molar ratios contain the same
[FeCl4]- anions and the chemical formula of Fe-IL2
and Fe-IL3 should be [Bmim]FeCl4.









 



 



 







 

FIGURE 3
IR spectra of Fe-based ionic liquid
[Bmim]FeCl4: Fe-IL1 (a), Fe-IL2 (b) and Fe-IL3
(c)
Characterization of Fe-based ionic liquids.
The FTIR spectra of samples with different
[Bmim]Cl/FeCl3  6H2O molar ratios are shown in
Figure 3. No remarkable peak is observed at the
wave number greater than 3200 cm-1 in the spectrum
of Fe-IL1. This is very different from those of FeIL2 and Fe-IL3. It illustrates these samples have different hydrophilic properties which change along
with the component of the Fe-ILs. Instead, vibrations
of hydroxyl are detected in the spectra of Fe-IL2 and
Fe-IL3. The increased hydrophilic may be benefit for
the catalytic oxidation of SO2 because water is necessary when Fe-ILs are used as catalyst in the desulfurization of flue gas [7]. In addition, locations of
other peaks in the spectra of the three samples are
very close, but the peak strength increases with the
increasing FeCl36H2O fraction. Peak at 3150 cm-1 is
attributed to the C–H stretching vibration on the imidazole ring. Peaks at 2960 and 2875 cm-1 are assigned to the C–H stretching vibrations of the alkyl
chain [30]. The C=N stretching vibrations of the imidazole ring are observed at 1570 and 1464 cm-1 [6,
31]. The peaks at 1165, 832, and 742 cm-1 correspond to the characteristic absorption peaks of ring
stretching vibrations and plane vibration of the imidazole ring [32]. All the above bands are attributed to
the adsorption of ionic liquids cation [Bmim]- [27,
33]. These characteristic absorption peaks are quite
consistent with the spectrum of [Bmim]FeCl4 reported in the literature [6]. However, compared to
the spectrum of [Bmim]Cl, in Figure 1a, the disappearance peak in the range of 3000-3100 cm-1 can be
attributed to the formation of new species, such as
[Bmim]FeCl4 and [Bmim]Fe2Cl7. This is because the
interaction between C (2)–H and FeCl4- or Fe2Cl7- is
much weaker than that between C (2)–H and Cl[30].
Generally, there are various anionic Fe(III) species in the [Bmim]FeCl4 such as Cl-, FeCl4-, Fe2Cl7-,





 














 



 





 

FIGURE 4
Raman spectra of Fe-based ionic liquid
[Bmim]FeCl4: Fe-IL1 (a), Fe-IL2 (b),
and Fe-IL3 (c)
The NMR spectrum of [Bmim]FeCl4 ionic liquids with molar ratio of [Bmim]Cl/FeCl3  6H2O at
1:2 is shown in Figure 2b. The 1H-NMR spectrum
ppm)
is
1.08
(3H,
data
(DMSO-d6,
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100% can maintain 380 min, and then the desulfurization efficiency gradually decreases with the increase of reaction time. When the SO2 removal efficiency decreases to 50%, the SO2 adsorption capacity and reacting time of fresh [Bmim]Cl are 95.90
mg/g and 570 min, respectively. The sample after
desulfurization was treated by a rotary evaporator at
90 °C for 4 h under 0.09 bar vacuum condition [29],
and it was subsequently used to evaluate reusability
performance. As shown in Figure 6, the recycling
desulfurization performance of the treated [Bmim]Cl
is far worse than that of fresh [Bmim]Cl. When the
desulfurization efficiency decreases to 50%, the SO2
adsorption capacity and reacting time of recycled
[Bmim]Cl decrease to 25.96 mg/g and 180 min, respectively, indicating that [Bmim]Cl intermediate
has poor reusability in SO2 removal.

NCH2CH2CH2CH3), 1.85 (2H, NCH2CH2CH2CH3),
2.12 (2H, NCH2CH2CH2CH3), 3.10 (3H, NCH3),
3.85 (2H, NCH2), 5.2 (1H, NCH), and 8.11 (1H,
NCHN). Because the magnetism of Fe-based ionic
liquids can interfere the NMR measurement, the
chemical shifts of 2H in imidazolium shift to downfield compared to the 1H-NMR spectrum of
[Bmim]Cl, and the peak shape changes are observed
in the –NCH2 and –NCH shift. It suggests that the
anion of ionic liquids is combined with H atom on
the imidazole ring through a hydrogen bond and the
prepared Fe-based ionic liquids have the chemical
molecular of [Bmim]FeCl4.
The thermal stability strongly influences the
technical conditions and industrial application prospects of ionic liquids. Thermogravimetric-differential thermal analysis of Fe-ILs with molar ratio of
[Bmim]Cl to FeCl36H2O at 1:2 was used to investigate the thermal stability. As shown in Figure 5,
there is no significant loss of mass from 25 to 300 °C
with a slow rate in TG. When the temperature rises
to 320.5 °C, the weight loss rate is increasing, indicating that Fe-IL2 begins to decompose. Two exothermic peaks at 375.6 and 390.4 °C appear on the
DTA curve. The former peak is attributed to the pyrolysis temperature of 3-butyl group, and the latter
one is due to the decomposition of the 1-methyl. The
thermal analysis establishes that the Fe-ILs prepared
by ultrasonic assistance is thermally stable up to
320.5 °C. Therefore, the Fe-ILs is stable under the
experimental conditions (20~80 °C), and the absorption and regeneration experiments could be conducted at a higher temperature.
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The FTIR spectrum of recycled [Bmim]Cl was
investigated to clarify the causation of the declined
desulfurization performance, and the result is shown
in Figure 1b. Compared with the spectrum of fresh
[Bmim]Cl, a new weak peak at 1286 cm-1 in the
spectrum of recycled [Bmim]Cl is observed, which
is assigned to residual SO2 after treatment under 0.9
bar vacuum condition. The sharp peak at 665 cm-1 is
significantly weakened in the recycled [Bmim]Cl,
which may be resulted from the substituted of –Cl by
–S or –SO2 during desulfurization. The weak C–S-C
bond vibration at 530 cm-1 proves this point. They
are the main reasons for the decreasing SO2 removal
capacity. The results also show that for the removal
of SO2, [Bmim]Cl mainly plays a role of adsorption.







FIGURE 6
Comparison of desulfurization properties with
time in fresh [Bmim]Cl and recycled [Bmim]Cl.
2 g of [Bmim]Cl ionic liquids was used in this
test. Experimental conditions: SO2: 0.25%,
O2:10%, flow rate: 50 mL/min, T = 40 °C.



 



 

 















 











FIGURE 5
TG/DTA curves of Fe-IL2
Desulfurization performance of [Bmim]Cl
intermediate. The desulfurization performance of
the prepared intermediate was evaluated. During the
desulfurization process, only 2 g of [Bmim]Cl ionic
liquids were used without any other additives. The
relationships between desulfurization efficiency and
time of fresh [Bmim]Cl and recycled [Bmim]Cl are
shown in Figure 6. Fresh [Bmim]Cl exhibits good
SO2 removal ability. A desulfurization efficiency of

The desulfurization performance of Fe-ILs.
In this paper, a ternary desulfurization system was
constructed for the wet flue gas desulfurization,
which consisted of Fe-ILs, water, and ethanol with a
mass ratio of 1:2:4. Simultaneously, the SO42- conversion rate was investigated by the mass ratios of
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oxidized SO2 to total absorbed SO2. The desulfurization performances of Fe-ILs with different molar ratios of [Bmin]Cl to FeCl36H2O are given in Figure
7 and Table 2.

6H2O < [Bmin]Cl/2FeCl3 6H2O < [Bmin]Cl/FeCl3
6H2O. The increased SO42- conversion rate could be
ascribed to the formation of more FeCl4- with the increase of FeCl36H2O in Fe-ILs, which is confirmed
by the Raman results. The desulfurization experiments confirm that the prepared Fe-ILs have dual
functions of absorbent and catalyst. By combining
the absorption capacity of SO2 and the mass ratios of
oxidized SO2 to total absorbed SO2 of Fe-ILs, Fe-IL2
is selected to undergo the following experiments.
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TABLE 2
The SO2 absorption capacities and SO42conversion rates of [Bmim]Cl/n FeCl3•6H2O
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Mole ratio of
[Bmim]Cl to
FeCl3
1:1
1:2
1:3





FIGURE 7
Effects of different molar ratios of [Bmim]Cl to
FeCl36H2O on the SO2 removal. Experimental
conditions: mFe-IL: mwater: methanol=1:2:4, SO2:
0.25%, O2:10%, flow rate: 50 mL/min, T = 40°C

SO2 absorption capacity mg/g
69.35
52.75
48.37

SO42conversion
rates
42.3%
52.8%
61.7%

Effects of solution composition on the desulfurization. The effects of solution composition on
the desulfurization performance were investigated
and the results are shown in Figure 8. Different compositions of desulfurization solution and component
contents have great effects on the desulfurization efficiency of the ternary system. There is hardly any
desulfurization efficiency when only Fe-IL2 exists in
the system without water or ethanol, as well as in the
binary system, e.g. Fe-IL2 and water or ethanol.
Good desulfurization performance can be achieved
only when the desulfurization system contains FeIL2, water, and ethanol with a certain ratio by
weight.

The molar ratio of [Bmim]Cl to FeCl36H2O is
found to be an important factor for the desulfurization performance. With the increase of reaction time,
the desulfurization efficiencies of all samples decrease gradually. When the molar ratio of [Bmim]Cl
to FeCl36H2O is 1:1, the system has SO2 absorption
capacity of 69.35 mg/g and SO42- conversion rate of
42.3%. When the FeCl36H2O increases, the SO2 absorption capacity of Fe-ILs decreases while SO42conversion rate increases. When the molar ratio of
[Bmim]Cl to FeCl36H2O changes from 1:1 to 1:3,
the absorption capacity of SO2 decreases to 48.37
mg/g while SO42- conversion rate increases to 61.7%.
This indicates that FeCl36H2O plays an important
role.
Decreased SO2 removal activity might be ascribed to the changed acidities of ionic liquids resulted from the different molar ratios of [Bmim]Cl to
FeCl36H2O. It is observed that the Lewis acidity of
ionic liquids increases with the fraction of FeCl3 [36,
37], following the order: [Bmin]Cl/FeCl3 <
[Bmin]Cl/2FeCl3 < [Bmin]Cl/3FeCl3. As SO2 is an
acid gas, it is logical to conclude that the Lewis acidity of the ionic liquids is unfavourable for the flue
gas desulfurization. Besides, Lewis acidity is not the
only factor to affect the desulfurization efficiency. It
depends on both Lewis acidity and viscosity [5]. According to the literature [38], when the molar ratio of
FeCl3 to [Bmim]Cl exceeded 1.5 or 2, some FeCl3
could not fully react with [Bmim]Cl and the ionic
liquids were not really pure, causing the increase of
viscosity. Therefore, the desulfurization efficiency
of Fe-ILs follows the order of [Bmin]Cl/3FeCl3 
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FIGURE 8
Effects of solution composition on the desulfurization performance. MFe-IL2: Mwater: Methanol is the
mass ratio of Fe-IL2, water and ethanol. Experimental conditions: SO2: 0.25%, O2:10%, flow
rate: 50 mL/min, T = 40 °C.
The prepared Fe-IL2 has a high viscosity value
of 19.52 mPa•s at 40 °C, nearly 40 times the value of
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ultrasonic heating circumfluence method shortens
reaction time and achieves a good yield. The chemical shifts of the hydrogen located in the cation of
ionic liquids are sensitive to the composition of ionic
liquids and FeCl4- is the principal anion in Fe-ILs.
Fe-ILs have excellent thermal stability of structure.
Different compositions of desulfurization solution
have great effects on the desulfurization efficiency,
and water is an indispensable component for SO2 removal. The prepared Fe-ILs have dual functions of
adsorbent and catalyst, and Fe-ILs can catalytically
oxidize SO2 to form H2SO4 in the presence of O2 and
H2O.

water at 0 °C, causing that the interphase mass transfer between gas and Fe-IL2 becomes more difficult.
This is due to that a single Fe-IL2 has hardly any
desulfurization efficiency. For the binary systems of
Fe-IL2 and ethanol or water, the desulfurization efficiency increases marginally compared with the single Fe-IL2. This is because the presence of hydroxyl
group in desulfurization system can enhance the adsorption of SO2 through H–bonding interaction and
reduce the oxidation barrier [39]. In addition, water
is very important for the SO2 removal because of
phase transfer between the gas phase and liquid
phase. SO2 must dissolve in the water to form SO32−
and HSO3−, and then can be catalytically oxidized by
O2 with Fe(III) catalyst [7]. Thus, in the binary systems of Fe-IL2 and water, Fe-IL2 has a certain capacity for SO2 removal but it exhibits a poor performance. It is well accepted that pure imidazoliumbased ionic liquids mixed with other molecular solvents should be better regarded as nanostructured aggregates with polar and nonpolar regions rather than
homogeneous solvents [40]. A reasonable explanation for the poor performance is that it cannot form a
homogeneous solvent in the binary system composed of Fe-IL2 and water, which limit the full contact between SO32- and catalyst, causing the low removal efficiency of SO2. When the desulfurization
systems contain Fe-IL2, ethanol and water, desulfurization performance is significantly improved. This
may be that ethanol molecules are capable of changing the interaction between cations and water, anions
and water by introduction of C–HO interactions
with cations, as well as the strong hydrogen-bond interactions between the anions and the hydroxyls of
the ethanol [41]. The introduction of ethanol into the
desulfurization system contributes to form a homogenous solution and makes it easier for recycling FeIL2 by distillation ethanol from their aqueous diluted
solutions [41]. The constructed ternary system can
provide the water needed in the catalytic oxidation
reaction, resulting in considerable removal efficiency. The removal of SO2 by Fe-ILs catalytic oxidation probably can be described as the following
chemical reactions [6, 7]:
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CONCLUSIONS
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Moreover, previous studies have showed that
graphene oxide (GO) can form a 3D hydrogel structure by various supramolecular interactions including hydrogen bonding, coordination, electrostatic interaction, and π-π stacking [5, 6]. Such graphenebased 3D macrostructures are electrically conductive,
mechanically strong, and thermally stable. Therefore,
3D TiO2-graphene composite is expected to be an efficient photocatalyst. On the other hand, the integration of nanostructured materials into macroscopic
devices that can translate phenomena at the nanoscale to the macroscopic level proves the key to
paving the way to realizing applications of nanomaterials [7]. Recently, macroscopic 3D P25-graphene materials such as P25 graphene hydrogels deserve special attention owing to their macroscopic
scale and the more practical use as available devices,
compared to 2D P25-graphene sheets [8, 9]. However, the P25 is very expensive and only applied to
scientific research, which cannot be used in large
doses for various applications. The 3D graphene
based commercial titanium(IV) oxide has not been
reported yet.
Herein, we prepared 3D graphene-TiO2 hydrogels (GT) by incorporation of commercial titanium(IV) oxide powders via a facile one-step hydrothermal approach and explored its environmental applications as superior photocatalyst. The photocatalytic properties of 3D graphene-TiO2 hydrogels are
investigated by degrading methylene blue (MB) solution.

ABSTRACT
In general, graphene-TiO2 composites as well
as 3D hydrogels are almost prepared by using P25 or
organic titanium. However, due to the valuableness
of P25 and the toxic of organic titanium, the development of graphene-TiO2 only limited to scientific
research. Herein, we reported the development of
three-dimensional graphene-TiO2 hydrogels by a
facile one-pot hydrothermal approach and explored
its environmental applications as photocatalyst. During the hydrothermal reaction, the graphene
nanosheets and TiO2 particles self-assembled into
3D interconnected networks, in which the spherical
nanostructured TiO2 particles with uniform size were
densely anchored onto the graphene nanosheets. We
have shown that the resultant graphene-TiO2 hydrogels displayed the synergistic effects of the assembled graphene nanosheets and TiO2 particles and
therefore exhibited a unique collection of physical
and chemical properties such as increased adsorption
capacities, enhanced photocatalytic activities.

KEYWORDS:
Graphene-TiO2 hydrogels,
UV−vis absorption spectra

Degradation

efficiency,

INTRODUCTION
Graphene, a single layer of carbon atoms patterned in a hexagonal lattice, has attracted great attention all over the world for its potential applications in catalysis [1], energy-storage devices [2], and
environmental fields [3] due to its excellent mechanical, electronic, and thermal properties. As an important member of functionalized graphene materials, graphene based photocatalysts composite has
been researched several years. In particular, P25-graphene composite is recently found to be a more efficient photocatalyst compared to P25 and P25-carbon
nanotubes due to its giant 2D planar structure [4]. In
this TiO2-C composite, graphene could act as an acceptor for the photogenerated electrons from the UV
light excited P25 and ensure fast charge transportation in view of its high conductive.

EXPERIMENT
Preparation of 3D graphene-TiO2 hydrogels
(GT). Graphene oxide (GO) was purchased from Suzhou Graphene Nanotechnology Co., Ltd. GT was
prepared by adding 1 g of commercial titanium(IV)
oxide powders (TiO2, amorphous, 98%) into a certain amount of homogeneous GO aqueous dispersion
(4 mg mL-1) under sonication for about 2 h. After that,
the mixture was sealed in a 50 mL Teflon-lined autoclave and maintained at 180°C for 12 h. The autoclave was naturally cooled in room temperature, and
then, a black cylinder (i.e., GT) was obtained. The
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size of GT can be freely adjusted by changing the
volume of GO aqueous dispersion. The as-obtained
GT samples were freeze-dried overnight for the following experiment and the samples code was listed
in Table 1.

with increasing the amount of GO. With the reduction proceeding, the π-conjugated structures of reduced GO sheets are increased which increases the
amount of π-π stacking cross-links between graphene sheets. The partial overlapping or coalescing
of flexible graphene sheets results in construction of
the 3D structures. The residual oxygenated functional groups on the graphene sheets could entrap
ample water into the graphene network and Ti-O-C
bonds are formed between graphene sheet and TiO2
powder, thus 3D graphene-TiO2 hydrogels are
formed.

TABLE 1
Samples code and bandgap of the as-prepared
samples.
Graphene
oxide (mg)
0
20
40
60

Commercial
TiO2 (g)
1
1
1
1

Samples
code
GT-0
GT-2
GT-4
GT-6

Band gap
(eV)
3.2
2.9
2.8
2.6

Characterization of the sample. Scanning
electron microscopy (SEM) images were obtained
on a SEM instrument (Quanta 400 FEG FEI). X-ray
powder diffraction (XRD) patterns were recorded
using a Bruker AXS-D8 Advance powder X-ray diffractometer using Cu/Ka radiation (λ = 1.5406 Å) at
a step size of 0.04° and a dwell time of 1.0 seconds.
Raman spectroscopy was recorded at a LabRam
HR800 UV NIR using a 633 nm laser excitation with
working distances on a ×50 lens. Diffuse reflectance
spectra (DRS) were recorded in the range from 100
to 2000 nm using the UV-vis spectrophotometer
(Jasco V660).

(a)













Photocatalytic experiments of the sample.
The photodegradation of methylene blue (MB) dyes
was observed based on the absorption spectroscopic
technique. In a typical process, aqueous solution of
the MB dyes (1×10-5 mol L-1, 40 mL) and the photocatalysts (GT samples, 40 mg) were placed in a cylindrical quartz vessel. Under room conditions and
stirring in dark for 2 h, the vessel was exposed to the
visible light irradiation produced by a CHF-XM500
Xenon light source system (the average light intensity was 30 mW cm-2) with the main peak at wavelength more than 400 nm. All other lights were insulated. At given time intervals, the photoreacted solution was analyzed by recording the maximum absorbance of MB at 660 nm with the UV-vis spectrophotometer (Jasco V660).









 

 

  




 
   


















θ
θ

(b)
FIGURE 1
(a) Photographs the obtained hydrogels after
hydrothermal reaction and (b) XRD patterns
of the as-prepared samples.

Fig. 1b shows the XRD patterns of the as-prepared samples. In all graphene-based gel samples,
(001) reflection peak of GO at around 2θ = 10.8° [10]
disappeared, indicating the high-effective reduction
of GO. On the other hand, 2θ values of diffraction
peaks observed at 25.28, 37.01, 37.78, 38.64, 48.02,
53.92, 55.06, 62.72, 68.80, 70.36, and 75.12. These
peaks were assigned to reflections from (101), (103),
(004), (112), (200), (105), (211), (204), (116), (220),
and (215) crystal planes, which mainly corresponds
to anatase phase of TiO2. The results indicate all of
the amorphous TiO2 powders are transformed to anatase phase after hydrothermal reaction at 180 .

RESULTS AND DISCUSSIONS
Through the hydrothermal reaction, the synthesis and functionalization of graphene-TiO2 hydrogels
is realized. As shown in Fig. 1a, well-formed 3D gellike cylinder can form from initial solutions containing GO and commercial TiO2 powders. As well as,
the color and size of cylinder is darken and enhanced
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(a)

(b)
FIGURE 2
(a) Raman spectra. (b) Diffuse reflectance spectra of the as-prepared samples.

FIGURE 3
SEM images of the (a) GT-0, (b) GT-2, (c) GT-4 and (d) GT-6.

Raman spectroscopy is a powerful tool to characterize the crystalline quality of graphene. The Raman spectra of the series GT composites are presented in Fig. 2a. The specific vibration modes are
located at 144 cm-1 (Eg), 396 cm-1 (B1g), 512 cm-1
(B1g+A1g) and 631 cm-1 (Eg) indicating the presence
of the anatase phase in all of these samples. The D
bands located at 1324 cm-1 and G band at 1597 cm-1
are revealed in GT-2, GT-4 and GT-6 composites observably (Fig. 2a inset), which are E2g vibrational
mode in plane and A1g breathing mode, respectively.
With increasing amount of GO the intensity of both
bands also increases. Moreover, the intensity ration
of the D and G band (ID/IG) changes from 1.25 (GT2) to around 1.35 (GT-6), indicating a decrease in the
average size of the sp2 domains upon the reduction
of GO.
Fig. 2b presents the UV-vis absorption spectra
of the series GT composites. The presence of different amounts of GO influences the optical properties
of light absorption significantly. With increasing GO
amount in the composites light absorption intensity

in the UV region grows and a red shift to higher
wavelength in the absorption edge at about 400 nm
also observed [11]. Increased background in the area
400-800 nm is caused by incorporation of GO into
the matrix of TiO2 [12].
According to the equation for band gap:
αhν = B(hv-Ebg)2
where α= (1-R)2/2R, R is the reflectance of the "infinitely thick" layer of the solid [13], B is absorption
coefficient and hν is the photon energy in eV. Fig. 2b
(inset) plots the relationship of (αhν)1/2 versus photon
energy (hν= 1239/λ) [14, 15], which shows that the
band gap of pure TiO2 is 3.20 eV [16], whereas the
band gap of the GT composites has been reduced
from value 2.9 eV (sample GT-2) to value 2.6 eV for
sample GT-6. It can be considered that the introduction of graphene could reduce the bandgap of TiO2
and extend the photo-activity of TiO2 to visible light
region.
The morphologies and microstructures of the
series GT composite are investigated by SEM. As
shown in Fig. 3a, after thermal treatment, the bare
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TiO2 powder (sample GT-0) shows an irregular particulate morphology and has obvious agglomeration
with particles size ~2 μm. After being modified by
the graphene, the TiO2 particles become uniformly.
The phenomenon suggests that graphene can prevent
the aggregation of the TiO2 particles to a certain extent. The partial aggregated TiO2 particles could be
attributed to the weak adhere strength between the
TiO2 particles and the graphene. Meanwhile, the graphene sheet can be clearly observed in samples GT2, GT-4 and GT-6. The pore sizes of the network are
formed in the range of submicrometer to several micrometers and the walls consist of thin layers of
stacked graphene sheets. Particularly, the pore sizes
and numbers increase with an increase amount of
graphene.
The potential application of 3D GT samples as
a reusable organic pollutant scavenger is investigated by chosen MB as model probe. Before measurement, the same amount of the series GT samples
was added into MB dye molecule solutions. After
that, all suspensions were stirred for 90 min in the
dark to achieve the adsorption and desorption equilibration. Then under irradiation, the TiO2 were excited and the photogenerated carriers could transfer
to the nearby MB and take part in the redox reactions,
leading to the decomposition of MB into CO2 and
H2O [17]. The UV-vis optical absorption of sample
GT-6 is shown in Fig. 4a. In the presence of GT-6,
the absorption intensity is almost 6, 3 and 1.5 times
lower than that in the presence of bare TiO2 powder
(sample GT-0), GT-2 and GT-4, respectively, revealing that GT-6 possesses higher dye adsorption capacity in comparison with other GT samples and bare
TiO2 powder.
The photodegradation of MB is further investigated after MB is adsorbed on the surface of the series GT composites. The normalized temporal concentration changes (c/c0) of MB during the decontamination were derived from the changes in the
dye’s absorption profile (λ= 660 nm) at a given time
interval. Fig. 4b shows the time dependent absorption spectra of MB solutions during simulated visible
light irradiation in the presence of different photocatalysts. The Y-axis is reported as c/c0, where c0 and
c are the initial and actual concentration of MB at
different reaction times, respectively. It is clear that
the GT-6 sample shows significant progress in the
decontamination of MB compared to bare TiO2 powder (GT-0) and other GT samples. Under visible light
irradiation, about 8% of the initial dyes were decomposed by GT-6 after 1 h. In contrast, only ~3% of the
initial dyes were decomposed after the same time period for bare TiO2 powder. More importantly, we
found that the photocatalytic activities of GT samples enhanced with the increase of the amount of graphene. The phenomenon confirms that the photocatalytic activity of TiO2 in visible light region could
be improved by introduction of graphene.
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(b)
FIGURE 4
(a) UV−vis absorption spectra of original MB
solution, and the adsorptive MB solutions in
the presence of sample GT-6 with different irradiation time of visible light; (b) Relative
changes of the absorption peak intensity as a
function of reaction time in the presence of the
series GT composites.
The key advance of GT-6 with enhanced adsorptivity should first be assigned to the high adsorption capacity, which is a perquisite for good photocatalytic activity. As mentioned above that 3D GT-6
sample exhibits lots of pores with size of several micrometer, we believe that the adsorptivity originating
from physical adsorption will contribute to the enhancement in the photocatalysis. Furthermore, considering the specific structure of the model organic
aromatic pollutant MB, the enhanced adsorptivity
should also be attributed to the selective adsorption
of the aromatic dye on the aromatic regions of the
graphene by π-π electron coupling [18, 19]. In addition, taking into account the chemically bonded TiO2
particles and graphene in the 3D network of GT-6,
graphene is recognized as an acceptor of the photogenerated electrons by TiO2, which expands the light
absorption range and ensures fast charge transportation (to suppress the electron-hole recombination) in
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view of its high conductivity [20, 21]. Therefore, the
electrons could transfer stereoscopically in GT-6
through the 3D graphene networks [22], leading to
an improvement in photocatalysis of MB by GT-6
sample.

[5] Xu, Y.X., Sheng, K.X., Li, C., Shi, G.Q. (2010)
Self-assembled graphene hydrogel via a onestep hydrothermal process. ACS nano. 4(7),
4324.
[6] Gao, H.C., Xiao, F., Ching, C.B., Duan, H.W.
(2012) High-performance asymmetric supercapacitor based on graphene hydrogel and
nanostructured MnO2. ACS applied materials &
interfaces. 4(5), 2801-2810.
[7] Tang, Z., Shen, S., Zhuang, J. and Wang, X.
(2010) Noble-metal-promoted three-dimensional macroassembly of single-layered graphene oxide. Angew. Chem. Int. Ed. 49, 46034607.
[8] Hou, C., Zhang, Q., Li, Y., Wang, H. (2012)
P25-graphene hydrogels: Room-temperature
synthesis and application for removal of methylene blue from aqueous solution. Journal of
Hazardous Materials. 205-206, 229-235.
[9] Zhang, Z., Xiao, F., Guo, Y., Wang, S. Liu, Y.
(2013) One-Pot Self Assembled Three Dimensional TiO2-Graphene Hydrogel with Improved
Adsorption Capacities and Photocatalytic and
Electrochemical Activities. ACS Appl. Mater.
Interfaces. 5, 2227−2233.
[10]Stankovich, S., Dikin, D.A., Piner, R.D., Kohlhaas, K.A., Kleinhammes, A., Jia, Y., Wu, Y.,
Nguyen, S.T., Ruoff, R.S. (2007) RS: Synthesis
of graphene-based nanosheets via chemical reduction of exfoliated graphite oxide. Carbon.
45(7), 1558–1565
[11]Stengl, V., Popelkova, D., Vlacil, P. (2011) TiO2
graphene nanocomposite as high performance
photocatalysts. J Phys Chem C. 115(51),
25209–25218.
[12]Zhang, Y., Tang, Z.-R., Fu, X., Xu, Y.-J. (2010)
TiO2-graphene nanocomposites for gas-phase
photocatalytic degradation of volatile aromatic
pollutant: is TiO2-graphene truly different from
other TiO2-Carbon composite materials. ACS
Nano. 4(12), 7303–7314.
[13]Christy, A.A., Kvalheim, O.M., Velapoldi, R.A.
(1995) Quantitative-analysis in diffuse reflectance spectrometry - a modified Kubelka-Munk
equation. Vib Spectrosc. 9(1), 19–27.
[14]Reddy, K.M., Manorama, S.V., Reddy, A.R.
(2003) Bandgap studies on anatase titanium dioxide nanoparticles. Mater Chem Phys. 78(1),
239–245.
[15]Tauc, J., Grigorov, R., Vancu, A. (1966) Optical
properties and electronic structure of amorphous
germanium. Phys Status Solidi. 15(2), 627–637.
[16]Serpone, N., Lawless, D., Khairutdinov, R.
(1995) Size effects on the photophysical properties of colloidal anatase TiO2 particles - size
quantization or direct transitions in this indirect
semiconductor. J Phys Chem. 99(45), 16646–
16654.

CONCLUSION
In summary, we demonstrated the synthesis of
3D graphene-TiO2 hydrogels by using commercial
TiO2 powder and graphene oxide. The obtained GT
hydrogels exhibited well-defined interconnected 3D
porous microstructure. The spherical structured TiO2
particles with a uniform size were densely decorated
onto the graphene sheets. The resultant GT samples
showed the synergistic effects of the self-assembly
of graphene sheets and TiO2 particles. For adsorption
capacity and photodegradation, the incorporation of
TiO2 particles and graphene nanosheets not only increased the surface area of the hydrogel materials but
also expanded the light absorption range and enabled
fast charge transportation, which enhanced capacity
of rapidly adsorbing and photodegrading organic
dyes.
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In the recent years there has been great interest
in the determinations of Pb2+ and Ni2+ ions in
environmental, food and biological samples owing
to their excessive toxic nature for human and animal
health [1].
Lead is a pollutant that is present in all habitats
and high levels of it typically associated with severe
health effects such as pathophysiological changes,
brain and kidney damage, infertility, miscarriage,
hypertension, provokes irritability, anorexia, malaise
and headache for human. The indiscriminate
disposal of lead into wastewaters by industrial
activities can contaminate the ecosystems and often
cause diseases. During recent years that case has
been increasing worldwide and this has been a major
concern in developing countries [4, 5].
Nickel is found in soils, meteorities and on the
ocean floor. This element is widely used in the
manufacter of many alloys and products such as
stainless steel, ceramic paint, computer components,
surgical and dental prosthesis, magnetic tapes,
jewelry, kitchen ware, batteries, textiles and coins [6,
7]. Nickel can enter a water supply by dissolution of
rocks and soils, industrial and consumer waste,
biological cycles, acidic rain breaking down soils,
releasing heavy metals into streams, lakes, rivers,
and groundwater.6 Nickel and its many organic
compounds are very toxic and known carcinogen. It
has been reported that general short and longer terms
effects of Nickel can include irritation of the skin,
eye irritation, allergic reactions in the skin and
respiratory tract and asthma, kidney diseases,
gastrointestinal distress, inflammation of the lungs,
cancer of the lung and nose, particularly the sinuses
[7, 8, 9].
World Health Organization (WHO) established
a provisional tolerable weekly intakes (PTWI) of
Pb2+ as 25.0 μg kg-1 body weight (equivalent to 3.5
μg kg-1 of body weight per day) for all human groups
on the basis that lead is a cumulative poison, and Ni2+
was updated by WHO, in 2007, as 11 μg kg-1 of body
weight [10, 11].
Recent publication stress, the growing
importance of sensitive and accurate determinations

ABSTRACT
At the present time emphasis is given to the
utilization of microorganisms because of their great
ability to absorb metal ions from aqueous solution.
Hence, in this study, Pb2+ and Ni2+ ions at trace levels
were separated and preconcentrated on a column
containing a bacterium, Rhodococcus ruber bacterial
biomass (RrBB), as a new solid phase extraction
technique prior to their flame atomic absorption
spectrometry (FAAS) determination. The optimum
experimental and analytical parameters such as pH
of sample solution, volume and concentration of
eluent, flow rate of sample solution and eluent,
sample volume, effect of common matrix ions and
capacity of biosorbent were investigated and
optimized. Under the optimized conditions, the
preconcentration factors for Pb2+ and Ni2+ were
calculated as 150 and 100, respectively. The
analytical detection limits for Pb2+ and Ni2+ were
 ȝJ /í1 and  ȝJ /í1 respectively. The
Langmuir monolayer adsorption capacity of biomass
was estimated as 42.91 and 6.78 mg g-1 for Pb2+ and
Ni2+, respectively. Certified reference material
(NIST SRM 1640a) was also used to confirm the
accuracy of the method. The developed solid phase
extraction method was applied successfully for the
determination of Pb2+ and Ni2+ in various water
samples.
KEYWORDS:
Preconcentration, Separation, Lead, Nickel, Rhodococcus
ruber.

INTRODUCTION
There is high interest in the determinations of
Pb2+ and Ni2+ ions in environmental, food and
biological samples due to their being extremely toxic
for human and animal health [1, 2]. It has been
demonstrated that heavy metals may play a role in
the pathogenesis of diseases of nervous system such
as multiple sclerosis, amylotrophic sclerosis, and
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enrichment of Pb2+ and Ni2+ ions in different waters
samples such as FRPPHULFDO GULQNLQJ ZDWHU tap
water, mineral water and wastewater. Various
experimental and analytical parameters, such as pH
of sample solution, sample volume, flow rate of
sample solution and eluent, volume and
concentration of eluent, amount of biomass, effect of
other ions, and capacity of biosorbent were
investigated. The proposed method was applied for
the determination of trace amounts of Pb2+ and Ni2+
in various water samples and standard reference
materials (NIST SRM 1640a) with satisfactory
results.

of elements at trace level in the field of the analytical
and environmental chemistry [12]. Determination of
trace metal ion excisting at trace levels particularly
in natural matrices are in need of removing
interfering matrix components and efficient
preconcentration step to satisfy its determination
requirements by atomic spectrometry [13].
Separation and preconcentration procedures
have a very vital role for the sake of sample
preparation, removing process and inorganic and
organic trace analysis for environmental and
analytical purposes. In order to remove specific
components of the sample which are commonly
toxic metal ions and/or harmful organic compounds
from various samples, solid phase extraction (SPE)
has been one of the preferred procedures. It has some
important advantages such as simplicity, versatility,
rapid phase separation, reproducibility, high
preconcentration factors, low cost (because of lower
consumption of reagents), flexibility, high recovery
and more importantly it is environmentally friendly
[6, 14]. In the SPE process trace elements require
solid sorbent materials, such as Amberlite and
Duolite XAD resins, activated carbon, cellulose,
modified silica gel, polymeric resin, nanomaterials
and biomass [15].
Owing to their advantages of large surface area,
low cost, availability, profitability and high
efficiency biomass, have gained interest over other
materials as the solid phase for SPE to improve the
sensitivity of atomic spectrometry [16]. Variations in
the cell wall composition among the different
microorganisms
sucn as
bacteria,
algae,
cyanobacteria and fungi cause significant
differences in the type and amount of metal ion
binding to them [17, 18]. Heavy metal adsorption
using Gram positive bacteria appear to be stronger
compared to Gram negative bacteria [19].
R. ruber, is a gram positive non-pathogenic
species of the genus Rhodococcus, which is a part of
the phylogenetic group nocardioform actinomycetes.
These widely occurring microorganisms are of
considerable environmental, biotechnological and
clinical due to their ability to catobolize a wide range
of compounds, to produce bioactive substances
including acrylamide, to metabolize harmful
environmental pollutants including toluene and
herbicides [20, 21]. Additionally, the genus
Rhodococcus has cell walls of chemotype IV, which
means that the only diamino acid in the
peptidoglycan is meso-diaminopimelic acid and that
the major sugars are arabinose and galactose [22,
23].
In this work, a preconcentration method was
developed by using Rhodococcus ruber bacterial
biomass (RrBB) for the determinations of Pb2+ and
Ni2+ in various water samples by high-resolution
continuum source flame atomic absorption
spectrometry (HR-CS FAAS). RrBB was used for
the first time as biosorbent, for separation and

EXPERIMENTAL
Apparatus. The analysis was performed by
ContrAA 300, a HR-CS FAAS (Analytik Jena AG,
Jena, Germany), equipped with a 50 mm burner
head. An acetylene flame (C2H2) was used for
atomization of Pb2+ and Ni2+. All absorption lines of
elements in the spectral range of 185±900 nm can be
analytically evaluated by using a Xe short-arc lamp
as a continuum lamp source [24]. The spectral
background of the sample in the HR-CS FAAS was
always corrected directly on the analysis line
simultaneously and independently. The operating
conditions for Pb2+ and Ni2+ by HR-CS FAAS are
given in Table 1.
TABLE 1
The operating conditions for HR-CS AAS
Parameters
Wavelength,
nm
Flow rate of
C2H2-air, L h-1
Burner height,
mm
Evaluation
Pixels, pm
Background
correction

Pb
217.0005

Ni
232.0030

65

60

8

6

3

3

Simultaneous

Simultaneous

Reagents and solutions. All of the reagents
used were of analytical grade. All aqueous solutions
were prepared with ultrapure water that had been
obtained by Milli-Qwater purification system
(Millipore, Corporation, MA, USA). Standard
solution of Pb2+ and Ni2+ with concentration of 1,000
ȝJP/í1 was purchased from (Merck). In the study
buffer solutions (Merck) of sodium acetate-acetic
acid (for pH 3±5), sodium monohydrogen
phosphate±potassium dihydrogen phosphate (for pH
6±8), and ammonium chloride±ammonia (for pH 9)
were used. Calibration standards of Pb2+ and Ni2+
were obtained by suitable dilutions of the stock
solutions. The required pH adjustments were made
by 0.1 mol Lí1 NaOH or 0.1 mol Lí1 HCI solutions.
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FIGURE 1
IR spectrum of RrBB

a relatively large specific surface area, and this
surface characteristic would substantiate high
adsorption through mass transport inside the sorbent.

Growth of Rhodococcus ruber. Single colony
isolates of Rhodococcus ruber JCM 0205 (JCM,
Japanese Collection of Microorganisms) were grown
up on GYEA streak plates at 30°C for 72 hours.
These cultures were then used to inoculate sterile
mineral salts medium (500 ml) in 2 L flasks, which
were subsequently incubated at 30°C with shaking at
160 rpm in an orbital shaker. Cells were harvested at
logarithmic phases by centrifugation at 9000 rpm for
20 minutes. The cells were stored by freezing them
at -70°C, followed by freeze drying [25].
The FT-IR and SEM analysis. Fig.1. shows
the FT-IR spectra of the RrBB (FT-IR, Model
Nicolet 6700 FT-IR Spectrometer, Thermo
Scientific). The broad band at 3283 cmí1 indicates
the presence of hydroxyl groups. The peaks observed
at 2920 cmí1 and 1634 cmí1 can be assigned to the
C-H group and C=C stretching, respectively. The
region between 1610 and 1500 cmí1 is associated
with C-C stretching in aromatic rings found on the
lignin structure. Elemental analysis of RrBB is
shown in Table 2. (FLASH 200 CHNS/O Analyzers,
Thermo Scientific)

FIGURE 2
Scanning Electron Microscopy (SEM) image of
RrBB
Column preparation. The glass column was
10 cm in length and 0.8 cm internal diameter. A
small amount of glass wool was placed on the top
and the bottom of the RrBB (0.3 g) to avoid
disturbance during the sample passage. The biomass
bed height in the column was approximately 2.0 cm.
It was washed successively with water, 2 mol Lí1
HCl and HNO3 solutions, respectively. Before each
cycle, the column was preconditioned by passing
the blank solutions in working pH. The sample
solution was permitted to flow through the column
under gravity [26].

TABLE 2
Elemental analysis of RrBB
Material
RrBB

%C
49.7240

%N
3.5560

%H
7.6446

%S
0.144

The morphology of the RrBB was assessed by
scanning electron microscopy (SEM, Model±JSM7600F) and the SEM patterns are shown in Fig. 2.
The surface of RrBB is irregular, porous, and the
surface honeycomb holes can reach micron scale
about 5 microns. The porous structure of RrBB has
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model solution in the range of 3.0±9.0. The effect of
the pH value on therecovery values are given in Fig.
3. As shown in the figure, the adsorption percentage
increases with the rise of pH and the highest
recovery values were found in the pH ranging 6.5 8.0. The recoveries of Pb2+ and Ni2+ were found to
decrease when the solutions pH is over 8.0 and less
than 6.5. Therefore, pH 7.0 was selected as an
optimum pH for adsorption and recovery of the
analyte ions for subsequent studies.

Separation/preconcentration
procedure.
The proposed procedure was tested with model
solutions prior to the determination of Pb2+ and Ni2+
in real samples as off-line. The standard test
solutions were prepared as follows: 1 mL of 5 mg
Lí1 of Pb2+ and Ni2+ standard solution added to 4 mL
buffer solutions in a volumetric flask, and adjusted
to a pH range of 3±9 with 0.1 mol Lí1 of each
HCl/NaOH.6 Then, final volume was completed to
50 mL by deionized water. Before use, the column
was preconditioned with the buffer solution for each
working pH and then, the model solution was passed
through the column at a flow rate of 4 mL miní. The
adsorbed Pb2+ and Ni2+ ions on the column were
eluted with 5 mL of 2 mol Lí1 HCl solution that has
a flow rate of 3 mL miní1. The eluents were analysed
for the determination of metal concentrations by HRCS FAAS.

Eluent effects: concentration, volume and
flow rate. For the elution of the trace metals
adsorbed on the biomass, dilute acid solutions with
different concentrations and volumes were
investigated. In order to choose the most effective
eluent for desorbing, different concentration of HCl
and HNO3 solution were used for desorption. It has
been found that particularly the hydrochloric acid
solution provided higher recovery efficiency
compared to the other solution. Thus, 5 mL of 2 mol
Lí1 HCI solution was used as eluent for desorption
of metal ions from RrBB was used for subsequent
measurements. The effects of various eluents on the
recoveries of lead and nickel ions are summarized in
Table 3.
The flow rate effect of eluent solution (5 mL of
2 mol Lí1 HCl) on the recovery of Pb2+ and Ni2+ ions
was examined in the range of 1.0±5.0 mL miní1 at
optimum conditions. The recovery of analyte ions
ranged between 95 and 100% at the eluent flow rates
varying up to 3.0 mL miní1. To decrease the analysis
time, the eluent flow rate was chosen as 3.0 mL
miní1 for Pb2+ and Ni2+.

Preparation of water samples. Tap water was
WDNHQIURP.ÕUúHKLUZDWHUVXSSO\QHWZRUNZKLOHWKH
ULYHU ZDWHU ZDV FROOHFWHG IURP .Õ]ÕOÕUPDN 5LYHU
Commercial natural drinking water and mineral
water were bought directly in a local supermarket in
.ÕUúHKLU7XUNH\Wastewater sample was collected
IURP WKH 2UJDQL]HG ,QGXVWULDO 6LWH LQ .ÕUúHKLU For
analysis, a 250 mL sample was placed in beaker and
LW ZDV ILOWHUHG WKURXJK  ȝP FHOOXORVH QLWUDWH
membrane filters (Millipore) to remove suspended
organic and other particles. An appropriate amount
of buffer solutions and known amounts of analyte
ions were mixed in a volumetric flask. Before use,
the column was preconditioned by blank solution for
each working pH. After the elution process, analyses
of samples were performed according to the
recommended preconcentration procedure.

TABLE 3
The effect of eluent type on recovery of
Pb2+ and Ni2+
(OXHQW
PRO/+&OP/
PRO/+&OP/
PRO/+&OP/
PRO/+&OP/
PRO/+12P/
PRO/+12P/
PRO/+12P/
PRO/+12P/

5HFRYHU\  
3E2+
1L2+



















5HVXOWV DUH PHDQ  VWDQGDUG GHYLDWLRQ RI WKUHH
UHSOLFDWHDQDO\VHV

FIGURE 3
The effect of pH of sample solution on the
recovery of Pb2+ and Ni2+.

Effect of flow rate of samples and sample
volume. One of the characteristics of the flow rate of
the sample in the adsorption process of Pb2+ and Ni2+
ions is that it determines the contact time of the
sample solution with the solid phase adsorbent. The
effect of the flow rate of sample solutions on the
recovery of analytes was varied within the range of
1-7 mL miní1. The optimum value for the flow rate
of the sample solution was found to be up to 4 mL
miní1. Above this value, the recovery decreased

RESULTS AND DISCUSSION
Effect of Ph. The pH of the working solutions
in the solid phase extraction is one of the critical
parameters for quantitative recoveries of the analytes
[27]. The determination of the recoveries of the
analytes were set through the application of the
preconcentration procedure by changing the pH of
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Effect of amounts of RrBB. The effects of
amount of RrBB on the sorption of metal ions at
optimum pH were found to be in the range of 50±500
mg. As seen in Fig. 6, the quantitative recoveries
were obtained in range of 200±500 mg for Pb2+ and
300±500 mg for Ni2+. Therefore, 300 mg of RrBB
was selected for further studies.

gradually which lead to the selection of the flow of
4 mL miní1 for Ni2+ and Pb2+ (Fig. 4). In the analysis
of real samples, the sample volume or breakthrough
volume is one of the most important parameters
which has aninfluence on the enrichment factor [28].
)RUWKLVSXUSRVHDTXHRXVVROXWLRQVFRQWDLQLQJȝJ
Pb2+ and Ni2+ were preconcentrated from sample
volumes in the range of 50 - 1000 mL. The
recoveries of analyte were quantitative (>95%) for
sample volumes up to 750 mL and 500 mL for Pb 2+
and Ni2+, respectively (Fig.5). The preconcentration
factor (PF) is calculated by the ratio of the highest
sample volume (750 mL for Pb2+and 500 mL for
Ni2+) and the final lowest volume (5.0 mL).
Maximum preconcentration factors for Pb 2+ and
Ni2+were found to be as 150 and 100, respectively.

Effect of interfering ion. Accompanying ions
in various real samples, the effect of some foreign
ions which interfere with the determination of the
understudy ions was examined with the optimized
conditions. In order to examine the selectivity of the
method, the influences of some cations and anions
on the solid phase extraction and determination of
Pb2+ and Ni2+ were investigated. In these
experiments, 50 mL solutions containing 5 ȝJ RI
Pb2+ and Ni2+ ions and matrix ions were treated
according to the preconcentration procedure. The
recovery values given in Table 4 show no significant
interferences up to 1000 mg L-1 of K+, Ca 2+ and Mg
2+
, 2000 mg L-1 of Na+, 10 mg L-1 of Zn2+ Cu2, Co2+,
Cd2+, Cr3+ and Fe3+ ions in the separation and
determination of Pb2+ and Ni2+ ions at pH 7.0.
TABLE 4
Effect of matrix on the recovery of Pb2+ and Ni2+
)RUHLJQ &RQFHQWUDWLRQ 5HFRYHU\ 5HFRYHU\
  1L2+
  3E2+
LRQV
PJ/

.
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FIGURE 4
Effect of sample flow rate on the recovery of
Pb2+ and Ni2+.

Capacity of the biomass. The adsorption
isotherm models are normally used to describe the
interaction between adsorbents and adsorbates,
providing most important parameters for designing a
desired adsorption system [29].
The obtainment of the adsorption capacity of
biomass was ensured through batch experiments.
For this purpose, 100 mg of biomass was added into
a 250 mL flask containing 100 mL of model solution
which has various concentrations of analyte ion
under the optimum experimental conditions. After
this procedure, The prepared solutions containing
different amount of analytes were shaken for 2 h at
150 rpm at room temperature. Then, 10 mL of
supernatant was taken from each solution and
analytes ions in the solutions after dilution steps
were determined by HR-CS FAAS.
In order to indicate the adsorption type and
descrive the equilibrium isotherm, the Langmuir

FIGURE 5
Effect of sample volume on the recovery of Pb2+
and Ni2+.

FIGURE 6
Effect of biomass amount on the recovery of
Pb2+ and Ni2+.
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ranges were obtained 0.10 ±10.0 mg Lí1 (R2=
0.9998) and 0.05±5.0 mg Lí1 (R2= 0.9999) of lead
and nickel, respectively. The limit of detection
(LOD) is defined as three times of the mean values
of standard deviation (SD) of blanks [31]. LODs
were IRXQGDVȝJ/í1 for Pb2+ and 0.24 ȝJ/í1
for Ni2+. The precision of this procedure was
examined by seven replicate measurements of 50 mL
RI VDPSOH VROXWLRQV LQFOXGLQJ  ȝJ /í1 analytes
ions. The mean recoveries for Pb2+ and Ni2+ were
obtained as 98.6 % and 98.2 %, with the relative
standard deviations (RSD) of 2.5 % and 2.1 %,
respectively.

adsorption model was applied.The linearized
equation form of the Langmuir model used to
evaluate maximum metal uptake is expressed by the
following equation:
Ce/qe = Ce/qmax + 1/ KL qmax
In this equation, Ce is considered as the final
metal concentrations in the solution at equilibrium
(mg L-1), qe is the amount of sorbed metal ionsper
gram of sorbent at equilibriums (mg g-1), KL is a
constant
related
to
the
energy
of
adsorption/desorption (L g-1) and qmax is the
maximum adsorption capacity of sorbent (mg/g).
Langmuir model had been pointed out to fit the
experimental data well, with the correlation
coefficients (R2) 0.913 and 0.876 for Pb2+ and Ni2+,
respectively. The Langmuir monolayer adsorption
capacitys (qmax) were estimated as 42.91 and 6.78 mg
g-1 for Pb2+ and Ni2+, respectively. Constants of the
energy (KL) for Pb2+ and Ni2+were calculated as
0.024 and 0.09 L g-1 respectively (Fig. 7, 8). High
correlation coefficients indicate that the adsorption
of Pb2+ and Ni2+ on the sorbent comply with the
Langmuir adsorption isotherm. In other words, the
solid surface displays a finite number of identical
sites that are genetically uniform, and no interactions
between adsorbed species, and a monolayer
adsorption are established when the solid surface
reaches saturation [30].

TABLE 5
Analytical performance and optimum
condition of the proposed method for
determination Pb2+ and Ni2+.
pH
Amount of biomass (mg)
Eluent volume (2 mol
Lí1HCl, mL)
Eluet flow rate (mL
miní1)
Sample flow rate (mL
miní1)
Maximum sample
volume (mL)
Enrichment factor
Linear range (mg Lí1)
Regressione quation (mg
Lí1)
Correlation coefficient
(R2)
'HWHFWLRQOLPLW ȝJ/í1)
Precision (R.S.D, N=7)
(%)

Pb2+
7.0
300
5

Ni2+
7.0
300
5

3

3

4

4

750

500

150
0.10±10
A=0.0479xC+
0.00029
0.9998

100
0.05±5.0
A=0.0937xC+
0.00058
0.9999

0.32
2.5

0.24
2.1

TABLE 6
Application of the present method to the
standard reference material (NIST SRM
1640a, trace elements in water, 50 mL)

FIGURE 7
Adsorption isotherm of Pbon RrBB

Element
b
Ni

Certified
(μg L-1)
12.101 r 0.050
25.32 r 0.14

Founda
(μg L-1)
11.65r0.03
24.68r0.10

Recovery
(%)
96.3
97.5

a

Results are mean ± standard deviation of three replicate
analyses.

Under the optimum experimental conditions,
linear dynamic ranges, correlation coefficients, limit
of detections (LOD)s, precision and accuracy were
examined. With the use of direct aspiration in HRCS FAAS without applying the preconcentration
system the linear dynamic ranges were obtained
0.10±10.0 mg Lí1 (R2= 0.9998) and 0.05±5.0 mg Lí1
(R2= 0.9999) of lead and nickel, respectively.The
limit of detection (LOD) is defined as three times of
the mean values of standard deviation (SD) of
blanks. LODs were IRXQGDVȝJ/í1 for Pb2+ and
0.24 ȝJ/í1 for Ni2+. The precision of this procedure
was examined by seven replicate measurements of
 P/ RI VDPSOH VROXWLRQV LQFOXGLQJ  ȝJ /í1

FIGURE 8
Adsorption isotherm of Ni on RrBB
Analytical features. Under the optimum
experimental conditions, linear dynamic ranges,
correlation coefficients, limit of detections (LOD)s,
precision and accuracy were examined. By using
direct aspiration in HR-CS FAAS without applying
the preconcentration system the linear dynamic
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analytes ions. The mean recoveries for Pb2+ and Ni2+
were reached as 98.6 % and 98.2 %, with the relative
standard deviations (RSD) of 2.5 % and 2.1 %,
respectively (Table 5). The accuracy of the
procedure was confirmed by analyzing certified
materials (NIST SRM 1640a, trace elements in
natural water). Results were the average of three
replicates. As can be seen in Table 6 the measured
mean value is not significantly different from the
certified value. The obtained recovery values for
accuracy of the method were greater than 95%.

Table 8. Analytical characteristics obtained for this
study are comparable to many procedures in the
table. The present work has relatively low LODs and
RSDs when compared to other methods. Another
parameter, PF (150 and 100 for Pb2+ and Ni2+) is
found to be relatively high when compared to other
methods. The adsorption capacity of biomass for
lead is higher than those in studies of Soylak et al.
[32], Tuzen et al. [33], Mendil et al. [34] and Duran
et al. [35]. Besides that adsorption capacity of
biomass for nickel is higher than those in studies of
Tuzen et al. (2008) [33] and Mendil et al. [34].
The high sorption capacity is one of the most
paramount specifications for metals ions
biosorbents. According to the biosorption
mechanisms, the way to enhance the sorption
capacity may change. Cell wall functional groups
play important roles in the biosorption process.The
sorption process by dead biomasses or biomaterials
is of physical nature because it is independent of
metabolism. Metals biosorption mechanism is
generally regarded as physicochemical interactions
between metal ions and the functional groups present
on the surface of biosorbent. This includes
electrostatic interactions, ion exchange and metal ion
chelation or complexation, microprecipitation and
reduction [37, 38, 39 ].

Analysis of real samples. In order to assess the
applicability and feasibility of method for the
analysis of real samples with different matrices, the
proposed procedure was applied to the separation
and recovery of ions from FRPPHULFDO GULQNLQJ
ZDWHU tap water, mineral water, and wastewater
samples. The accuracy of the proposed method was
also checked by analyzing spiked samples. The data
acquired were presented in Table 7. There are
satisfactory agreements between added and found
levels of analytes for all samples.
Comparison to Other Procedure. A
comparison of the proposed procedure with other
reported preconcentration procedures was given in

TABLE 7
Levels of for Pb2+ and Ni2+ ions in various water samples
6DPSOH
&RPPHULFDO GULQNLQJ
ZDWHU
7DSZDWHU
0LQHUDOZDWHU
Wastewater

$GGHG
J/









3E
)RXQG
J/









5HODWLYH
(UURU 

$GGHG
J/














1L
)RXQG
J/
1'

1'

1'




5HODWLYH(UURU






ND: Not detected
*Mean and standard deviation from three determinations.

TABLE 8
A comparison of the proposed procedure with other reported preconcentration procedures
Analyte

Pb, Ni
Pb, Ni
Pb, Ni

Pb, Ni

Pb, Ni
Pb, Ni

/2' ȝJ/-1)

RSD (%)

Ref.

0.52, 0.59

<7

[32]

6.07, 5.25

2.60, 1.30

<10

[33]

-

12.4, 6.67

2.70, 1.33

-

[34]

FAAS

50, 75

8.43, 6.80

2.0, 1.1

8.7, 5.6

[35]

FAAS

50

-

5.2, 1.6

<7

[36]

FAAS

160, 120

42.91, 6.78

0.32, 0.24

2.3, 3.5

Present
paper

Material

Procedure

PF

Aspergillus fumigatus
immobilized Diaion HP-2MG
Pseudomonas aeruginosa
immobilized on multiwalled
carbon nanotubes
Penicillium
italicum ± loaded on Sepabeads
SP 70
Anoxybacillus gonensis
immobilized on Diaion HP2MG
A. niger immobilized on silica
gel, column technique
Rhodococcus ruber biomass

FAAS

50

Capacitiy
adsorban
(mg g-1)
7.1, 6.8

AAS

50

AAS
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[9] Uncumusaoglu, A.A., Sengul, U., Akkan, T.
(2016) Environmental contamination of heavy
metals iQ WKH <DJOÕGHUH 6WUHDP *iresun),
Southeastern Black Sea. Fresen. Environ. Bull.
25, 5492-5498.
[10] World Health Organization (WHO) (2011)
Lead in Drinking-water Background document
for development of WHO Guidelines for Drinking-water Quality. WHO/SDE/WSH/03.
04/09, Rev1 13-14.
[11] World Health Organization (WHO) (2007)
English only Nickel in Drinking-water Background document for development of WHO
Guidelines for Drinking-water Quality. WHO/
SDE/WSH/07.08/55, 16.
[12] Topuz, B., Macit, M. (2011) Solid phase
extraction and preconcentration of Cu(II),
Pb(II), and Ni(II) in environmental samples on
chemically modified Amberlite XAD-4 with a
proper Schiff base. Environ Monit Assess. 173,
709±722.
[13] Pourjavid, M.R., Arabieh, M., Yousefi, S.R.,
Jamali, M.R., Rezaee, M. Hosseini, M.H.,
Sehat, A.A. (2015) Study on column SPE with
synthesized graphene oxide and FAAS for
determination of trace amount of Co(II) and
Ni(II) ions in real samples. Mater Sci Eng C
Mater Biol Appl. 47, 114-122.
[14] Mortada, W.I., Kenawy, I.M., Abdelghany,
A.M., Ismail, A.M., Donia, A.F., Nabieh, K.A.
(2015) Determination of Cu(2+), Zn(2+) and
Pb(2+) in biological and food samples by FAAS
after preconcentration with hydro-xyapatite
nanorods originated from eggshell. Mater Sci
Eng C Mater Biol Appl. 52, 288-296.
[15] Ciftci, H., Temuz, M.M, Ciftci, E. (2013)
Simultaneous preconcentration and determination of Ni and Pb in water samples by solidphase extraction and flame Atomic absorption
spectrometry. E. J. AOAC Int. 96, 875-879.
[16] <DOoÕQND\Dg(UGR÷DQ+Çiftçi, H., Türker,
A.R. (2012) Preconcentration of Aluminum on
Nano ZrO2/B2O3 and Its Determination by
Flame Atomic Absorption Spectrometry.
Spectros. Lett. 45, 344±351.
[17] Javanbakht, V., Alavi, S.A., Zilouei, H. (2014)
Mechanisms of heavy metal removal using
microorganisms as biosorbent. Water Sci Technol. 69, 1775-1787.
[18] Nilanjana, D., Vimala, R., Karthika, P. (2008)
Biosorption of heavy metals±An overview.
Indian J. Biotech. 7, 159-169.
[19] Kulkarni, R.M., Shetty, K.V., Srinikethan, G.
(2014) Cadmium (II) and nickel (II) biosorption
by Bacillus laterosporus (MTCC 1628). J.
Taiwan Inst.Chem. Engineer. 45, 1628±1635.
[20] Lopez, L.Y., Merma, A.G., Torem, M.L., Pino,
G.H. (2015) Fundamental aspects of hematite
flotation using the bacterial strain Rhodococcus
ruber as bioreagent. Min. Engin. 75, 63±69.

CONCLUSIONS
Rhodococcusruber bacterial biomass (RrBB)
was used as a new biosorbent, further more a new
analytical technique was developed for the
separation and preconcentration of lead and nickel
ions in various water samples. The developed SPE
method provides a simple, rapid, accurate, and an
economical procedure. Other advantages of The
developed method are its reproducibility, high
preconcentration factor and low detection limit. The
system was successful in preconcentration of
analytes from large sample volume (500 and 750
mL). This study offered a nonpolluting technique for
the preconcentration and determination of trace
metals.
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COMPARISON OF THE PHYSICOCHEMICAL PROPERTIES
OF CHITOSAN EXTRACTED FROM SHRIMP SHELL
WASTE WITH DIFFERENT DEACETYLATION DEGREES
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several different fields [3]. It is commonly used in
different sectors including especially food, chemistry, biotechnology, agriculture, veterinary, cosmetic,
medicine, dentistry, environmental protection, textile, paper making and packaging [4]. Physicochemical properties of chitosan significantly affect the use
of chitosan in all these sectors. These physicochemical properties can be ranged as deacetylation degree,
molecular weight, viscosity, solubility, and colour.
The most important one among these is “Deacetylation Degree.”
Deacetylation degree is the removal of acetyl
group from aminoacetyl groups which are found in
the structure of chitin. Thereby, only amine group remains behind. Deacetylation degree affects chitosan’s physical, chemical, and biological qualities
such as base and electrostatic characteristics, biodegradability, self-aggregation, and sorption properties
[5]. Deacetylation degree varies in accordance with
the source of chitin, extraction method, the duration
of reaction, NaOH concentration, and the temperature of reaction [6, 7]. Determination of the qualities
of chitosan acquired in different deacetylation degrees is significantly important in different usage areas of chitosan. For this reason, in the present study,
chitosan with different degrees of deacetylation were
prepared to investigate the effect of deacetylation on
physicochemical properties of chitosan. In the characterization of the chitosan, deacetylation degree,
moisture and ash content, molecular weight, apparent viscosity, water and fat binding capacity, fourier
transform infrared spectroscopy, scanning electron
microscopy and X-ray diffraction were measured. In
addition, chitosan extracted from P. longirostris was
compared to commercial chitosan.

ABSTRACT
In this study chitosan with different degrees of
deacetylation have been extracted from deep sea
pink shrimp (Parapenaeus longirostris) shells not
evaluated and discarded as waste products to investigate the effect of deacetylation on physicochemical
properties of chitosan. In order to determine physicochemical characterization of the chitosans; moisture and ash contents, degree of deacetylation, molecular weight, apparent viscosity, water and fat
binding capacities, Fourier Transform Infrared Spectroscopy, Scanning Electron Microscopy and X-ray
diffraction analyses were applied. In addition, the
physicochemical characteristics of the chitosan extracted from P. longirostris shells were compared to
the commercial chitosan. Low degree deacetylated
chitosan exhibited a higher molecular weight, higher
viscosity and higher water and fat binding capacities
compared to the high degree deacetylated chitosan.
Study findings are considered to be useful for the
economic use of shrimp wastes in Turkey and light
the way for future studies on other crustacean species.

KEYWORDS:
Chitosan, Deacetylation degree, Parapenaeus longirostris
Physicochemical properties

INTRODUCTION
Chitin (poly- β-(1,4)-2-asetamide-2-deoxi-βD-glucopyranose) is known as the most available biopolymer after cellulose in the world. Firstly produced from fungi, in our day chitin is mostly extracted from shellfish (crab, shrimp, lobster) and insect skeletons [1]. Chitosan (poly-[β-(1,4)-2-amino2-deoxi-β-D- glucopyranose) is the deacetylated
form of chitin and because of its polycationic structure, it can be more easily dissolved compared to the
chitin; and it has more superior features [2].
Chitosan has different reactive functional
groups and the chemical modification of these
groups enables chitosan to be a useful material in

MATERIALS AND METHODS
Materials. Fresh samples of deep sea pink
shrimp (Parapenaeus longirostris) wastes were collected from a local shrimp processing factory. Shells
were completely separated from these wastes in laboratory, washed in pure water and dried at 60ºC.
Two commercial chitosan (low and high
deacetylation degree) of Sigma Chemical was used
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as a control to compare with the extracted chitosan
in this study.

(6) Fourier Transform Infrared Spectroscopy (FTIR). The infrared spectrum (IR) was performed in a Perkin Elmer spectrometer (model 550
FT-IR/FIR/NIR Spectrometer Frontier, ATR), in the
region 500-4000 cm-1. The spectrum was obtained
using sample of chitosan powder, previously dried in
oven for 24 hours at temperature of 90°C.

Extraction of Chitosan. Chitosan was extracted by the method of Chang et al. [8]. Deproteinization and demineralization steps were carried out
with 2.5 N NaOH at 65 ºC for 6 hours and 1.7 N HCl
at 25 ºC for 6 h, respectively. The chitin residue was
treated with 9 vol. of hydrogen peroxide and dried at
90 ºC for 2 h. Two different deacetylated chitosan
(low and high degree) was prepared by alkali treatment of chitin using % 50 (w/v) NaOH in distilled
water at 120 ºC (50 and 240 minutes). The reactants
were filtered, washed with deionized water to neutral
pH and dried at 90 ºC for 2 h. LDEC: Low degree
deacetylated extracted chitosan, HDEC: High degree
deacetylated extracted chitosan, LDCC: Low degree
deacetylated commercial chitosan, HDCC: High degree deacetylated commercial chitosan.

(7) Scanning Electron Microscopy (SEM).
SEM characterization was carried out using a ZeissSupra 55 type instruments. Prior to analysis, the
dried chitosan powder was coated with platinum
with automatic coating machine. Images of the samples surfaces were recorded at different areas and
magnifications.
(8) X-Ray Diffraction (XRD). X-ray diffraction data were collected on a Rigaku-SmartLab diffractometer the voltage and the current used were 40
kV and 30mA, and 2θ with a scan angle from 4 to
45, respectively. Chitosan was prepared by compressing it in the cassette sample holder without any
adhesive substances.

Characterization of Chitosan. (1) Deacetylation Degree. Deacetylation degree of chitosan was
determined by a potentiometric titration method.
250.0 mg portion of chitosan were dissolved in 10.0
ml of 0.30 M HCl and after being diluted to 50.0 ml
with ultrapure water, it was titrated with 0.10 M
NaOH [9].

RESULTS AND DISCUSSION
The results of the physicochemical parameters
(deacetylation degree, moisture, crude ash, molecular weight, apparent viscosity, water and fat binding
capacities) of chitosan extracted from P. longirostris
shells are shown in Table 1.
Deacetylation degree shows the amount of the
number of deacetylated N-acetyl-D-glucosamine
units in proportion to total unit number. Physicochemical properties of chitosan change in accordance with the deacetylation degree and deacetylation
degree can be regulated with regard to the place of
use in industry. In the present study, the deacetylation degree determined through the potentiometric
titration method was measured as 72.86% in the lowdegree group while it was determined to be 93.70%
in the high deacetylation degree group. There are
various methods available to increase or decrease the
degree of deacetylation. In the deacetylation phase,
NaOH concentration, and duration and temperature
of the reaction are important factors on the deacetylation degree.
No statistical difference was observed in the
moisture (1.52-1.80%) and raw ash (0.12-0.18%)
contents of the chitosan with low and high deacetylation degree. High quality chitosan’s raw ash content should be lower than 1% [12]. Hence, the moisture content of the both featured chitosan produced
in this study is under this value. Similarly, Tajik et
al. [12] determined the raw ash content of the chitosan acquired from Artemia to be between 0.190.51%.

(2) The moisture and ash contents. The moisture was determined after drying samples for 24 h at
105ºC, and ash content was determined by heating at
530ºC for 20 h.
(3) Molecular Weight Determination. The
viscosity average molecular weight of chitosan was
calculated from experimental intrinsic viscosity data
by using the Mark-Houwink equation [10].
(4) Apparent Viscosity. Chitosan solution was
prepared in 1% (v/v) acetic acid at 1% (w/v) concentration on a moisture-free basis. Viscosity of chitosan was determined with an AMVn Automated
Micro Viscometer (Anton Paar, Graz, Austria). Results were averages of seven determinations and s
were reported as centipoises units (cP).
(5) Water and fat binding capacity. Water
binding capacity (WBC) and fat binding capacities
(FBC) of chitosan were measured using a modified
method of Wang and Kinsella [11]. Water and fat
absorption were carried out by weighing a centrifuge
tube containing 0.5 g of sample, adding 10 ml of water and mixing for 1 min to disperse the sample and
centrifuged at 3500 rpm for 25 min. After the supernatant was decanted, the tube was weighed again.
The same process was applied for fat binding capacity.
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TABLE 1
Physicochemical properties of chitosan extracted from P. longirostris with different deacetylation degrees
Deacetylation Degree
Low
High
72.86±3.21
93.70±2.20
1.80±0.65
1.52±0.04
0.12±0.01
0.18±0.07
14.08±1.34
2.15±0.04
1450±141.42
150.00±43.58
808.17±10.44
654.16±23.32
910.23±27.67
692.30±30.12

Parameters
Deacetylation Degree (%)*
Moisture (%)
Crude ash (%)
Molecular weight (kDa)*
Apparent viscosity (cP)*
Water binding capacity (%)*
Fat binding capacity (%)*
*

indicates a significant difference between two groups (p<0.01)

FIGURE 1
FTIR Spectra of Chitosan (a) LDEC (b) HDEC (c) LDCC (d) HDCC
TABLE 2
FTIR bands of chitosan with different deacetylation degrees
Functional Group/Wavenumber
C=O Amide I band
C=O-C-N
CH2 vibration
CH-CH3 vibration
Amide bands
NH
C-O-C
C=O
C=O
Fingerprint region, SH, PO4 vibration
(a) LDEC (b) HDEC (c) LDCC (d) HDCC

a
1655
1587,70
1421
1375,49
1319
1261
1150,42
1062,97
1026,37
894,31

b
1647,53
1577,19
1420,20
1376,38
1320,21
1263,30
1149,99
1059,73
1026,55
892,38

c
1647,48
1550,70
1418,60
1375,02
1309,70
1263,30
1151,68
1065,51
1027,22
897,23

d
1647,99
1587,80
1416,30
1375,22
1314,30
1263,30
1150,80
1062,80
1027,17
893,27

with the viscosity values, molecular weight results
also showed that chitosan with low deacetylation degree had higher values compared to the chitosan with
high deacetylation degree. During chitosan production, several factors such as temperature rating, alkali concentration, duration of reaction, duration of

In this study, it was detected that with the increasing deacetylation degree of the chitosan, there
was a statistically important decrease in the viscosity
value (p<0.01). Jeon et. al. [13] reported that the viscosity of the chitosan was closely related to the
deacetylation duration; and in parallel with the present study’s results, chitosan had the highest viscosity in the shortest deacetylation duration. In parallel
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deacetylation feature was replaced by 1647 peak. In
commercial chitosan groups, this value remained
stable at 1647 peak. For both natural and commercial
chitosan, it was seen in spectrum results that with the
increase in the deacetylation degree, some functional
groups moved away from the structure between 800450 bands. As the deacetylation degree increased,
610 peak in the natural chitosan with low deacetylation degree was observed on 617 band. While this
peak was not observed in commercial chitosan with
low deacetylation degree, it was observed on 610.97
band in the high commercial. It was determined that
with the increase in deacetylation degree, this peak
became evident. In the general sense, it was observed
that there were changes in the intensity of peaks between C=O Amide I band and Fingerprint region
groups.
SEM pictures of the chitosan with different
deacetylation degrees are presented in Figure 2. Chitosan’s fibrillary structures are seen in the images,
and it can be said that the acquired chitosan has a
lamellar structure. Although generally a spherical
structure is observed, particles comprising uneven
shapes are also seen. It was determined that the
group with high deacetylation had a more fibrillary
structure compared to the group with low deacetylation.

chitin acquirement, particle size, chitin concentration, and dissolved oxygen concentration may affect
molecular weight [12].
Water and fat binding capacities of the chitosan
group with high deacetylation degree were found to
be lower (Table 1). Water and fat binding capacities
of the both groups have shown similarities with the
results of different studies carried out with different
chitosan samples [12, 14, 15]. Similar to this study,
Trung et al. [16] examined the functional qualities of
chitosan with three different deacetylation degrees
(75, 87, 96 %) in the same molecular weight (approximately 810 kDa) and reported that the chitosan
with the lowest deacetylation degree had the higher
water binding capacity. All these physicochemical
properties of chitosan vary depending upon the
source of chitin, isolation method, deacetylation degree, the duration of being processed with sodium
hydroxide, concentration, and the temperature during the process.
FT-IR spectrums of the chitosan with low and
high deacetylation degree, which were acquired
from P. longirostris, and the commercial chitosan
are demonstrated in Figure 1; and the details of spectrums are demonstrated in Table 2. As the deacetylation degree of the chitosan acquired from shrimp
shell increased, 1655 peak in the group with low

FIGURE 2
Scanning Electron Microscopy (SEM) of Chitosan at 15.00 KX
(a) LDEC (b) HDEC (c) LDCC (d) HDCC
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FIGURE 3
X-Ray Diffraction Patterns of Chitosan (a) LDEC (b) HDEC (c) LDCC (d) HDCC

XRD results of chitosan are shown in Figure 3.
XRD results of chitosan extracted shrimp shell show
two strong peaks 10.8 and 20.37° (low deacetylated),
10.01 and 20.04° (high deacetylated), respectively.
XRD results of commercial chitosan show two
strong peaks 9.56 and 19.82° (low deacetylated),
10.56 and 19.89° (high deacetylated), respectively.
While teta-10 was under 200 in chitosan samples
with low deacetylation quality, teta-20 was measured around 800. In the group with high deacetylation, the value of teta 10 was determined to be
around 400 and the value of teta 20 was determined
to be higher than 1000. With the increase in deacetylation, an increase was observed in both peaks.
In conclusion, with the development of shellfish processing technology, the recycling of wastes
has become an important issue. Shellfish wastes,
which are not utilized in factories in our country,
have constituted a great potential. The utilization of
wastes is an important topic both for aquaculture industry and public health. With the expansion in the
usage possibilities of chitosan’s different forms in
different industries, the use of productions with no
side effects particularly for human health will be enabled; and, it will be possible both to generate an in-

come economically and to prevent the environmental pollution created by the wastes of processed shellfish.
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HDUWKR[LGHV &H FRGRSHGLQWR3E2DQRGH
,Q WKLV ZRUN DFFRUGLQJ WR WKH GHJUDGDWLRQ RI
G\HVZDVWHZDWHUWKHRSWLPL]HGGRSHGPRODUUDWLRRI
&HZDVDOVRGHWHUPLQHG7KHLQIOXHQFHRISDUDPHWHUV
VXFKDVFXUUHQWGHQVLW\HOHFWURO\WHFRQFHQWUDWLRQDQG
different Ce-doped molar ratioZDVLQYHVWLJDWHG

ABSTRACT
7KLVSDSHUGHDOVZLWKWKHGHJUDGDWLRQRIG\HV
ZDVWHZDWHUYLDHOHFWURFKHPLFDOR[LGDWLRQRQDQRYHO
DQRGH7KHUHVXOWVKRZHGWKDWHOHFWURFKHPLFDOR[L
GDWLRQ LV HIIHFWLYH IRU G\HV ZDVWHZDWHU WUHDWPHQW
8QGHU WKH RSWLPXP FRQGLWLRQ WKH 72& UHPRYDO
UHDFKHG

MATERIALS AND METHODS
Materials and chemicals. 7KHG\HXVHGLQWKH
SUHVHQWZRUNZDVSXULILHGIURPLQGXVWULDO$FLG5HG
% 'DKDL &KHPLFDO G\HVWXII &R /WG &KLQD 7KH
3E2ILOPRIHOHFWURGHVZDVSUHSDUHGE\WKHWKHUPDO
GHFRPSRVLWLRQ DQG HOHFWURGHSRVLWLRQ WHFKQLTXH
5DUH HDUWK R[LGH &H 12 +2  ZDV DGGHG LQWR
WKHHOHFWURSODWLQJVROXWLRQIRUWKHHOHFWURGHSRVLWLRQ
RIWKH&HGRSHG3E2HOHFWURGH

KEYWORDS:
(OHFWURFKHPLFDO R[LGDWLRQ 72& UHPRYDO $FLG 5HG %
ZDVWHZDWHUWUHDWPHQW

INTRODUCTION
6LQFHG\HVDUHFRQVLGHUHGDVVWDEOHVWXEERUQ
FRORUDQWDQGSRWHQWLDOO\FDUFLQRJHQLFDQGWR[LFSRO
OXWDQWVWKHLUGLVFKDUJHZLOOEULQJDERXWVHULRXVHQYL
URQPHQWDO DHVWKHWLFDO DQG KHDOWK SUREOHPV >@
7KHUHIRUH WKH GHFRQWDPLQDWLRQ RI G\HV HIIOXHQWV
IURPWKHWH[WLOHDQGG\HVLQGXVWULHVVKRXOGEHHIIHF
WLYHO\WUHDWHGEHIRUHWKH\DUHGLVFKDUJHGLQWRWKHHQ
YLURQPHQW7KHUHIRUHLWLVQHFHVVDU\WRGHYHORSHI
IHFWLYHSUHWUHDWPHQWWHFKQRORJLHVWRUHPRYHUHGXFH
WKH WR[LF VXEVWDQFHV EHIRUH ELRORJLFDO WUHDWPHQW
6RPHWHFKQRORJLHVKDYHEHHQGHYHORSHGIRUWKHSR
WHQWLDODSSOLFDWLRQLQWKHSUHWUHDWPHQWRISRRUELRGH
JUDGDEOH DQG HYHQ WR[LF ZDVWHZDWHU >@ (OHFWUR
FKHPLVWU\KDVEHHQXVHGWRSUHWUHDWWKHZDVWHZDWHU
FRQWDLQLQJPHWK\OHQHEOXHZLWKLWV%LLPSURYHGE\
WLPHV>@$QDHURELFSURFHVVHVKDYHEHHQDOVRDS
SOLHGWRHQKDQFHWKH%LRIWH[WLOHZDVWHZDWHU>@,Q
DGGLWLRQDGYDQFHGR[LGDWLRQWHFKQRORJLHVKDYHEHHQ
DOVR HPSOR\HG WR LPSURYH G\HV ZDVWHZDWHU WUHDW
PHQW >@ +RZHYHU HLWKHU UHPRYDO HIILFLHQF\
DQGRUWUHDWPHQWFRVWKDYHUHVWULFWHGWKHZLGHDSSOL
FDWLRQRIWKHVHSUHWUHDWPHQWPHWKRGV7KHUHIRUHWKH
G\H ZDV VHOHFWHG DV D WDUJHWSROOXWDQW LQ WKLV VWXG\
GXHWRLWVELRGHJUDGDEOHFKDUDFWHULVWLFV
7KH HOHFWURFKHPLFDO DFWLYLW\ RI 3E2 HOHF
WURGHV LV ODUJHO\ GHWHUPLQHG E\ WKH FRPSRVLWLRQ RI
WKH ILOP >@ %HFDXVH RI WKH HDV\ GHDFWLYDWLRQ RI
SXUH3E2WKHVWDELOLW\DQGHOHFWURFDWDO\WLFDFWLYLW\
RIWKH3E2DQRGHVDUHH[SHFWHGWREHLPSURYHGWR
IXUWKHUVDWLVI\WKHUHTXLUHPHQWRISUDFWLFDODSSOLFD
WLRQ>@%XWVRIDUWRWKHEHVWRIRXUNQRZOHGJH
WKHUH DUH IHZ SUHYLRXVO\ UHSRUWHG VWXGLHV RQ UDUH

Equipments and procedures. 7KH VDPSOHV
ZHUHVHOHFWHGGHSHQGLQJRQWKHWLPHGXUDWLRQRI
DQGPLQ7RWDORUJDQLFFDUERQ 72& 
ZDV GHWHFWHG E\ 72& DXWRPDWLF DQDO\VHU 72&9
&3+6KLPDG]X-DSDQ 
7KH HOHFWURFKHPLFDO R[LGDWLRQ V\VWHP ZDV
PDLQO\FRPSRVHGE\WZRZRUNLQJHOHFWURGHV DFWLYH
DUHD ZDV  î  PP  DQG DQ HOHFWURO\VLV FHOO
ZRUNLQJYROXPHZDVPO 

RESULTS AND DISCUSSION
Effect of current density. 7KHHIIHFWRIGLIIHU
HQWFXUUHQWGHQVLW\ DQGP$FP RQ
WKH GHJUDGDWLRQ RI$FLG 5HG % ZDV LQYHVWLJDWHG DW
 PROO 1D&O DQG VXLWDEOH &HGRSHG PRODU UDWLR
3E&H PROPRO 7KHUHVXOWLVVKRZQLQ
)LJ
7KH72&UHPRYDOREWDLQHGZLWKGLIIHUHQWFXU
UHQWGHQVLW\FRQGLWLRQVLVVKRZQLQ)LJ7KHUHVXOWV
VKRZHGWKDWWKHGHJUDGDWLRQUDWHLQFUHDVHGZLWKFXU
UHQWGHQVLW\LQFUHDVLQJIURPWRP$FP7KLV
DOVRLQGLFDWHGWKDWKLJKFXUUHQWGHQVLW\FRXOGVLJQLI
LFDQWO\SURPRWHWKHGHJUDGDWLRQUDWH
Effect of concentration of electrolyte. %H
FDXVHFRQGXFWLYLW\RI$FLG5HG%LVORZVWURQJHOHF
WURO\WH 1D&O LVDGGHGWRSURPRWHWKHFRQGXFWLYLW\
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GLIIHUHQW HOHFWURO\WH FRQFHQWUDWLRQ LQ HOHFWURFKHPL
FDO R[LGDWLRQ V\VWHP $IWHU  PLQ UHDFWLRQ WKH
72&UHPRYDOLVDQG
DWHOHFWURO\WHFRQFHQWUDWLRQRIDQG
PROOUHVSHFWLYHO\7KLVVKRZHGWKDWDQLQFUHDVHLQ
HOHFWURO\WH FRQFHQWUDWLRQ FRXOG QRW DOZD\V LPSO\ D
SURPRWLRQLQWKHGHJUDGDWLRQHIILFLHQF\

RI$FLG5HG%VROXWLRQ7KHUHIRUHWKHHIIHFWRIHOHF
WURO\WHFRQFHQWUDWLRQRQGHJUDGDWLRQRI$FLG5HG%
VKRXOGDOVREHHYDOXDWHG,QRUGHUWRLQYHVWLJDWHWKH
HIIHFWRIHOHFWURO\WH 1D&O  RQGHJUDGDWLRQRI$FLG
5HG%DQGPROO1D&OLVUHVSHF
WLYHO\WHVWHGE\&HGRSHG3E2HOHFWURGH 3E&H 
PROPRO 7KHUHVXOWVDUHVKRZQLQ)LJ
)LJXUH  SUHVHQWV WKH 72& UHPRYDO ZLWK WKH

),*85(
(IIHFWRIFXUUHQWGHQVLW\RQGHJUDGDWLRQRI$FLG5HG%

),*85(
(IIHFWRI1D&OFRQFHQWUDWLRQRQGHJUDGDWLRQRI$FLG5HG%
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),*85(
(IIHFWRI&HGRSHGUDWLRVRQGHJUDGDWLRQRI$FLG5HG%
Effect of Ce-doped molar ratio. 7KHHIIHFWRI
GLIIHUHQW&HGRSHGPRODUUDWLRV 3E PRO &H PRO 
 RQWKHGHJ
UDGDWLRQRI$FLG5HG%LVLQYHVWLJDWHGDWPROO
1D&ODQGP$FPFXUUHQWGHQVLW\7KHUHVXOWLV
VKRZQLQ)LJ
$VFRXOGEHVHHQLQ)LJZKHQWKHPRODUUDWLR
ZDV3E&H WKHPD[LPXP72&UHPRYDO
LVDFKLHYHG7KH72&UHPRYDOE\WKHFRGRSHGHOHF
WURGH 3E&H  UHDFKHGWRZKLFK
ZDV KLJKHU WKDQ WKDW RI XQGRSHG HOHFWURGH
 DIWHUPLQGHJUDGDWLRQ7KLVVXJJHVWHG
WKDWVXLWDEOH&HGRSHGPRODUUDWLRKDVDSRVLWLYHLQ
IOXHQFH RQ WKH FDWDO\WLF DFWLYLW\ RI 3E2 HOHFWURGH
7KH &H3E2 HOHFWURGH 3E  &H      SRV
VHVVHGDQH[FHOOHQWGHJUDGDWLRQDELOLW\RQ72&UH
PRYDO
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REMOTE SENSING AND GIS BASED VIEWSHED ANALYSIS
FOR WATER VISIBILITY FROM SETTLEMENTS OF A
MEDITERRANEAN CITY
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Cukurova University, Vocational School of Technical Science, Department of Architecture and City Planning,
Division of Geographic Information Systems, 01310, Adana, Turkey

the landscape level, the main challenge is how to decide on the optimal allocation and management of
the many different land use options [3]. In trying to
cope with the problem of landscape abuse and destruction, one of the questions that natural resource
planners frequently ask is: “Why is one landscape
preferred more than another?” [4].
Scenic landscapes are a major source of human
enjoyment and in some cases have been the object of
direct public action to preserve their quality [5, 6, 7].
The public’s sensitivity to scenery—how the landscape looks—was historically one of the first and is
perhaps still one of the most important catalysts of
environmental awareness and action [8, 9] Landscape perception assessments implies a causal link
between landscapes changes made on the ground and
the perception of scenic value [10].
The coast of water bodies are attractive spaces
to create places for human activities since the beginning of human history. It is well known that the land
areas adjacent to the water body shorelines are associated with large and growing concentrations of human population, settlements and socioeconomic activities, including many of the world's large cities
[11]. Economic and transportation purposes are not
the only drivers of the urbanization at coastal regions, water bodies visibility with aesthetic purpose
is also one of the effective drivers.
With the development of land use planning, and
its requirement for environmental data on which to
base land use decisions, came an increased desire to
elaborate valid means to quantify the scenic characteristics of landscapes [7, 12, 13]. The visibility of
water bodies as a part of landscape which can be calculated spatially using viewshed analysis are increasingly getting one of the key factors for land use
selection and planning [14, 15, 16, 17, 18]. Automated generation of landscape viewsheds and visible
areas was one of the earliest applications of digital
elevation models and GIS [19]. A viewshed is a spatial layer which identifies inter-visibility between
specific locations in a landscape, and can encompass
digital land surface models, as well as maps of land
use [20, 21, 22]. This technique is particularly relevant to landscape assessment, given that landscape is
first and foremost the appearance of the land.

ABSTRACT
This study aims to determine the effect of water
body visibility on preference of housing in the case
of Adana City Dam Lake and its environment. The
coast of water bodies are attractive spaces for human
activities since the beginning of human history. Recently the uses of coastal areas are intensified due to
the scenic value of water bodies. Viewshed analysis
is the research of the relationships between a point
data set and a single point. The visibility of water
bodies which can be calculated spatially using
viewshed analysis is becoming increasingly a common factor for land use/selection. As a result of this,
viewshed analysis facilitates landscape planning in
an appropriate way by considering scenic value of
landscape features such as, water bodies. Viewshed
analysis of Seyhan Dam Lake in Adana City with the
support of remote sensing and Geographic Information Systems (GIS) provided accurate results and
saved time, labour and cost. The study area is called
Menekşe district in Adana located at the Eastern
Mediterranean coast of Turkey and undergoing rapid
population and urbanization due to agricultural capacity and industrialization which make this area
ideal test-bed site for visibility analysis. This area is
under pressure of urbanisation since introduction of
city development plan in 2008. In this regard the visibility of Seyhan Dam Lake was modelled for
Menekşe district to find out the effect of scenic value
on land use preference. The outputs of this study will
maintain more effective city development plans.

KEYWORDS:
Land use selection, visibility, water bodies, settlement,
viewshed

INTRODUCTION
There is growing pressure on natural land use
by the growing human population of the word to satisfy the need for additional housing [1, 2]. Therefore
assessment of landscape, especially in an urban context, can be useful for policy planning and decisions
to ensure optimal land use in case of settlement. At
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Viewshed can be calculated from point locations using line of sight calculations and digital elevation
models [23].
Landscape planning which determines the suitability of land use can be achieved in a more appropriate and accurate manner considering the fact of
visibility of scenic valued landscape features such as
water bodies. Viewshed analysis using remote sensing and Geographic Information Systems (GIS) has
advantages such as saving time, labour and cost and
also provide more accurate results.
Turkish Mediterranean city of Adana is a fast
growing city as a result of agricultural capacity and
industrialization [24, 25, 26, 27]. Menekşe district
located at the east coast of Seyhan Dam Lake of
Adana city became an important attraction following
to city development plan in 2008. So this region is
ideal test site for visibility analysis to find out the effect of scenic value on land use preference. In this
respect, this study determined the effect of water
body visibility on preference of landscape use in the
case of Adana City Dam Lake.

STUDY AREA
The City of Adana is located at the eastern
Mediterranean coast of Turkey represents a case of
dense population and rapid urban changes. Dramatic
changes took place as result of farming reform in
1950s. Immigration from neighbouring cities has
been the main concern of city planners [24]. So the
Menekşe district as a case study is one of the potential development area of Adana City (Figure 1). The
study region has a total area of 1162 hectares and
27.5 km perimeter and 22 km coastline.
The Menekşe region, unlike other potential
growth areas of Adana, is a peninsula surrounded by
Seyhan Dam Lake. After establishment of municipality in 1992, thus urbanisation began in the form of
low-rise buildings, due to the lake visibility value.
Prior to this development, there was only Menekşe
Village in the region as a rural settlement, with a
population of 212.

FIGURE 1
Location of the study area

FIGURE 2
General flow diagram of the study
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point vector data which are appropriate format for
viewshed process representing monthly lake surface.

METHODOLOGY
The method of this study included four major
section; (1) definition of viewshed components, (2)
viewshed analysis, (3) pre-processing of ancillary
data and (4) assessment of the results (Figure 2).

DEM Creation. In a GIS environment, terrain
surfaces are often modelled by digital elevation
model (DEM). DEM is rectangular grids in which elements are elevation measures of corresponding locations on the ground [29]. DEM can be obtained or
created from remotely sensed data or readily available contours. 5 meters resolution DEM was created
from 5 meter interval contours of the study area
which was provided by Turkish General Command
of Mapping.

Definition of viewshed components. Remotely Sensed Data. The viewshed analysis creates
a raster, recording the number of times each target
area can be seen from the input locations. In this context; the spatial definition of the target area for which
the visibility is to be calculated should be the first
priority. Seyhan Dam Lake which is the target structure of visibility process has changeable surface areas depending on seasonal water levels. This means
visibility of the lake is changing as a result of seasonality. In this study, the periodical surface areas of
the lake for each month are extracted from 12 remotely sensed images, so that the time-varying visuality is calculated with higher accuracy.
GLOVIS database was searched for 12 up-todate, cloud free LANDSAT satellite images which
represent each month of the year.

Viewshed analysis. Viewshed analysis uses a
Digital Elevation Model (DEM) that allows the analyst to inspect whether a source and a target are intervisible. The outcome of the analysis is usually a raster file whose cell values represent the level of intervisibility from an observer to the surrounding area
[30].
According to Fisher [31, 32, 33], there are three
main categories for viewshed techniques.
(1) Binary viewshed answers a basic query,
namely, whether a target location can be seen from
the viewing point. The cells take the value 0 in case
of no inter-visibility or 1 otherwise.
(2) Probable viewshed was introduced in order
to better simulate the inter-visibility between points.
This technique uses the Monte Carlo method to create a perturbation of the results by introducing random errors. The raster cell values range between 0
and 1, while cells with values closer to 1 are more
likely to be visible from the source.
(3) Fuzzy viewshed was introduced to calculate
the decrease of inter-visibility between two points
depending on factors such as weather conditions and
distance.
In this study binary viewshed was used in GIS
environment which identifies the cells in an input
raster of study area that can be seen from one or more
observation locations based on each points of
monthly lake surface point cloud. Each cell in the
output raster for each month receives a value that indicates how many observer points from point cloud
of lake surface can be seen from each location of
study area. Finally monthly lake visibility were spatially averaged to obtain mean annual visibility of
Seyhan Dam Lake from Menekşe Region as observer
location.

Unsupervised Classification. Digital image
classification techniques group pixels as classes to
represent land cover features. There are two main
image classification techniques: supervised and unsupervised. The unsupervised classification is first to
group the spectral classes, based on numerical information and then match them to classes while supervised classification uses the homogeneous ground
samples of the different surface cover types of interest to match the predefined classes.
Unsupervised classification was used for this
study as only the lake surfaces were targeted from
the each image. This saves labour and time in terms
of collecting sample data for other classes. Thus, 12
LANDSAT images were classified using unsupervised classification technique of k-means to determine lake surface for each month.
The k-means classification begins with initializing k centroids (means), assigns each pixel to the
cluster of the nearest centroid, then updates the cluster centroids, repeats the process until the k centroids
are fixed. This is an iterative process for minimizing
the sum of squared errors (SSE), hence it may not
converge to a global optimum. Since its performance
strongly depends on the initial estimation of the partition, a relatively large number of clusters are generally recommended to acquire as complete an initial
pattern of centroids as possible. This technique is
based on a simple clustering algorithm. Class counts
were defined by the user and separated according to
the spectral similarities [28].

Pre-processing of ancillary data. Housing
sites and municipal plan of the study area were taken
into account as an ancillary data set for assessing the
amount of lake visibility.
Housing sites are digitized by hand for each
building from Google Earth. The garden borders of
buildings are taken into account on digitizing process. Municipality plan which contains the study

Point Cloud. The lake surfaces are extracted
from classified images. Monthly lake surfaces which
are in raster format converted to 100x100 meters
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As a result the k-means unsupervised classifier
was a useful and successful technique to define distribution and location of single target class such as
water body surfaces from multispectral satellite images such as Landsat [34].
ENVI 5.0 software package was used to implement K-Means unsupervised classification of selected Landsat images. Several K-Means variables
such as number of classes, change threshold and
maximum iteration number were tested to find the
most accurate classification result. As a result of
these tests number of classes, change threshold and
maximum iteration were defined as 6, 2.0% and 6 respectively.
Classified images were reclassed to Boolean
classes of water and non-water. Then the water bodies which are not belong to lake surface such as river
or irrigation channels are removed from the water
class. And also pixels that locate in lake area which
are classified as non-water are assigned as water
class to maintain lake integrity. This is resulted to final clear boolean data of lake and non-lake classes.
Accuracy assessment is conducted with randomly created ground truth point data which contains 100 samples for lake and non-lake data of each
month. It is resulted that classification for May has
the lowest accuracy of 92% among other months.
And the K-Means classification performs the most
accurate result for the image that represent lake surface for November with an accuracy of 97%.
The lake surfaces are extracted from processed
lake and non-lake boolean classification results.
Each monthly lake surfaces which are in raster format are converted to 100x100 meters gridded points
vector data. The resulted point cloud data represent
monthly lake surface as target structure of viewshed
process. The all remote sensing process of the study
that contains providing Landsat image, classification, and conversion to point cloud represent in Figure 3 as sample case months of May and November.

area and was apporved in 1992. Study area is extracted from the plan and the detailed municipality
land use types are grouped by reclassing according
to main land use classes of the region like settlement,
public facility, coast, forest, open green spaces, and
rocky/hillside.
Assessment of the results. The values of mean
annual visibility of the lake is extracted for the housing sites in the region. One sample t-tests are typically used to compare a sample mean to a known
population mean. To assess differences in the
strength of the associations between the visibility
values for housing sites and the whole region, a onesample t-test is used to find out whether the lake visibility is significant on settlement preferences. Also
the mean annual lake visibility values are extracted
for municipal land use types and compared each classes visibility values. The distribution of lake visibility as a natural resource will also be tested among the
classes in terms of public rights and equality.
TABLE 1
Dates of selected Landsat image
Target
month
January
February
March
April
May
June

Date
(mm/dd/yyyy)
01/19/2011
02/04/2014
03/24/2014
04/01/2014
04/29/2012
06/25/2013

Target
month
July
August
September
October
November
December

Date
(mm/dd/yyyy)
07/27/2013
08/07/2012
09/13/2013
10/15/2013
11/16/2013
12/18/2013

RESULTS
12 LANDSAT image from GLOVIS database
were listed in Table 1. The most appropriate remote
sensing data set that meets the prevailing conditions
are composed from six months at 2013, three months
at 2014, two months at 2012 and one month at 2011.

FIGURE 3
The remote sensing process: Sample cases of May and November.
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FIGURE 4
DEM creation process: Contour to DEM.
TABLE 2
Results of viewshed process
Target
months
January
February
March
April
May
June

Total lake
points
4298
4452
4503
4953
4970
5159

Visible Points
Max. Mean
3384
393,3
3483
387,6
3513
402,3
3639
410,0
3657
412,2
3701
419,9

Visibility (%)
Max. Mean
78
8,80
78
8,71
78
8,57
73
7,92
73
7,94
71
7,77

Target
months
July
August
September
October
November
December

DEM was generated with the method developed by Michael Hutchinson [35, 36, 37] from digital contour lines spatial resolution of 5-m contour interval from a 1:25.000 scale topographic map which
is obtained from Turkish General Command of Mapping (Figure 4).
Multiple viewshed calculations were done for
assessing the seasonal lake visibility of each month.
In viewshed analysis, visibility between a particular
point and each of the pixels on a surface data is analysed to yield a binary (i.e., visible/non-visible) visibility map. Multiple viewshed analysis employs repeated calculations using multiple points and a single
surface image. In this procedure, the number of
viewshed calculations equals to the number of points
of related months point cloud surface. Cell values of
observer area in the final visibility map per month
represent the sum of visible target points from the
target feature as points from the lake surface. The
lake visibility results as visible points for each month
are proportional to related month’s total point number of lake surface. Thus the monthly visibility are
resulted as percent values (Table 2).
The viewshed process which is given in table 2
are assessed. The lake defined with maximum points
of 5159 (5149 ha) at June which means lake reaches
the largest surface at June in a season. On the con-

Total lake
points
4178
4299
4254
4256
3853
4200

Visible Points
Max. Mean
3361
378,7
3385
393,4
3394
380,3
3408
380,1
3173
349,9
3368
379,5

Visibility (%)
Max. Mean
80
8,71
78
8,80
79
8,59
80
8,58
82
8,73
80
8,69

trary lake draws back to the smallest surface at November thus it was represented with a surface of
3853 points (3854 ha). These results show that with
spring rains the lake starts to enlarge and reaches its
largest surface at June. Just after irrigation of summer crops at lower plain the lake starts to shrink and
reaches to the smallest surface area for the season.
Monthly lake visibilities indicate that the each
month’s maximum visible points at site are directly
proportional to total number of point cloud of lake
(R²=0,97). The direct proportion also emerges between mean visible points and total number of point
cloud of lake (R²=0,88). Which directly affect oneto-one the mean visibility as percent. As a result of
lake visibility as total number of visible points from
study site reaches to the highest maximum value in
June (3701 points) and minimum vales in November
(3173 points) throughout the year. However this
does not indicate that lake become most or least visible in terms of average visibility in the season because of variability on total number of point cloud of
months.
The average visibility percentages represent
that in January and August the lake was at the most
visible period (8,8%) and lake come to the least visible status (7,8%) from June to December in the
study site. These visibility variations over the
months of a season are expected result of the unique
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topographic structure of the study site and lake morphology. Topographic effect over the visibility was
also discussed with several studies [38, 39, 40] and
concluded with compatible results.
Mean annual visibility of Seyhan Dam Lake as
a percentage for a season is calculated by spatially
averaging each months visibility images (Figure 5).
The result indicated that Seyhan Dam lake is 8,2%
visible from Menekşe Region as average. The lake
reaches to maximum visibility of 78% with standard
deviation of 10,9 and also there are non-sighted locations in the region which means 0% visibility to
lake. The aspects of southwest, west and south of the
region are the most sighted locations respectively in
terms of annual mean lake view (Table 3).
Buildings including their gardens of Menekşe
Region were digitized by hand from Google Earth
and imported in GIS environment as vector data
(Figure 5). The total area of housing sites is 32,2 hectare which is 2,8% of the whole of Menekşe Region.
When the mean annual visibility of Seyhan Dam
Lake of housing sites are extracted from whole data,
it represent that the mean lake visibility of housing

sites is 15,8% with standard deviation of 10,4% and
the values ranged from 0 to 53. This result suggested
that the lake visibility has a strong effect on settlement selection in Menekşe region by residents.
The mean annual visibility of Seyhan Dam
Lake is also extracted by the municipal land use classes of the Menekşe Region which are subsetted from
main municipal plan of Adana City (Table 4).
Rocky/hillside sites have the highest visibility to lake
because of their slopes facing the lake towards southwest, west and south coasts of the region. Open green
spaces, settlement, and public facility areas were extracted from municipality plan.
The one sample t-test determines whether the
sample mean is statistically different from a known
or hypothesized population mean by using the parameters of test variables and test value. In the test
the test variable is compared against a test value,
which is a known or hypothesized value of the mean
in the population. In this case one sample t-test is arranged using building sites visibility values as test
variable and the mean visibility of municipally defined settlement areas.

FIGURE 5
Mean annual visibility of Seyhan Dam Lake.
TABLE 3
Lake visibility of Menekşe Region according to aspects
Aspect
North
Northeast
East
Southeast
South
Southwest
West
Northwest

Area (ha)
162
144
125
133
153
140
145
161

Max. Visib.
53
40
58
54
59
74
78
72
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7,48
4,60
1,45
5,25
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13,56
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TABLE 4
Lake visibility of municipal land use classes of Menekşe Region
Municipal Land
Use Classes
Rocky/Hillsides
Open Green Spaces
Settlement
Public Facility
Coast
Forest

Area (ha)
71,3
143,9
347,6
11,2
84,0
313,0

Max.
78
60
74
39
58
52

One sample t-test of the means showed that the
visibility difference between existing housing and
municipal settlement areas are highly significant
(P<0.01). This result highlights that the lake visibility is a significant factor for settlement selection at
Menekşe Region. This deduction also emphasizes
that water visibility as a landscape value will be effective on settlement selection in the sites where the
housing is increasing.

Annual Dam Lake Visibility
Mean
Std. Dev.
21,5
15,3
9,6
9,3
9,4
11,1
8,3
10,0
8,1
8,6
2,4
6,0

sufficiency to define features for viewshed analysis.
The resulted K-Means unsupervised classification of
Landsat Images were also mentioned previously by
the studies of Faber [43], Duda and Canty [44], and
Jiang et al. [45].
The monthly assessment results of lake surface
showed that the multi-temporal assessment rather
than single time approach maintained more accurate
estimation of seasonal lake visibility depending on
changeable surface areas due to seasonal water levels. Secondly, the seasonal change and the most and
least visible dates of the lake for Menekşe Region for
a season are displayed. Annual lake visibility as a
single layer was derived by averaging monthly
viewshed results.
The mean annual lake visibility of housing sites
is twice higher than whole region as the main finding
of the study figure out the significance of lake visibility on settlement selection. However it is a reality
that it is not possible to build houses legally to every
location of the region. Thus it is needed to incorporate lake visibility on settlement, with respect to
mean annual visibility and municipality plan. Depending on this consideration the mean visibilities of
allowed settlement area and current housing sites are
statistically compared using t-test. The result consolidate that the visibility difference between existing
housing and municipal settlement areas were highly
significant which means the effect of lake visibility
is significantly effecting settlement selection on the
Menekşe Region. This result statistically proved the
argument of “The visibility of water bodies as a part
of landscape are increasingly getting one of the key
factors for land use selection and planning” by Litton
et al. [14], Hagerhall et al. [15], Junker and
Buchecker [16], Pfluger et al. [17], and Zhao et al.
[18].
This paper highlights the presence of water
body visibility effect on settlement selection by residents especially for regions which are located on
coast of water surfaces and under rapidly growing
settlement process such as Menekşe Region of
Adana City. Moreover, the visibility of water bodies
especially whose surfaces change seasonally such as
lakes, can be calculated using viewshed analysis
with the integration and support of time-series remotely sensed data, unsupervised classification
within a GIS environment. Therefore, accurate quantitative information about the visibility of aesthetic

DISCUSSION AND CONCLUSIONS
The aim of this study was to determine whether
the water body visibility rate is significantly effecting the settlement location selection by residents.
Although preliminary results showed that preference
of housing location was closely related to direct visibility of water bodies regarding to the visual aesthetics. The relationship between water body visibilities
and settlement selection was in line with the previous
studies by Ayad [7] Zube et al. [8] and Zhang et al.
[13].
Viewshed analysis uses a DEM that allows the
analyst to inspect whether a source and a target are
inter-visible [30]. The target features are generaly
created by hand digitizing under GIS environment at
several studies [14,15,16,17,18]. However proposed
methodology with this study is unique in terms of
using remotely sensed data and classifitation
tecniques for the definition of seasonal lake surfaces
as a target feature.
Multispectral satellite images such as Landsat
that absorb of infrared wavelength region make such
images an ideal combination for mapping the spatial
distribution of land and water by its strong unique
reflectance of water according to vegetation or soil
[41]. These characteristics of water make use of the
images that contain visible and infrared bands widely
used for water surface mapping [42]. Thus in this
study the classification of Landsat images (Landsat
7 and 8) with K-Means technique was integrated to
viewshed process for spatial distribution of water
surfaces. The classification accuracy of the outputs
were examined, the results figure out that the specifications of Landsat image and K-Means method and
also their combination provided accurate and quick
output compare to digitizing by hand. This approach
also performed adequately in terms of accuracy and
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landscape resources such as water bodies would increase effectiveness of city development plans and
would reward efforts to improve natural and built environments. Finally, our results can be of particular
relevance in the context of land use and scenic value
interaction, in a general manner and it can be used to
assess the impact of the visibility of landscape components on land use/selection.
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health to improving the system sustainability [1].
Municipal wastewater treatment plants consume
large amounts of energy every year. It has been estimated that energy used in the WWTPs comprises
around one fifth of a municipality’s total energy use
by public utilities, and it will continue to rise by 20%
in the next 15 years with the increasing water consumption and more stringent regulations [2]. Various
researches studied recover resources in wastewater
for secondary uses in order to improve sustainability
of WWTPs [3]. It might contribution to come true
the carbon neutrality of wastewater treatment systems. Anaerobic digestion could be a method for energy recovery from low value organic by-products,
such as waste activated sludge. The embodies energy
is 910 folds as much as consumption energy in
wastewater systems [4]. Therefore, it is a key technology in the bio-based economy and can be applied
to come true ‘Carbon Neutral’ in wastewater treatment processes in future.
A wide range of organic substrates can be converted to biogas by means of anaerobic digestion.
Kitchen waste (KW) is an available source of organic matter for anaerobic digestion [5]. Recently,
the demands for reduction and utilization of municipal solid waste (MSW) have rapidly increased in
China [6]. In 2006, the total amount of MSW collected and transported was 148 million tons, about
60% of which was food waste [7]. Food waste has a
high content of moisture (70%80%), high biodegradability (about 90%) and high energy content
(0.71.1 kWh/L), and thus is an ideal substrate for
anaerobic digestion [8]. The process of anaerobic digestion consists of four steps: hydrolysis, acidogenesis, acetogenesis, and methanogenesis [9]. Yet, digestion of single kitchen waste often results in process failure, because KW is a lipid-rich resource in
which the lipid concentration is about 5.0 g/L [10].
The mono-digestion of kitchen waste would be problematic because of volatile fatty acids (VFAs) can be
accumulated at high organic loading, resulting in the
decrease of pH and even the failure of anaerobic di-

ABSTRACT
Anaerobic digestion is a critical technology in
the bio-based economy and can be applied to convert
a wide range of organic substrates into methane. It
can help us come true the carbon neutrality of
wastewater treatment systems. Mono-digestion of
kitchen waste often occurred with VFAs accumulation and ended in process failure. While the single
digestion of sludge, with a limited biodegradability,
result in poor anaerobic digestion performance. Considering that, a series of batch mesophilic co-digestion of kitchen waste (KW) with different ratio of
VS/TS (‘f’) of A-sludge were performed to evaluate
the effect of ‘f’ on the co-digestion performance. Asludge is produced during the highly loaded first
stage of the two-phase ‘Adsorptions-Belebungsverfahren’ or A/B activated sludge system. We obtained
A-sludge with different ‘f’ (0.41, 0.55, 0.71) by controlling the parameters (HRT, OLR, SRT, DO) of Astage of A/B process. The results revealed that codigestion of appropriate fraction of kitchen waste
with high ‘f’ A-sludge could stimulate VS removal,
total methane yield and total volumetric productivity,
which increased by 1.40-fold, 2.38-fold, 3.30-fold as
the ratio of ‘f’ was increased from 0.41 to 0.71 without KW in the substrate, respectively. 1.36-fold,
2.16-fold and 2.93-fold correspond to 10 percent of
KW in the substrate. The most optimal performance
can be obtained in the 20 percent of kitchen waste
with an ‘f’ value 0.55 of A-sludge in the substrate.

KEYWORDS:
Kitchen Waste, Co-digestion, Adsorption/Belebungsverfahren, Methane Yield, Volumetric Productivity

INTRODUCTION
Currently, there are around 2000 wastewater
treatment plants (WWTPs) operating in China. Now,
the goal of municipal wastewater systems has extended from protecting receiving water and human
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gestion [11-14]. Therefore, anaerobic mono-digestion of KW is mainly operated at low OLR (in the
range of 13 g COD/ L.d) in order to avoid the accumulation of VFAs and subsequent process failure
[15, 16]. Recently, anaerobic co-digestion, which
mixes different wastes (solid or liquid organic wastes)
with complementary characteristics in a single digester, has been widely used for production of biogas
from various substrates. Several organic substrates
have been successfully co-digested with kitchen
waste, such as manure, wastewater, green waste and
waste activated sludge [17-20]. A-sludge which is
produced in the A-stage of A/B process is also a
waste stream that might be suitable for co-digestion
with kitchen waste.
‘Adsorption-Belebungsverfahren’ (A/B) process is one of a municipal wastewater treatment process. It is characterized for high-quality loading fluctuation resistance, avoiding flamentous bulking, especially, and generating large quantities sludge [21].
Large amounts of organics in wastewater are converted to waste activated sludge (WAS) during biological wastewater treatment. This technology is applied to many full scale WWTPs, for instance, Taian
WWTP, Hedong Sewage Disposal Plant of
Wulumuqi of China and the WWPTs of the Netherlands, Germany, Switzerland. The B-stage comprises
a nitrogen treatment step by means of conventional
nitrification/denitrification or oxygen-limited autotrophic nitrification/denitrification (OLAND) [22].
We focus on the highly loaded biological adsorption
stage (A-stage) of this system. Anaerobic digestion
of the huge volume excess of the A-sludge, greatly
conduces to the parts of energy requirements or even
energy self-sufficiency of the A/B process [23]. Sewage sludge (SS) characterized by relatively low C/N
ratio and high buffer capacity [24, 25]. Therefore, it
is able to stand co-substrates with high amounts of
easily biodegradable organic matter and with low alkalinity values. Moreover, in many cases, co-digestion can also lead to the dilution of some undesired
compounds present in SS such as heavy metals,
pharmaceuticals and/or pathogens [26, 27]. Taking
into account these facts, KW is very convenient cosubstrate for A-sludge. Co-digestion of A-sludge
with kitchen waste may not only enhance biogas production, but also improve the stability of the anaerobic digestion of kitchen waste, as A-sludge can provide the anaerobic digester with additional trace elements. Thus, it can satisfy the requirement of ‘Carbon Offset’ even ‘Carbon Neutral’ for WWTPs.
The previous studies mainly focused on optimizing the anaerobic digestion of sludge by adjusting external condition, such as temperature, pH, addition of zero of valent iron ect.. [28, 29]. Few studies realize the effect of internal property of sludge on
the anaerobic digestion. It is generally known that
process parameters have a great influence on the

characteristics of waste activated sludge, VS/TS ratio of A-sludge is no exception. In this study, high ‘f’
A-sludge can be obtained by adjusting the important
relevant control parameters of A-stage. The aim of
this work is to evaluated whether co-digestion of
high ’f’ A-sludge and kitchen waste could obtain
higher methane productivity and higher methane
yield.

MATERIALS AND METHODS
Lab-scale A-stage reactor and influent. Labscale A-stage reactor of A/B process was designed
and fabricated in the laboratory using perspex material. It used aeration and settling integration devices.
It can cater to the need of sludge recirculation without return sludge pumps and reflux pipe. The aeration zone and settling zone of A-stage reactor has
working/total volume of 3.75/4.32 L and 2.07/2.32 L,
respectively (Fig. 1). The reactor was operated in
continuous mode.
In order to stabilize the inlet water quality, the
influent of A-stage was simulated wastewater. The
components of simulated wastewater are showed in
the following amount (in mg per L substrate):
CH3COONa: 200-500, NH4Cl: 120, KH2PO4: 24,
MgSO4.7H2O: 10, CaCl2.2H20: 15, H3BO3: 2,
FeCl2.4H2O: 2, ZnCl2.4H2O: 0.4, MnCl2.4H2O: 0.8,
0.2,
(NH4)6MoO7.4H2O:
1.1,
CuCl2.2H2O:
NiCl2.6H2O: 1.
Feedstock and inoculum. The kitchen waste
(KW) was collected from the canteen of Hohai University and removed any non-food fraction (stone,
bone, glass, wood chips). KW is composite in nature
comprising uneaten food and food preparation leftovers which mostly comprising rice, vegetables, meat,
fish, cooking oil. The moisture content of waste varied between 18% and 30%. The collected kitchen
waste was masticated using blender and filtered
through stainless steel sieve to remove coarse materials so as to avoid clogging problems and stored at
4. The A-sludge obtained from lab-scale A-stage
reactor of AB process. The Characterisation of the
Kitchen Waste (KW), A-sludge-0.41, 0.55, 0.71 are
presented in Table 1.
The inoculum of A-stage origined from
Jiangning Economic Development Zone WWPT of
Nanjing. The inoculum of anaerobic reactors (An-inoculum) from an anaerobic fermentor of Jiangsu
Chenjie Renewable Resources Science and Technology co., Ltd. Prior to use, the inocula were starved
for 1 week and incubated at 35 to reactivate microbiological activity and remove the easily degradable VS. The Characterisation of the An-inoculum is also presented in Table 1.
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FIGURE 1
Device schematic of lab-scale A-stage reactor
TABLE 1
Characterisation of the Kitchen Waste (KW), A-sludge-0.41, 0.55, 0.71 and An-inoculum
Parameter
TS
VS
TCOD
SCOD
TAN
TKN
VFAs
Carbohydrates
Lipids
Proteins

Units
g/L
g/L
gO2/L
gO2/L
mg/L
mg/L
mg/L
g/L
g/L
g/L

KW
164±5.2
152±4.9
214±6.7
101±4.3
480±7
3812±67
6612±95
102±5.7
20.4±0.78
21.6±1.1

A-sludge-0.41a
35.7±0.021c
20.5±0.028
22.3±1.1
0.31±0.023
97±7.4
1217±18
NDb
ND
ND
ND

A-sludge-0.55
34.2±0.035
24.3±0.031
27.1±2.3
0.38±0.019
105±5.2
1282±21
ND
ND
ND
ND

A-sludge-0.71
33.4±0.038
28.7±0.024
32.1±0.9
0.42±0.015
121±8.9
1345±25
ND
ND
ND
ND

An-inoculum
40.8±0.053
23.5±0.047
ND
ND
ND
ND
ND
ND
ND
ND

a

A-sludge-0.41, 0.53, 0.64 were the A-sludge with ‘f’ of 0.41, 0.55, 0.71, respectively.
ND: not determined.
c
All data were measured in triplicate.
b

TABLE 2
Relevant control parameters of A-stage of A/B process
parameters
Hydraulic Retention Time HRT
Sludge Retention time SRT
Dissolved Oxygen DO
Sludge Loading
Sludge Concentration

Unite
min
day
mg/L
kgCOD/(kgVSS.d)
mg/L

Value
15-60
0.5-2
0.2-1.5
2.27-5.67
3000

TABLE 3
The process parameters correspond to A-sludge of ‘f’ 0.41, 0.55, 0.71
f
0.57
0.71
0.86

HRT
min
15
40
25

SRT
day
2
0.8
0.5

DO
mg/L
1.5
1.0
0.75
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3.405
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5.67
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yield expressed in mL/gVSfeedstock was calculated as
the volume of methane gas produced per g of VS
loaded into the reactor at start-up, corrected by subtracting the methane yield obtained from the control
reactor and adjusted linearly based on the amount of
seed VS [31]. Methane productivity of feedstock is
expressed in Vmethane/Vwork, which is the volume of
methane gas produced (Vmethane) per unit working
volume of reactor (Vwork), corrected by subtracting
the methane yield obtained from the control reactor.
TS reduction calculation was also corrected by subtracting the TS reduction obtained from the control
reactor. The working volume of the reactor was
taken as the maximum working volume after expansion had taken place.

Experimental design and operation. A-stage
operation with different control parameters. The
A-sludge was obtained from the lab-scale A-stage reactor of A/B process. The ratio of VS/TS (volatile
solid/total solid) of A-sludge can be changed by adjusting the relevant parameters of A-stage, such as
sludge loading (SL), hydraulic retention time (HRT),
sludge retention time (SRT), sludge concentration
(SC) and dissolved oxygen (DO). The relevant control parameters of A-stage of A/B process are presented in Table 2. The A-sludge of VS/TS ratios 0.41,
0.55 and 0.71 were obtained when the process parameters of A-stage reactor were set as these three
conditions (see Table 3). The waste sludge of A-stage
was concentrated by settling at 24 h. To enhance the
hydrolysis, the sludge was pretreated using alkaline
method before the anaerobic fermentation according
to the reference [30]. The pH of sludge was adjusted
to 12 using 4 mol/L of sodium hydroxide, and then
the sludge was stirred at 80 rpm for 6 h. After pretreatment, the pH of sludge was adjusted to 7 for anaerobic digestion. The sludge formed in A-stage with
different ‘f’ values stored at 4 as substrate for subsequent anaerobic digestion.
A-sludge co-digestion with kitchen waste.
The A-sludge of VS/TS ratios (0.41, 0.55 and 0.71)
and percentage of kitchen waste (0%, 10%, 20%, 30%
based on VS) in the feedstock on the performance of
co-digestion was studied. Twelve of the same anaerobic lab-scale glass reactors with a total volume of
1L and a working volume of 800mL, and the mixing
ratio of feedstock (A-sludge and kitchen waste) and
inoculum was 1:1 (VS basis), which were operated
for 30 days under mesophilic conditions (35±1).
The inoculums-An, kitchen waste, and A-sludge
were mixed by a Electric-stirrer for 15min. Wellmixed materials were loaded into the glass reactors
and incubated for up to 30 days. All the experiments
were conducted in triplicate. Inoculum without any
feedstock addition was used as a control group. The
twelve reactors were given different combinations of
A-sludge and kitchen waste, i.e. 100%A-sldge (0.41),
100%A-sldge (0.55), 100%A-sldge (0.71); 90% Asludge (0.41) and 10%KW, 90% A-sludge (0.55) and
10%KW, 90% A-sludge(0.71) and 10%KW; 80% Asludge(0.41) and 20%KW, 80% A-sludge (0.55) and
20%KW, 80% A-sludge (0.71) and 20%KW; 70% Asludge (0.41) and 30%KW, 70% A-sludge (0.55) and
30%KW, 70% A-sludge (0.71) and 30%KW (all of
them based on VS).
Biogas generated was collected in a 5 L Tedlar
gas bag (CEL Scientific, Santa Fe Springs, CA,
USA). The volume and the percentage of methane in
the biogas were measured once a day then converted
to STP (standard temperature and pressure) condition during the 30 days. The initial pH of these reactors was adjusted to 7.2 and monitored without adjustment once a day in later. By the end of the trial,
the VFAs, TS and VS were analysised. Methane
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Analytical methods. Analyses of the total fraction were performed directly on the raw samples. For
analyses of the soluble fraction, the samples were
centrifuged at 8000rmp for 10 min and then the supernatant was filtered through a nitrocellulose 0.45
mm filter. Total solids (TS), volatile solids (VS), total chemical oxygen demand (TCOD), soluble chemical oxygen demand (SCOD), total ammonia nitrogen (TAN) and total Kjeldahl nitrogen (TKN) were
measured according to the standard methods. The pH
was measured by HQ30d equipped with a standard
electrode (PHC101). The concentration of volatile
fatty acids (VFAs, calculated based on COD) was
measured by a gas chromatograph (Agilent, GC7890A, America) equipped with a flame ionization
detector. The carrier gas was high purity nitrogen.
The temperature of the column oven was initially
programmed at 80  for 10 min, then elevated to
180  at 10/min and held for 1 min, eventually
elevated to 220  and held for 5 min. The main
components of biogas, CO2 and CH4, were analyzed
with a gas chromatograph (Agilent, GC-7890A,
America) equipped with a combined system of chromatographic column (SS-2m×2mm×13XMS, 60/80)
and methanizer/flame ionization detector (FID).
High purity nitrogen was used as a carrier gas at a
flow rate of 3.0 mL/min. The separation column at
40, sample injector at 100 and FID at 300.
The retention time of CH4 and CO2 were 2.2 min and
4.4 min, respectively. The lower detection limit for
CH4 and CO2 were 0.2uLL-1 and 0.03uLL-1, respectively. Protein was estimated by multiplying the organic nitrogen (TKN minus TAN) by 6.25 32. Lipids
were analyzed following standard method. Carbohydrates were estimated by subtracting the amount of
protein, lipids and VFA from VS.

RESULTS AND DISCUSSION
Volatile solid (VS) reduction of all reactors
during the experimental period. As shown in Fig.
2, without KW in the substrate, the VS reduction during the experimental period was on average 26.7±1.3,

#"

 $  

 







  !




31.1±1.2 and 37.4±1.7% in the 100%A-sldge (0.41),
100%A-sldge (0.55) and 100%A-sldge (0.71), respectively. A 1.4-fold increase in volatile solid (VS)
reduction was achieved with the increase in the ‘f’
value of A-sludge from 0.41 to 0.71. Mixing 10 percent of KW in the substrate, the 90% A-sludge (0.41)
and 10%KW, 90% A-sludge (0.55) and 10%KW, 90%
A-sludge (0.71) and 10%KW achieved average VS
reduction of 32.7±1.6, 39.4±1.3 and 44.5±1.9%, respectively. A 1.36-fold increase in VS reduction was
achieved by increasing the ‘f’ of A-sludge from 0.41
to 0.71 in the feedstocks. Higher VS removal efficiency was observed in reactor within certain limits
amount of KW. This phenomenon was also observed
by Dan and Li [33]. In contrast, the change trend
were changed when 20 (or 30) percent KW was
mixed in the feedstocks except for the case of the ‘f’
value of A-sludge ranged from 0.41 to 0.55 with 20
percent of KW in the substance. Kitchen waste posses the characteristic of extremely high biodegradability, with the hydrolysis of KW, total VFA concentrations increased greatly, the accumulation of VFAs
led to irreversible acidification which inhibited
methanogenic microorganisms’ activities [34]. The
problem will get worse if mixing high ‘f’ value of Asludge with KW in the substrate. The highest VS reduction, 52.2%, was achieved at an ‘f’ value of 0.55
with 20%KW in the feedstocks. Small amounts of
VS converted into other intermediate products
throughout the entire experiment. This was the reason that we can observe the VS removal in the failed
reactors.
Total methane yield of all reactors during
the experimental period. The total methane yield of

the anaerobic reactors is illustrated in Fig. 3. Without
KW in the substrate, the average total methane yield
at ‘f’ of 0.41, 0.55, 0.71 of A-sludge were 67.1±3.1,
108.4±5, and 159.7±6.8 mlCH4/gVSfeedstock, respectively. The feature of ‘f’ (VS/TS) is associated with
the complex composition of sludge, so as VS/TS to
fresh leachate [35]. It should be noted that the improved methane yields were accompanied by the increased proportion of organics in sludge. Organic
matter is effective constituent to produce methane.
This effect was also seen at the percentage of kitchen
waste increased from 0% to 10%, an average total
methane yield of 94.3±4.3, 167.6±7.2 and 203.5±8.3
mlCH4/gVSfeedstock. The methane yield increased
2.38-fold and 2.16-fold at the percentage of KW 0%
and 10% in the substrate as ‘f’ increased from 0.41
to 0.71. The reactor, 80% A-sludge (0.55), exhibited
the best performance which methane yield reached
244.1±11.3 mlCH4/gVSfeedstock. The methane yield
was highly correlated with the VS reduction (Fig. 2).
Higher methane yield was observed in reactor with
higher VS reduction. This phenomenon also can be
seen by Dan and Li [32]. But when the ‘f’ further
improved to 0.71 due to VFA inhibition slightly,
which caused methane yield decreased from 244.1
ml CH4/gVSfeedstock to 183.3 ml CH4/gVSfeedstock. For
the reactors with 30% KW in the substrate because
of an excessive amount of easily digestible matter
which cause fatty acids accumulate severely. The
methane yield reduced substantially (to a value of
8ml CH4/gVSfeedstock), indicating severe process failure. This was also observed in a previous study
where the methane yield decreased significantly
with 50% or more dog food in the substrate [36].

FIGURE 2
Reduction of volatile solids (%) during 30 days anaerobic co-digestion of KW with A-sludge of tested
effluent–substrate compositions
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FIGURE 3
Methane yield during 30 days anaerobic co-digestion of KW with A-sludge of tested effluent–substrate
compositions
Total volumetric productivity of all reactors
during the experimental period. Total volumetric
productivity of these anaerobic reactors is shown in
Fig. 4. An average total volumetric productivity is
2.24±0.11, 4.21±0.17 and 7.47±0.24 LCH4/Lwork volume in the 100% A-sludge (0.41), 100% A-sludge
(0.55) and 100% A-sludge (0.71), respectively. And
for 90% A-sludge (0.41) and 10%KW, 90% Asludge (0.55) and 10%KW, 90% A-sludge(0.71) and
10%KW the productivity is 3.85±0.11, 8.25±0.32,
11.32±0.39 LCH4/Lwork volume, respectively. Volumetric productivity comparisons are correlated to those
of the methane yield comparisons at the same percentage of KW. Increasing ‘f’ from 0.41 to 0.71 at 0
and 10 percent of KW increased the volumetric
productivity 3.3-fold and 2.93-fold, respectively.
The volumetric productivity at 20 percent of KW increased by 2.17-fold as the ‘f’ was increased from
0.41 to 0.55. As the ‘f’’ further improved to 0.71, the
volumetric productivity decreased to 10.45±0.42
LCH4/Lwork volume. It is noted that the highest volumetric productivity (15.93±0.56 LCH4/Lwork volume)
was obtained in the reactor of 80% A-sludge (0.55)
and 20% KW. However, when the portion of kitchen
waste boost it to 30 percent, similar to the methane
yield, the volumetric productivities also decreased
significantly, which mainly resulted from the VFA
accumulation (see Fig. 5). The VFA accumulation in
these three digesters could lead to the imbalance between the rate of hydrolysis and acidogenesis and
that of the generation of acetic acid and its consumption by methanogens for methane production [37].

throughout the entire experiment. In the 100% Asludge (0.41), 100% A-sludge (0.55) and 100% Asludge (0.71) (Fig. 6 A) obtained a daily methane
yield of 7.78, 8.67 and 9.91L/(kgVS*day), respectively. Improving the percentage of KW to 10 (Fig.
6 B), the three reactors obtained a value of 8.23, 9.34
and 13.54 L/(kgVS*day) respectively. Increasing the
‘f’ of A-sludge from 0.41 to 0.71 at 0 and 10 percent
of KW in the feedstock increased the maximum daily
methane yield to 1.30-fold and 1.65-fold, respectively. However, it should be noted that the peak
daily methane occurred with the ‘f’ of 0.55 not 0.71
when 20% KW mixed in the feedstock (Fig. 6 C). It
could be explained that, when the organic loading
rate (OLR) increases, the methane yield increases to
some extend but above the optimal OLR the volatile
solids degradation and methane yield decreases due
to overloading [38,39]. When the percentage of KW
improved to 30 (Fig. 6 D), the easily digestible material content apparent severe overloading in the reactor (30%KW, ‘f’=0.71), with excessive volatile
fatty acids restrain the methanogens activity. Volatile
fatty acids are not toxic themselves. However, their
inhibiting effects could be indirect as they might
lower the pH to undesirable level [40]. The methanogens will not be able to metabolise the acetate produced by the acetogenic organisms until the number
of methanogenic organisms has increased
sufficiently [41]. It was demonstrated that acetic acid
content of >800 mg/L is a signal of digester failure
[42]. From Fig.5, by the end of the trial, in the reactors of 70% A-sludge (0.55) + 30%KW and 70% Asludge (0.71) + 30%KW, the accumulated VFAs
reached 1449.2 mg/L and 1647.3mg/L, respectively.
They were far exceeded 800 mg/L and ended up in
failure.

The change trend of daily methane yield and
pH during the experimental period. Fig. 6 represents the daily methane yield of all twelve reactors
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FIGURE 4
Volumetric Productivity during 30 days anaerobic co-digestion of KW with A-sludge of tested
effluent–substrate compositions

FIGURE 5
Daily methane yield profiles (A, B, C, D) during 30 days anaerobic digestion at the percentage of KW of
0, 10, 20, 30
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FIGURE 6
VFAs during 30 days anaerobic co-digestion of KW with A-sludge of tested effluent–substrate
compositions

FIGURE 7
Change in the reactors pH (E, F, G, H) during 30 days anaerobic digestion at the percentage of KW of
0, 10, 20, 30
It can be seen from Fig. 7 (E, F, G) that the pH
levels increased above 8.0 gradually at initial stage,
then decreased below 6.5 gradually until the end. Instability of anaerobic digestion at higher value of pH
and it caused rapid conversion rate of ionized ammonia nitrogen (AN) into free ammonia nitrogen (FAN).
Increasing amount of FAN inhibited methanogens
and resulted in accumulation of VFAs, which again
leaded to decrease in pH and thereby declined the

concentration of free ammonia nitrogen. The interaction among free ammonia nitrogen, VFAs and pH
may lead to an ‘inhibited steady state’. It’s a condition where the process runs with a lower methane
yield [43]. Improving the percentage of KW to 30
(Fig. 7 H), the pH levels decreased below 5.0 due to
the hydrolysis/acidification bacteria can produce
much VFAs from excessive substrate. The most favorable range of pH to achieve maximal biogas yield
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in anaerobic digestion is 6.8–7.2. Methanogenic bacteria are extremely sensitive to pH fluctuations and
prefer pH around 7.0 as the growth rate of methanogens is greatly reduced below pH 6.6. Acid-forming
bacteria are less sensitive and tolerate pH in range of
4.0–8.5. The pH decrease mainly results from the accumulation of VFAs in the reactors. Increase of
VFAs content may be caused by increased activity of
the acidogenic bacteria coupled with inhibition of
methanogens. Correlated with low methane yield
even process failure.

[4] Shizas, I. and Bagley, D. (2004) Experimental
Determination of Energy Content of Unknown
Organics in Municipal Wastewater Streams. J
Eng. 130, 45-53.
[5] Ventura, J.R.S., Lee, J. and Jahng, D. (2014) A
Comparative Study on the Alternating Mesophilic and Thermophilic Two-stage Anaerobic
Digestion of Food Waste. J Environ Sci. 26,
1274-1283.
[6] Lin, J., Zuo, J.E., Gan, L.L., Li, P., Liu, F.L.,
Wang, K.J., Chen, L. and Gan, H.N. (2011) Effects of Mixture Ratio on Anaerobic Co-digestion with Fruit and Vegetable Waste and Food
Waste of China. J Environ Sci. 23, 1403-1408.
[7] Zhang, D.Q., Tan, S.K. and Gersberg, R.M.
(2010) Municipal Solid Waste Management in
China: Status, Problems and Challenges. J Environ Manage. 91, 1623-1633.
[8] Jo, D.V., Lars, D.L., Willy, V. and Nico, B.
(2013) High-rate Iron-rich Activated Sludge as
Stabilizing Agent for the Anaerobic Digestion of
Kitchen Waste. Water Res. 47, 3732-3741.
[9] De La Rubia, M.A., Raposo, F., Rincón, B. and
Borja, R. (2009) Evaluation of the Hydrolytic–
acidogenic Step of a Two-stage Mesophilic Anaerobic Digestion Process of Sunflower Oil
Cake. Bioresour Technol. 100, 4133-4138.
[10]Zhang, C.S., Sun, H.J. and Tan, T.W. (2013)
Batch and semi-continuous anaerobic digestion
of food waste in a dual solid–liquid system. Bioresour Technol. 145, 10-16.
[11]Buyukkamaci, N. and Filibeli, A. (2004) Volatile Fatty Acid Formation in an Anaerobic Hybrid Reactor. Process Biochem. 39, 1491-1494.
[12]Palacio-Barco,
E.,
Robert-Peillard,
F.,
Boudenne, J.L. and Coulomb, B. (2010) On-line
Analysis of Volatile Fatty Acids in Anaerobic
Treatment Processes. Analytica Chimica Acta.
668, 74-79.
[13]Zhang, C.S., Xiao, G., Peng, L.Y., Su, H.J. and
Tan, T.W. (2013) The Anaerobic Co-digestion of
Food Waste and Cattle Manure. Bioresour Technol. 129, 170-176.
[14]Doğan, E. and Demirer, G.N. (2009) Volatile
Fatty Acid Production from Organic Fraction of
Municipal Solid Waste Through Anaerobic Acidogenic Digestion. Environ Eng Sci. 26, 14431450.
[15]Hecht, C. and Griehl, C. (2009) Investigation of
the Accumulation of Aromatic Compounds during Biogas Production from Kitchen Waste. Bioresour Technol. 100, 654-658.
[16]Ma, J.X., Duong, T.H., Smits, M., Verstraete, W.
and Carballa, M. (2011) Enhanced Biomethanation of Kitchen Waste by Different Pre-treatments. Bioresour Technol. 102, 592-599.

CONCLUSIONS
The co-digestion of A-sludge with Kitchen
waste was limited by the low ‘f’ of A-sludge. This
study showed that the performance of anaerobic digestion can be improved by increasing the ‘f’ of Asludge. In the WWTPs, high value organic by-product (WAS) can be obtained by adjusting process parameters. The potential energy stored in wastewater
can be avoided consuming by the respiration of microbes in activated sludge and convert to stored in
WAS. Therefore, the WWTPs require fewer extrinsic
waste stream to come true energy self-sufficiency
and effectively prevent the acidification which results from large amounts of extrinsic organic waste
was loaded into anaerobic reactors. Obviously, this
research provides a novel approach to co-treating
and co-utilizing kitchen waste with A-sludge from
WWTPs.
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ASSESSMENT OF SALT TOLERANCE ACCESSIONS OF
SESBANIA SESBAN (L.) MERRIL USING SOME
MORPHOLOGICAL AND BIOCHEMICAL PARAMETERS
Mohamed Tarroum*, Fahad Al-Qurainy, Salim Khan, Mohammad Nadeem,
Aref Alshameri, Abdel-Rhman Z Gaafar, Saleh Alansi
Department of Botany and Microbiology, College of Science, King Saud University, Riyadh, 11451, Saudi Arabia

plant growth, net assimilation, leaf area, leaf water
potential, and leaf photosynthesis. Furthermore, enzymatic activity, osmotic adjustment, protein synthesis, hormone balance transport of ions and water
were affected by salt stress [2, 3]. Reactive oxygen
species (ROS) are produced in living cells when
plants are subjected to biotic or abiotic stress [4].
Thus, the ability of plant cells to maintain low cytosolic sodium concentrations is an essential process
associated with their capacity to grow in high salt
concentrations [5]. To survive in high salinity soils
and mitigate the harmful effect of salt, plants exhibit
various physiological and biochemical mechanisms,
such as antioxidant enzyme activation and antioxidant compound synthesis, osmoprotectant and compatible solute biosynthesis, ion transport and uptake,
ion homeostasis and compartmentalization, polyamine synthesis, and hormone modulation [6]. Previous
findings indicated that plants exhibited better protection against the oxidative damage caused by NaCl
owing to higher constitutive and induced activities
of antioxidative enzymes, such as catalase
(EC1.11.1.6, CAT) and superoxide dismutase
(EC1.15.1.1, SOD) [7].
Sesbania sesban (L.) Merrill belongs to the
subfamily Papilionoideae, family Leguminosae or
Fabaceae. S. sesban is widely distributed and cultivated throughout tropical Africa and Asia, and has
been introduced in tropical America [8]. S. sesban is
a narrow-crowned, deep-rooting single or multistemmed plant that can be a shrub or small tree. In
Arabic countries, such as Egypt, S. sesban is commonly known as “Egyptian sesban.” The paripinnate
leaves and tender branches of S. sesban are high in
protein (20–25% crude protein) and with a high digestibility when consumed by ruminants, such as
cattle and goats. The leaves of S. sesban have traditionally used as medicine for pain and inflammation.
The flowers are arranged on racemes, and each raceme has between 2 and 20 flowers, which are yellow with purple or brown streaks [9]. According to
Oosting, et al. [10], S. sesban is an exotic multipurpose fodder tree introduced to the Ethiopian highlands for livestock feed and soil conservation.

ABSTRACT
Salinity can negatively affect plant morphology and physiology. The impact of salt stress on
plant biomass, total chlorophyll, proline, catalase
(CAT), and superoxide dismutase (SOD) was assessed in eight accessions of Sesbania sesban (L.)
Merrill, namely Sialkot, Khanewal 1, Chiniot,
Bhowana 1, Khanewal 2, Sahianwala, Bhowana 2,
and Shahpur. These accessions were grown in pots
containing sand and peat moss (3:1). Treated plants
were watered with 75, 150, and 200 mM NaCl, and
untreated plants (control) were irrigated with tap water. A significant variation was noted in salinity tolerance among the accessions. The proline content
and antioxidant enzyme activities increased at 75
and 150 mM and decreased at 200 mM NaCl.
Khanewal 2, Bhowana 2, and Shahpur were the bestperforming accessions, with greater biomass, proline
accumulation and higher antioxidant enzyme activities. The Sialkot accession produced the lowest biomass and accumulated less proline with lower antioxidant enzyme activities than the other accessions.
Clustering of salt stress responses using Hierarchical
Cluster method revealed two major groups: the first
comprised more tolerant accessions, and the second
comprised moderately tolerant and salt sensitive accessions. Accessions with the highest salt tolerance
could be recommended as forge crops in saline areas.

KEYWORDS:
Sesbania sesban (L.) Merril, salt stress, proline, superoxide dismutase (SOD), Catalase (CAT).

INTRODUCTION
Among abiotic stress factors, salt stress is one
of the most serious threats to growth and crop
productivity worldwide. Many previously published
studies have explained the effects of salt-stress on
plant parameters. According to Munns and Tester
[1], high salinity inhibits plants in two phases: a
rapid osmotic stress and a slow ionic phase. It was
reported that salinity treatment led to a reduction of
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In the present study, we analyzed the effect of
salt stress on plant biomass, total chlorophyll, proline, CAT, and SOD in S. sesban (L.) Merrill, to determine if these accessions could be cultivated as
forge crops in salt-stressed conditions.

buffer (pH 7.4) containing 0.1 mM EDTA, 1% (w/v)
PVP, and 0.5 % (v/v) Triton-X 100. The homogenate
was centrifuged at 14,000 rpm for 20 min at 4°C, and
supernatant was used to analyze the following antioxidant enzymes:
Catalase (CAT). CAT activity was measured
following the method described by Claiborne [14].
The reaction mixture consisted of 1 mL 0.059 M
H2O2 in 0.1 M sodium phosphate buffer (pH 7.4), 1.9
mL distilled water, and 100 µL enzyme extract. Catalytic activity was recorded spectrophotometrically
by the decline of the absorbance at 240 nm owing to
the disappearance of H2O2. CAT activity was expressed as units/g protein.

MATERIALS AND METHODS
The seeds of the eight accessions used in this
study were obtained from the College of Agriculture,
University of Sargodha, Pakistan. The experiment
was conducted in the Department of Botany, College
of Science, King Saud University. Seeds were sown
in pots filled with sand and peat moss (3:1). The pots
were maintained in a growth chamber under control
conditions at a temperature of 23 ± 2°C, 16 h photoperiod, and 70% relative humidity. After germination, healthy seedlings were selected (one seedling
per pot), and irrigated daily with tap water during the
initial 3 weeks. After this growth period, pots were
separated into four lots, and each lot contained four
replications. Salt stress was induced by treating
plants with saline solution at three concentrations of
75, 150, and 200 mM; and untreated plants were irrigated with tap water (control). After two months,
plants were harvested, and the morphological parameters were determined. The samples were frozen in
liquid nitrogen and kept at -80°C until biochemical
parameters were measured.

Superoxide dismutase (SOD). Pyrogallol indirect spectrophotometric assay has been developed
for measuring SOD [15]. SOD activity was measured following the method of Marklund and
Marklund [16]. The reaction mixture contained 1 mL
0.25mM pyrogallol, 1.9 mL 0.1 M sodium phosphate
buffer (pH 7.4), and 100 μL enzyme extract. SOD
activity (U/g protein) was defined as the amount of
enzyme required to cause 50% inhibition of pyrogallol oxidation at 420 nm.
Statistical analysis. Results were statistically
analyzed using IBM SPSS statistics 19 software. All
values presented for data were the means of four replicates. Data from each parameter was subjected to a
two-way analysis of variance (ANOVA); the Post
Hoc of multiple comparisons for observed means
were assumed by Duncan’s test. P values at 0.05
were considered significant.

Total chlorophyll estimation. The total chlorophyll (Chl) of leaves were extracted with acetone
(80%, v/v) as described by Arnon [11]. The absorbance of the extract was read at 645 and 663 nm using
a UV-1800 spectrophotometer (Shimadzu, Japan).
The total chlorophyll contents were calculated using
the following formula:
Total chlorophyll (μg/mL) = 20.2 (A645) + 8.02
(A663).

RESULTS AND DISCUSSION
Effect of NaCl treatments on morphological
parameters. This study assessed the tolerance of
eight accessions of S. sesban (L.) Merrill during salt
stress at three levels of 75, 150, and 200 mM. We
found a significant variation in the morphological
traits (shoot weight, root weight, plant height, and
leaf number) among accessions and treatments under
both normal and salt stress conditions (Tables 1 and
2). The three NaCl concentrations led to a reduction
of plant shoot weight, root weight, plant height, and
leaf number in all accessions, and this reduction was
more intense at high salt concentrations. Under control conditions, the highest shoot (25.5g) and root
(3.3g) weights were recorded in Khanewal 2,
whereas the Sialkot accession showed the lowest
shoot (23.2 g) and root (2.2 g) weights. We also
noted that there was a highly significant effect of
both accessions and treatments on shoot and root
weights. However, the effect of the interaction of accession and treatments was not significant in the
mentioned parameters (shoot and root weights).

Proline levels. Proline was estimated by the
method of Bates, et al. [12]. A total of 500 mg fresh
leaves was homogenized in 10 mL 3% aqueous sulfosalicylic acid. After centrifugation, 2 mL supernatant was placed in a test tube, to which 2 mL ninhydrin and 2 mL glacial acetic acid were added. The
mixture was then heated at 100°C for 1 h. After boiling, the reaction was stopped by placing the tubes in
an ice bath for 5 min. Thereafter, 6 mL toluene was
added to each reaction and mixed vigorously for 15
s. The absorbance of the upper phase was read at 520
nm using a UV-1800 spectrophotometer (Shimadzu,
Japan). The proline values were expressed in µg/g
fresh weight.
Antioxidant enzymes assays. Enzyme extractions were based on the methods of Jogeswar, et al.
[13]. Leaf samples (100 mg) were ground in liquid
nitrogen and dissolved in 100 mM sodium phosphate
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et al. [17] observed that salt stress drastically reduced the growth performance in S. sesban. When
studying the effect of salt stress on growth and metabolic changes in nodules and other plant parts of
two leguminous species (Phaseolus vulgaris and
Sesbania aculeate), Ashraf and Bashir [18] found
that this stress caused a significant reduction in shoot
length, root length, fresh and dry weights of shoots
and roots. Patel, et al. [19] noted that shoot and root
elongation, tap roots and lateral root tissues of Delonix regia (Fabaceae) seedlings were significantly decreased in response to soil salinization. As well for
Robinia pseudoacacia seedlings, the root biomass,
root length, root surface, stem and leaf biomass were
decreased when the seedlings were subjected to salt
stress [20].

Moreover, a strong variation was also observed
among accessions and among treatments regarding
plant height. In the control conditions and under high
NaCl concentrations (200 mM), the accessions
Khanewal 2, Sahianwala, and Shahpur were the
longest as compared with the other accessions. Concerning the number of leaves per plant, Khanewal 2
showed higher numbers in the control condition.
Nevertheless, in the stress condition, the number of
leaves of Khanewal 2, Sahianwala, and Bhowana 2
were convergent. The interaction between the treatments and accessions had no significant effect on all
previously cited plant growth parameters (Table 2).
These results concurred with the findings of several
authors who reported that salt stress induced a reduction of plant morphological parameters. Abd_Allah,

FIGURE 1
Change of total chlorophyll content in eight accessions of Sesbania sesban (L.) Merril grown under salt
stress
TABLE 1
Effect of salinity on shoot weight, root weight, plant height and leaf number in eight accessions of Sesbania
Sesban (L.) Merril. (The values are the mean of four replicates ± standard deviation)

Sialkot
Khanewal 1
Chinot
Bhowana 1
Khanewal 2
Sahianwala
Bhowana 2
Shahpur

Control
23.21 ± 1.19
25.75 ± 0.34
27.59 ± 2.40
25.66 ± 2.45
29.5 ± 7.42
27.44 ± 0.68
27.65 ± 0.24
27.67 ± 2.39

Sialkot
Khanewal 1
Chinot
Bhowana 1
Khanewal 2
Sahianwala
Bhowana 2
Shahpur

Control
75 ± 12.08
87 ± 0.50
90 ± 4.00
91 ± 8.50
96 ± 6.00
97 ± 4.71
101 ± 3.53
98 ± 4.00

Shoot weight (g)
75mM
150mM
19.83 ± 3.50 18.84 ± 1.50
24.84 ± 1.00 22.32 ± 0.73
22.78 ± 1.25 22.46 ± 1.52
22.97 ± 1.79 21.95 ± 1.64
29.4 ± 6.63
25.49 ± 3.57
24 ± 1.21
22.74 ± 1.71
22.67 ± 2.53 21.73 ± 0.81
26.16 ± 1.23 22.73 ± 1.32
Plant height (Cm)
75mM
150mM
73 ± 2.88
63 ± 6.17
85 ± 5.50
72 ± 5.00
88 ± 2.75
78 ± 4.00
85 ± 7.50
83 ± 7.50
86 ± 5.50
85 ± 9.00
89 ± 10.00
87 ± 7.00
92 ± 7.50
92 ± 12.50
96 ± 2.50
94 ± 6.00

200mM
13.42 ± 1.99
15.97 ± 2.27
17.8 ± 0.92
16.2 ± 1.30
25.27 ± 1.76
22.39 ± 5.0
20.71 ± 1.60
18.13 ± 2.00

Control
2.25 ± 0.58
2.47 ± 0.48
2.62 ± 0.48
2.77 ± 0.51
3.38 ± 0.05
3.11 ± 0.58
2.87 ± 0.35
2.83 ± 0.38

200mM
54 ± 9.00
71 ± 4.50
67 ± 5.50
71 ± 3.50
74 ± 4.50
78 ± 6.50
91 ± 5.00
83 ± 7.00

Control
22 ± 3.51
23 ± 4.50
23 ± 0.57
22 ± 1.00
26 ± 1.00
24 ± 2.08
24 ± 2.82
23 ± 2.00
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Root weight (g)
75mM
150mM
2.1 ± 0.50
1.92 ± 0.47
2.44 ± 0.61 1.89 ± 0.88
2.57 ± 0.50 1.94 ± 0.42
2.7 ± 0.05
2.32 ± 0.68
3.16 ± 0.14 2.84 ± 0.44
2.98 ± 0.16 2.68 ± 0.70
2.79 ± 0.45 2.47 ± 0.52
2.81 ± 0.50 2.37 ± 0.63
Leaf number
75mM
150mM
19 ± 2.00
16 ± 3.51
23 ± 0.57
22 ± 2.00
22 ± 1.52
20 ± 0.00
21 ± 0.57
19 ± 1.00
25 ± 1.00
24 ± 1.00
24 ± 0.00
22 ± 1.00
23 ± 3.00
23 ± 3.00
22 ± 0.57
21 ± 1.00

200mM
1.45 ± 0.50
1.82 ± 1.05
1.44 ± 0.05
2.19 ± 1.05
2.55 ± 0.60
2.16 ± 0.80
2.57 ± 0.80
2.18 ± 0.50
200mM
14 ± 5.00
19 ± 1.00
17 ± 4.50
18 ± 1.00
22 ± 0.57
22 ± 1.00
22 ± 3.51
20 ± 0.57
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TABLE 2
The Results of the P-values showing the effect of accessions, treatments and the interaction accessions treatments in studied parameters.

Accessions
Treatment
Accessions -Treatments

Shoot
weight
0.000
0.000
0.596

Root
weight
0.000
0.000
1.000

Plant
height
0.000
0.000
0.237

Leaf
number
0.000
0.000
0.754

Total
chlorophyll
0.000
0.000
0.000

Proline

SOD

Catalase

0.000
0.000
0.000

0.000
0.000
0.000

0.000
0.000
0.000

FIGURE 2
Proline accumulation in eight accessions of Sesbania sesban (L.) Merril grown under salt stress

Effect of NaCl treatments on total chlorophyll content. Chlorophyll is the main color agent
responsible for photosynthesis. Under adverse circumstances, the chlorophyll level is a good indicator
of the photosynthesis function [21]. Salt toxicity
causes the degradation of pigment, thus a decrease in
chlorophyll content owing to salinity stress is relatively common in salt sensitive plants. However, salt
tolerant plants can protect themselves from deterioration resulting by the salinity stress effect [22].
In the present study the chlorophyll content of
all accessions decreased with increased salt concentrations. Under 200 mM NaCl, the three accessions,
Khanewal 2, Bhowana 2, and Sahianwala showed
higher amounts of chlorophyll (0.37, 031, and 0.32
mg/g, respectively). However, lower amounts occurred in Shahpur, Sialkot, and Khanewal 1 (Figure
1). In addition to the significant difference between
the treatments, it was noted that the total chlorophyll
content was highly affected by accessions and by the
interaction of accessions and treatments (Table 2).
Our findings concur with the results of Taïbi, et al.
[23], who noted that salt stress significantly decreased chlorophyll a and b in Phaseolus vulgaris.

Misra and Gupta [24] also reported that chlorophyll
content decreased with increasing NaCl concentrations in two high yielding genotypes of green gram.
Several other researchers demonstrated that salinity
reduced chlorophyll content in different species, e.g.
sunflower [25], Limoniastrum guyonianum Boiss
[26], Lolium perenne L [27] and Atraphaxis bracteata [28].
Effect of NaCl treatments on proline content. To cope with salinity, plants trigger different
mechanisms that allow their adaptation and survival
in saline environment [29]. Among these adaptation
mechanisms, proline accumulation is frequently observed during the exposure of plants to adverse environmental conditions [30]. Our results of proline
content (Figure 2) showed a significant variation
among the accessions. In general, the different Sesbania accessions accumulated low proline levels in
control conditions at a range of 25 to 59 µg/g. There
was a significant increase of proline content in all
accessions at 75 and 150 mM of NaCl treatments.
However, at 200 mM NaCl concentrations, the proline content was diminished when compared to 75
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and 150 mM NaCl. The highest proline content at
150 mM NaCl was detected in Bhowana 2 (172
µg/g) and Shahpur (154 µg/g), while the lowest proline contents were observed in Bhowana 1 (59.1
µg/g) and Khanewal 1 (80 µg/g). The results showed
that besides the significant effect of salt treatments
on proline accumulation, the proline content was
highly affected by accessions and by the interaction
between accessions and treatments (Table 2). Previous research of different plant species, such as blue
panic grass [31], green gram [24], sunflower [32],
and Triticum aestivum L. [33] indicated that proline
biosynthesis could be stimulated in response to salt
stress.

U/g protein respectively). In Bhowana 1, Khanewal
2 and Bhowana 2, the moderate and convergent values of catalase activities were recorded.
As shown in Figure 4 all accessions treated
with 75mM and 150 mM exhibited an enhancing activities of SOD when compared with their controls.
Under 200 mM NaCl, the highest values of SOD activities (17.78, 17.6 and 17.3 U/g protein) were
found in Bhowana 2, Chiniot and Bhowana 1 respectively. Whereas the low activity value (13.9 U/g protein) were presented in Sialkot accession. The differences between the effect of treatments and the effect
of accessions on CAT and SOD activities were
highly significant. The same results of p values (p=
0.000) were observed when studying the effect of interaction accessions and treatments on the activities
of both enzymes (Table 2).
Previous studies indicated that NaCl stress
could either stimulate or inhibit CAT and SOD activities. Our findings agree with the results of other
researchers, such as Xu, et al. [35] and Yadav, et al.
[36] , who found that salinity increased the SOD and
CAT activities in turf grass and Azolla. According to
Cavalcanti, et al. [37], CAT activity was dramatically decreased in cowpea leaves 1 day after 200 Mm
NaCl treatment, whereas SOD did not change significantly in stressed plants. Studying the effect of salt
stress on antioxidant enzyme activities in liquorice
plants, Pan, et al. [38] concluded that SOD activity
was upregulated, whereas CAT activity decreased
owing to the oxidative stress induced by salt stress.

Effect of NaCl treatments on CAT and SOD
activities. To grow in stress conditions, plants possess efficient enzymatic antioxidant defense systems, such as CAT and SOD, which work in combination to control uncontrolled oxidation and protect
plant cells from oxidative damage by ROS scavenging [34]. In the present study, we analyzed CAT and
SOD activities in control and stressed plants. Generally, we observed an increase of both enzymes activities in all accessions at 75 and 150 mM NaCl. However, 200 mM NaCl induced a reduction of enzyme
activities when compared to previous treatments.
The results of salt effect on CAT activities were
summarized in Figure 3. Under the high level of
NaCl (200 mM), Shahpur accession was ranked as
superior with 65.73 U/g protein. Nevertheless, the
lowest values were registered in Sahianwala, Sialkot, Khanewal 1 and Chiniot (25.5, 25.2, 23.5 and 13

FIGURE 3
Catalase activity of eight Sesbania sesban (L.) Merril accessions grown under salt stress.
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FIGURE 4
SOD activity of Sesbania sesban (L.) Merril accessions grown under salt stress.

FIGURE 5
Dendrogram showing the relationship among eight Sesbania sesban (L.) Merril accessions based on
shoot weight, dry weight, plant height, leaf number, total chlorophyll, proline, CAT and SOD
in a Hierarchical cluster analysis.

The hierarchical cluster analysis using plant biomass, total chlorophyll, proline, CAT, and SOD activities was performed. It was noted that multivariate
analysis distinguished S. sesban accessions into two
clusters. The first cluster comprised the most tolerant
accessions, which are Khanewal 2, Shahpur, and
Bhowana 2. The second cluster comprised the accessions characterized as moderately and sensitive to
salt stress as shown in Figure 5. Much research has
previously used hierarchical cluster analyses to evaluate salt tolerance in rice [39], sugarcane [40], and
buffel grass [41] .

CONCLUSION
In conclusion, it is suggested that morphological and biochemical parameters could be used to select salt-tolerant accessions of S. sesban. Considering the above-mentioned parameters, Khanewal 2,
Bhowana 2, and Shahpur were found to be the best
accessions, which could be recommended for use as
a forge crop in saline areas.
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EVALUATION OF FACTORS RELATED TO WELL-BEING
EFFECTS OF URBAN GREEN SPACES ON USERS
Serap Yilmaz*, Tugba Duzenli, Deryanur Dincer
Department of Landscape Planning and Design Karadeniz Technical University, Turkey

food regulation. Moreover, they also enable the interaction of neighbors and community integration,
and provide a beneficial place for health, relaxation
and nature contemplation >4-8@. Decreases in urban
green spaces alienate people who live in urban areas
from nature and destroy the positive relationship between the citizens and nature >9, 10@. Therefore, the
alienation between natural world and the individual
grows due to the impacts of urban culture. Consequently, people in cities feel less satisfied with the
life >11@.
Urban green spaces neutralize unfavorable impacts and enable to sustain the urban quality of life
>2@ since interaction with nature is a basic human
need and availability of urban green area becomes
significant in this context >12-14@ and in the concept
of the urban quality of life >15, 8@.

ABSTRACT
The satisfaction of urban green areas depend on
people's perceptions of environment, their preferences and the extent to which they fulfil the needs of
environment. Within this context, the physical features of urban green spaces and the activities that
they offer have a great role in its impact on users'
mental-physical-social well-being. This study aimed
to focus particularly on whether there is a correlation
between satisfaction, well-being and how users describe social-mental and physical well-being and
which values they use to describe them.
The questionnaire was conducted in two
phases. In the first phase, the general evaluations of
the users related to urban green areas have been examined. In the second phase, 20 statements have
been prepared through making use of previous studies in order to describe the emotions related to mental-physical-social well-being that green areas
caused for the users.
As a result, it has been determined that the satisfaction of the green spaces with the user, the usage
frequency of the green spaces, the proximity to the
green spaces and the well-being formed by the individuals are related to each other. The strongest correlations in urban green spaces are satisfaction and
mental well-being; proximity to green spaces and social well-being.

Well-Being effect of Urban Green Space. Urban green spaces are described by Gupta et al. (2012)
as a fundamental part of urban areas >16@. They are
also considered as crucial in maintaining the environmental quality and sustainability by Gupta et al.
(2012) >16@. There are different types of urban green
areas including parks, gardens and recreation venues, informal green spaces such as river or sea fronts,
green spaces surrounding historical sites, railway
corridors, street trees, urban agriculture, citizenial
lawns, and roof gardens >16, 17@. Urban citizens are
provided with a great number of benefts by urban
green areas. For instance, these areas act as lungs
which represent clean air, water and soil for natural
urban environment >16@. In consequence of these
benefits, the cities are contributed ecologically to a
great extent by urban green spaces. Nevertheless, citizens' use of these areas is linked to satisfaction the
users have while using them, and therefore it becomes important to examine the term satisfaction. It
was suggested by Bertram and Rehdanz (2015) that
urban green space affects life satisfaction in a positive way >15@. Previous studies cited social integrative role of urban green spaces for individuals who
live in arge and dense cities >18, 19@. Likewise, it was
asserted that urban green areas unite different parts
of the city, they encourage people to come together
and build a sense community >20@. As indicated by
Kaplan and Kaplan (1982), as well as building a
sense of community, urban green areas also offer -

KEYWORDS:
Urban green space, Well-being, Satisfaction, Frequency of
use, Proximity

INTRODUCTION
Urbanisation affects environment negatively
leading to air pollution, noise, waste products, the
destruction of natural areas for urban development,
the degeneration in quality of urban life, the decrease
in urban landscape and reduced green space for recreation >1, 2@. However, for urban quality of life, urban green spaces are significant as they are important
in cities because they enable people to have interaction with nature and one another >3@. They improve
human health through generating ecosystem services
including climate regulation, capture of pollutants or
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FIGURE 1
Research Framework
ing as a resource for physical activities >32@, and diminishing all-cause and cause-specific mortality
>33@. Nonetheless, a majority of research have focused on the resources that decrease stress levels >28,
34, 35@.
When compared to the studies on the effects of
urban green areas on physical well-being and mental
well-being, it has been seen that fewer studies have
been conducted on the benefits of interacting with
green areas on social well-being >36@. However, socializing also has a great role in people's well-being
>36, 37@ becasue the increases in social interaction
>38-40@and physical activity >40, 41@ are linked to the
use of green spaces. Therefore, socializing has an important role in mental well-being >36, 42, 43@ and
physical well-being >36, 44@. In addition to these, it
is merely possible to make use of urban green areas
when these areas are used; if the individuals live
closer to green areas, they have more social activities
and use green areas more >45, 46@. The farther individuals live from green areas, the less they use those
areas >35, 47@.

opportunities like mental well-being, obtaining a
range of information, physical exercise, and comfort
>21@. As long as the needs and expectations of a
green space user are fulfilled thanks to the provided
opportunities, the satisfaction rate rises and the quality of life enhances >22@. &LWL]HQV¶SHUFHSWLRQRIXU
ban areas is related to functionality of urban green
spaces. &LWL]HQV¶ SHUFHSWLRQ RI XUEDQ DUHDV LV FRQ
nected to functionality of urban green spaces. Urban
green spaces are supposed to provide opportunities
for not only social but also physical activities and
they should become areas that enable people to meet
for a number of activities such as walking, relaxing,
playing, meeting and observing surrounding environment >24@.
Urban green spaces are of great importance for
being social centres where users from different cultures and socio-economical classes come together
and fulfil social needs such as meeting and sharing
life and where citizens integrate and interact with nature >22, 25, 26@ in addition to enhancing the degree
RID FLW\¶VOLYHDELOLW\E\RIIHULQJGLIIHUHQWNLQGVRI
social, economical, and ecological opportunities >1,
2@. With the help of urban green spaces, individuals
also recover from stress physically and mentally
>27@. Therefore, urban green spaces are considered
relaxing and satisfactory. According to <ÕOPD]HWDO
(2016), urban green areas are expected to meet the
desires of users such as visual aesthetics, personal
values, social interaction and identity, psychological
and physical satisfaction so as to increase satisfaction. Urban green areas are studied from different
perspectives with regard to user satisfaction >22@.
Some studies investigated the physical and/or social
aspects and some others explored their benefits to
mental-physical health >12, 22, 23, 27-29@ and the
others studied their social benefits >4, 22, 24@. Furhermore, the recreational activities in urban
greespaces are significant in that they could be related to people's physical health and psychological
well- being >30, 31@. Within the past three decades,
more and more studies have emphasized that urban
green spaces are a resource in promoting public
health. Green places have been thought to advance
health through restoring mental fatigue >9@, function-

Research Framework and Study Questions.
The satisfaction of urban green areas depends on
people's perceptions of environment, their preferences and the extent to which they fulfil the needs of
environment. Within this context, the physical features of urban green spaces and the activities that
they offer have great role in its impact on users' mental-physical-social well-being. However, it is also of
great importance to know the way the satisfaction of
green areas reflects into people's lives and the kind
of emotions they arise. This study aimed to focus
particularly on whether there is a correlation between
satisfaction, well-being and use (the frequency of
visiting green areas and living close to green areas),
and how users describe social-mental and physical
well-being and which values they use to describe
them.
Research Framework has been formed to explain the correlation between the XVHUV¶ satisfaction
of green areas, the frequency of using these areas,
their perceptions of closeness to these areas and the
correlation of these with well-being (Figure 1).
Within this context, the study aims to reveal the factors that best describe the relationship between "the
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where users are not involved only visually but also
in which they do a range of activities (Table 1).

well-being that the environment provides and satisfaction-the frequency of use-the perceived proximity
of home to green areas". In accordance with these
XVHUV¶ DVVHVVPHQWV RI WKHLU VDWLVIDFWLRQ RI JUHHQ
spaces, frequency of use and perception of distance
were analyzed in three aspects: mental well-being,
social well-being and physical well-being. The hypotheses of the study are: (a) user satisfaction in urban green areas is related to citizens' perceived proximity of home to green, the frequency of using green
areas and the well-being that those areas provide to
them; (b) Urban green areas could affect physical mental - social well-being of society positively
through creating positive emotions for the users.

The Questionnaire. The questionnaire was
conducted on 450 users from study areas, and 150
visitors participated from each park. Regardless of
their education level and age, the participants are selected in a random way. The participants are merely
required to know Rize city center and use the green
areas. The participants are chosen from those who
have accepted to take part in the questionnaire. The
questionnaire has been conducted using a 5-point
/LNHUWVFDOHUDQJLQJIURP ³VWURQJO\DJUHH´WR 
³VWURQJO\GLVDJUHH´
The questionnaire was conducted in two
phases. In the first phase, the general evaluations of
the users related to urban green areas have been examined. In order to achieve this aim, the questions
below were asked:
x Does the quantity of the green areas in the
city satisfy you?
x Do you think that you have perceived proximity of home to green?
x Do you use green areas frequently?
x Does the time you spend in green areas affect your mental health positively?
x Does the time you spend in green areas affect your physical health positively?
x Does the time you spend in green areas affect your socialization positively?

METHOD
Study Area.The study area is Rize Municipality borders and the study has been conducted in Rize
city centre. The green areas that exist in Rize city
centre are used as the study materials. The population of Rize city centre is 145.739. Rize is chosen for
study area because of the increase in the green areas
in the city. While urbanization in our country is directly proportional with the increased number of
buildings and decrease in green areas, an opposite
development is seen in Rize.
In this study, urban green space is described as
a range of parks which are positioned in different regions in Rize. These parks are described as places

TABLE 1
Description of the three cases studied
Urban Green Spaces
Park I

Description
This urban place provides its users with opportunities of sitting, watching, eatingdrinking and walking. However, it doesn't
include enough opportunities for physical
activities (such as sports field)
Large trees generate an enclosed atmosphere
and give people the chance to be in both
sunny and shady places. This area is wellprotected and it has the quality of being a botanical garden.
This urban place has an historical and cultural quality; there are benches where people
can sit and look at the cultural building. It
provides opportunity for its users to sit,
watch the view and eat-drink and it gives the
chance to children to play games. However,
it doesn't have enough opportunities for
physical activities (such as sports field,
walking routes etc.) It has various botanical
elements (tall plants, bushes and seasonal
flowers) and rich topographical shapes.
This urban green area is bounded with seaside on one side and a roadway on the other
side. Therefore, the effect of noise is decreased through coniferous treesused in road
side and the topography. It provides its users
with sitting, watching, walking and sport opportunities and children with playing opportunities.

Park II

Park III
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TABLE 2
The correlation values between satisfaction of urban green areas and variables
Satisfaction
Frequency of use
Proximity to green space
Mental well-being
Social well-being
Physical well-being

1
-

2
,430**
-

3
,633**
,657**
-

4
,318**
,906**
,602**
-

5
,319**
,811**
,522**
,932**
-

6
,408**
,413**
,653**
,397**
,313**
-

** The correlation is significant at the level of 0.01 (2-tailed)

FIGURE 2
Arithmetic means related to urban green areas

In the second phase, 20 statements have been
prepared through making use of previous studies in
order to describe the emotions related to mentalphysical-social well-being that green areas caused
for the users >4, 22@. The users gave points to the
statements between 1-5 (5-point Likert scale). These
results were analyzed with factor and regression
analysis and the following questions were tried to be
answered:
x What is / are the factor / factors that best describe(s) urban green areas?
x Which correlation or correlations between
the satisfaction green areas cause people to have, the
frequency of use, perceived proximity of home to
green and well-being (mental well-being, physical
well-being, social well-being) are the strongest?

factors whose eigenvalues equal to 1 or are greater
than 1 were considered as significant factors. Factors
of which eigenvalues approximately equal to 1 were
added to evaluation for the purpose of explaining total variance close to 65% values according to cumulative percentage values. Thus, variables that had
factor concentration greater than 0, 65 on the factors
that were subjected to rotation were determined as
descriptive variables of green areas. The questions
which defined the correlation between "satisfaction,
the frequency of use and distance" are analyzed
through "regression" analysis and model/models
have been described.

Data analysis. In the first stage and the second
stage, Ȥ-tests were conducted by SPSS (v. 17.0) to
determine if these responses are statistically significant. The results of the Ȥ-tests indicated that all the
categories are statistically significant and correlation
analysis was used to analyze the correlation between
satisfaction and frequency of use, proximity to green
areas and the well-being effect of green areas, and
discrepancy is anlayzed through T-test.
Data in the second stage were assessed through
factor analysis. In the second stage, the collected data
were evaluated by factor analysis. In factor analysis,

Results are explained in two stages. In the first
stage, general evaluations have been done on urban
green spaces in Rize. The second stage indicates the
findings of the questionnaire survey such as the feelings that the green spaces arouse in users.

RESULTS AND DISCUSSION

I. Stage: General evaluations of the users related to urban green areas: In order to test research
hypothesis, the data related to "satisfaction, the frequency of use, proximity to green space and wellbeing" (Figure 2) and the correlations of these variables were evaluated in Table 2.
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the users." The satisfaction that the users have toward urban green areas and its correlation with the
variables is quite important because satisfaction of
green areas is related to perceptions of people on
green areas and the extent to which those areas fulfill
their needs. These findings indicate that green areas
in the city of Rize fulfill its users' needs at an average
level.

The results showed that,
x 48. 9% of the participants decribed their satisfaction in green areas as good Ȥ 248.289, 4df,
p< 0.01).
x 43.3 % the participants stated that they use
green areas "frequently" Ȥ  225.578, 4df, p <
0.01).
x 35. 1% the participants stated that they live
close to green areas Ȥ df, p < 0.01).
x 39.1% the participants stated that green areas are good for mental well-being; 37.8% of them
stated that green areas are very good for mental wellbeing Ȥ GIS 
x 31.1% the participants stated that green areas are very good for social well-being; 30.7% of
them stated that green areas are good for social wellbeing Ȥ GIS 
x 33.8% the participants stated that green areas are reosanably good for physical well-being;
20.9% of them stated that green areas are good for
social well-being Ȥ df, p < 0.01).
According to these results, green areas in the
city of Rize provide its users with mental and social
well-being at average levels, and they provide its users with physical well-being at a lower level. However, the environment plays a vital role in physical
well-being, mental well-being and social well-being
>34, 40, 47-49@. The activities that the environment
has are important to form the effect of satifaction >12,
21, 40, 49@. Therefore, the reason why the physical
well-being is at a lower level is that the green areas
have fewer physical activities. Nevertheless, open
space activities provide various affordances like socialization and create positive effects psychologically and socially >22@. $FFRUGLQJWR$NSÕQDU  
higher frequency of physical activity results in less
stress and better mental health >50@. Moreover, previous studies show that physical activity in a green
space leads to PHQWDO DQG KHDOWK EHQH¿WV >51, 52@.
Within this context, the physical activity opportunities that green spaces have affect both social wellbeing and mental well-being. In addition to these
evaluations, the frequency of use by the users is also
an important finding because the use of green areas
affects socialization >22, 38@, physical activity >40@
and mental well-being >53@. As a consequence, it increases the level of well-being that the society feels
in urban green spaces.
In order to reveal the correlation between variables related to urban green areas, a correlation analysis has been done and the results have been evaluated (Table 2):
When urban green areas have been evaluated, it
has been seen that the correlation between the variables and satisfaction is significant at the level of 0.01
and positive. Findings verify the statement, which is
in the first hypothesis of the study, "User satisfaction
in urban green areas has correlation with citities'
proximity to green space, the frequency of using
these areas and the well-being that they provide for

II. Stage: User evaluations on well-being. Determining the mean values for parks according to
the points given to the questions related to urban
green areas. In this stage, 20 statements which have
been prepared based on previous studies >4, 22@ and
which define the well-being effect that green areas
provide for its users have been evaluated as questionnaire questions: Firstly, the points that have been
given by the users to each question in the questionnaire have been specified (Figure 3).

FIGURE 3
Mean values of the points given to the questions
for parks (Attitude statements scored from 1
>strongly agree@ to 5 >strongly disagree@).
Secondly, factor analysis has been done for the
statements that describe the well-being effect of
green areas and that have been evaluated by the users. The factor groups have been illustrated in Table
3. Finally, model / models has / have been formed
through evaluating the correlations of the factors
with satisfaction, the frequency of use and perceived
proximity to green place (Table 4,5,6).
When the points given to the questions by the
users have been evaluated, it has been seen that these
three parks have similar points:
x According to user evaluations of Park 1;
The questions that had the highest scores in describing the Park 1 DUHDVIROORZV4³Contact with nature´  4³I feel peace´ ), 4³I breath
clean air´(4.03). The 4³Meet with others´ )
had the lowest score.
x According to user evaluations of Park 2;
The questions that had the highest scores in describing the Park 2 DUH DV IROORZV 4 ³I feel peace´
  4 ³Contact with nature´  , Q11 ³I
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breath clean air´   DQG 4 ³I get relaxed´
 7KH 4³Meet with others´  had the
lowest score.
x According to user evaluations of Park 3;
The questions that had the highest scores in describing the Park 3 DUH DV IROORZV4³I breath clean
air´  4³I feel peace´    DQG4
³I get relaxed´  7KH4³Being together with
our beloved/ friends´  DQG4³Meet with others´  had the lowest score.
The points given to the questions by the users
indicated that while green areas provide "green texture" for the city, they also provide mental, physical
and social well-being opportunities because even the
TXHVWLRQWKDWKDGWKHORZHVWSRLQW³Meet with others´  KDVEHHQDQVZHUHGDVDJUHHE\WKHXVHU
All of the 20 statements that express the feelings and
sharings of the users in urban green space had positive results in Likert scale (strongly agree, agree).
The results showed that green areas in Rize provide
mental well-being, physical well-being and social
well-being opportunities for the users. Green areas
have mental well-being opportunities such DV³peace,
UHOD[LQJKDSSLQHVVDQGVHHLQJOLIHSRVLWLYHO\´SK\V
ical well-being opportnities such as "fresh air, contact with nature, sports activities and walking" and
social opportunities such as "meeting and talking".
The results of the study indicated that urban green
spaces in cities positively affect well-being of users
by keeping away those from the noise and stress of
the city, and in consequence of this effect, feelings,
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which describe psychological recover such as happiness and tranquillity arouse. Through building opportunities for coming together with other citizens
and conversation, urban green spaces create chances
for socialization. The results are consistent with the
previous studies that prove that natural areas have
mental and physical well-being effect on individuals
>4, 23, 40, 54-57@ and social well-being >58@.
The most important reason why urban green areas in Rize arouse well-being effect on people has
been thought to be the effect of naturalness of those
areas because according to the definitions in Table 1,
it is seen that these areas are the places that have
dense planting and natural view. Naturalness is recognized with its crucial role in quality of life which
is described to be linked to experience of quietness
and peacefulness to users >9, 23, 57@. According to
Carrus et al. (2013), well-being enhances with the
level of naturalness >59@. The evaluations in line with
the findings verify the hypothesis which suggests
that "urban green areas are likely to affect society's
physical-mental-social
well-being
positively
through leading to positive emotions for users".
Factor analysis evaluations related to the
statements describing the well-being effect of urban green areas. The statements that describe the
well-being effect of urban green areas in Rize and
that have been evaluated by the users have been analyzed through factor analysis. Urban green spaces
in Rize were explained with 3 factors (Table 3).

TABLE 3
Factor analysis of the questions
Question
number
(Q2)
(Q1)
(Q3)
(Q4)
(Q11)
(Q6)
(Q10)
(Q7)
(Q5)
(Q12)
(Q20)
(Q19)
(Q13)
(Q9)
(Q14)
(Q8)
(Q16)
(Q17)
(Q15)
(Q18)

Factor Loadings
1
2
FACTOR 1
I feel peace
,823
I feel happy
,821
I get relaxed
,809
Feel in a good mood
,753
I breath clean air
,635
The negative feelings that I have turn into positive ones
,622
I feel healthy
,614
I get rid of the daily life stress
,597
Cheers me up/ I feel relaxed
,585
I spend enjoyable time
,544
FACTOR 2
Being alone with the nature
Cycling
Contact with nature (picking flower, observing-feeding, photographing plants and animals)
Walking
Sports activities
I keep away from the city noise
FACTOR 3
Meet with others
Share life with my friends and my family
Being together with our beloved/ friends
I am happy with spending some time and talking with my family
% of variance
49,549
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3

Communality
,736
,734
,703
,730
,688
,668
,678
,668
,705
,587

,802
,779
,647

,717
,700
,612

,619
,601
,587

,701
,571
,575

,742
,692
,637
,583
8,920 6,639

,565
,639
,421
,623
65,107
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ity to green space´KRZHYHUWKH\GRQRWKDYHDVWD
tistical correlation with ³frequency of use´. The correlation values are illustrated in Table 4.
Proximity to green space and satisfaction about
urban green places has strong correlations with mental well-being, physical well-being and social wellbeing. These findings are supported by other studies
as well >38, 40, 46, 63@. Urban green areas structure
the society and provide spaces for them to share life
together. Urban green areas encourage people to
form a sincere society through meeting and cooperating. This affects individuals' physical, psychological and social well-being >22, 38, 46, 63@. Moreover,
individuals who have proximity to urban green areas
do more social activities, they visit green areas more,
and they meet more people and develop a strong
sense of belonging >38, 46, 53@. This also enables users to do more physical activities as well as affecting
mental and social well-being positively >22, 29, 64@
because physical activity opportunities in green areas positively affect physical well-being and mental
well-being. Higher frequency of physical activity results in less stress and better mental well-being.
Moreover, previous studies point out that physical
activity in a green space provides mental well-being
>62, 65, 66@. Urban green areas are extremely influencial on user satifaction due to these opportunities
that they offer.

These factors symbolize 65% of variables which define urban green spaces, and when the contents of
these statements were analyzed: Factor 1 was described as mental well-being; Factor 2 was described
as physical well-being and Factor 3 was described as
social well-being. According to the information
about urban green spaces in Rize, the most effective
GHILQLWLRQZDV³mental well-being´ RIYDU
LDQFH  %HVLGHV ³physical well-being´  RI
variance) DQG ³social well-being´ RI YDUL
ance) were secondary definitions.
The reason why urban green areas in Rize were
GHVFULEHGZLWK³mental well-being´KDVEHHQWKHQDW
urallness that has been provided by the tall trees that
they have, the bushes and the topography because the
the effects such as peace, happiness, overcoming
negative thoughts that are provided by naturallness
have an effect on mental well-being. These findings
have also been supported by the previous studies >4,
22, 23, 40, 55-57.@
The second factor that describes urban green arHDVLV³physical well-being´+RZHYHUWKLVLVQRWD
high rate descriptor for the urban green areas in Rize
because green areas do not have enough physical activity opportunities for their users as illustrated in Table 1 (sports fields, walking routes, etc.). This has
been supported by the other studies in literature: If
urban green areas provide physical activity opportunities for their users, they increase individuals' physical activity >60-62@ and they positively affect physical well-being.
The third factor that describes urban green areas is ³social well-being´ 7KLV LV D ORZ OHYHO GH
scriptor for the urban green areas in Rize. The reason
of this is not the inadequency in socilization opportunities in green areas, it is the discrepancy that social and cultural structure creates: For example, individuals feel insecure while talking to the people they
do not know.

Determining the regression values of the factors describing urban green areas and satisfaction-perceived proximity-frequency of use. In this
stage of the study, regression analysis is done in order to obtain information about the strenght of the
correlations between variables revealed by the previously conducted correlation analysis. Within this
context, it is aimed to determine the factors that describe the urban green areas in the strongest way
EDVHGRQWKHGHSHQGHQWYDULDEOHV³satisfaction´DQG
³proximity to green space´ In the multiple regression analysis which is implemented to determine the
effects of the factors on user satisfaction, stepwise
method has been used and the analysis has been completed in three steps. The values have indicated a
gradual increase and in the 3rd and the last step the
value of R2 has been evaluated, and the results have
been evaluated as follows:

TABLE 4
The correlations of factors with satisfaction and
proximity to green space
Factor 1 Factor 2 Factor 3
,396**
,330**
,239**
Satisfaction
,350**
,389**
,623**
Proximity to green space
Factor 1 (mental well-being) ,785**
,526**
Factor 2 (physical well-being)
,529**
Factor 3 (social well-being)
** The correlation is significant at the level of 0.01 (2-tailed)

TABLE 5
Regression analysis of satisfaction through
factors

Determining the correlations between the
factors describing urban green areas and satisfaction-perceived proximity-frequency of use. The
correlation between the factors describing urban
green areas and satisfaction- proximity to green
space-frequency of use was evaluated. As a result of
these evaluations, it was revealed that factors have a
VWDWLVWLFDOFRUUHODWLRQZLWK³satisfaction and proxim-

Unstandardized Co-Standardized
efficients
Coefficients
Model
B
Std. Error Beta
t
(Constant)
1,190 ,121
9,853
FACTOR1 ,416 ,086
,347
4,845
FACTOR2 ,041 ,077
,038
,532
FACTOR3 ,036 ,051
,036
,695
a. Dependent Variable: Satisfaction
R:,399 R2:,159 Adj. R2: ,153 F(3-449):28,11 P < 0,000
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FIGURE 4
Factor values of the effect of mental well-being on satisfaction

FIGURE 5
Factor values of the effect of socialwell-being on proximity to green space

between satisfaction that green areas arouse in individuals, the frenquency of use of those areas, proximity to green space and well-being (mental well-being, physical well-being, social well-being). However, which one of the correlations is the strongest?
The answer to this question has been searched for
through the factor and regression analysis. According to the data obtained from the results;
x The factor that best describes urban green
areas is ³mental well-being´.
x The most effective factor urban green areas
have on user satisfaction is ³mental well-being´.
x The most effective factor on perceived
proximity to green space is: ³VRFLDOwell-being´
x The frequency of using urban green areas
does not have any correlations with any of the factors.
Urban green spaces remain in the forefront with
"mental well-being" effect by users, and the most
effective and the strongest factor on the sense of
satisfaction is "mental well-being" because the fact
that green areas arouse positive feelings for users
positively affects their quality of life. By affecting
the environmental quality, green areas help
individuals reduce their stress, increase opportunities
for them to have social interactions, help them
recover from mental fatigue and they create spaces
for physical activities. Previous studies also have
similar findings >17, 22, 29, 39, 40@.
The reason why the most effective factor on the
perceived proximity to urban green areas is "social
well-being" is that urban green areas create
opportunities for individuals to gather their
neighbors and to communicate with the ones who
they are acquainted with but do not communicate. As
a result of this, people have more social activities,
visit green areas more, communicate more with more
neighbors and they develop a strong sense of
belonging. These findings have similarities with
previous studies >38, 40, 46@.
Social relations have a great role on individuals'

Factor 1, factor 2 and factor 3 have been undergone regression analysis with satisfaction. It has
been seen that only factor 1(mental well-being) has
had a statistically significant effect on satisfaction.
Factor 2 and Factor 3 have not been added to the
model as they have not had a scientifically significant effect on satisfaction. Factor 1 has an effect on
satisfaction which is 15,9% (Table 5). The multiple
regression equation of the model is as follows: Satisfaction = 1,190 + 0,416 x Factor 1 (Figure 4).
Multiple regression analysis that has been done
to determine the effects of factors on proximity to
green space has been completed in three steps, and
in the last step the value of R2 has been evaluated,
and the results have been evaluated as follows:
TABLE 6
Regression analysis on factor values with proximity to green space
Unstandardized Co-Standardized
efficients
Coefficients t
B
Std. Error Beta
(Constant)
,915 ,122
7,486
FACTOR1
-,075 ,087
-,053
-,870
FACTOR2
,152 ,078
,119
1,949
FACTOR3 ,686 ,052
,588
13,242
a. Dependent Variable: Proximity to green space R:,628
Adj. R2: ,390 F(3-449):96,821 P < 0,000

Model

Sig.
,000
,385
,052
,000
R 2:,394

As a result of regression analysis, it is seen that
only factor 3 (social well-being) has a statistically
significant effect on proximity to green space. Factor
1 and Factor 2 have not been added to the model as
they have not had a scientifically significant effect
on proximity to green space. Factor 3 has an effect
on proximity to green space which is 39, 4 % (Table
6). The multiple regression equation of the model is
as follows: Proximity to green space= 0,915 + 0,686
x Factor 3 (Figure 5).
When the results of this study have been evaluated, it has been revealed that there is a correlation
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well-being >36, 37@; through contributing
psychological development, social relations also
positively affect mental well-being >42, 43, 53,
67@.and strengthening social connections has an
important effect on individuals' physical well-being
as well >22, 38@. Proximity to green areas enables
outer spaces to be used more frequently >40, 68,
69@.Consequently, urban green spaces positively
affect individuals' lives in terms of social, mental and
physical well-being.
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M. aeruginosa [11]; thus, little data have been published about environmental factors affecting colonial
Microcystis [12].
In the current work, we investigated the flocculent potential of calcium hydroxide and an illite composite algicide on unicellular and colonial M. aeruginosa. In addition, we also studied the capacity of
composite algicide on eutrophic water remediation.

ABSTRACT
A method was developed for cyanobacteria
bloom (unicellular and colonial Microcystis aeruginosa) mitigation using calcium hydroxide and an
illite composite algicide. The maximum cell removal
efficiency was 84.72% when calcium hydroxide was
used alone. When illite and calcium hydroxide were
used together, the removal efficiency increased to
90.43% within 9 h. In addition, the results also
showed that the composite algicide could remove total nitrogen (TN) and total phosphorus (TP) in eutrophic water. However, the removal efficiency of
TP is more evident than that of TN under the same
composite algicide doses. Thus, the method would
provide an alternative composite algicide to mitigate
cyanobacteria blooms using calcium hydroxide and
illite in eutrophic water.

MATERIALS AND METHODS
Cyanobacteria culture. Axenic unicellular M.
aeruginosa was obtained from the Culture Collection of Algae at the Institute of Hydrobiology, Chinese Academy of Sciences. The cyanobacteria were
cultured in sterilized BG11 medium (pH 7.4) at 25
°C and a light intensity of 2500 lux, with a 12:12 h
light: dark cycle. The cyanobacteria were cultured
for 4 days to the exponential phase at a density of
106cellsmL-1 and were then used to assay the flocculating property of calcium hydroxide and an illite
composite algicide. The growth medium for all cultures was BG11 [13].

KEYWORDS:
Cyanobacteria blooms, calcium hydroxide, illite, unicellular M. aeruginosa, colonial M. Aeruginosa

INTRODUCTION

Sample collection and preparation. Illite was
obtained from Pingdingshan in Henan Province,
China. It was smashed and sieved using screens from
80-mesh to 160-mesh.The illite and Ca(OH)2 were
prepared as slurries by adding deionized water to obtain concentrations of 40.0 g L−1 and 10.0 g L−1, respectively.

Cyanobacteria blooms in lakes are one of the
most serious problems in the world[1]. Microcystis
aeruginosa, a typical bloom-forming species, is of
major concern because most strains can produce microcystins and anatoxin, which can hazardous to the
health of aquatic life, livestock, and even people [25]. Therefore, the control of toxic Microcystis is an
important issue in both ecology and public health[6].
There are numerous means of controlling cyanobacteria blooms. Ultimately, preventing these
blooms by adding flocculants is considered one of
the most effective means [7-10]. For example, Li and
Pan [9] found that M. aeruginosa can be effectively
flocculated by positively charged protein and chitosan-modified soil. The method greatly reduces the
potential environmental impacts by using totally biodegradable modifiers in natural waters. However,
the target algae used in these studies were unicellular
M. aeruginosa strains, where as natural Microcystis
blooms are typically composed of colonial forms of

Removal of M. aeruginosa. The capacity of
calcium hydroxide and an illite composite algicid to
remove cyanobacteria was tested using unicellular
and colonial M. aeruginosaat room temperature.
Unicellular M. aeruginosa was harvested by
centrifugation (at 12000 rpm) and suspended in a
0.5% NaCl solution to keep the cells alive. Colonial
M. aeruginosawas obtained from Dianchi Lake,
China. In the experiments, the colonial M. aeruginosa was diluted with BG11medium. The initial
cell concentration for all flocculation experiments
was controlled at an optical density of 0.100 - 0.150
at a wavelength of 680 nm (OD680 nm) [14].
The composite algicide was added to 60 mL of
cyanobacteria culture in a 100mL beaker, followed
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hydroxide alone removed 43.02% M. aeruginosa
cells, whereas the maximum removal was found at a
volume of 1.8 mL, with an 84.72% removal ratio. In
addition, Fig. 1 also shows that the removal effect of
calcium hydroxide was influenced by the presence of
illite. After the addition of 1.5 mL stock solutions of
illite, the removal efficiency was clearly higher than
that when calcium hydroxide was used alone. The M.
aeruginosa cell removal efficiency further increased
with increasing calcium hydroxide volume, and the
removal efficiency of 1.8 mL calcium hydroxide
with 1.5 mL illite was over 90%. Compared to using
calcium hydroxide alone and the composite algicide,
the removal efficiency increased from 46.18% to
83.95%, especially when the dose of calcium hydroxide was 0.9 mL.
Vandamme et al. [16] also reported that magnesium hydroxide precipitates at a pH of 10-11 and
can cause the flocculation of microalgae through
charge neutralization and/or by a sweeping mechanism. Chen and Pan [17] also found marine harmful
algal blooms (HABs) could be mitigated using clay,
soil, or sand modified with xanthan and calcium hydroxide. The algal removal effect of xanthan was
significantly enhanced when more Ca(OH)2 was
added.

by standing for 9 h. In the control groups, the composite algicide was not added. At the end of the settling period, a sample was collected from 2 cm below
the surface for analysis. Each experiment was performed in triplicate.
Analysis methods for the concentration of
chlorophyll-a. The concentration of chlorophyll-a
was measured as an indicator of the change of the
concentration of M. aeruginosa cells during the flocculation experiment. The chlorophyll-a concentration was determined using standard methods [15].
The clearance of cyanobacteria (r, %) in every
sample based on the chlorophyll-a concentration was
determined after an 9 h exposure by the following
formula:
T −T
(1)
r = 2 1 × 100%
T2
where T1 and T2 are the chlorophyll-a concentration after flocculation and the control, respectively.
Water analysis. At the end of the settling period, water quality parameters, such as the total nitrogen (TN) and the total phosphorus (TP), were determined using standard methods [15].

Removal efficiency of cyanobacteria (%)

Removal efficiency of cyanobacteria (%)

Data analysis. Differences between the groups
were evaluated using a one-way analysis of variance
with the removal efficiency of cyanobacteria and
membrane pore size as the factors. A probability
level of 0.05 was used to establish significance (P<
0.05). All statistical analyses were performed using
SPSS 19.0 and Origin 8.0 software.
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FIGURE 2
Effect of the particle size of illite on unicellular
M. aeruginosa removal

composite algicide
calcium hydroxide

50

RESULTS AND DISCUSSION

Removal effect of the particle size of illite.
Different particle sizes of illite showed different removal efficiencies of unicellular M. aeruginosa cells
(Fig. 2). The removal efficiency of M. aeruginosa
cells greatly increased in comparing an80 to 120
mesh particle size of illite. After that, the removal
efficiency started to decrease. When the particle size
was 120 mesh, the removal percentage of cyanobacteria was 88.62%. Hence, the optimum particle size
of illite for this method is120 mesh.

Removal effect of Ca(OH)2 and illite. As
shown in Fig. 1, calcium hydroxide alone could remove the unicellular M. aeruginosa cells at all volumes tested. At the lowest volume (0.6 mL), calcium

Removal effect of the addition dosage of illite. The effect of the addition dosage of illite on unicellular M. aeruginosa removal is shown in Fig. 3.
The cyanobacteria removal efficiency increased
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FIGURE 1
Cyanobacteria removal efficiencies for calcium
hydroxide alone and the composite algicide
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Removal effect of the addition dosage of the
composite algicide. The unicellular M. aeruginosa
removal by composite algicide is illustrated in Fig.
4. The addition dosage of composite algicide significantly influenced the removal of M. aeruginosa.
With increasing dose, cyanobacteria removal efficiency increased and then decreased. The optimum
additive amount was 1.8 mL. At this dose, the removal efficiency of cyanobacteria was 94.94%.
When the added dose was 2.1 mL, the removal efficiency declined.

sharply from 0.1 g to a critical value; when the addition dosage of illite was above the critical value, the
removal efficiency decreased sharply. The highest
cyanobacteria removal efficiency was 91.37%.
Removal efficiency of cyanobacteria (%)

100
90
80
70
60

Removal effect of the composite algicide on
chl a, TP and TN. The target cyanobacteria used in
many studies was unicellular M. aeruginosa, but natural M. aeruginosa often forms colonies, aggregating several tens and hundreds of cells in transparent
mucilaginous sheath materials [18]. Zhang et al. [11]
and Zhao et al. [19] also found that the cellular defense system of colonial M. aeruginosa was stronger
than that of unicellular M. aeruginosa. Therefore, we
collected Microcystis from Dianchi Lake and investigated the removal effects on colonial M. aeruginosa cells, TN and TP in artificial water using a
composite algicide. The results are illustrated in Fig.
5. The removal efficiencies of chl a, TP and TN with
different addition dosages of composite algicide
were compared, which increased from 80.46%,
89.72%, and -4.85% to 96.74%, 95.90%, and 3.63%
when the dose increased from 0.5 mL to 1.5 mL, respectively. In addition, it can also be concluded that
the removal efficiency of chl a and TP are more evident than that of TN under the same composite algicide doses. Therefore, the pollutants of TN and TP
in the water are also removed by the composite algicide when these pollutants participate in the cyanobacteria flocculation. These pollutants of water also
decreased, mainly because of the coflocculation effect [20].
Harmful cyanobacteria blooms have increasingly occurred worldwide, and the effective removal
or inhibition of these algal blooms has become critically important [8]. Especially during cyanobacteria
blooms, M. aeruginosa, as one of the most dominant
cyanobacterial species, can release intracellular metabolites, such as microcystins (MCs), taste- and
odor-causing substances, and other organic matter,
into water[1, 21], which will threaten the safety of
drinking water and aquatic life [2, 5, 22]. Ingestion
of cyanobacterial toxins through the food chain
poses a high risk to human health [23-24].
A variety of technologies have been explored to
remove harmful cyanobacteria blooms [25-27], but
each technology has its own advantages and disadvantages. In general, conventional settling can be optimized by the introduction of flocculation, which
can result in the formation of flocs [10]. In the current work, we found that calcium hydroxide could
induce algal cell flocculation. A huge increase in efficiency was obtained when the volume of calcium
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FIGURE 3
Effect of the addition dosage of illite on
unicellular M. aeruginosa removal
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FIGURE 4
Effect of the addition of the composite algicide
on unicellular M. aeruginosa removal
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FIGURE 5
Effect of the composite algicide on chl a,
TP and TN
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[3] Azevedo, S.M.F.O., Carmichael, W.W.,
Jochimsen, E.M., Rinehart, K.L., Lau, S., Shaw,
G.R. and Eaglesham, G.K. (2002) Human intoxication by microcystins during renal dialysis
treatment in Caruaru—Brazil. Toxicology. 181182, 441-446.
[4] Katırcıoğlu, H., Akin, B.S. and Atici, T. (2004)
Microalgal toxin (s): characteristics and importance. Afr. J. Biotechnol. 3(12), 667-674.
[5] Otten, T.G. and Pearl, H.W. (2015) Health effects of toxic cyanobacteria in the U.S. drinking
and recreational waters: our current understanding and proposed direction. Current Environmental Health Reports. 2(1), 75-84.
[6] Park, M.H., Kim, K.H., Lee, H.H., Kim, J.S. and
Hwang, S.J. (2010) Selective inhibitory potential of silver nanoparticles on the harmful cyanobacterium Microcystis aeruginosa. Biotechnol. Lett. 32(3), 423-428.
[7] Divakaran, R. and Pillai, V.S. (2002) Flocculation of algae using chitosan. J. Appl. Phycol,
14(5), 419-422.
[8] Wang, Z.Y., Wang, C., Wang, P.F., Qian J.,
Hou, J., Ao, Y.H. and Wu, B.H. (2015) The performance of chitosan/montmorillonite nanocomposite during the flocculation and floc storage processes of Microcystis aeruginosa cells.
Environ. Sci. Pollut. R. 22(14), 11148-11161.
[9] Li, L. and Pan, G. (2016) Cyanobacterial bloom
mitigation using proteins with high isoelectric
point and chitosan-modified soil. J. Appl. Phycol. 28(1), 357-363.
[10]Li, J.H., Cao, X., Ge, Z.G., Yang, X.Y. and
Zheng, Z. (2016) Flocculation of Microcystis
aeruginosa by steel slag and its safety evaluation. J. Appl. Phycol. 28(1), 261-268.
[11]Zhang, S.H., Chang, J.J., Cao, J.Y. and Yang,
C.L. (2015) Comparative Studies on Growth
and Physiological Responses of Unicellular and
Colonial Microcystis aeruginosa to Acorus calamus. B. Environ. Contam. Tox. 94(2), 225231.
[12]Wang, Y.W., Zhao, J., Li, J.H., Li, S.S., Zhang,
L.H. and Wu, M. (2011) Effects of calcium levels on colonial aggregation and buoyancy of Microcystis aeruginosa. Curr. Microbiol. 62(2),
679-683
[13]Rippka, R., Deruelles, J., Waterbury, J.B., Herdman, M. and Stanier, R.Y. (1979) Generic assignments, strain histories and properties of pure
cultures of cyanobacteria. Journal of General
Microbiology. 111(1), 1-61
[14]Clesceri, L.S., Greenberg, A.E., Eaton, A.D.
(1999) Standard Methods for the Examination
of Water and Wastewater. American Public
Health Association.
[15]Chinese, E.P.A. (2012) Methods for Water and
Wastewater Analysis, fourth ed. Environmental
Science Publishing House of China, Beijing.

hydroxide was increased from 0.9 to 1.5 mL. Up to
1.8 mL, the most efficient algae removal was obtained. At volumes of calcium hydroxide exceeding
1.8 mL, the removal efficiencies decreased. Şirin et
al. [28] also found that the flocculation efficiency of
the microalgae Phaeodactylum tricornutum improved at pH=9.75 when alkalinity-induced flocculation was performed.
Illite is a 2:1 layer type clay: its structure consists of two tetrahedral sheets that sandwich an octahedral sheet [29]. Illite has attracted great attention
in environmental pollution treatments, due to its numerous outstanding properties, such as a large surface area, excellent swelling ability, high sorption
capacity, and low cost [30]. It has been reported that the sorption of Pb2+, Co(II) and U(VI) on
illite was drastic [29, 31-33]. In the current work, we
found that the removal efficiency of cyanobacteria
could be enhanced by adding illite and that the settling velocity could also be improved.

CONCLUSIONS
In this study, calcium hydroxide and an illite
composite algicide were successfully applied to remove cyanobacteria blooms (unicellular and colonial M. aeruginosa), TN and TP. The removal efficiency of chl a, TP and TN were up to 96.74%,
95.90%, and 3.63% when the dose was 1.5 mL, respectively. The removal efficiencies of chl a and TP
were more efficient than that of TN under the same
composite algicide doses.
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the environment is increasing since the last decades,
threatening all creature and environment [2]. There
were many reports about fish contamination by
chemical in the marine environment [3]. Fish may
concentrate large amounts of metals from water and
they might be toxic for human consumption [4].
However, in recent years heavy metal concentrations were found to be raised in coastal ecosystems. As a result, aquatic organisms are exposed to
elevated levels of heavy metals [5]. Heavy metals are
now considered to be among the most effective environmental contaminants. The releasing of the
heavy metals into the environment is increasing in
the last decades, threatening invertebrates, fish, and
humans [6]. Fish are relatively situated at the top of
the aquatic food chain; therefore, they normally accumulate heavy metals from food, water and sediments [7]. Which they are not readily converted into
harmless components, they are often accumulated in
the tissues of organisms, which can’t excrete those
[2].
The susceptibility of the Gulf of Aqaba to
heavy metals pollution was revealed and stated
through several studies [8, 9, 10, 11, 12, 13, 14, 15,
16, 7, 17, 18]. The Gulf of Aqaba is surrounded
mostly by dry desert lands giving a great chance to
get polluted with metals carried by air winds [19]. In
addition to that the development of Aqaba city after
the declaration from the Jordanian authority that Aqaba city is special economic zone authority
(ASEZA) in the year 2000 leading to huge increasing in human activities through large investment in
the industrial, commercial and tourism which affecting the landscape and marine ecosystem. All these
factors consequently will increase the level of heavy
metals in the Gulf of Aqaba.
The main objective of this study is to analyse,
assess and establish data base about the levels of
heavy metals (Cu, Cd, Zn, and Cr) in a selected two
fish species, Iago omanensis and Auxis thazar, lives
in the deep water and consumed by the locals of the
Gulf of Aqaba.

ABSTRACT
Heavy metals concentration of Zn, Cr, Cd and
Cu in liver, gills and muscles of the two fish species
Iago omanensis and Auxis thazar were determined
using flammable Atomic Absorption Spectrophotometer (AAS). Fish species were collected from the
northern Gulf of Aqaba during the period from June
2015 – Jan 2016. Liver were found to be the major
organ of bioaccumulation for Zn, Cr, Cd and Cu for
Auxis thazar, while muscles were found to be the
lowest organ of bioaccumulations. However, gills
were found to be the site of bioaccumulation for Cu,
Cr and Zn in Iago omanensis and the lowest concentrations were observed in muscles. The results
showed that fish species had significant statistical
differences for all the heavy metal concentrations
studied, high concentrations of Cu was in Iago
omanensis, whereas, the higher concentrations of Cr,
Zn and Cd was in Auxis thazar. Fish length had a
very weak relationship on most of the heavy metal
concentrations for the two fish studied.

KEYWORDS:
Heavy metals, Fishes, Levels, Concentrations, Aqaba, Red
Sea

INTRODUCTION
Contamination of aquatic systems by heavy
metals has become a global health problem in the last
decades. Heavy metals may enter aquatic systems
from different natural and anthropogenic sources, including industrial or domestic wastewater, application of pesticides and inorganic fertilizers, storm runoff, leaching from landfills, shipping and harbour activities, geological weathering of the earth crust and
atmospheric deposition [1].
Heavy metals constitute one of the most insidious and dangerous pollutants known to human. They
are now considered to be among the most effective
environmental contaminants, and their release into
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FIGURE 1
Study Area

The samples of each organ were taken and placed in
glass Petri dishes, before placed into an oven at 85
oC until dry. Dry samples were grinded using a mechanical homogenizer. The grinded dry samples
were collected in plastic bags for storage at room
temperature for further analysis.

MATERIALS AND METHODS
Study area. The Gulf of Aqaba is a semi-enclosed water body located in the southern part of Jordan and at the northern end of the Red Sea; a subtropical arid area between longitude 34° 25' to 35°
00' E and latitude 28°00' to29°33' N (Fig. 1). After
the declaration of Aqaba as an economic free zone,
the region became extremely attractive for tourism
and a large number of hotels are located along the
coasts of Jordan, Egypt, Palestine and Saudi Arabia;
many new hotels and industries are currently constructed, especially along the Jordanian coast. Therefore, the Gulf water quality, in general, and heavy
metal pollution, in particular is environmental
threats for these countries.

Sample digestion and heavy metals analysis.
About (0.3 gm) of dry weight from each tissue was
taken into a crucible and dry ached using Carbolite
muffle furnace at 550 °C for 6 hours. The ash was
treated with 5ml hot concentrated nitric acid for digestion. The Teflon beakers containing the washed
samples were heated on a hotplate under the fume
hood until the solution started to boil. Samples solutions were filtered using a 0.45 µM Millipore membrane filter paper into Teflon beakers. Teflon beakers were then washed with small amounts of distilled
water and the washed distilled water was filtered using the same filter paper and added to the samples.
This process was repeated until washed samples volume reached 25 ml. Finally filtered solution were
transferred to plastic bottles and stored at room temperature to be analysed for the heavy metals. Blanks
were prepared using the same method except without
a tissue (only heated 10 ml HNO3 on the hot plate
until it starts to boil, then filtered using the same
method). The final heavy metals concentrations were
measured in (µg.g-1) for Cu, Cr, Cd and Zn using
Analytikjena Flame Atomic Absorption Spectrophotometer Nov AA 400, available at the Marine Science Station.

Samples collection and preparation. Fish
samples were bought from the Aqaba local fishermen, a total of 20 fish samples were bought to be
utilized during this study, 10 fish samples from the
species Auxis thazar and the other 10 samples from
the species Iago omanensis. Samples were selected
based on the length to insure that there is a variation
in the fish length. All samples were placed in clean
plastic bags once the fishermen brought them to the
fishermen port, and taken directly to the lab of Marine Science Station. Each fish was washed with distilled water, to get rid of any contaminant of heavy
metals on the fish. For each fish sample, morphometric data including weight and length were measured
and recorded. Then fishes were dissected using a
stainless steel knife. Samples from the liver, muscle
and gills were taken and kept in glass Petri dishes.
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FIGURE 2
Mean concentrations of Cu, Cr, Cd and Zn (µg.g-1) in liver, muscles and gills of Auxis thazar
µg.g-1, followed by the Gills, with a mean concentration of 2.5µg.g-1.The lowest Cd concentrations
were measured in muscles with a mean of 1.55 µg.g1
. However, the mean concentrations of Zn between
all sampled organs were not significant (P Value =
0.322). The higher concentrations of Zn were found
in livers followed by gills and muscles with mean
concentrations of 638.2, 570.6 and 549.4 µg.g-1, respectively.

Statistical analysis. Statistical analysis was
carried out using Minitab v16.1.1 (developed by researchers from the Pennsylvania State University).
Concentrations levels were compared for different
organs and weights. Analysis of Variance (ANOVA)
test was used to compare the means between different organs, while regression test was used to investigate any relationships between the length and the
heavy metals concentrations in the organs exist.

Heavy metal concentrations among the different organs of Iago omanensis. Figure 3 shows
the mean concentrations of Cu, Cr, Cd and Zn in all
sampled organs of Iago omanensis. Significant difference in Cu mean concentrations have been observed between different organs (P Value = 0.0049).
Gills were found to be the major site of Cu bioaccumulation, with mean of 18.60 µg.g-1, followed by the
livers, with a mean concentration of 13.24 µg.g-1.The
lowest Cu concentrations were measured in muscles
with a mean concentration of 9.14 µg.g-1.
Significant difference in Cr mean concentrations have been obtained between different organs (P
Value = 0.01). Gills were found to be the major site
of Cr bioaccumulation, with a mean of 105.22 µg.g1
, followed by the livers, with a mean concentration
of 80.73 µg.g-1.The lowest Cr concentrations were
measured in muscles with means concentrations of
72.74 µg.g-1. The mean concentrations of Cd in different organs were not significant (P Value =
0.0611). The higher concentrations of Cd were in livers followed by gills and muscles with mean concentrations of 2.83, 2.25 and 1.83 µg.g-1, respectively.

RESULTS
Heavy metal concentrations among the different organs of Auxis thazar. The mean concentrations of Cu, Cr, Cd, and Zn in all sampled organs
were determined (Figure 2). Significant difference
have been observed between different organs for Cu
(P Value = 0.026). Livers were found to be the major
site of Cu bioaccumulation, with a mean of 5.97
µg.g-1, followed by the Gills, with a mean concentration of 2.64 µg.g-1. The lowest Cu concentrations
were found in muscles with a mean of 1.28 µg.g-1.
Our study show no significant differences in the Cr
concentrations between different organs (P Value =
0.58). However, the higher concentrations of Cr
were found in livers followed by gills and muscles
with mean concentrations of 189.3, 174.98 and
154.81 µg.g-1, respectively.
Significant difference for the mean concentrations of Cd between all organs was obtained (P
Value ≤ 0.0001). Livers were found to be the major
site of Cd bioaccumulation, with a mean of 6.34
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FIGURE 3
Mean concentrations of Cu, Cr, Cd and Zn (µg.g-1) in liver, muscles and gills of Iago omanensis

FIGURE 4
Mean Concentrations of Cu, Cr, Cd and Zn (µg.g-1) in Iago omanensis and Auxis thazar

The high Cd concentrations were in Auxis thazar
with a mean concentration of 3.46 µg.g-1 and the
low concentrations was 2.36µg.g-1 for Iago omanensis. The difference in concentrations of Zn were
highly significant (P value<0.0001). The higher Zn
concentrations were in Auxis thazar with a mean
concentration of 586.09 µg.g-1and the lower concentrations was 98.79µg.g-1 for Iago omanensis.

The mean concentrations of Zn in different organs were not significant (P Value = 0.268). The
higher concentrations of Zn were in gills followed by
liver and muscles with mean concentrations of
117.99, 101.66 and 76.72 µg.g-1, respectively.
Heavy metal concentrations among the different fish species. Figure 4 shows the mean concentration of Cu, Cr, Cd and Zn for Auxis thazar and
Iago omanensis. The difference in the mean concentrations were highly significant for Cu (P
value<0.0001). The higher Cu means concentration
was in Iago omanensis with mean concentration of
13.66 µg.g-1 and the lower concentrations of Cu was
3.3µg.g-1 in Auxis thazar. The difference in the mean
concentrations of Cr were highly significant (P
value<0.0001). The higher Cr concentrations were in
Auxis thazar with a mean concentration of 173.01
µg.g-1 and the lower concentrations was 86.23µg.g-1
for Iago omanensis. The difference in the mean concentrations of Cd were significant (P value= 0.036).

Relationship between fish length and heavy
metals concentrations. Tables 1 and 2 summarize
the results of the correlation coefficient for heavy
metals between fish length and final metal concentrations of Auxis thazar and Iago omanensis. The results showed that the fish length had no effect on
most of the concentrations of both species. All concentrations that were affected by the length had positive relationships with it. R2 were generally found to
be low. The correlation between elements of Auxis
thazar were very low except the correlation between
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Cr and Zn R2 =0.831. The correlations between elements of Iago omanensis generally were very low.

bio-magnification factor, except for Fe and Mn, were
the highest in the detritivore species, which might be
due to very high levels in the sediments [22]. Cephalopods were found to have the highest levels of Cu,
Fe, Zn, Cr, Cd and Pb compared to other species,
since they feed on crustaceous and small mollusks.
Bivalves and fish species that consume algae and
planktons as a part of their regular diet had the lowest
metal bioaccumulation levels [23].
The result of this study indicate a significant
high copper concentrations in cartilaginous fish Iago
omanensis than bone fish Auxis thazar this could be
due to the role of Cu as a cofactor for the key antioxidant enzyme copper, zinc superoxide dismutase
(Cu, Zn-SOD) in lower vertebrates [24].
In this study the sex of the fish was not taken
into consideration due to the limitation number of
samples available. However, different studies
showed that sex could be a major source of metal accumulation between different fish species.

TABLE 1
The correlation coefficient between fish length of
Auxis thazar and final metal concentrations;
metal concentrations with each other’s.

Length
Cu
Cr
Cd

Cu
0.052

Cr
0.009
0.054

Cd
0.002
0.323
0.11

Zn
0.0034
0.063
0.831
0.183

TABLE 2
The correlation coefficient between fish length of
Iago omanensis and final metal concentrations;
metal concentrations with each other’s.

Length
Cu
Cr
Cd

Cu
0.023

Cr
0.293
0.137

Cd
0.0001
0.0009
0.015

Zn
0.181
0.0017
0.07
0.179

Heavy metals between different organs. Our
result indicated that, metals concentrations vary
among different fish organs. It was found that the
livers of Auxis thazar fish species had higher levels
of Cu, Cr, Zn and Cd compared to muscle tissues and
gills. At the same time Gills of Iago omanensis had
higher levels of Cu, Cr and Zn, whereas livers had
the higher levels of Cd.
The high accumulation of heavy metals in the
liver of the two species has likewise been reported in
several studies [25, 26, 15, 16]; these studies suggested that the liver plays an important role in the
metabolic processes of heavy metals in fishes. According to Kotz et al. [27], muscles are primary part
of metal intake, the liver is an organ that specializes
in metal storage and detoxification, and the gills are
directly exposed to the surrounding environment.
The results of this investigation are in accordance
with the study of Abu Hilal and Ismail [18], They
reported that the muscles have the lowest concentration of metals in most of the nine species that were
studied, while stomach and liver had the highest.
Moreover, the findings of this study are in accordance with the study by Khalaf et al. [15], They obtained significant differences for most of the heavy
metal elements among different organs of the same
species, particularly the presence of low concentrations of Cu, Pb, Zn, Cd and Fe in the muscle of D.
macarelleus and low concentrations of Ni, Pb, Zn
and Fe in the muscle of D. macrosoma. Similarly, in
D. russelli the lowest concentrations of Cu, Pb, Zn,
Cd and Fe were found in muscle. In contrast, the
highest concentrations of Cu, Pb, Cd and Fe were
mainly concentrated in the liver and the kidney. AlNajjar et al. [16], have found that there are no significant differences in the concentrations of metals between Caesio varilineata and Caesio lunaris, but it
was found that different organs has concentrate dif

DISCUSSION
Heavy metals between different fish species.
The results of this study revealed that, heavy metals
concentrations were significantly different between
the two fish species of this study; this could be due
to the different feeding habitat and habits of the two
species. The higher concentration of Cr, Cd and Zn
were found in Auxis thazar, whereas, the higher concentrations of Cu was in Iago omanensis. The deep
sea fish Iago omanensis occupying the deep sea water, the main food contents are cephalopods which
comprise more than 50% of the stomach contents,
the other 50% was small fish and about 10% was
decapods [20]. The analysis of food contents of
Auxis thazar by Kumaran [21] showed that the 42%
of the stomach contents was crustaceans. Several
studies showed that the feeding habits in addition to
sex play important role in the final metal concentrations of different fish species. Wahbeh and Mahasneh [9], found significant differences in heavy
metal concentrations in six coral reef fish species
from the same area, they included species with different feeding habits, from piscivorous species such
as the lizardfish (Synodus variegates) to those feeding on invertebrates, such as the goatfish (Parupeneus barberinus), or on algae, such as the Sergeant
Major fish (Abufefduf saxatilis). In a study on three
species, Oreochromis mossambicus an omnivore
fish, Ophiocephalus striatus a piscivore fish and
Heteropneustes fossilis a detritivore fish, it was
found that the piscivore had the highest bioaccumulation for all metals that was measured because of the
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TABLE 3
Maximum permissible limit of heavy metals in fish muscle (μg/g dry. wt.) according to the international
standards. Data are adopted from [17].
International standards
FAO
FAO/WHO limit
WHO
European community
England
Auxis thazar
Iago omanensis

Heavy metals in fish muscles (μg/g dry. wt.)
Cu
Zn
Cd
100
100
0.17
100
133
1.67
100
333.3
3.33
0.17
66.67
167
0.67
1.2
549.4
1.55
9.14
76.72
1.83

TABLE 4
Heavy metals in muscles (μg/g dry. wt.) of fish from the Red Sea and other regions.
Data are adopted from [17].
Fish Species
Auxis thazar
Iago omanensis
Acanthopagurus bifaclatus
Ctenochaetus striatus
Scomberomorus commerson
Boops boops
Thunnus thynnus
Nemipterus japonicas
Caranxsex faciatus

Site
Gulf of Aqaba
Gulf of Aqaba
Red Sea
Gulf of Aqaba
Yemen
Black Sea
Mediterranean Sea
Hurghada, Red Sea
Jeddah coast,

Heavy metals in fish muscles (μg/g dry. wt.)
Cu
Zn
Cr
1.2
549.4
154.81
9.14
76.72
72.74
0.51
4.34
0.72
0.87
21.38
1.36
1.30
8.00
0.90
3.08
6.81
0.22
1.01
16.54
0.74
0.28
2.13
0.82
0.91
5.33
0.00

ferent metals. Agusa et al. [28], studied trace elements concentrations in the livers and muscles of Euthynnus affinis collected from Malaysia, and found
that almost all elements have higher concentrations
in the liver than those in the muscle, especially Zn,
were they found that E. affinis had extremely high
level of Zn in liver compared to the muscle of E. affinis.
The present results indicated that the lowest
concentrations of the heavy metals were usually recorded in muscle of the two species rather than the
gills and livers. Although fish muscle is the most important part to be used for human consumption, fish
gills and liver may also be consumed to some extent.
Target organs such as liver, kidney, gonads and gills,
have a tendency to accumulate heavy metals in high
values, as shown in many species of the fish in different areas [29, 30, 31, 32]. It is generally accepted
that muscle is not an organ in which metals accumulate [33]. Similar results were reported from a number of fish species showing that muscle is not an active tissue in accumulating heavy metals [34]. This
is agreed with the present study.
Our results indicate that gills of Iago omaniasis
accumulate more heavy metals Cu, Cr and Zn than
the muscles and the livers. The reason for the high
heavy metal concentrations in the gills could be due

Cd
1.55
1.83
0.26
0.83
0.39
0.10
0.05
0.02
0.90

to the metal complexion with the mucus that is impossible to be removed completely from the tissue
before the analysis [35].
Correlations between different fish length
and heavy metal bioaccumulation. No correlations
were detected between the body length of the two
fish species and the heavy metal concentrations, the
correlations obtained for all heavy metals were very
weak. Consistent with the results obtained by Nussey et al. [36] on heavy metals bioaccumulation in
the fresh water fish Labeo umbratus, In contrast to
our study the negative relationship with the fish size
for Mn in gills and liver, for Pb in liver, skin and gills
have been reported by Authman [37], Also he reported that bioaccumulation of copper, iron, lead,
manganese and zinc increase with the increase in fish
size, whereas aluminium, cadmium and mercury
showed negative relationship with fish size. Recently, Al-Najjar et al. [18] reported week correlation between different element concentrations in
Cheilinus trilobatus fish and length, at the same time
the highest correlation was found between Ni and Co
(R²=0.71), Co and Fe (R²=0.28), Ni and Mg
(R²=0.70) and between Co and Mg (R²=0.72).
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Comparison with other concentrations and
WHO. The heavy metals concentrations of Cu and
Cd in the examined fish species from the Gulf of Aqaba were below the permissible limits for human
consumption (Table 3). The results in previous literatures were lower than our obtained data for other
fish species. For example, Abdallah [38], determined
the concentrations of Cd, Pb, Cu and Zn in muscles
of Sardinellaaurita, Sardinella. rivulatus and Synodussaurus from two main harbors in Alexandria,
Egypt, the reported heavy metals levels was much
higher than those obtained in the two species of the
current work. However, heavy metals levels in our
study were generally higher than those found in the
fish of the Red Sea recorded by [39, 40, 41, 42] (Table 4).
After all, fishes of this study were found to be
safe for human consumption and do not cause any
threat to the health of human consumers.

[9] Wahbeh, M.I. and Mahasneh, D.M. (1987) Concentrations of Metals in the Tissues of Six Species of Fish from Aqaba, Jordan. Dirasat. (14),
119-129.
[10]Al-Sayed, M. (2008) Levels of Trace Metals in
Some Carnivorous Fish of Gulf of Aqaba, Red
Sea. Master Thesis. Hashemite University,
Zarka.
[11]Al-Zgool, A. (2008) Levels of Trace Metals in
Food Chain of Some Carnivores Fishes (Family:
Carangidae) Collected from the Gulf of Aqaba,
Red Sea. Master Thesis. Hashemite University,
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[12]Batayneh, M. (2010) Levels of Trace Metals in
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[13]Ismail, N.S. and Abu-Hilal, A.H. (2008) Heavy
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distribution, land use pattern, livestock and
poultryfarming, human activities and other factors
[9-10]. NPS pollution load takes onstrong regional
distributions due to the difference of the local
economic conditions, soil types and planting
structure [11-12]. Phosphorus is an important
component of NPS pollutants [13]. The loss process
of phosphorus is very complex and the loss pathways
include soil erosion, surface runoff and leaching
leakage, where soil erosion is an important way of
phosphorus loss [14-15]. In the loess hilly and gully
region, NPS pollution loads are closely related to soil
erosion especially for few transient rainstorms in
flood season [16-17]. Therefore, this study focuses
on a typical watershed to explorethe coupling
mechanism of water-sediment-adsorbed NPS
pollution.
The essence of adsorbed phosphorus pollution
is soil erosion [18-19]. The study of soil erosion has
expericened multiple stages including field
experiments, modeling and the application of most
advanced technology in the world [20-23]. Where
models are the necessary means for the study of NPS
pollution peocess at a river basin scale [24-25]. The
USLE/RUSLE is commanly used in modelling
pollutants adsorbed to sediment because of well
solving the quantitative estimation of multi-year
average soil erosion amount [26-27]. The modified
RUSLE equation [28], the Chinese soil loss equation
(CSLE) [29-30], AnnAGNPS model [31-32] and
SWAT model [33-35] were also extensively applied
to evaluate NPS pollution load. Many previous studies have applied models to analyze scenarios of agricultural impacts on nutrients loadings at catchment
scale [36-37], and the corresponding scenario studies
have been performed over a broad range of climatic
conditions, with a large focus on measures targeting
land cover/use and land management for reducing
the source load of nitrogen and phosphorus in the
landscape [38-40]. Besides, the research of NPS
pollution with advanced technologies and algorithms
such as GIS and RS, BP neural network, genetic
algorithm and fruit fly algorithm also gets a rapid
development [41-45].

ABSTRACT
Chinese Loess Plateau is considered as one of
the serious soil erosion regions in the world. Nutrient
loss through runoff and sediment in highly erodible
areas not only decreases soil fertility, but also creates
many environmental problems. In this study, an integrated modelling framework for the distributed
coupling of hydrological process, soil erosion and
adsorbed nonpoint source (NPS) pollution was established to investigate adsorbed NPS pollution in a
typical watershed of Loess Plateau. Results indicate
that: 1) the modified method is well validated and
can be applied to the hilly and gully region, Loess
Plateau; 2) the adsorbed total phosphorus (TP) load
showed an overall decreasing trend from 1995 to
2012, the average TP pollution load from 2009 to
2012 reduced about 78% comparing with the early
governance period (1995-1998), the high risk regions of TP load mainly occurred in the gentle sloping farmland which are located at the main river
banks of the watershed. Results may provide data
supporting for soil and water conservation planning
in the hilly and gully region of Loess Plateau.

KEYWORDS:
Modified dynamic model, Water-sediment-adsorbed NPS
pollution, Distributed coupling effects, Soil and water conservation, Loess Plateau

INTRODUCTION
The adsorbed nonpoint source (NPS) pollution
can be interpreted as that eroded soil carries a great
number of adsorbed pollutants into various water
bodies and forms a kind of typical NPS pollution [12].Loess Plateau is considered as one of the most
severe soil loss regions in China or even in the world
[3]. Serious soil loss not only affects agricultural
production, but also leads to diffuse pollution and
threatens water quality [4-8]. NPS pollution output
is affected by the comprehensive influence ofrainfall
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The distributed models such as Basins, SHE,
IHDM and EUROSEM [46], KINEROS [47-48]
have an entensive application gradually due to
requirements of high simulation efficiency and
accuracy, the distributed research on NPS pollution
has become a popular trend [49-50], and dynamic
simulation has also become an important way to
grasp time variations of sediment yield and NPS
pollution [51-53]. However, the existing distributed
dynamic model often paid more attention to eventbased rainfall process, it less considers effects of the
sediment delivery relationship on dynamic changes
of adsorbed NPS pollution in the upper and lower
reaches of a watershed.


Therefore, this study aims to 1) modify a GISbased dynamic model of adsorbed NPS pollution
load; 2) evaluate spatiotemporal evolutions of
adsorbed TP NPS pollution before and after
returning farmland in the Majiagou River watershed.
Results may provide a scientific basis for NPS
pollution control and watershed management in the
hilly and gully region of Loess Plateau.

MATERIALS AND METHODS
Study area. Majiagou river, which is the
protection area of drinking water source in Ansai
County, is one of the first grade tributaries of the
Yanhe River (Fig.1). The main channel is about 17.4
km in length, the average gully slope is about 6.5‰
[54].
The
Majiagou
River
watershed
(109°9′30″~109°18′59″E, 36°49′42″~36°56′42″N),
with a total catchment area of 73.83 km2, is one of
the typical soil erosion regions in the Loess Plateau
[55]. The watershed belongs to warm-temperature
and semi-arid continental monsoon climate, the
annual average temperature is 6-11°C, the
evaporation is greater than 1000 mm, the annual
precipitation is about 500 mm, the storm in 6-10
months accounts for about 80% of the total annual
precipitation [56]. After the implementation of
returning farmland to forestland/grassland in past ten
years, the soil erosion of the watershed decreased
from 8740 t/km2 to 5700 t/km2 in 2008 [57].
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Environmental database. The parameters
included in this study include digital elevation model
(DEM), daily precipitation data, runoff, land use
types, soil properties (Table 1). Where reclassified
land use types of the Majiagou River watershed are
consisted of farmland, grassland, forestland, settlements, water area and sand land. Soil types of the
watershed are mainly composed of tillage erosive loessal soil and erosive loessal soil.
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The modified dynamic nonpoint source
pollution model. The dynamic-continuous modelling studies on sediment yield are very critical and
necessary for accurately estimating temporal trends
of adsorbed NPS pollution load [58]. However, the
commonly used sediment yield model mainly reflects the multi-year average level, it is not a dynamic method and can not express the spatial
transport process of pollutants. Rainfall runoff and
human activity are two important factors affecting
NPS pollution [59-61]. According to the related
study results [62-64], the rainfall erosivity factor and
the sediment delivery ratio (SDR) affected by rainfall
runoff could be defined as the dynamic hydrological
factor; the BET factor and the SDR factor affected by
human activities might be designed as the dynamic
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FIGURE 1
The study area: the relative location between the
Yanhe River basin and the Chinese Loess Plateau under river system and provincial administrative divisions; the geographical location
sketch of the Majiagou River watershed,
Zaoyuan hydrological station, Ansai hydrological station and Ganguyi hydrological station in
the river system of Yanhe River basin
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TABLE 1
Descriptions and sources of the environmental database in the Majiagou River watershed
Data name

Format

Description

DEM

Raster

30 m spatial resolution DEM data of the Majiagou
River watershed

Land use

Vector

Soil

Excel

Runoff and sediment

Excel

Precipitation

Txt

Farmland, grassland, forest land, residential area, water area, sandy land
Physical and chemical properties (organic matter,
mechanical composition, coefficient of soil structure,
etc.)
Time series of annual observed values in Ganguyi hydrological station (1956-2012), Ansai and Zaoyuan
hydrological stations (2006-2012)
Daily values in Ansai, Yanan, Yanchang and other
rain-gauge stations (1957-2013)

L p ,i = C p ×η p × A × K × LS × (Ri × λq ,i )× (Bi × Ei × Ti × λm,i ) (1)

where L is the annual adsorbed NPS pollution
load, (t); Cp is the background content of P in topsoil
(g kg-1); ηp is the enrichment ratio of P; A is the watershed area, (hm2); R is the rainfall erosivity factor,
(MJ·mm/hm2·h·a); K is the soil erodibility factor,
(t·hm2·h/hm2·MJ·mm); LS is the topographical factor; B is the biological measure factor; E is the engineering measure factor; T is the tillage measure factor; λ represents the average sediment delivery ratio
(SDR), the subscript i represents the i -th year, and
the λi may be approximately assumed to be divided
into the product of λq,i related only to hydrological
conditions and λm,i related only to land management
measures.
Impacts of hydrological features on pollutants
transport are mainly manifested in the moving action
of sediment from erosion source to the river course
by rainfall runoff [65]. λq,i can be estimated by the
formula of sloping runoff energy that is widely used
in most parts of northern China [66]. According to
the definition of λq,i, it can be supposed as follows,

⎝ 4

⎠

αi =

Bi × E i × Ti × λ m,i
B × E × T × λm

ti

i

China Meteorological Data Sharing Service Network
(http://data.cma.cn/data/)

=

0.449 xi − 5062.6 (3)
0.4436 xi − 4559.9

where xi represents the runoff amount in the i th year (104 m3), n is the number of years.
In addition, considering the above dynamic
model may not completely reflect spatiotemporal
variations of the watershed underlying surface, especially can not embodies the physically-based complex sediment delivery relationship between the upper and lower reaches of the watershed under different land use conditions [73]. So the spatial influencing factor (β) considering upstream and downstream
relationships of a watershed [74] was introduced as
follows,

∫ (I − f )dt (2)
∫ (I − f )dt
0

Loess Plateau Data Center, National
Earth System Science Data Sharing Infrastructure, National Science & Technology Infrastructure of China (http://loess.geodata.cn/)

of underlying surface has an important effect on rainfall runoff and nutrient pollution output [69]. In order to dynamically study impacts of land management activities on the sediment transport process, the
ratio of sediment during the governance period
(1970-2012) and the base period (1956-1969) was
defined as the dynamic influencing factor of land
management activities [70-72]. Under the annual
changes of λm,i, B, E and T, the dynamic land management factor (α) was introduced and defined as,

land management factor, so the dynamic equation of
adsorbed NPS pollution was put forward as follows:

⎛ ρg
⎞
⋅ sin 2θ ⎟ ⋅ Ph ,i
λq ,i Ei ⎜⎝ 4
⎠
=
=
=
E ⎛ ρg
λq
⎞
⋅ sin 2θ ⎟ ⋅ Ph
⎜

Source
Computer Network Information Center,
Chinese
Academy
of
Sciences
(http://datamirror.csdb.cn/index.jsp)
Data Center for Cold and Arid Region
Sciences (http://westdc.westgis.ac.cn/)

Q w ,i

βi =

i

(4)

Qi − Qb ,i
where Qw , i is the annual saturated water when

t

0

where E is the average runoff power per unit
area of slopes (J m-2);ρ is the liquid density (kg m-3);
g is the gravitational acceleration (m s-2); θ is the
slope gradient (°); Ph is the runoff depth (mm); I is
the rainfall intensity; f is the infiltration rate; t is the
rainfall duration (min). Letters of ρ, g and θ are all
constants when there are no changes in sloping surface.
Impacts of human activities on pollutants
transport are mainly demonstrated in subtractive effects of NPS pollution load by all kinds of soil conservation measures [67-68]. In general, the condition

the saturated sediment transport is the observed sediment transport amount in a hydrological station,
Qb , i is the annual base flow, Q is the observed annual runoff amount.
Stated thus, by substituting Eq. (2) _ Eq. (4)
into Eq. (1), the integrated model of adsorbed NPS
pollution load can be rewritten as follows,
t
(5)
(I − f )dt

∫
∫ (I − f )dt
i

L p ,i = α i × β i ×

i

0

t

0
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FIGURE 2
Comparison of sediment yield modulus between Ganguyi hydrological station, Ansai hydrological station,
Zaoyuan hydrological station and Majiagou River watershed based on the modified model



FIGURE 3
Temporal variations of sediment yield and TP load by the modified model in the Majiagou River
watershed from 1995 to 2012
River watershed is 5812.28 t/km2, there are small relative error with the average simulated value of
6307.86 t/km2 in the Majiagou River watershed from
1995 to 2012. The observed results of sediment yield
in Ganguyi hydrological station from 1961 to 2008
[84] and the simulated values in this study both
showed a decreasing trend although there were various fluctuations in individual years (Fig. 2), it indicates that the sediment yield reduction in the study
area are consistent with the background of returning
farmland project [85]. After model modification, the
simulated value of the multi-year average sediment
yield modulus in Majiagou River watershedhas
changed from 5803.23 t/km2 to 4510.66 t/km2.
Comparing with the Ganguyi hydrological station,
the relative error of the modified model decreasedby
30%-40% [86]. For Ansai and Zaoyuan hydrological
stations, the simulation accuracy also improved a lot
(Fig. 2). The above results demonstrate that the modified dynamic model has scientific rationality and
can be applied for NPS pollution load estimation in
the loess hilly and gully region.

Description of model factors. In this study, a
half-month simple algorithm of rainfall erosivity established by Zhang et al. (2003) was used to calculate the monthly and annual rainfall erosivity [75].
Soil erodibility is used to evaluate properties
whether the soil is susceptible to erosion [76]. The
modified method presented by Zhang et al. (2007)
was applied to evaluate K values [26]. Based on soil
properties of the study area, the average K value of
soil erodibility in the watershed was calculated as
0.0542 Mg.h.MJ-1.mm-1. LS factor reflects the contribution degree of terrain factors to soil erosion, it
can be divided into slope length factor (L) and slope
gradient factor (S). According to the existing method
of LS factor [77-78], the multi-year average LS value
in the Majiagou River watershed was determined as
12.9. Based on the related research results of B, E
and T factors in the Loess hilly region [79-81], the
average B, E and T values of the watershed were in
turn assigned to 0.1562, 0.497 and 0.712. The average annual SDR values of the Majiagou River watershed were determined by the research results of the
Yanhe River basin by Zhu et al. (2007) [82].

Temporal evolutions of adsorbed NPS pollution load. Fig.3 shows temporal variations of sediment yield and TP load in the Majiagou River watershed. Totally, the NPS pollution load in the watershed presents a decreasing trend, and the annual
changing trends of TP load have similar fluctuations
with the sediment yield. This result can be attributed
to the soil and water conservation measures which
may be effective in intercepting nutrient loss. In the
late 1990s, the erosion-type NPS pollution problems
are very prominent in the Majiagou River watershed.

RESULTS AND DISCUSSION
Validation of erosion and sediment yield.
Soil erosion in the loess hilly and gully region is
closely related to the soil nutrient loss. According to
Li & Zheng (2012) simulation results of soil erosion
in the Yanhe River watershed from 2001 to 2010
[83], the average annual erosion modulus of Yanhe
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TP NPS pollution load in the Majiagou River watershed in 1995 and 2010. Spatial patterns of adsorbed
TP NPS pollution load are similar to spatial distributions of sediment yield, the spatial difference of TP
load in these two typical years mainly depends on the
spatial distribution of land use types, and it is also
closely related to spatial changes of topography and
soil types. The main river banks from northwest to
southeast in the Majiagou River watershed are the
high risk regions of TP load. Therefore, sediment is
not only a kind of NPS pollution, but also the pollutants carried by sediment may bring a potential pollution risk for water quality of receiving waters. The
gentle sloping farmland located in both sides of the
river was the most contributors for adsorbed NPS
pollution load in the Majiagou River watershed, soil
and water conservation measures should be simultaneously implemented in sloping farmland of the loess hilly and gully region.

With the continuous implementation of soil and water conservation measures, the benefits of water and
sediment reduction are becoming more and more remarkable in the watershed, the average TP pollution
load was44.72 t/a from 2009 to 2012, which decreased by about 78% comparing with the early governance period (1995-1998). On the whole, rainfall
and human activity are two important factors affecting dynamic changes of adsorbed NPS pollution
load. Rainfall is the motive power of soil and water
loss, it can affect the formation and development of
adsorbed NPS pollution by splash effects of
raindrops and moving actions of runoffs. The positive human activities are the restraining factors of
soil erosion, they can reduce NPS pollution load by
increasing vegetation cover and weakening soil erosivity.

Coupling relationship between land use
changes and adsorbed NPS pollution. Fig.5a
shows the area ratio of reclassified land use types of
the Majiagou River watershed in 1995 and 2010. It
can be seen that farmland and grassland area both
account for more than 45% of the total watershed
area in 1995 and 2010, they are the main NPS pollution source of the Majiagou River watershed. The
existing survey results indicate that the sloping farmland in the watershed occupies 73.46% of the total
farmland area, and the farmland is mainly distributed
on both sides of the main river banks.
Fig. 5b shows trends of average and maximum
adsorbed TP load in different land use types in 1995
and 2010. The average TP load in 1995 is listed as
follows: farmland (0.0157 t/hm2, 46.2%), villages
and towns (0.0088 t/hm2, 26%), grassland (0.0025
t/hm2, 18.1%), and forestland (0.0033 t/hm2, 9.7%);
in 2010 the average TP load changed into villages
and towns (0.0146 t/hm2, 54.1%), forestland (0.0053
t/hm2, 19.5%), farmland (0.0046 t/hm2, 17.1%) and
grassland (0.0025 t/hm2, 9.4%). The changing trends
of maximum TP load in 1995 are as follows: farmland (0.0772 t/hm2, 57.1%), grassland (0.0284 t/hm2,
21.1%), villages and towns (0.0167 t/hm2, 12.4%),
and forestland (0.0127 t/hm2, 9.4%); in 2010 the
maximum TP load changed into villages and towns
(0.0307 t/hm2, 39.4%), farmland (0.0198 t/hm2,
25.4%), forestland (0.0155 t/hm2, 19.9%), and grassland (0.0119 t/hm2, 15.3%).
On the whole, the total average TP load modulus in 1995 and in 2010 are 0.034 t/hm2 and 0.027
t/hm2 respectively, and the total maximum TP load
modulus in 1995 and in 2010 are 0.135 t/hm2 and
0.078 t/hm2 respectively. Statistical analysis shows
that the highest contribution ratio of adsorbed NPS
pollution load has changed from farmland in 1995 to
villages and towns in 2010. Although the returning
farmland project has been implemented since 1999,

FIGURE 4
Spatial evolutions of adsorbed TP NPS load
modulus (t/hm2·a) in the Majiagou River watershed in 1995 and 2010
Spatial evolutions of adsorbed NPS pollution
load. Fig.4 shows spatial distributions of adsorbed

7819

%$

" &   

 







 " #!"!






  


















 





 !



 

# !$


 







 





  
  

 



 









   

 
 

 
 













!



#%"

 



FIGURE 5
Coupling relationship between land use types and adsorbed TP NPS load (t/hm 2) in the Majiagou River
watershed in 1995 and 2010: (a) area percentage of land use types (%), (b) percentage trends of average
and maximum TP load (%).

farmland is still one of the main sources of nutrient
loss, this is mainly because a large amount of farmland was transferred to orchard land and did not effectively develop conservation measures. Therefore,
strengthening targeted management of critical
sources is the key to control agricultural NPS pollution in the hilly and gully region, Loess Plateau.

from northwest to southeast in the whole Majiagou
River watershed. The returning sloping farmland
projects have great benefits for NPS pollution load
reduction. The results also potentially emphasize the
necessity of making further efforts to soil and water
conservation measures in highly erodible sloping
farmland of Chinese Loess Plateau.
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FILTRATION RATE, OXYGEN CONSUMPTION,
PHOSPHOROUS AND NITROGENOUS EXCRETION OF
MYTILUS GALLOPROVINCIALLIS AND EFFECT IN
AQUEOUS ENVIRONMENT
Kostas Katsoulis*
University of Thessaly School of Health Sciences, Faculty of Veterinary Science, 224 Trikalon Street, P.O. Box 199, Karditsa, 43100 Greece

the organic content of sediments, causing severe
ecological impacts on aquatic ecosystem. The enriched organic sediment also increases microbial
oxygen consumption, resulting in reduced oxygen
concentrations [4, 5, 6, 7 and 8]. Little information
exists regarding the role of Mytilus galloprovinciallis in nutrient regeneration. Thus, a laboratory experiment was designed to examine the influence of
Mytilus galloprovinciallis on soluble nutrient dynamics.

ABSTRACT
Mussels are suspension feeders, producing
faeces pellets and pseudo faeces as a waste product.
Large-scale mussel farms are known to produce
significant volumes of bio deposits, which can be
settled beneath the farm, thereby altering sediment
characteristics and the benthic community structure.
The purpose of this study was to determine the influence of mussel Mytilus galloprovinciallis on
soluble nutrient dynamic and its effect in aqueous
environment by direct observations. Two experiments were carried out in water tanks. The first one
was done using water with flow, while in the second one there was no flow. Two water tanks were
used: one of them was a control tank, while in the
other tank, 320 mussels were placed in four net
bags. Dissolved oxygen and chlorophyll-a concentration were declined in the presence of Mytilus
galloprovinciallis; marked increases that were observed especially in the concentrations of N-NH4,
P-PO4, POC were a result of nutrient regeneration
via excretion of Mytilus galloprovinciallis.

MATERIALS AND METHODS
Two experiments were carried out under controlled conditions in water tanks in a coastal area in
the region of Pieria, Greece. The first one was carried out using water with flow, while in the second
one there was no flow. Two water tanks, 69 cm x
95 cm x 144 cm, were used; one of them was a control tank. Approximately 320 mussels with a mean
shell length of 70 mm were placed in the other tank
in four tight net bags - each net bag contained 80
mussels -. Mytilus galloprovinciallis were collected
from Kitros, a site near the field station, and were
placed in the water tank for an equilibration period
of about two weeks prior to the initiation of the
study. Fresh seawater was constantly circulated
through the tank to maintain a food supply for the
mussels during the equilibration period. Water was
pumped externally from an outlet at 3m depth in the
tank with a tubing pump at a rate of 1.3 m3 / h. Four
water samples were taken every 3 hours (0h, 3h,
and 6h). Each experiment (water with flow and
without flow) was repeated 4 times. The water
sample bottles were immediately returned to the
laboratory in insulated containers. These samples
were filtered within 3h of collection through
Whatman GF / C glass-fiber filters. Samples were
kept frozen until analysis of chlorophyll-a, N-NO3,
N-NH3, P-PO4, POC, N-NO2. Chlorophyll-a was
determined by H.M.S.O method by filtration of the
water sample using methanol as appropriate while
chlorophyll-a concentration in the extract was determined spectrophotometrically. Dissolved oxygen
concentration was measured using an automatic

KEYWORDS:
Mytilus galloprovinciallis, filter feeder, mussel excretion,
nutrient dynamic, mussel tank, aquatic ecosystem

INTRODUCTION
Mussels are enormously successful filter feeders. Their high filtering capacity allows them to
remove particles from large volumes of water
changing the dynamic of cycling nutrients. Their
filtering activities have the potential to shift energy
from the pelagic to the benthic region, resulting in
changes in food web [1, 2 and 3]. Over the past 20
years, mussels of the genus Mytilus have been successfully used as indicators of contamination
(heavy metals, municipal and urban effluents) in
coastal areas providing a time-integrated indication
of chemical contamination. In addition, mussels not
only initiate the sedimentation of small particles,
such as feces and pseudofaeces, but also increase
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36,37±
0,2a

14,87±0
,10a

0,41±
0,020a
0,23±
0,028b

233,5±
25,03a
244,5±
23,90a

7,6±
1,1a
9,1±
0,82a

8,8 ±
0,74b
10,1±
1,01b

26,3 ±
0,62b
27,01±
0,47b

-----------877
±
237,7b

5,7 ±
0,12a
5,47±0
,110b

8,14±
0,02a
8,14
±0,03a

35,7±
0,11a
35,7±
0,09a

14,62±0
,10a
14,62±0
,10a

0,45±
0,024a

240,08±
14,8a

8,34±
0,33a

6,01±
0,83a

25,34±
0,72a

646,8±2
13,8a

6,4 ±
0,11a

8,15
±0,03a

36 ±
0,00a

14,5±0,
091a

0,33±
0,025a
0,24±
0,008a

229,90±
10,6a
227,25±
11,9a

8,32±
0,65a
7,96±
0,55a

5,85
±1,01a
7,11
±0,84a

26,28±
0,48a
24,75±
0,38a

----------707,6±2
04,9a

6,37±
0,13a
6,4 ±
0,11a

8,13
±0,05a
8,14±
0,05a

35,8±
0,05a
36 ±
0,00a

14,32±2
,74a
14,37±0
,05a

0,52±
0,014a

241,5±
14,87a

8,39±
0,33a

5,35
±0,82a

24,83±
0,42a

799,2±
252,4a

6,5
±0,13a

8,15±
0,05a

35,8
±0,08a

14,5±0,
091a

0,30±
0,017a
0,19±
0,017b

265,7±
13,58b
245,92±
8,93a

8,75±
0,65a
8,2±0,
55b

7,1±0,
485b
8,47±
0,63b

26,67±
0,41a
28,19±
0,34b

----------1141,1±
255,1b

6,17
±0,16a
5,97±
0,12b

8,13
±0,04a
8,12±
0,04a

35,8
±0,05a
35,62
±0,1a

14,37±0
,05a
14,5±0,
091a

0
3
6

TANK
WITH
MUSSEL

WATER
WITH
FLOW

0
3
6

pH

6,45±
0,66a

N-NH4
(μg \ L)

8,7±
0,84a

N-NO2
(μg\L)

242,2±2
2,55a

6
WATER
WITH
FLOW

N-NO3 (μg/L)

0,57±0,
039a

3

TANK
WITHOUT
MUSSEL

Chlorophyll-a
(μg \ L)

0

TIME

Ο2
(mg O2 \ L)

WATER
WITH
OUT
FLOW

POC
(μg C \ L)

TANK
WITH
MUSSEL

WATER
WITH
OUT
FLOW

P-PO4
(μg \ L)

TANK
WITHOUT
MUSSEL

Category

TREATMENT

TABLE 1
Changes of parameters in two experiments in relation with time

Values are expressed as mean values ± standard error of the mean
a, b Mean scores in the same column and for the same category and time without a superscript in common, are
significantly different (P ≤ 0.05)

oxymeter model. Determination of P-PO4 was
based on the reaction of the ions with an acidified
molybdate reagent to yield a phosphomolybdate
complex, the extinction of which was measured [9].
Determination of N-NH3 was based on the reaction
of phenol and hypochlorite to form indophenols
[10]. Determination of N-NO3 and N-NO2 was done
using a scientifically approved method. The nitrate
was reduced to nitrite when the water sample ran
through a column containing amalgamated cadmium filings. The produced nitrite was determined by
diazotizing with sulphanilamide and coupling with
N-(1-naphthyl)-ethylenediamine to form a coloured
azo dye, the extinction of which was measured.
Determination of particulate organic carbon was
done by wet ashing with a mixture of potassium
dichromate and concentrated sulphuric acid [11].

RESULTS AND DISCUSSION
The mean values of chlorophyll-a, dissolved
oxygen, particulate organic carbon, N-NO3, N-NO2,
N-NH3 and P-PO4, are shown in table 1. In order to
evaluate statistically the results of the biological
experimentation, both the non-parameter methodology by Man-Whitney and the distribution control
method were used. Statistical analyses were done
using SPSS 8.0 with a significance level of p =
0.05.
In water tank 1, the water flowed (WF) while
in water tank 2 there was no flow.
Chlorophyll-a
Tank 1: Chlorophyll-a concentrations in tank
with mussels (MT) decreased by an average of
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value of 8,47 μg / l in the mussel tank after 6h.
Tank 2: N-NH4 concentrations in tank with
mussels increased by an average of 40,4 % after 6h,
while in control tank they increased by an average
of 7,5 %. Significant differences were observed in
the 3h and 6h between control and mussel tank,
while N-NH4 concentration reached a maximum
value of 10,1 μg / l in the mussel tank after 6h.

63,4% after 6h, while in control tank chlorophyll-a
dropped by 46,6%. Significant differences were
observed after 6h between control and mussel tank,
while chlorophyll-a concentration reached a minimum value of 0,19 μg/l in the mussel tank after 6h.
Tank 2: Chlorophyll-a concentrations in tank
with mussels decreased by an average of 66% after
6h, while in control tank chlorophyll-a dropped by
30%. Significant differences were observed after 6h
between control and mussel tank, while chlorophyll-a concentration reached a minimum value of
0,23 μg / l in the mussel tank after 6h.
N-NO3
Tank 1: N-NO3 concentrations in tank with
mussels increased by an average of 1,8 % after 6h,
while in control tank they decreased by 5,3 %. Significant differences were observed in the 3h between control and mussel tank.
Tank 2: N-NO3 concentrations in tank with
mussels increased by an average of 15,4 % after 6h,
while in control tank they were reduced by 2,3 %.
Significant differences were not observed between
control and mussel tank.
P-PO4
Tank 1: P-PO4 concentrations in tank with
mussels increased by an average of 13,5 % after 6h,
while in control tank they were reduced by 2,3 %.
Significant differences were observed in the 6h
between control and mussel tank, while P-PO4 concentration reached a maximum value of 28,19 μg / l
in the mussel tank after 6h.
Tank 2: P-PO4 concentrations in tank with
mussels increased by an average of 9,8 % after 6h,
while in control tank they were reduced by 8,5 %.
Significant differences were observed in the 3h and
6h between control and mussel tank, while P-PO4
concentration reached a maximum value of 27,01
μg / l in the mussel tank after 6h.
N-NO2
Tank 1: N-NO2 concentrations in tank with
mussels decreased by an average of 2,2% after 6h,
while in control tank they were reduced by 4,5 %
after 6h. Significant differences were observed in
the 6h between control and mussel tank.
Tank 2: N-NO2 concentrations in tank with
mussels increased by an average of 4,5 % after 6h,
while in control tank concentration was constant.
Significant differences were not observed between
control and mussel tank.
N-NH4
Tank 1: N-NH4 concentrations in tank with
mussels increased by an average of 58 % after 6h,
while in control tank they increased by an average
of 18,3 %. Significant differences were observed in
the 3h and 6h between control and mussel tank,
while N-NH4 concentration reached a maximum

FIGURE 1
Mussel excretion (N-NO3, N-NO2), filtration,
oxygen consumption for M. galloprovinciallis
after temperature acclimation at 14 - 15 0C.
POC
Tank 1: POC concentrations in tank with mus-
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Our data demonstrate the potential role of
mussels Mytilus galloprovinciallis in causing
changes in water quality parameters. In the presence of mussels, chlorophyll concentrations rapidly
decreased and reached 66 % of the initial value
after 6h. This change reflects the efficient filter
feeding of the mussel Mytilus galloprovinciallis.
My results support the general findings of other
researchers sustaining that other species of mussels
can graze large portions of seston and chlorophyll.
Marked reductions in chlorophyll have been reported in shallow water systems at high population densities of mussels [12, 13 and 14]. Chlorophyll-a
concentration also were also reduced dramatically
(60%) in the western and west central basins of
Lake Erie between 1988 and 1991 and in Saginaw
Bay (59%) subsequent to establishment of large
Dreissena populations [15, 16 and 17].
The significant difference that was observed in
concentrations of dissolved oxygen in both experiments was due to the respiration demands of Mytilus galloprovinciallis. Mussel respiration can be
partitioned into two components: the standard minimum for maintenance (no feeding) and the active
component, associated with feeding including the
mechanical cost of water transport and the physiological cost of digestive processes. The increased
organic input of sediment has been shown to increase sediment oxygen consumption [18]. The
mineralization of sedimented organic matter consumes oxygen and releases nutrients into the water
column.
Our results also indicate that mussels Mytilus
galloprovinciallis can play an important role as a
nutrient source by regenerating nutrients back into
the water column in soluble forms. Marked increases in concentrations of N-NH4, P-PO4 and lower
increases in concentrations of N-NO2 and N-NO3
may be attributed to nutrient regeneration via excretion of Mytilus galloprovinciallis, while the great
rates of release in the end of 6h were all significant
at the 95 % level. The influence of bivalve culture
on denitrification rates have not yet been fully characterised [19] and previous studies on the impacts
of mussel farms on denitrification rates have been
inconsistent, showing both increase and decrease in
farm-affected sediments [4]. According to [20], an
increase was measured in natural denitrification but
a decrease in potential denitrification under shellfish cultures was observed. This indicates the complex interactions of processes involved in sediment
denitrification and their susceptibility to environmental parameters such as oxygen and nitrate availability and organic input [21]. In estuaries, nutrients
that regenerated from the decomposition of organic
matter in the sediments, play an important role and
can supply up to 100% of the nutrient requirements
of primary producers in the overlying water [19,
21-30]. Increases in soluble nitrogen and phosphorus forms were observed in the western basin of

sels increased by an average of 42,8 % after 6h,
while in control tank they increased by an average
of 9,4 %. Significant differences were observed
between control and mussel tank after 3h.
Tank 2: POC concentrations in tank with mussels increased by an average of 25,8 % after 6h,
while in control tank they increased by an average
of 2,8 %. Significant differences were observed
after 6h between control and mussel tank, while
POC concentration reached a maximum value of
877 μg / in the mussel tank after 6h.
Dissolved oxygen
Tank 1: Dissolved oxygen concentration in
tank with mussels decreased by an average of 8,1 %
after 6h, while in control tank was constant. Significant differences were observed in the 6h between
control and mussel tank.
Tank 2: Dissolved oxygen concentration in
tank with mussels decreased by an average of 8 %
after 6h, while in control tank it increased by an
average of 2,2 %. Significant differences were observed in the 6h between control and mussel tank.

FIGURE 2
Mussel excretion (N-NH4, P-PO4, POC) for
Mytilus galloprovinciallis after temperature acclimation at 14 - 15 0C.
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[3] Sprung, M. and Rose, U. (1988) Influence of
food size and food quality on the feeding of the
mussels Dreissena polymorpha. Oecologia. 77,
526 – 532.
[4] Kautsky, N. and Evans, S. (1987) Role of biodeposition by Mytilus edulis in the circulation
of matter and nutrients in a Baltic coastal ecosystem. Marine Ecology Progress Series. 38,
201–212.
[5] Kljaković – Gašpić, Z., Odžak, N., Ujević, I.,
Zvonarić, T. and Barić, A. (2006) Biomonitoring of trace metals (Cu, Cd, Cr, Hg, Pb, Zn) in
the eastern Adriatic using the Mediterranean
blue mussel (2001 – 2005). Fresen. Environ.
Bull. 15 (9a), 1045 – 1052.
[6] Blaise, C., Gagné, F., Salazar, M., Salazar, S.,
Trottier, S. and Hansen, P.–D. (2003) Experimentally-induced feminisation of freshwater
mussels after long-term exposure to a municipal effluent. Fresen. Environ. Bull. 12(8), 861 –
864.
[7] Arslan, O.C., Parlak, H., Boyacioglu, M., Karaslan, M. and Katalay, S. (2014) Changes in
the glutathione-s transferase activity of the
mussel Mytilus galloprovincialis during exposure to bisphenol-a.
[8] Solić, M., Jozić, S. and Krstulović N. (2010)
Interactive effects of temperature and salinity
on the rate of concentration of escherichia coli
in mussels (Mytilus galloprovincialis) and oysters (Ostrea edulis). Fresen. Environ. Bull. 19
(8a), 1639 – 1644.
[9] Koroleff, F. (1972b) Determination of phosphorous. In: Methods of sea water analysis, edit. By K. Grasshoff. Verlag Chemie, Weinheim. 117 - 125.
[10]Koroleff, F. (1972a) Determination of ammonia. In: Methods of seawater analysis, edit. by
K. Grasshoff. Verlag Chemie, Weinheim. 126 133.
[11]Strickland, J. and Parsons, R. (1968) A practical handbook of seawater analysis, Bull.Fish.
Res. Board Canada. 167, 1 - 311.
[12]Effler, S.W., Brooks C.M., Whitehead, K.,
Wagner, B., Doerr, S.M., Perkins, M., Siegfried, C.A., Walrath, L., and Canale, R.P.
(1996) Impact of zebra mussel invasion on river water - quality. Water environment research.
68(2), 205 – 214.
[13]Holland, R.E., Johengen, T.H. and Beeton,
A.M. (1995) Trends in nutrient concentrations
in Hatchery bay, western Lake Erie, before and
after D. polymorpha. Canadian Journal of Fisheries and Aquatic Science. 52, 1202 – 1209.
[14]Mellina, E., Rasmussen, J.B. and Mills, E.L.
(1995) Impacts of zebra mussel on phosphorus
cycling and chlorophyll in lakes. Can. J. Fish.
Aquat. Sci. 52, 2553 – 2573.

Lake Erie since invasion by zebra mussels. These
increases were attributed to nutrient regeneration
via excretion [13]. Other researchers [31, 32] have
showed that the primary excretory product of zebra
mussels is ammonium nitrogen. They also presented the direct excretion of NH4 and PO4 by Mytilus
edulis [33].
Marked increases in concentrations of POC
may be attributed to nutrient regeneration via excretion of Mytilus galloprovinciallis, while the great
rates of release in the end of 6h were all significant
at the 95 % level. Our results support the general
findings of other researchers asserting that mussel
populations remove particulate material from the
water column transforming some of this material
into biomass and releasing some constituents in
form of dissolved material or as excretion products
formed as particles [1, 13, 14, 16, 29 and 34 - 37].
The effects of biodeposits from suspended mussel
culture on the local benthic environment have been
considered in a number of studies. Heavy sedimentation of faeces and pseudofaeces beneath mussel
farms effectively lead to organic enrichment and
thus alter macrofaunal communities [8, 20 and 38 45]. The establishment of high densities of the mussel has resulted in a substantial increase in the flux
of particulate matter from the water column to the
benthos resulting in an increase in sediment organic
content.

CONCLUSION
The experiment showed that dissolved oxygen
and chlorophyll-a concentration decreased in the
presence of Mytilus galloprovinciallis. Substantial
increases that were observed especially in the concentrations of N-NH4, P-PO4 and POC were a result
of nutrient regeneration via excretion of Mytilus
galloprovinciallis. Consequently the results support
the general findings of other researchers that mussels can graze large portions of chlorophyll, and
alter nutrient dynamics in aquatic systems. The increased transfer rate of organic particulates from the
water column to the sediment may also lead to anoxic conditions due to microbial degradation.
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particles, they are quite expensive or potentially dangerous for the environment.
Synthesis of nanoparticles taking assistance of
green methods has attained enormous attention in the
recent years [15-20]. Plant systems widely distributed along the ecological boundaries, are easily available and safe to handle. Such studies could prove to
have a huge effect in the immediate future, if plant
tissue culture and downstream processing procedures are applied in order to synthesize metallic as well
as oxide nanoparticles on industrial scale [2, 17]. As
metal nanoparticles are widely used in the areas of
human contact, the necessity to develop eco-friendly
methods for nanoparticle synthesis that do not use
toxic chemicals has been constantly growing. Green
synthesis of copper nanoparticles is of great interest
because of many advantages: copper is highly conductive and also cheaper than silver and gold [1].
Copper oxide (CuO) nanoparticles are important due
to their applications as antimicrobials and in gas sensors, batteries, high temperature superconductors,
solar energy conversion tools, and so on [21-24]. Human beings have been using copper (Cu) and copper
complexes for various purposes for centuries, such
as water purifiers, algaecides, fungicides, and as antibacterial and antifouling agents. Copper-based
compounds are efficient biocidal properties, which
are generally used in several health related application [25-27].
Biosynthesis of metal nanoparticles by plants is
currently under development. The synthesis of metal
nanoparticles using inactivated plant tissue, plant
extracts, exudates, and other parts of living plants is
a modern alternative for their production [28]. It is a
very cost effective method and therefore a prospective commercial alternative for large-scale production [27]. Biosynthesis of copper oxide nanoparticles
CuO NPs using microorganisms such as bacteria,
fungi, yeast have been reported in the literature [2931]. Plants attracted few researchers to use their
extracts in green synthesis of copper oxide nanoparticles such as Carcia papaya leaf extract [32], Aloe
vera leaf extract [33], and Centella asiatica leaf
extract [34], Malva sylvestris leaf extract [35], Rosa

ABSTRACT
The investigation aims the synthesis of copper
oxide nanoparticles (CuO NPs) using Ocimum basilicum plant extract at room temperature. This method is completely a green method, free from toxic
and harmful solvent. The CuO NPs were sytnhesized
by mixing copper sulphate dehydrate (CuSO4.5H2O)
and aqueous Ocimum basilicum leaf extract. The biosynthesized copper oxide nano-particles were characterized by UV-vis spectro-scopy, Fourier-transform infrared spectroscopy (FT-IR) and scanning
electron microscopy (SEM). The existence of the
CuO NPs was revealed by UV-vis spectroscopy. The
FTIR spectra of control (leaf extract) and synthesized CuO NPs identified the functional groups of the
active components. SEM images brought out that the
particles were spherical in shape, and the size was
found to be ranging under 70 nm. Further, the synthesized CuO NPs were tested for antibacterial activity by standart disc diffusion method. The nanoparticles were found to have antibacterial activity against pathogenic bacterial strains Escherichia coli and
Staphylococcus aureus by the observation of inhibition zones around each well.

KEYWORDS:
Copper nanoparticles, green method, antibacterial activity,
Ocimum basilicum leaf extract.

INTRODUCTION
The field of nanotechnology is one of the most
active areas of research in modern materials science.
Metal nanoparticles found many applications in different fields because of their unique optical, electronic, mechanical, magnetic, and chemical properties
[1-5]. Various methods have been used for synthesis
of nanoparticles including, chemical, physical, electrochemical, photochemical and biological techniques [6-14]. Although most of the methods are
successful in producing pure and well defined nano-

7832

$#

! %  



 





!"  ! 


sahandina broth extract [17], Gloriosa superba L.
plant extract [25].
The present study reports for the first time, the
synthesis and characterization of copper oxide (abbreviated CuO NPs) using Ocimum basilicum leaves
extract and copper sulphate. In context of nanoparticles, the particles synthesized so far utilizing Ocimum species are silver [36-39] gold [40], platinum
[41] and zinc [42]. Also, the antibacterial characteristics of the synthesized nanoparticles were evaluated in this study.

plates using gel puncture. 50-100 mikro l of CuO
NPs solution was pipetted onto each well on all plates. Control discs are placed with CuSO4 and distilled water to assess the effect of CuSO4 on parhogens.
Then the plates were incubated at 37 oC for 24 h, the
zone incubation measured in millimeter (mm) of the
every well and also the values were noted.

MATERIALS AND METHODS
Materials. All the chemical reagents used in
this experiment were of analytical grade. The Ocimum basilicum leaves were collected from a local
source (Istanbul-Turkey). Ocimum basilicum leaves
were washed several times with distilled water to remove dust particles and then sun dried to remove the
residual moisture. 10 g of leaves were boiled in 100
ml of distilled water for 10 min. Then the mixture
was cooled to room temperature and filtered with
Whatman No. 1 filter paper and stored in refrigerator
for further experiments.

FIGURE 1
UV–vis spectra of CuO nanoparticles

RESULTS AND DISCUSSION

Synthesis of Copper Oxide Nanoparticles. In
a typical reaction mixture, 100 ml of aqueous 1mM
copper sulphate dehydrate CuSO4.5H2O was treated
with 10 ml aqueous leaf extract of Ocimum basilicum and stirred magnetically at room temperature
for about 4 hrs. The formation of the particles can be
seen within 2 hrs. The solution was aged for 15 hrs.
Nanoparticles prepared were centrifuged and washed with double distilled water twice. Nanoparticles
was collected, dried at 60 oC in an oven.

Identification and Characterization of the
Synthesized CuO NPs. UV-vis spectroscopy is a
very useful technique for analyzing nanoparticle formation and the stability of metal nanoparticles in
aqueous solution [43]. The UV-visible absorption
spectrum of CuO NPs prepared from copper sulphate
is shown in Fig. 1. The copper nanoparticles prepared have displayed an absorption peak at between
280 and 300 nm which is assigned to the absorption
of CuO NPs. This spectrum confirms the presence of
CuO only, as there is no other measurable peak observed. The incidence of the surface plasmon absorption reflects the shape and size of the nanoparticles
[32].
FTIR spectroscopy was used to identify the
functional groups of the active components based on
the peak value in the region of infrared radiation. The
FTIR spectra of control leaf extract (before reaction
without CuSO4) and synthesized CuO NPs (after reaction without CuSO4) are shown in Fig. 2. The
broad and strong peak at around 3440 cm-1 can be
attibuted the O-H groups of alcohols and phenols.
This peak shifted to lower field at 3393 cm-1 in the
synthesized CuO NPs. The band at 2850 cm-1 is assigned to C-H stretching. The peaks observed in the
range of 680-1454 cm-1 have been assigned to alcohols and phenolic groups, C-N stretching vibtarions
of amines. The major peak was observed to be 510
cm-1 should be a stretching of Cu-O. The bands at

Characterization of Copper Oxide Nanoparticles. Copper oxide nanoparticles synthesized by
this green method were characterized by UV-Vis
spectrophotometer (Shimadzu) and Fourier-transform ınfrared (FTIR-Shimadzu) spectrum in the
range 4000-400 cm-1. The shape and grain size were
characterized by using scanning electron microscopy
(SEM, Hitachi).
Antimicrobial tests. E. coli (ATCC25922) and
S. aureus (ATCC25923) were used as reference strains for Gram-negative and Gram-positive bacteria,
respectively. Strains were grown on nutrient agar.
The synthesized CuO NPs were tested for antibacterial activity by standart disc diffusion method.
Nutrient agar plates were seeded with 24 h broth culture of E. Coli. Each strain was swabbed uniformly
onto the individual plates using sterile cotton swaps.
Wells of 10mm diameter were made on nutrient agar
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FIGURE 2
FTIR spectra for Ocimum basilicum leaf extract (a) and synthesized CuO NPs (b)
TABLE 1
Diameter zone of inhibition by CuO NPs and extract against pathogenic bacteria.

1630 cm-1 of the leaf extract shifted to lower field at
1600 cm-1, in the product. The similar results has
been reported in literature where CuO NPs was synthesized using different leaves extracts [17, 32, 35].

The SEM image for as prepared CuO NPs is
shown in Fig.3. It clearly showed well dispersed,
spherical shape distribution of CuO NPs prepared
with Ocimum basilicum extract with particle sizes
ranging under 70 nm.
Antibacterial activity. The antibacterial activity of the synthesized copper oxide nanoparticles
using Ocimum basilicum leaf extract was examined
against both Gram-negative (E. coli) and Gram-positive (S. aureus) bacteria by disc diffusion test. The
diameter of the inhibition zones (mm) around each
well with CuO NPs are represented in Table 1. The
negative control (distilled water) was not shown any
activity against the bacterial strains tested. On the
contrary, antibacterial activity was observed against
pathogens when CuO NPs used. Diameter of the
zone of inhibition were measured as 7.2±0.3 and
3.5±0.3 mm for CuO NPs and leaf extract against
pathogenic bacteria, respectively when S. aureus
was used. Also 9.8±0.3 and 4.3±0.2 mm zone of inhibition was measured for E. coli. The antibacterial
test results showed that S. aureus is less susceptible
to CuO NPs when compared to E. coli which is in
agreement with the results reported in literature [25].
Obtained experimental results have shown that
synthesized CuO NPs have antibacterial activity on
both gram pozitive and negative bacteria. Therefore

FIGURE 3
SEM image of the synthesized CuO
nanoparticles
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[3] Bar, H., Bhui, D.K., Sahoo, G.P., Sarkar, P., De,
S.P., Misra, A. (2009) Green synthesis of silver
nanoparticles using latex of Jatropha curcas.
Colloid Surf. A 339, 134-139.
[4] Tuutijarvi, T., Lu, J., Sillanpaa, M., Chen, G.
(2009) As(V) adsorption on maghemite nanoparticles. J. Hazard. Mater. 166, 1415-1420.
[5] Tuutijarvi, T., Lu, J., Sillanpaa, M., Chen, G.
(2010) Adsorption mechanism of arsenate on
crystal gamma - Fe2O3 nanoparticles. J. Environ. Eng. 136, 897-905.
[6] Kathiravan, V., Ravi, S., Ashokkumar, S.
(2014) Synthesis of silver nanoparticles from
Melia dubia leaf extract and their in vitro anticancer activity. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy,
130, 116-121.
[7] Sun, Y., Yin, Y., Mayers, B.T., Herricks, T.,
Xia, Y. (2002) Uniform Silver Nanowires Synthesis by Reducing AgNO3 with Ethylene Glycol
in the Presence of Seeds and Poly(Vinyl Pyrrolidone). Chem. Mater. 14, 4736-4745.
[8] Yin, B., Ma, H., Wang, S., Chen, S. (2003)
Electrochemical Synthesis of Silver Nanoparticles under Protection of Poly(N-vinylpyrrolidone). J. Phys. Chem. B, 107 8898-8904.
[9] Dimitrijevic, N.M., Bartels, D.M., Jonah, C.D.,
Takahashi, K., Rajh, T. (2001) Radiolytically
Induced Formation and Optical Absorption
Spectra of Colloidal Silver Nanoparticles in Supercritical Ethane. J. Phys. Chem. B, 105, 954959.
[10]Callegari, A., Tonti, D., Chergui, M. (2003)
Photochemically Grown Silver Nanoparticles
with Wavelength-Controlled Size and Shape.
Nano Lett. 3, 1565-1568.
[11]Zhang, L., Shen, Y.H., Xie, A.J., Li, S.K.,
Wang, C. (2008) One-step synthesis of silver
nanoparticles in self-assembled multilayered
films based on a Keggin structure compound. J.
Mater. Chem. 18, 1196-1203.
[12]Swami, A., Selvakannan,P.R., Pasricha, R.,
Sastry, M. (2004) One-Step Synthesis of Ordered Two-Dimensional Assemblies of Silver Nanoparticles by the Spontaneous Reduction of
Silver Ions by Pentadecylphenol Langmuir Monolayers. J. Phys. Chem. B 108, 19269-19275.
[13]Naik, R.R., Stringer, S.J., Agarwal, G., Jones,
S., Stone, M.O. (2002) Peptide templates for nanoparticle synthesis derived from polymerase
chain reaction-driven phage display. Adv.
Funct. Mater. 14, 25-30.
[14]Devi, H.S. and Singh, T.D. (2014) Synthesis of
Copper Oxide Nanoparticles by a Novel Method
and its Application in the Degradation of Methyl
Orange. Advance in Electronic and Electric Engineering. 4(1), 83-88.

the antibacterial activity of the NPs could be explained by some mechanisms such as; copper ions released subsequently may bind to DNA molecules and
lead to disordering of the helical structure by crosslinking within and between the nucleic acid strands.
Copper ions inside bacterial cells also disrupt the biochemical process [25, 44]. Cu2+ and Ag+ ions were
also studied well to disrupt the bacterial cell membranes and gain entry in order to disrupt enzyme function. Indirect effects through changes in the surrounding charge environment also have an impact on the
effectiveness of nanoparticulate metals against microorganisms [25, 45]. Another proposed mechanism
is, there will be copper ions released from the nanoparticles that may attach to the negatively charged
bacterial cell wall and rupture it, thereby leading to
protein denaturation and caused cell death [46-49].

CONCLUSIONS
In this paper, it was reported for the first time,
the use of Ocimum basilicum extracts for the green
synthesis of CuO nanoparticles. This method has
many advantages such as economic viability, ease to
scale up and less time consuming. The characteristics of the obtained CuO nanoparticles were studied
using the UV-vis, FTIR and SEM techniques. The
use of environmentally benign materials like plant
extracts, for the synthesis of nanoparticles offers numerous benefits of ecofriendliness and compatibility. The synthesized CuO NPs are highly stable and
have significant effect on both Gram-positive and
Gram-negative bacteria. This could provide a faster
synthesis rate comparable to those of chemical methods, and could potentially be used in areas such as
food and medical applications.
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ABSTRACT

INTRODUCTION

Experimentation was carried out in Sahiwal,
Sargodha, Pakistan to evaluate the contamination
level in wheat variety (Millat-2011), irrigated with
different treatments of household waste water in a
Completely Randomized Design with three repetitions. There were five treatments viz. T1 (100%
ground water), T2 (25% wastewater, 75% groundwater), T3 (50% wastewater, 50% ground water), T4
(75% wastewater, 25% ground water), T5 (100%
wastewater). Analyzed parameters were heavy metal
concentration in wheat and soil, metal correlation between food crop and soil, pollution load index, bioconcentration factor, health risk index, daily-intake
of metals, and enrichment factor. Current results
showed that concentration of heavy metals and metalloids in soil and grains increased due to supply of
waste water. Cr, Cd, Ni, Fe, Mn, Cu and Zn showed
significantly positive correlation while Co showed
positive but non-significant correlation in all treatment groups. Mn showed highest bio-concentration
factor and enrichment factor values while Cd
showed highest health risk index, daily metal intake
and pollution load index values. Level of metal toxicity in humans could increase due to irrigation of
food crops with untreated waste water. Hence application of waste water must be avoided or its proper
treatment before application to agricultural fields
must be done.

Wheat is the staple foodstuff for the populace
of Pakistan; hence it is cultivated approximately in
every part of the country. It contributes about 2.8%
to GDP and around 13.1% to the farming. Wheat
production is increasing over years but its per capita
fulfillment is low [1].
6RLO¶VSK\VLFDODQGFKHPLFDOFKDUDFWHULVWLFV are
significantly affected by frequent wastewater irrigation. Persistent usage of waste water for crop cultivation might result in heavy metal buildup. Accumulation of metal level beyond tolerable range proves
to be hazardous for human health. Soil becomes
launching point of perilous materials due to increased anthropogenic activities involving noxious
wastes[2].Soil contamination by heavy metals like
copper, zinc, lead, mercury, chromium, copper and
nickel occurs due to long-standing practice of using
waste water for agronomical land [3, 4].
Heavy metals are significant ingredients for
plants and humans in small quantities. But in high
concentrations heavy metals (copper, chromium, fluorine, molybdenum, nickel, selenium and zinc) may
be detrimental to plants animals and humans. Some
elements like mercury, cadmium, lead and arsenic
are lethal even in minute amount [5].
Aim of present study was to investigate the
heavy metal levels in commonly consumed
crop(wheat) treated with domestic waste water and
their consequences on health of living organisms.

KEYWORDS:
Contamination, domestic sewagewater, heavy metals,
wheat (Millat-2011)

MATERIALS AND METHODS
Study area. Experimentation was done at Sahiwal, Sargodha, Punjab, Pakistan in 2016. Its coordinates are 31° 58' 23" North, 72° 19' 32" East.
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TABLE 1
Physicochemical parameters of water
Physico-chemical
parameters
T-I
T-II
T-III
T-IV
T-V

E.C. ȝ6FP

Ca2++Mg2+

Na+

1457
1563
1464
1468
1619

3.74
5.20
7.89
1.95
1.99

14
9.10
8.7
12.2
13.7

CO32HCO31(meq/L)
0.15
8.85
0.21
7.83
0.37
8.39
0.79
4.37
1.78
7.37

Cl1-

SAR

RSC

3.84
5.49
6.34
8.05
6.11

3.29
5.75
4.15
12.2
14.7

4.69
2.19
0.39
4.45
5.33

TABLE 2
Analysis of variance for heavy metal concentrations in water
Mean Squares
Source of
Degree of
variation
Freedom
Cd
Ni
Fe
Mn
Cu
Treatments
4
0.005*** 0.016*** 3.058ns 0.10*** 0.029***
Error
10
0.001
0.001
2.766
0.002
0.01
*** Significant at 0.001 probability levels; ns= non-significant

Plant cultivation and sample collection. Fifteen (15) pots were taken and about 2.5 kg soil was
added in each pot. Seeds of wheat variety (Millat2011) were cultivated in five different treatments (TI were irrigated by 100% ground water, T-II were irrigated by 75% ground water and 25% waste water,
T-III were irrigated by 50% ground water and 50%
waste water, T-IV were irrigated by 25% ground water and 75% waste water and T-V were irrigated by
100% waste water). Plants were irrigated two times
a week. Wheat was harvested in April 2016.
Threshed, oven-dried, ground seed samples were digested by using wet digestion method [6]. Water
samples were analyzed to determine their electrical
conductivity, sodium, carbonate, bi-carbonate, chloride, sodium adsorption ratio, residual sodium carbonate, calcium and magnesium concentrations. Soil
samples were analyzed to evaluate the soil pH, electrical conductivity (EC), available phosphorus,
available potassium, saturation and organic matter
content.

Cr
0.018***
0.001

Zn
16.12***
0.052

Co
0.010***
0.001

RESULTS AND DISCUSSION
Physicochemical properties of water. Physicochemical properties of water taken from five treatment groups showed that multiple factors change the
composition of waste water with passage of time
(Table 1). Electrical conductivity of sampled water
was higher than that of the values observed by WHO
(400-ȝ6FP 'DUYLVKLHWDO>@IRXQGKLJKHU
concentrations of calcium, magnesium and bicarbonate while low sodium adsorption ratio (SAR) and
sodium concentration was observed as compared to
current study. Hassan et al. [13] reported high values
of chloride in contrast to the present research work.
Current RSC (Residual Sodium Carbonate) values
were higher in comparison to the values found by
Rattan et al. [14].
Mean concentrations of heavy metals in water. Statistical analysis of data showed significant effect (p<0.05) of different regimes on Co, Cu, Mn,
Cd, Ni, Cr and Zn concentrations and non-significant
effect (p>0.05) on Fe concentration (Table 2). Order
of mean concentrations of heavy metals in water
samples at treatment-I was Cd >Ni >Zn >Cr >Cu
>Mn>Co >Fe, at treatment-II and IV was Zn >Cd >
Ni >Cu >Cr >Mn>Co >Fe, at treatment-III was Zn
>Cd > Ni >Cu >Cr>Mn>Fe >Co and at treatment V
was Zn >Cd >Ni >Cu>Mn>Cr>Fe >Co (Table 3;
Fig. 1).
Current Cd concentration was higher in water
samples of all treatment groups as compared to
Ayers and Westcot [15]. Ni concentration in current
study exceeded greater the findings of Akhtar et al.
[16] and the standard value (1.2 mg/L) for nickel set
by Indian Standards [17] and FAO [18]. Gulfraz et
al. [19] observed higher concentration of iron in
comparison to current study. In plants, iron becomes

Sample analysis. Heavy metal content was
evaluated in soil and wheat samples by atomic absorption spectrophotometer (AAS; GBC 932) and
standard calibration curves were drawn for each
metal and metalloid. Metal concentration transferred
from soil to wheat grains was determined in terms of
bio-concentration factor and health risk index by following Cui et al. [7]. Pollution load index was calculated by method described by Liu et al. [8]. Daily intake of metals was determined using methodology
reported by Wang et al. [9]. Ravichandran et al. [10]
was followed for calculation of enrichment factor.
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and detergents. Jakubus and Czekala [22] observed
higher concentration of Zn as compared to that of
current work. Shad et al. [23] and Gulfraz et al. [19]
observed high values of cobalt in contrast to the current observation. Cobalt blocks the biosynthetic
pathway of the synthesis of chlorophyll pigments
[24].

unavailable at high pH but is available at low pH
[20]. Current value of manganese was higher than
the value set by Indian Standards [17] and FAO [18].
Alloway [21] reported that high concentration of
manganese can damage kidneys, brain, developing
fetus and liver. Jakubus and Czekala [22] observed
higher value of copper in comparison to the present
study. Current value for Cu concentration was higher
than the permissible values of copper (0.2 mg/L) set
by Indian Standards [17] and FAO [18]. Current values of Cr were higher than the standard value (0.1
mg/L) described in Indian Standards [17] and FAO
[18] and could be potentially dangerous for the
health of animals and plants.
The current Zn concentration in all treatment
groups above the permissible limit (2.0 mg/L) suggested by Indian Standards [17] and FAO [18]. Zn
concentration in waste water was high due to the use
of brass as cleaning agent, body care products, soaps

Physicochemical properties of soil. Soil pH
observed in current study was comparable (Table 4)
while available potassium and phosphorus concentration was higher than that of Nafees and Amin [26].
Yourtchi and Bayat [27] observed higher values of
electrical conductivity and organic matter while low
values for available potassium and phosphorus were
observed in contrast to the present study. Electrical
conductivity values increase due to the supply of
sewage water [28].

TABLE 3
Mean concentration of heavy metals (mg/L) in water
Metals
T-I
T-II
Cd
2.285±0.18
2.298±0.17
Ni
1.515±0.19
1.546±0.18
Fe
0.563±0.21
0.629±0.20
Mn
0.875±0.23
0.933±0.22
Cu
1.025±0.25
1.106±0.21
Cr
1.041±0.22
1.083±0.20
Zn
1.245±0.26
5.143±0.24
Co
0.799±0.17
0.826±0.15
Source *:WWF [25]; Source **: FAO [18]

T-III
2.331±0.16
1.588±0.20
0.993±0.19
1.035±0.18
1.155±0.23
1.133±0.19
5.176±0.23
0.857±0.18

T-IV
2.375±0.14
1.650±0.17
0.868±0.22
1.168±0.21
1.195±0.22
1.190±0.21
6.545±0.25
0.912±0.16

T-V
2.382±0.15
1.705±0.16
1.029±0.18
1.326±0.19
1.286±0.24
1.230±0.18
7.233±0.22
0.937±0.17

Permissible limit
0.01*
0.20*
5.0*
0.2**
0.2*
0.1**
2**
0.05*

     
 







































 

FIGURE 1
Variation of heavy metals in soil of wheat variety (Millat-2011)
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TABLE 4
Physicochemical parameters of soil
Physicochemical
parameters
T-I
T-II
T-III
T-IV
T-V

pH

E.C.
(μS/cm)

7.05
7.50
7.59
7.63
7.75

5.40
4.18
2.92
2.56
2.38

Organic
matter
%
0.69
1.05
0.87
1.07
1.03

Available
phosphorus
(mg/kg)
7.0
10.9
10.3
11.2
14.7

Available
potassium
(mg/kg)
327
344
332
370
359

Saturation
%

Textural
class

33
37
39
40
42

Loamy
Loamy
Loamy
Loamy
Loamy

TABLE 5
Analysis of variance for heavy metal concentrations in soil of wheat variety (Millat-2011)
Source of
Degree of
variation
freedom
Cd
Ni
Treatments
4
0.12*** 0.030***
Error
10
0.001
0.001
*** Significant at 0.001 probability levels

Fe
86.30***
0.161

Mean Squares
Mn
Cu
0.06*** 0.582***
0.001
0.011

Cr
0.023***
0.001

Zn
0.092***
0.001

Co
0.013***
0.01

TABLE 6
Mean concentration of heavy metals (mg/kg) in soil of wheat variety (Millat- 2011)
MetT-I
T-II
T-III
T-IV
T-V
als
Cd
2.001±0.13
2.028±0.09
2.090±0.11
2.118±0.12
2.156±0.10
Ni
1.356±0.15
1.416±0.13
1.466±0.11
1.528±0.12
1.613±0.14
Fe
2.786±0.17
3.365±0.15
3.877±0.16
3.964±0.14
4.073±0.13
Mn
0.645±0.19
0.680±0.16
0.700±0.15
0.725±0.18
0.766±0.17
Cu
1.923±0.20
2.236±0.17
2.621±0.18
2.861±0.19
2.981±0.16
Cr
2.048±0.23
2.143±0.20
2.178±0.22
2.211±0.21
2.285±0.19
Zn
1.085±0.25
1.315±0.23
1.395±0.20
1.441±0.22
1.553±0.24
Co
1.595±0.29
1.661±0.25
1.705±0.28
1.728±0.26
1.763±0.27
a
b
c
Source : Singh et al. [36]; Source : Dosumuet al. [37]; Source : Dutch Standards [38]

      
  










































 

FIGURE 2
Variation of heavy metals in soil of wheat variety (Millat-2011)
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PML
(mg/kg)
1.49a
9.06a
56.90b
46.75a
8.39a
9.07a
44.19a
9.1c
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TABLE 7
Analysis of variance for heavy metal concentrations in grains of wheat variety (Millat-2011)
Mean Squares
Source of
Degree of
variation
freedom
Cd
Ni
Fe
Mn
Cu
***
**
***
***
Treatments
4
0.052
0.029
0.286
0.266
0.337**
Error
10
0.001
0.000
0.020
0.005
0.006
;**, *** significant at 0.01 and 0.001 probability levels; ns= non-significant

Cr
0.026***
0.001

Zn
0.103**
0.002

Co
0.401ns
0.391

TABLE 8
Mean concentration of heavy metals in grains of wheat variety (Millat-2011)
Metals

T-I

Cd
2.253±0.15
Ni
1.691±0.19
Fe
1.856±0.13
Mn
1.391±0.17
Cu
0.780±0.20
Cr
0.460±0.23
Zn
1.706±0.25
Co
0.125±0.09
Source: FAO/WHO [41]

T-II

T-III

T-IV

T-V

2.310±0.11
1.736±0.16
2.235±0.10
1.740±0.15
0.955±0.18
0.541±0.20
1.741±0.23
0.195±0.06

2.383±0.14
1.830±0.18
2.323±0.12
1.833±0.13
1.040±0.17
0.585±0.22
1.785±0.21
0.135±0.08

2.438±0.12
1.871±0.17
2.423±0.09
1.988±0.16
1.346±0.19
0.656±0.19
1.858±0.24
0.303±0.07

2.595±0.13
1.933±0.15
2.706±0.11
2.190±0.14
1.623±0.06
0.695±0.21
2.168±0.22
0.335±0.05

PML
(mg/kg)
0.2
67
425.5
500
73.3
2.3
99.4
50

was Cd >Fe >Ni >Zn >Mn>Cu >Cr >Co, at treatment-IV was Cd >Fe >Mn>Ni >Zn >Cu >Co >Cr
and at T-V was Fe >Cd >Mn>Zn >Ni >Cu >Cr >Co
(Table 8; Fig.3).
Adriano [30] observed lower Cd and Cr concentration in wheat grains as compared to the present
values. Gulfraz et al. [19] reported higher concentration of nickel and cobalt as compared to the current
study. Rattan et al. [14] showed higher concentration
of iron than present study. Mn concentration in observed wheat grains samples was lower than value
observed by Rattan et al. [14] while higher as compared to that of Gulfraz et al. [19]. Bao et al. [39]
reported higher concentration of copper in wheat
grains in comparison to current samples. Ekmekyaparet al. [40] observed higher zinc concentration as compared to current findings.

Mean concentrations of heavy metals in soil.
Statistical analysis of soil data demonstrated significant effect (p<0.05) on concentrations of Fe, Zn, Cu,
Co, Cr, Mn, Ni and Cd in all treatment groups (Table
5). Order of mean concentrations of heavy metals
and metalloids in the soil for growing wheat variety
(Millat-2011) at treatment Iwas Fe >Cr >Cd >Cu
>Co >Ni > Zn >Mn and at treatment-II, III, IV and
V was Fe >Cu >Cr >Cd >Co >Ni >Zn >Mn (Table
6; Fig.2).
Song et al. [29] found higher Cd concentration
as compared to present findings. Adriano [30] observed higher Ni and Cr concentrations as compared
to the current values. Value of Fe in soil samples was
lower than study carried out by Rattan et al. [14]
while higher as compared to Mojiri and Aziz [31].
Gupta et al.[32] observed higher Mn concentration
as compared to current study. Asdeo [33] showed
greater value of copper (24.732 mg/kg) in contrast to
the present value. Singh and Kansal [34] found
higher Zn concentration in comparison to current
finding. Allaway [35] found cobalt concentration to
be in the range of 1-40 mg/kg in uncontaminated
soil.

Correlation. Cd, Ni, Fe, Mn, Cu, Cr and Zn
showed positive and significant correlation while Co
showed positive non-significant correlation for
wheat variety (Millat-2011; Table 9). High correlation coefficient indicated good association between
plants and soil [42]. Current results were comparable
to that of Ahmad et al.[43] and Rattan et al. [14] who
observed positive and significant correlation between plants and soil.

Mean concentrations of heavy metals in
grains. Statistically significant (p<0.05) results for
Cr, Ni, Fe, Cd, Zn, Mn and Cr concentration were
obtained for ANOVA with respect to different treatments (Table 7). Order of mean concentrations of
heavy metals in wheat grains at treatment I was Cd
>Fe >Zn >Ni >Mn>Cu >Cr >Co, at treatment-II was
Cd >Fe >Zn >Mn>Ni >Cu >Cr >Co, at treatment-III

Bio-concentration Factor (BCF). Order of
mean bio-concentration factor at treatment I, II and
IV was Mn>Zn >Ni >Cd > Fe >Cu >Cr >Co, at treatment III was Mn>Zn >Ni >Cd >Co >Fe > Cu > Cr
and at treatment V was Mn>Zn >Cd >Ni >Fe >Cu
>Cr >Co.BCF for wheat variety (Millat-2011) was
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highest for manganese while lowest for cobalt in all
treatments except for treatment III (Table 10). Present BCF values for iron, copper, chromium and cobalt were less than 1 while for cadmium, nickel,
manganese and zinc, values were greater than 1. Iqbal et al.[44] observed BCF>1 for cadmium and
chromium while BCF<1 for nickel. Current BCF
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values were higher than the values investigated by
Machelett et al. [45] and Puschenreiter et al. [46].
Present value of cadmium was greater than that of
Wang et al. [47]. Ran et al. [48] reported low BCF
value for zinc, cadmium, copper and nickel in contrast to the present work.


































 

FIGURE 3
Variation of heavy metals in grains of wheat variety (Millat-2011)
TABLE 9
Metal correlation between soil and grains of wheat variety (Millat-2011)

Metals
Cd
Ni
Fe
Mn
Cu
Cr
Zn
Co
**. Correlation is significant at the 0.01 level

Correlation
Soil-Grain
0.935**
0.949**
0.873**
0.907**
0.909**
0.913**
0.790**
0.174ns

TABLE 10
Bio-concentration factor for wheat variety (Millat-2011)
Treatments
T-I
T-II
T-III
T-IV
T-V

Cd
1.1259
1.1390
1.1401
1.1510
1.2036

Ni
1.2470
1.2259
1.2482
1.2244
1.1983

Fe
0.6661
0.6641
0.5991
0.6112
0.6643

Heavy metals
Mn
Cu
2.1565 0.4056
2.5588 0.4271
2.6185 0.3967
2.7420 0.4704
2.8590 0.5444

7843

Cr
0.2246
0.2524
0.2685
0.2966
0.3041

Zn
1.5723
1.3239
1.2795
1.2893
1.3960

Co
0.0783
0.1173
0.6070
0.1753
0.1900
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TABLE 11
Pollution Load Index for wheat variety (Millat-2011)
Treatments
T-I
T-II
T-III
T-IV
T-V

Cd
1.3429
1.3610
1.4026
1.4214
1.4469

Ni
0.1496
0.1562
0.1618
0.1686
0.1780

Fe
0.0489
0.0591
0.0681
0.0696
0.0715

Heavy metals
Mn
Cu
0.0137
0.2292
0.0145
0.2665
0.0149
0.3123
0.0155
0.3410
0.0163
0.3553

Cr
0.2257
0.2362
0.2401
0.2437
0.2519

Zn
0.0245
0.0297
0.0315
0.0326
0.0351

Co
0.1752
0.1825
0.1873
0.1898
0.1937

Zn
0.0090
0.0092
0.0094
0.0098
0.0114

Co
0.0006
0.0010
0.0054
0.0016
0.0017

Zn
3.0139
3.0756
3.1535
3.2824
3.8301

Co
0.0154
0.0240
0.1275
0.0373
0.0412

Zn
3.5368
2.9780
2.8782
2.9003
3.1401

Co
0.4306
0.6450
3.3353
0.9634
1.0440

TABLE 12
Daily Intake of Metal for wheat variety (Millat-2011)
Treatments
T-I
T-II
T-III
T-IV
T-V

Cd
0.0119
0.0122
0.0126
0.0129
0.0137

Ni
0.0089
0.0092
0.0096
0.0099
0.0102

Fe
0.0098
0.0118
0.0123
0.0128
0.0143

Heavy metals
Mn
Cu
0.0073
0.0041
0.0092
0.0050
0.0097
0.0055
0.0105
0.0071
0.0116
0.0086

Cr
0.0024
0.0028
0.0031
0.0034
0.0036

TABLE 13
Health Risk Index for wheat variety (Millat-2011)
Treatments
T-I
T-II
T-III
T-IV
T-V

Cd
11.9409
12.243
12.6299
12.9214
13.7535

Ni
0.4481
0.4600
0.4849
0.4958
0.5122

Fe
0.0140
0.0169
0.1758
0.0183
0.0204

Heavy metals
Mn
Cu
0.1798
0.1033
0.2249
0.1265
0.2369
0.1378
0.2569
0.1783
0.2830
0.2150

Cr
0.0016
0.0019
0.0020
0.0023
0.0024

TABLE 14
Enrichment factor for wheat variety (Millat-2011)
Treatments
T-I
T-II
T-III
T-IV
T-V

Cd
0.1511
0.1528
0.1530
0.1545
0.1615

Ni
9.2221
9.0663
9.2313
9.0551
8.8622

Fe
4.9817
4.9668
4.4806
4.5709
4.9682

Heavy metals
Mn
Cu
23.0651
3.5437
27.3671
3.7314
28.0061
3.4666
29.3269
4.1102
30.5776
4.7566

Cr
0.0569
0.0640
0.0681
0.0752
0.0771

Likuku et al. [50] found higher PLI value for cadmium (1.63) in comparison to the present value.
Similarly, Khan et al.[51] observed higher pollution
load index values for nickel, cadmium, chromium,
copper and zinc when compared to current findings.

Pollution Load Index (PLI). Severity of pollution was evaluated by using pollution load index.
PLI is reflection of sample quality and an effective
tool to compare extent of contamination at different
places [48]. PLI above or equal to 1 indicates increased contamination level and decline in quality
[49]. The pollution load index was in decreasing order of Cd >Cu >Cr >Co >Ni >Fe >Zn >Mn in all
treatment groups (Table 11). Results indicated high
PLI values for cadmium and low for manganese in
soil. The results were comparable to Ahmad et
al.[43] where PLI was low for all metals but Cd.

Daily Intake of Metal (DIM). Toxicity level
of metals in humans depends upon daily consumption. Daily intake of contaminated food effects human health badly. Order of daily intake of metals at
treatment I and II was Cd >Fe >Zn >Ni >Mn>Cu >Cr
>Co; at treatment III was Cd >Fe >Mn>Ni >Zn >Cu
>Co >Cr; at treatment IV was Cd >Fe >Mn>Ni >Zn
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2011) treated with diverse doses of domestic waste
water. Cadmium could be considered potentially
dangerous as it exceeded WHO limits and its HRI
value was >1. This could be due to the application of
untreated waste water. Waste water should be
avoided or it should be treated properly before it is
given to crops to avoid the detrimental effects of
heavy metals.

>Cu >Cr >Co. while at treatment V was Fe >Cd
>Mn>Zn >Ni >Cu >Cr >Co. Daily intake of metals
was highest for Cd while lowest for Co and Cr in all
treatment groups (Table 12). Sajjad et al. [52] reported that population of a country is at greater risk
ZLWK',0&XUUHQWYDOXHVRI',0ZHUHOHVVWKDQ
1 for all metals.
Health Risk Index (HRI). Health risk index
was calculated to take into account the risks associated with consuming heavy metal contaminated
wheat grains (Millat-2011).Order of health risk index at treatment I was Cd >Zn >Ni >Mn>Cu >Fe
>Co >Cr, at treatment II, IV and V was Cd >Zn >Ni
>Mn>Cu >Co >Fe >Cr and at treatment III was Cd
>Zn >Ni >Mn>Fe >Cu >Co >Cr (Table 13). Health
risk index value was highest for cadmium and lowest
for chromium (Table 13). Current HRI values were
higher for Zn and lower for Ni as compared to values
reported by Singh et al.[36] whereby HRI values for
Zn, Ni and Cu were 0.01, 0.003 and 0.39 mg/day,
respectively. Khan et al.[53] reported lower HRI values for metals cadmium, chromium, copper, manganese, zinc and nickel in contrast to the present study.
HRI for Mn was comparable while for Zn was higher
as compared to that of Kamal et al. [54].
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a healthy state and their significance may be expressed in monetary terms so as to ensure that values
can be compared across ecosystem services [3].
Many well-known studies describe detail of
only a few regulating services and benefits per service [4, 5, 6, 7, 8, 9, 10] or use complex monitoring
and modeling systems to inform decision makers
[11, 12]. In an effort to introduce greater simplicity,
the Natural Capital Project [13] GHYHORSHGWKH³,QWH
grated Valuation of Ecosystem Services and
7UDGHRIIV´ ,Q9(67  PRGHO as an open-source
modelling toolbox that allows users to assess the current and future responses of ecosystem services by
coupling biophysical and economic models.
7KH ³:DWHU 3XULILFDWLRQ 1XWULHQW 5HWHQWLRQ´
sub-model of InVEST evaluates the capacity of vegetation and soil to mitigate nutrient losses from surface runoff. In an example study using this submodel, a reduction of over 55% in nutrient retention
capacity was observed in the Miyun reservoir watershed, China [14] due to residential expansion
(280%) in the past 20 years. The water purification
service was used by Wang et al. (2014) to assess in
combination with the other provisioning ecosystem
services the spatial patterns of relationships between
ecosystem services and the well-being of residents.
A consistent tendency and a spatially coupled pattern
was observed emphasizing the need to regulate ecosystem services in line with human well-being [15].
In Greece much of the land surface is classified
as short vegetation, which is generally managed as
grazed land. While used for livestock grazing, this
land is not generally considered a significant nonpoint sources of pollution (nutrient loads and bacteria) by environmental models. In this study, we include grazed land in an application of the InVEST
model in Greece, to estimate the influence of its
management on ecosystem services. The aim is to
propose a general framework of ecosystem services
assessment and corresponding benefits of limiting
nutrients and fecal material in the river basins with
limited data and in areas where agriculture is the
main land use. Nutrient and fecal contamination mitigation is an essential ecosystem service reducing
eutrophication, groundwater nitrification and water
infection. Fecal contamination is often a serious

ABSTRACT
The importance of sustainable development of
river systems based on ecological and socio-ecoQRPLFFULWHULDLVZLGHO\UHFRJQL]HG7KH³,QWHJUDWHG
9DOXDWLRQ RI (FRV\VWHP 6HUYLFHV DQG 7UDGHRIIV´
(InVEST) model, an ecosystem based model which
couples biophysical and economic models, is used to
examine the nutrient and bacteria mitigation processes in the ungauged grazed area draining to the
Gulf of Kalloni, a semi-enclosed bay in Lesvos,
Greece. Point sources and grazing land loads are neglected by the InVEST model, leading to poor estimation of nutrient loads at this site. We include additional terms to account for these sources. We also
apply climate change scenarios to assess their likely
impact on nutrient export and hydrology over the
drainage area. We show that the nutrient mitigation
capacity is currently exceeded in four sub-basins
with a compensation cost of up to 20 million dollars
over a 20 year period.

KEYWORDS:
Streams, Nutrients, Bacteria, Farming loads, Water Purification

INTRODUCTION
The importance of the sustainable development
of river systems based on ecological and socioeconomic criteria is widely recognized. The concept of
river basin management based on ecosystem services follows a holistic approach that recognizes the
cultural, provisioning and regulating role of these
services [1]. Cultural services are indicative of the
aesthetic quality of terrestrial and aquatic environments, provide a living laboratory for science and
education and support cultural and recreational activities. Food, energy, raw material, medicinal and
biotechnology production are key provisioning
roles. Finally, the regulating role covers a wide range
of hazard reduction, waste treatment, climate regulation and biological interactions [2]. The regulating
services are essential for maintaining river basins in
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problem in water health, originating from fresh fecal
material produced by livestock and wild animals or
by farm wastes (manure, slurry) [16]. Flash floods or
irrigation practices mobilize nutrients and fecal material which through hydrological pathways can
reach major water bodies or the sea.
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Within the drainage area are small and sparsely scattered villages where the main occupations are focused on the primary sector, the main land uses being
grazing, olive groves, forests and annual crops.
The rivers of the drainage area have eutrophic
episodes due to both natural and anthropogenic
causes. Human influences on ecosystem services include livestock farming, urbanization and tourism.
Rivers carry organic matter, nutrients and other pollutants from these sources to the Gulf of Kalloni, particularly during intense flood events.

MATERIALS AND METHODS
Study site. Our study site is the area draining
to the semi-enclosed Gulf of Kalloni, Lesvos,
Greece. The area of the river basins that drain into
the Gulf of Kalloni (Figure 1) is estimated at approximately 406 km2 D TXDUWHU   RI WKH LVODQG¶V
total area of 1633.6 km2). The most important rivers
are the Tsiknias (84.6 km2) and the Mylopotamos
(50 km2) draining to the northern part of the bay, the
Potamia (48.6 km2) to the west and the Vouvaris
(24.3 km2) to the east. The Tsiknias river basin covers most of the northern and central parts of the island, having a maximum elevation of 968m (Lepetymnos mountain). The geological formations of
the watershed are mostly volcanic (dacites, latites
and latitic andesites), while towards the coastline
there are fluvio-torrential Pleistocene deposits, comprising a coastal aquifer (area 31.42 km2) (Figure 1).

Water balance measurement. To provide initial estimates of the freshwater volume entering the
bay, stream flow was measured in spring, winter and
early summer of 2013-14 at 13 locations along the
coast (Figure 1). Two meteorological stations operate in the basin (a) Stipsi (396m altitude) with annual
mean rainfall of 870mm and (b) Agia Paraskevi
(95m altitude) with an annual mean rainfall of
664mm. Since 2014, a telemetry station (Prini) has
operated on the main channel of the Tsiknias river
providing water level data at 15min intervals.
Monthly flow measurements are used to estimate the
rating curve relating water level to flow for this river.

FIGURE 1
Drainage network and monitoring points of water flow. Monitoring points of water flow (red).
Meteorological stations (black).
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FIGURE 2
GIS maps of the required data

on a gridded map with each pixel (grid square) having its own characteristics. Calculations at pixel level
can represent the heterogeneity in runoff due to soil
type, precipitation and vegetation cover. The valuation part of the model uses water treatment costs and
a discount rate to determine the value contributed by
the natural water purification function. The model
also calculates the economic value provided by the
retention of nutrients, avoiding any further nutrient
processing costs. The model incorporates data on the
amount of runoff, the pollutant load, the ability of
different types of vegetation to transmit pollutants,
water treatment costs for pollutants of interest and
the feasibility of meeting water quality standards.
The data needs of the model are as follows:

Microbial measurement. To estimate the fecal bacterial load entering the Gulf of Kalloni the
Escherichia coli (E. coli) concentrations in stream
water were measured, E.coli being an indicator of fecal contamination used in applicable legislation. Water samples were collected aseptically from the
streams and transported under refrigeration to the
microbiology laboratory of the Department of Marine Sciences at the University of the Aegean. The
air and water temperatures were within normal limits
for the time of year. In the laboratory, the concentration of E. coli in the samples was measured in accordance with ISO 9308-1: 2000. Appropriate quantities of water were filtered through nitrocellulose
ILOWHUV ZLWKSRUHGLDPHWHUȝP(DFKILOWHUZDV
placed on an appropriate nutrient substrate and was
incubated as set out in the standard.

 Digital elevation model (DEM). A GIS
raster dataset, with an elevation value for each pixel.
(Figure 2A) The ASTER GDEM with a one arc second (30m) grid of elevations of Lesvos Island was
used.

InVEST model. 7KH³:DWHU3XULILFDWLRQ1X
WULHQW 5HWHQWLRQ 0RGHO´ RI ,Q9(67 FDOFXODWHV WKH
amount of nutrient retained in the land area associated with each pixel and aggregates export and retention of nutrients per basin. The model is defined
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 Root restricting layer depth. A GIS raster
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potential evapotranspiration (PET) value for each
cell (Figure 2C). 7XUF¶V equation was used to derive
the PET of the study area [17].

dataset with an average root restricting layer depth
value for each cell. (Figure 2F) A detailed review of
root zone depth of existing plants was carried out.

 Land use/land cover. A GIS raster dataset,
with an integer LULC code for each cell. (Figure 2E)
Satellite images (Landsat 4-5 TM 1990; 2008) are
used to classify land uses/covers of Lesvos Island.

 Precipitation. A GIS raster dataset with a
non-zero value for average annual precipitation for
each cell (Figure 2B) The annual precipitation data
were derived from the gauges at Sigri, Agia Paraskevi, Akrasi and University Hill for the period
2003-2013.

 Watersheds. A shapefile of polygons. This
is a layer of watersheds such that each watershed
contributes to a point of interest where water quality
is measured. (Figure 1) The ArcSWAT delineation
tool was used to delineate the drainage area.

 Plant Available Water Content. A GIS
raster dataset with a plant available water content
value for each cell. (Figure 2D). The NDVI (normalized difference vegetation index) was used to extract
the soil water content.
 Average Annual Potential Evapotranspiration. A GIS raster dataset, with an annual average

 Biophysical Table. A .csv table of land
use/land cover (LULC) classes, containing defaults
values of water quality export coefficients for each
class.

FIGURE 3
Livestock (dots) in the Kalloni drainage area showing land use distribution.
This figure is used to correct the calibration of the model.
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TABLE 1
Stream flow at the 13 locations in the Kalloni drainage area
Flow, L/sec

Average value
(Mean)

Flow, hm3/year (Sum)

0

-

id

Name

1

Nyfida beach - a

2

Nyfida beach - b

0

0

0

0

0

-

3

Glaros

31.3

59.8

Stagnant water

770

287

9.1

4

Loutsas

43.4

68.9

0

197

77

2.4

5

Saint Paulos

54

60.8

Stagnant water

102

72

2.3

Į

Fishing port

28.5

Stagnant water

29

0.9

6

Makris

182

303.6

13.3

323

205

6.5

7

Achladeri

59.4

147.1

7.14

24

59

1.9

1/12/2013

6/4/2014

7/6/2014

4/3/2015

0

0

0

0

Stagnant water Stagnant water

8

Vouvaris

981

266.6

49.8

1427

681

21.5

9

Mylopotamos

142.7

294

26.6

714

294

9.3 (14.6*)

10

Tsiknias

76.1

0

188.3

2450

679

21.4 (23.9*)

11

Christou

0

0

0

0.0 (11.9*)

Stagnant water Stagnant water

12

Potamia

43.9

400.7

0.5

2273

680

21.4 (12.5*)

13

Parakoila

125.6

40.1

32.9

372

143

4.5
101.1

ZDWHUYROXPHVDUHSRUWHGLQWKH³5LYHUEDVLQPDQDJHPHQWSODQRI$HJHDQLVODQGVGLVWULFW-*5´ 
mgL-1; NO2--ȃ  ȝJ/-1; PO4-3-3  ȝJ/-1) as
shown to figure 4 [18], values similar to those measured by Polatidou et al. (2013) (NO3--ȃPJ/-1;
NO2--ȃ.ȝJ/-1; PO4-3-3ȝJ/-1). Similar low
concentrations of nutrients were measured in the aquifer water (NO3--ȃ  PJ/-1, NO2--ȃ  ȝJ/-1,
PO4-3-3ȝJ/-1), all within the permissible limit
for drinking water.
Since the mean flow of the Tsiknias for the
study period (December 2014-February 2015) is
1.65 m3s-1, the annual loads of nitrogen and phosphorus flowing into the Gulf of Kalloni from the
Tsiknias are approximately 23 t N and 8.5 t P.
To estimate nutrient losses using InVEST, we
first applied the model using the default values of the
biophysical table giving nutrient loads by land use.
For the Kalloni drainage area, simulation based on
default values, recommended by previous studies
[18], does not provide adequate results. The nutrient
loads exported to the Gulf are estimated to be much
lower than the measured values (approximately 10 t
N and 4 t P from the whole basin and 4.5 t N and 2 t
P from the sub-basin of Tsiknias). This is largely because the model does not adequately account for nutrient losses from grazed land in the drainage area.
We have therefore recorded the number of sheep and
goat farms for each land use (Figure 3) as a means of
correcting the calibration. A density-dependent pollution coefficient was calculated for grazed land.
This coefficient was calculated based on the number
of farms in each land use divided by the corresponding land use area (ha) and ranged from 0.0014 to
0.242 for all land uses with livestock farming. This

RESULTS
Water flow estimation. The total annual volume of freshwater that flows into the Gulf of Kalloni
is estimated using the instantaneous flow measurements shown in Table 1. The average value of only
four flow measurements typically leads to significant errors in annual flow estimation. For example,
in the Tsiknias river (sampling point 10) the four
measurements provide an overall annual flow equal
to 21.4hm3 which is slightly larger than the simulated mean annual runoff of the past twenty years
18.6 hm3 and approximately equal to the value of
20.75 hm3 found by processing 15-minute level
measurement values for the period 11 September
2014 to 3 September 2015. The hydrological year
2014-2015 was one of the wettest years of the last
four decades, so the increased runoff estimates are
not unexpected. The measured annual outflow of the
Mylopotamos, Tsiknias, Christou and Potamia rivers
was also compared to that of the "River Basin Management of the Water District Aegean Islands
GR14» as shown in Table 1 (asterisked in the final
column). Total inflow of fresh water was estimated
as 101.1hm3. It should be noted that the conversion
of L/sec to hm3 was made under the assumption that
there is flow for 365 days a year, which does not apply to all streams entering the gulf.
Nutrient estimation. During the period December 2014 to February 2015 low surface water
concentrations of nitrate and phosphate nutrients
were measured in the Tsiknias river (NO3--ȃ 

7853

© by PSP

Volume 26 ± No. 12A/2017 pages 7849-7859

extended the existing eight (8) land uses in the biophysical table to 71 new land uses each with a different export coefficient based on both LULC and
the livestock density. Nutrient export estimates from
the new land uses were optimized based on their pollution coefficient until the result of the model simulations approached the measured values.
Optimizing the biophysical table of 71 different
land uses with farms based on livestock density in
the Tsiknias sub-basin provides a relatively accurate
picture of the total load of nutrients entering the gulf,
assuming other basins behave in a similar manner in
terms of the connection between grazed land and the
nutrient load. The total nutrient export of all basins
to the gulf is calculated as 60 t N and 22 t P (Figures
5 and 6).
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Microbial estimation. The measured microbial load in streams flowing into the Gulf of Kalloni
during the two years of sampling is shown in Figure
7. Concentrations of E. coli, were low with higher
values observed during periods of high flow. Low
and zero concentrations were measured in spring
(April 2014 sampling) after heavy rains. This was
expected, because at the end of the winter rain period
the soils of the basin of each river are normally
flushed from the preceding rain and no fecal origin
material is exported to the system. The source of
high bacterial load in the Parakoila River (position
13) is believed to be the sewer system of Parakoila
village, which continuously discharges fecal material of human origin to the river.

FIGURE 4
Phosphate-P, Nitrite-N and Nitrate-N concentration in surface and groundwater

FIGURE 5
Total N export

FIGURE 6
Total P export
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FIGURE 7
Microbial load of rivers in the Kalloni drainage area (E. coli/1000ml)
TABLE 2
Microbial load of rivers in the Kalloni drainage area (E. coli/1000ml)

Glaros
Loutsas
Almiropotamos
Al.Katafigio
Makris
Ahladeri
Vouvaris
Milopotamos
Tsiknias
Christou
Potamia
Parakoila

6/4/2013
2900
94000
5100
52000
2200
1900
3100
2000
5900
3000
78000

1/12/2013
4800
31000
320000
1800
2300
25000
2200
2100
10000
900
83000

12/4/2014
3000
450000
0
0
0
0
0
0
6000
3000
8000
0

20/2/2015
3700
5500
4500
1600
1800
270
1200
10000
3400
33000
3100
100000

uses with livestock farms to estimate the source distribution of bacteria of fecal origin in the drainage
area, and to find any direct link between bacteria and
grazed land. Having calculated an annual average of
E. coli export to the bay (12880 * 10^11 E.coli), contributions from grazed land were calibrated several
times until the result of the model approached the
measured data (figure 8).

Higher concentrations of E. coli were found in
the Loutsas and Almyropotamos streams, both of
which flow into an area of intensive shellfish harvesting which is a significant local source of income.
Increased concentrations of microorganisms of fecal
origin, detected during routine examination of shellfish harvested for human consumption, have led in
the past to interruption of harvesting. The high concentration of fecal origin bacterial load in the Loutsas stream, is believed to be due to untreated municipal waste water discharge from the village of Vassilika. High coliform concentration in the watercourse
which flows into the Ag. Pavlos was not systematic,
and can be attributed to the occasional presence of
fecal material on the day of sampling.
The 'water purification' model of InVEST includes a component to simulate bacteria mitigation.
We modified the biophysical table to include an
E.coli export coefficient, with the bacteria calibration procedure accounting for urban areas and land

Climate change. The InVEST model was applied to a climate change scenario for the year 2100.
Large scale predictions over the Mediterranean suggest up to 35% rainfall reduction and 3-5 °C warming by 2071-2100 [19]. Scenario changes in precipitation and average annual potential evapotranspiration were calculated from current precipitation and
mean temperature. The precipitation was reduced by
200 mm and the average annual potential evapotranspiration was calculated based on the new precipitation and a 3°C warming using 7XUF¶VHTXDWLRQ>17].
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The cost of construction of each tank would be approximately $200,000, with an annual operating cost
of $5.300 [22, 23].

Changing these two driving variables and rerunning the model suggests a very slight increase in
annual nutrient export (less than 1 t in each of N and
P) and a decrease in the mean runoff in each subbasin.

DISCUSSION
Estimation of remedial measures. The economy of the area draining to the Gulf of Kalloni is
strongly dependent on its olive farming and unrestricted grazing, while the gulf itself has great historical, tourist, recreational and social value and hundreds of people are occupied in sardine fishing and
shellfish harvesting. Both the tourist and fishing industries are affected by severe eutrophication events
in the bay, particularly after heavy rain, when microbiological pollution frequently results in an interruption to fishing activities. Local authorities and the
local community need appropriate guidelines to handle these environmental issues and a user-friendly
model to support mitigation measures. The InVEST
model using GIS identifies the sub-basins and
streams contributing the greatest terrestrial fluxes to
the sea and enables remediation actions under scenarios to be considered.
To find the acceptable N and P limits in each
sub-basin for good hydrological status, we used the
river classification system at the country level in geographic zone two (2). This gives an upper limit for
good ecological status of 0.942 mgL-1 for N as nitrate and 0.117 mgL-1 for P as phosphate (Greek
River Nutrient Classification System GR-NCS) [20].
Table 2 shows for the most important rivers of the
Kalloni drainage area the total nutrient load exported
to the bay, the permitted export load limits for each
nutrient, and the load that needs to be removed to
DFKLHYH³JRRG´K\GURORJLFDOVWDWXV (table 3).
Applying the InVEST model suggests that inputs to the bay should be reduced by some 3 t of N
and 10 t of P annually. To achieve the required reduction the construction of enhanced wetland treatment systems for the retention of nutrients is suggested. These systems can remove contaminants
such as nutrients by diverting the river, using natural
processes provided by vegetation, soil and organisms. The annual retention capacity of such a system
is approximately 2 t P and 1.3 t N, with construction
and maintenance costs of $ 2 million and $ 75,000
per year respectively [21]. A management proposal
for the breakdown of nutrients would be to provide
three facilities in the Tsiknias sub-basin and one for
each of the Potamia, Parakila and Mylopotamos subbasins. The total indicative cost of construction is $
12 million with an annual maintenance cost of $
450,000. Also untreated wastewater disposal from
coastal settlements seems to contribute significantly
to the high microbial load in the bay. To deal with
this wastewater aspect, we propose the construction
of chlorine contact tanks with reflectors to remove
microorganisms of fecal origin in the river Loutsas.

The main contributing rivers, the Tsiknias and
the Potamia, drain a large area of grazing land. The
density of farms used for grazing has been found to
be directly associated with high loads of nutrients
and bacteria entering the bay via surface runoff. This
is consistent with the findings of other studies which
have found that animal farming activities export microbial load to surface water in combination with
other activities such as manure application and contributions from wildlife [24]. In the Kalloni drainage
area manure application is not managed in a controlled way, but is spread directly by grazing animals
and released to surface runoff during rain events.
While the InVEST model estimates of lumped
annual fluxes are consistent with measured values,
the model does not provide temporal variability in
simulating of the pollutants of interest. The very high
monitoring and analysis cost of bacterial load estimation is the main reason for the lack of high frequency data to test model performance. Nevertheless, our application of the InVEST model to simulate bacteria fluxes gave satisfactorily results and
may be used as a guide for basin managers to eliminate fecal pollution.
The InVEST model simulations shows a small
relative flux increase under climate change scenarios
and fluxes generally do not appear to be very sensitive to precipitation, temperature and evapotranspiration changes, even though extreme scenarios were
considered. Generally, the structure of the InVEST
model does not include complex hydrological modules, nor are irrigation and cessation of flow accommodated. Climate models predict a regional change
in precipitation intensity and peak flow volume rather than a change in the total precipitation amounts,
but the InVEST model has no means of accounting
for rainfall intensity or the effect of individual flash
flood events.
The model also lacks the ability to incorporate
significant components of the nutrient mass balance
such as the contribution of precipitation and the nutrients attached to the eroded material, a key factor
in mountain areas, but also in intensively farmed areas.
Finally the model does not account for soil and
in-stream processes in the nutrient cycle. It is suggested that the empirical export coefficient equations
of well-known models such as the MONERIS and
LOICZ be included in InVEST. In this way InVEST
model would be more accurate without losing the
simplicity and ease of understanding for users and
basin managers.
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FIGURE 8
Total load of E coli exported from each sub-basin to the bay
TABLE 3
Total nutrient load exported to the bay, permitted export load limits for each and the nutrient removal
needed to achieve acceptable status
Tsiknias Potamia Parakoila Milopotamos Vouvaris Ahladeri Makris Loutsas Glaros
Flow (hm^3/yr)

21.4

21.4

4.5

9.3

21.5

1.9

6.5

2.4

9.1

Total export N(kg/yr)

23289

10519

3098

6917

1244

323

410.2

456

995

Total export P(kg/yr)

8500

4000

1200

2500

283

57

64

53

122

Permitted limit N(kg/yr)

20508

20508

4239

8761

20253

1790

6123

2261

8572

Permitted limit P(kg/yr)

2504

2504

526.5

1088

2515

222.3

760.5 280.8 1064.7

Total N(kg/yr) for removal

2781

0

0

0

0

0

0

0

0

Total P(kg/yr) for removal

5996

1496

673.5

1412

0

0

0

0

0

While InVEST can provide estimates of nutrient and E. coli loads to the Gulf of Kalloni, the use
of indicators for the assessment of marine ecological
status would provide a better view of the permissible
limit of nutrient export to the bay. With the nutrient
values calculated in this study, and data on chlorophyll and dissolved oxygen, a more reliable analysis

of the ecological status of the entire bay could be calculated. The cost of a range of nutrient and bacterial
removal options could be computed, with advantages and disadvantages of each, as an aid to water resources planning.
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[3] Boithias, L., Terrado, M., Corominas, M., Ziv,
G., Kumar, V., Marques, M., Schuhmacher, M.,
Acuna, V. (2016) Analysis of the uncertainty in
the monetary valuation of ecosystem services ²
A case study at the river basin scale. Science of
the Total Environment. 543(Part A), 683-690.
[4] Cross, W.F., Baxter, C.V., Donner, K.C., RosiMarshall, E.J., Kennedy, T.A., Hall, R.O. Jr,
Kelly, H.A., Rogers, R.S. (2011) Ecosystem
ecology meets adaptive management: Food web
response to a controlled flood on the Colorado
River, Glen Canyon. Ecological Applications.
21(6), 2016-2033.
[5] Eskew, E.A., Price, S.J. and Dorcas, M.E.
(2012) Effects of River-Flow Regulation on
Anuran Occupancy and Abundance in Riparian
Zones. Conservation Biology. 26(3), 504-512.
[6] Webb, J.A., Nicol, S.J., Norris, R.H., Stewardson, M.J., Wealands, S.R., Lea, P. (2012) Ecological Responses to Flow Alteration: Assessing
Causal Relationships with Eco Evidence. Wetlands. 32(2), 203-213.
[7] Gido, K.B., Propst, D.L., Olden, J.D., Bestgen,
K.R. (2013) Multidecadal responses of native
and introduced fishes to natural and altered flow
regimes in the American Southwest. Canadian
Journal of Fisheries and Aquatic Sciences.
70(4), 554-564.
[8] Bea, S.A., Wainwright, H., Spycher, N.,
Faybishenko, B., Hubbard, S.S., Denham, M.E.
(2013) Identifying key controls on the behavior
of an acidic-U(VI) plume in the Savannah River
Site using reactive transport modeling. Journal
of Contaminant Hydrology. 151, 34-54.
[9] Laflen, J.M., Foster, G.R. and Onstad, C.A.
(1985) Simulation of individual- storm soil loss
for modeling the impact of soil erosion on crop
productivity. Soil erosion and conservation. Soil
conservation Society of America, Ankeny,
Iowa, 285-295.
[10] Bernal, S., von Schiller, D., Sabater, F., Martí,
E. (2013) Hydrological extremes modulate nutrient dynamics in Mediterranean climate
streams across different spatial scales. Hydrobiologia. 719(1), 31-42.
[11] McCorquodale, J.A. (2007) Storm-water jets
and plumes in rivers and estuaries. Canadian
Journal of Civil Engineering. 34(6), 691-702.
[12] Tzoraki, O., Nikolaidis, N.P., Cooper, D.,
Kassotaki, E. (2014) Nutrient mitigation in a
temporary
river
basin.
Environmental
Monitoring and Assessment. 186(4), 22432257.
[13] Natural Capital Project. (2006±2017) Natural
Capital Project [Internet]. Available from:
http://www. naturalcapitalproject.org.
[14] Li, Y., Luo, Y., Liu, G. (2013) Effects of land
use change on ecosystem services: A case study
in Miyun reservoir watershed. Shengtai
Xuebao/ Acta Ecologica Sinica. 33(3), 726-736.

CONCLUSION
Application of the InVEST ecosystem services
model to estimate nutrient loads to the Gulf of Kalloni using default export coefficients leads to underestimation of loads. We attribute this to underestimation of loads from grazing land, and provide new export coefficients based in the density of livestock
farms. 7KH³:DWHU3XULILFDWLRQ1XWULHQW5HWHQWLRQ´
sub model of InVEST in combination with calibration including the influence of livestock farms is
judged to be effective in estimating loads and in
providing user friendly output for use in developing
management scenarios. The model is also successfully used for estimation of bacterial loads. On the
basis of the results we recommend and provide costs
for nutrient and bacterial mitigation measures.
Simulations of the effect of scenario changes in
climate on nutrients and run-off suggests no major
change, although because the model generates annual load estimates the effect of changes in the
within-year distribution of rainfall or pollutant
sources may not be adequately captured by InVEST.
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ABSTRACT

INTRODUCTION

A GIS-based dynamic sediment yield model
based on the USLE equation was established to
investigate sediment yield evolutions in an easily-eroded watershed of the Loess Plateau from
1995 to 2012. Results indicate that: 1) the dynamic
model considering annual changes of precipitation
and land management can be used as an effective
tool to evaluate sediment yield levels of the Loess
Plateau; 2) The annual sediment yield in the Yanhe
River watershed has an overall decreasing trend, the
average sediment yield modulus from 2009 to 2012
was 1013.3 t/km2.a, it decreased by about 80.7%
compared with the early governance period
(1995-1998). The river banks are the main spatial
source areas of sediment peak value in the whole
Yanhe River watershed, effects of soil and water
reduction were significant in the Yanhe River upstream basin and the Xingzi River basin; 3) The
sediment yield intensity in 2010 presented an overall increasing trend compared with 1995, the intensity of sediment yield modulus is still increasing for
the high intensity of rainfall erosivity. The contribution rate of sediment yield (239-452 t/hm2) in
water area dramatically increased to 80.8% in 2010.
Results may provide scientific reference for the
ecological environment planning of the Loess Plateau.

The Loess Plateau is one of the serious soil
erosion regions in China or even in the world [1].
Serious soil erosion not only exacerbates deterioration of ecological environment, but also leads to a
large number of sediment flowing into the Yellow
River [2]. Factors affecting soil erosion were divided into two categories: natural factors and anthropogenic factors [3]. Natural factors in this region mainly include the concentrated precipitation,
the loose soil, the fragmentized topography and the
degraded vegetation ecosystem, etc. [4]; and anthropogenic factors include destruction of vegetation (such as reclamation, deforestation, overgrazing) and slope land reclamation (such as land reclamation on steep slopes, slope tillage, overgrazing),
or lack of preventive measures for mining and road
repairing, etc. [5]. The natural factor (or called the
potential factor) is the prerequisite to the occurrence and development of soil erosion, the anthropogenic factor is the main reason for the aggravation of soil erosion [6]. Yanhe River is the first
grade tributary of the Yellow River, the soil in the
watershed is mainly the loessial soil, its erosion
wear resistance is poor, the watershed is one of the
most typical erosion regions of the Loess Plateau
[7]. After the implementation of returning farmland
project in the late 1990s, the land use patterns and
soil erosion status both have undergone great
changes in this watershed [8-9]. Therefore, the
modeling assessment of sediment load under returning farmland conditions in the Yanhe River
watershed has important significance for revealing
characteristics of sediment yield in this region, enhancing soil and water conservation effectiveness,
preventing soil degradation and reducing sediment
into the Yellow River.

KEYWORDS:
Sediment yield, Dynamic model, Sub-catchment, Land
use change, Yanhe River watershed
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Because of lacking enough measured data, it
is very difficult, even impossible to apply conceptual and physical models in evaluating erosion and
sediment yield for many large watersheds [10-11].
Therefore, empirical models are widely used in
sediment yield modeling, particularly when only
limited data are available [12]. In all empirical
models of soil loss, the Universal Soil Loss Equation (USLE) [13] is one of the typical models in the
study of sheet, rill and slope erosion at field and
catchment scales [14-16]. Due to its convenience in
application and compatibility with geographical
information system (GIS), the USLE or its revised
form (RUSLE) [17] has been dominantly used in
GIS-based soil erosion assessments in different
countries [18-20]. GIS-based models have been
increasingly used to identify critical zones of high
or low sediment yield and then to prioritize sites for
restoration or implementation of best practices [21].
The application effects of these models have been
validated in many recent studies [22], and this erosion module has been applied in some physical-based nonpoint source (NPS) models to assess
soil erosion amount [23-25]. The spatially distributed NPS models like GWLF, SWAT, SEDEM and
AGNPS models are all based on USLE or its revised form [26]. Besides, various regression models
and intelligent algorithms have been developed so
far to identify the relation between discharge and
sediment load [27].
However, many studies have demonstrated
that the application of the USLE/RUSLE model
needs proper corrections based on watershed characteristics and research purposes [28]. For instance,
EDVHG RQ WKH FXUUHQW VLWXDWLRQ RI &KLQD¶V VRLO DQG
water conservation, Liu et al. (2001) proposed simple Chinese soil loss equation (CSLE) based on
USLE/RUSLE [29], it has been used in the quantitative study of soil erosion in many regions by
Chinese scholars [30-31]. Santos et al. (2017) combined the USLE and the SDR to investigate the
processes of sediment propagation in a semi-arid
region and the identification of areas susceptible to
water erosion [32].
Land use change can accelerate or reduce soil
erosion by changing vegetation types and coverage,
soil properties, terrain, slope, slope length and other
factors [33]. Land use change has direct or indirect
impact on ecological environment factors [34], it
has been widely applied to studies of surface runoff,
soil erosion and nonpoint source pollution [35].
Therefore, the objectives of this study are to: 1)
establish and verify a dynamic sediment yield model suitable for the hilly and gully region of the Loess Plateau; 2) simulate the spatiotemporal distribution of sediment yield by the combined use of dynamic model, remote sensing and GIS techniques;
and 3) evaluate impacts of sub-catchment and land
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use change on sediment yield of the Yanhe River
watershed. Results may also provide methodological reference for the study of watershed sediment
yield and data support for the comprehensive management of the hilly and gully region, Loess Plateau.

MATERIALS AND METHODS
Study area. The Yanhe River, which originates from the Baiyu Mountain of Jingbian County,
is the first grade tributary between Hekou town and
Longmen in the middle reaches of the Yellow River
(Fig.1a). The full-length of Yanhe River mainstream is 286.9 km, it flows through five counties
(districts) including Jing-bian, Zhi-dan, An-sai,
Baota and Yangchang in Shaanxi province from
northwest to southeast, and finally it empties into
the Yellow River in Nanhe ditch, Yan-chang county
(Fig. 1b). The Yanhe River watershed (ƍ~
ƍ( DQG ƍ~ƍ1) (Fig. 1c) has
criss-cross ravines and gullies, broken terrain, and
low vegetation coverage. The total watershed area
is 7725 km2, where the area of soil erosion is 7127
km2, which accounts for 92.3% of the total area.
The governance area is 2533.8 km2 , and the governance rate is 35.6% [36]. The average annual
precipitation is about 495.6 mm and almost 60% of
the precipitation occurs in 7-9 months. The average
annual runoff amount is about 293 million m3 [37].
Soils in this watershed mainly consist of loessal soil,
alluvial soil, clay soil and Heilu soil etc., where the
most widely distributed soil is loessal soil.
Environmental database. The environmental
data in the study include digital elevation (DEM),
land use, soil, meteorological data, runoff, and
sediment (Table 1).
Dynamic sediment yield model. In general,
the shallow gully erosion is one of the main ways of
soil erosion in the middle and lower part of the sloping land, especially it has an important role in the
slope soil erosion of Chinese loess plateau [38], in
addition, not all eroded soil is actually delivered to
the basin outlet, so the shallow gully erosion was
introduced to estimate sediment yield of the Yanhe
River watershed based on the RUSLE model,
Qs = Ȝ · R · K · L · S · G· C · P
(1)
where Qs is the average annual sediment yield W KD
a))ȜLVWKHVHGLPHQWGHOLYHU\UDWLRR is the rainfall
HURVLYLW\IDFWRU0-PP KDKD K is the soil
HURGLELOLW\ IDFWRU W  KD  K KD  0-  PP  LS is
the slope length and slope gradient factor; G is the
shallow gully erosion factor; C is the vegetation
cover and management factor; P is the soil and wa-
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ter conservation factor; Ȝ represents the average
sediment delivery ratio.
As far as the whole basin is concerned, its topography and soil characteristics are basically invariant for a relatively short time [39]. Dynamic variations of soil erosion and sediment yield arise predominately from those of hydrology conditions including rainfall amount and rainfall intensity, and
human activities including land use management
measures, soil and water conservation measures etc.
[40-41]. Therefore, based on previous studies

[42-44], factors of K, L, and S in Eq. (1) can be
assumed to be constant because they reflect topography and soil characteristics, but the other factors
will change year by year with hydrological conditions and human activities. Thus, Eq. (1) will
change into the continuous model of annual sediment yield as:
Qs i = K · L · S · G · Ri · Ci · Pi · Ȝi
(2)
where subscript i represents the i -th year and no
subscript for the average year.
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FIGURE 1
(a) the relative location of the study area; (b) geographical location of meteorological stations, longitude and latitude coordinates, digital elevation model (DEM), and the delineation of sub-catchment
and river systems of the Yanhe River watershed
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TABLE 1
Descriptions and sources of the environmental database in the Yanhe River watershed
Data layer

Format

Description

Source

DEM

Raster

30 m spatial resolution DEM data of the
Yanhe River watershed

Computer Network Information Center,
Chinese
Academy
of
Sciences
http://www.gscloud.cn/

Land use

Raster

100 m spatial resolution reclassified land
use types: farmland, grassland, forest land,
rural settlements, water area, sandy land

Data Center for Cold and Arid Region
Sciences http://westdc.westgis.ac.cn/

Meteorological
data

DBF

Daily meteorological data from 8 rain
gauges (1957-2012)

China Meteorological Data Sharing
Service Network
http://www.cdc.sciencedata.cn/

Soil

DBF

Runoff and sediment

Excel

Physical properties: soil textures (clay, silt,
sand, rock percentages), organic matter
content
Daily observed values of runoff and sediment in Ganguyi hydrological stations
(1956-2011)

Loess Plateau Data Center, National
Earth System Science Data Sharing
Infrastructure, National Science &
Technology Infrastructure of China
(http://loess.geodata.cn/)

The variations of Ri in Eq. (2) depend only on
hydrological conditions while Ci and Pi only on
human activities, but Ȝi not only on hydrological
conditions but also on human activities. Supposing
that the factor Ȝi can be divided approximately into
the product of Ȝr,i related only to hydrological conditions and Ȝm,i related only to human activities, Eq.
(2) will be written as:
Qs i = K · L · S · G · Ri · Ci · Pi · Ȝr,i · Ȝm,I
(3)
Ȝr,i can be estimated by the sediment
transport capacity that is widely used in hillslope
and fluvial geomorphology [45]. The widely used
equation is:

Or ,i
Or

TC i
TC

1.4

§ qi ·
¨¨ ¸¸
©q¹

(4)

Om,i  Ci  Pi
Om  C  P

K i1

0.4507 Qi  0.5053
0.4448 Qi  0.4494

(1956-1996)

(6)

Ki 2

0.4037 Qi  0.4266
0.4448 Qi  0.4494

(1997-2012)

(7)

where

K i1

and

Ki2

are the land management

factor during 1956-1996 and 1997-2012 period,
respectively; Qi is the annual runoff amount of the
basin in the i-th year (108m3).

where TC is the average sediment transport capacity per unit width of slope (kg m-3); q is the average
runoff amount per unit width (m3); Ȝr is the average
sediment delivery ratio related only to hydrological
conditions.
Ȝm,i can be determined by definition of the
land management factor Și which is only related to
human activities:

Ki

ment factor can be supposed to be equal to the ratio
of the regression relationship between runoff and
sediment of Ganguyi hydrological station in different periods [49].

(5)

The Chinese government has been carried out
various soil and water conservation measures in the
Yanhe River watershed since the late 1960s [46-47].
Generally, the time range from 1956 to 1969 is determined as the base period, the time ranges of
1970-1996 and 1997-2012 are regarded as two different governance periods [48]. The land manage-

Therefore, Eq. (3) can be rewritten as:
E s ,i

§ qi
©q

K i  ¨¨

·
¸¸
¹

1.4

 Ri  O  K  L  S  G  C  P

(8)

Determination of model factors. Rainfall
erosivity was estimated by a half-month simple
algorithm of rainfall erosivity established by Zhang
et al. (2003) in this study [50]; Soil erodibility in
this study was determined by the existing empirical
equation [51], the K factor are calculated by the
modified method of soil erodibility [52]; the slope
length and slope gradient factor was determined by
the previous results [53]; the shallow gully erosion
factor is mainly affected by precipitation, the intensity of convergent flow, and soil property. Its value
can be estimated by the existing research results
[54]; the values of the C factor in the Yanhe River
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conservation measures have a significant effect on
sediment export from the watershed. The average
sediment transport modulus in recent years
(2009-2012) is 1013.3 t/km2, it has decreased by
about 80.7% compared with the early governance
(1995-1998). For the occurrence of non extreme
heavy rainfall in the watershed, the main reason for
the decreasing sediment mainly can be attributed to
soil and water conservation measures. Since the late
1990s, a lot of targeted soil and water conservation
measures were implemented in the Yanhe River
watershed, the intensity of soil and water conservation measures was gradually increased in the middle reaches of the Yellow River, underlying surface
conditions were continuously improved and soil
erosion risks reduced a lot. Especially after 2003,
the sediment transport in the study area not only has
an overall decrease trend, but also the inter-annual
fluctuation is small and the whole sediment
transport level is low. It also fully shows that the
continuous improvement of the underlying surface
conditions and the effective implementation of soil
and water conservation measures in recent years
have significant reduction benefits of water and
sediment.

watershed was obtained according to the relevant
literatures and statistical data [55-56]; based on
land use types, the P values in this study are determined by the related literature [57-58]. The average
and annual values of the related factors in the Yanhe
River watershed are shown in Table 2 and Figure 2.

RESULTS
Validation of sediment yield model. The
previous results of the Yanhe River watershed can
be used to verify the established sediment yield
model. The previous research results of sediment
variations in Ganguyi hydrological station from
1961 to 2008 and the simulation results of sediment
yield in this study were comparatively analyzed that
the sediment yield both showed a decreasing trend
although there were slight fluctuations in individual
years, it indicates that the overall changing trends
of sediment yield in the study area are consistent
with the background of returning farmland.
In addition, according to Li and Zheng (2012)
dynamic simulation results of soil erosion in the
Yanhe River watershed from 2001 to 2010 [59], the
annual average erosion modulus of Yanhe River
watershed is 5812.28 t/(km2.a), it has little difference with the average simulated value of 5051.68 t/
(km2.a) in this study from 1995 to 2012, the relative
error is 13.09%; these results demonstrate that the
established dynamic sediment yield model has scientific rationality and good reliability.

Spatial variations of sediment yield. Fig.4
shows spatial distribution of the sediment yield
modulus in the Yanhe River watershed in 1995 and
2010. Due to more sloping farmland, peak values of
the sediment transport modulus mainly occur along
the main river banks from northeast to southeast.
Spatial variations of sediment transport in the
whole watershed are largely related to spatial distribution of land use types. The large spatial variations of sediment transport are also closely related
to spatial characteristics of rainfall, topography and
soil types.

Temporal variations of sediment yield. The
inter-annual rainfall variability will be the key driver of variations in annual sediment yield, but Fig.3
shows that the sediment yield amount in the study
area has an overall decreasing trend from 1995 to
2012, power algorithm fitting a curve through sediment yield over time can prove that soil and water

TABLE 2
The average value of each factor for the dynamic erosion and sediment yield model
LS
12.9

G
1.5

C
0.3359
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FIGURE 2
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FIGURE 3
Comparison of the rainfall erosivity and the sediment transport modulus from 1995 to 2012 in the
Yanhe River watershed





FIGURE 4
Spatial distribution of sediment yield modulus in the Yanhe River watershed (a) 1995, (b) 2010 (t/hm 2)

Table 3 shows that percentage of different
sediment yield modulus in 1995 and 2010 may both
decrease with the increase of sediment yield gradations. Although the soil and water conservation
measures were implemented in this area since 1997,
the sediment yield modulus in 2010 did not decrease as we deduced. The main reason may be
attributed to the large rainfall erosivity in 2010.

DISCUSSION
Sediment yield in each sub-catchment. Fig.5
shows (a) percentage of different sediment yield
modulus in different sub basins and (b) contribution
ratio of each sub basin for different sediment yield
modulus in the Yanhe River watershed in 1995. It
can be seen from Figure 5a that in 1995 the sediment yield modulus of 0-30 t/hm2 held a dominant
position in each sub basin of the Yanhe River watershed, it accounted for more than 70% of each sub
basin; secondly, the sediment yield modulus of

30-40 t/hm2 and 40-70 t/hm2 accounted for about
20% of each sub basin, the modulus of 70-239
t/hm2 accounted for the smallest proportion, the
average proportion was less than 1%; the sediment
yield modulus of 20-30 t/hm2 in Yanhe River upstream basin, Xingzi River basin and Yanhewan to
Yangjialing section were all more than 20%, and
the sediment yield modulus of 10-20 t/hm2 in Yanhe River upstream basin and Xingzi River basin
exceeded the proportion of 0-10 t/hm2. So the sediment yield modulus of 0-30 t/hm2 is the primary
occurrence form of sediment Yield in the Yanhe
River watershed. It can be seen from Figure 5b that
the contribution ratio of the Yanhe River downstream is highest in all sediment yield modulus, it is
more than 25%. Secondly, the contribution ratios of
each sediment yield modulus in Xingzi River basin
and Yanhe River upstream basin were all more than
15%. Therefore, Yanhe River downstream basin,
Yanhe River upstream basin and Xingzi River basin
are the key regions for the implementation of soil
and water conservation measures.
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TABLE 3
Percentage of different sediment yield gradations in the Yanhe River watershed in 1995 and 2010

Year

0~10
31.29%
27.07%

1995
2010

Different sediment yield gradations (t/hm2)
20~30
30~40
40~70
20.61%
12.61%
7.77%
18.13%
12.77%
14.57%

10~20
26.92%
24.79%

(a)

0~10

10~20

20~30

30~40

40~70

70~239
0.81%
2.66%

239~452
0.0%
0.003%

70~239

100%

percentage

80%
24.8%
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40%

28.9%

20%

37.9%
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Yanhe River
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Xingzi River
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Yanhe River
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Xichuan
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80%
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FIGURE 5
(a) Percentage of different sediment transport modulus in different sub basins of the Yanhe River watershed in 1995; (b) Contribution ratio of each sub basin for different sediment transport modulus in
the Yanhe River watershed in 1995

Fig.6 shows (a) percentage of different sediment
yield modulus in different sub basins and (b) contribution ratio of each sub basin for different sediment
yield modulus in the Yanhe River watershed in 2010.
It can be seen from Fig. 6a that in 2010 the sediment
transport modulus of 0-30 t/hm2 still occupied a
dominant position in each sub basin of the Yanhe
River watershed, it accounted for more than 70% of
each sub basin, where the proportions of Yanhe upstream basin and Xingzi River basin accounted for
more than 75%; secondly, the percentage of sediment
yield modulus with a specific value of 30-239
t/hm2·had an increase trend in other five basins, this
is particularly evident in Yanhe River downstream
basin, the main reason may be attributed to the im-

plementation of the returning farmland policy since
1997. It can be seen from Fig. 6b that the contribution ratio of the Yanhe River downstream is still the
highest percentage in all sediment transport modulus,
the sediment yield intensity shows a rising trend
compared with 1995, the contribution ratio of Yanhe
River downstream significantly increased with the
increase of sediment yield modulus, it increased from
21.5% to 76.9%. Therefore, effects of reducing soil
and water were significant in the Yanhe River upstream basin and the Xingzi River basin, the Yanhe
River downstream basin should further strengthen
soil and water conservation measures under the condition of rapid regional economic development.
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FIGURE 6
(a) Percentage of different sediment transport modulus in different sub basins of the Yanhe River watershed in 2010; (b) Contribution ratio of each sub basin for different sediment transport modulus in the
Yanhe River watershed in 2010
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FIGURE 7
Percentage of reclassified land use types in the Yanhe River watershed in 1995

Sediment yield of different land use types in
1995. Fig. 7 shows percentage of reclassified land
use types in the Yanhe River watershed in 1995.
Farmland and grassland are the two main land use
types in the watershed and account for 43.349%
and 45.385% respectively.
Fig. 8 shows contribution ratios of each land
use type for different sediment transport modulus in
the Yanhe River watershed in 1995. It can be seen
that the contribution ratio of the grassland has the
biggest percentage of 64.1% for the sediment
transport modulus of 0-10 t/hm2, it is followed by
the forestland and farmland. The contribution ratio

of grassland has a decreasing trend with the increase of sediment yield modulus. However, the
contribution ratio of farmland has a significant increasing trend with the increase of sediment yield
modulus. The farmland contribution ratio for the
sediment yield modulus of 0-30 t/hm2 has a sharp
increase speed, and it is gradually stabilized when
the sediment yield modulus is greater than the value
of 30 t/hm2 and also occupies a leading position for
the contribution ratio of sediment yield in different
land use types. In addition, with the increase of
sediment yield modulus, the contribution ratio of
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FIGURE 8
Contribution ratios of each land use type for different sediment transport modulus in the
Yanhe River watershed in 1995
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FIGURE 9
Percentage of each sediment transport modulus under different land use types in the
Yanhe River watershed in 1995
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FIGURE 10
Percentage of reclassified land use types in the Yanhe River watershed in 2010

farmland increased significantly, the contribution
ratio of forestland also has a gradual decreasing trend,
the contribution ratios of rural settlements and sandy
land has a slight increasing trend.
Fig. 9 shows percentage of each sediment
transport modulus under different land use types in
the Yanhe River watershed in 1995. The sediment
transport modulus of 20-30 t/hm2·in farmland accounted for the largest percentage of 30.08%, it was
followed by the sediment yield modulus of 30-40
t/hm2. For forestland, grassland, water area and rural

settlements, the sediment yield modulus of 0-10 t/hm2
accounted for a large proportion, they were 58.2%,
44.1%, 72.8% and 59.9% respectively; for the sandy
land, proportion of the sediment yield modulus of
40-239 t/hm2 increased significantly, they were increased to 31.66% and 27.8% respectively. Therefore,
the high intensity of erosion and sediment yield
mainly comes from the sandy land and farmland, and
it is quite necessary to take reasonable tillage and soil
conservation measures to reduce soil erosion.
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Sediment yield of different land use types in
2010. Fig. 10 shows percentage of reclassified land
use types in the Yanhe River watershed in 2010.
Farmland and grassland are the two main land use
types in the watershed and account for 40.115% and
45.011% respectively. Compared with 1995, the
farmland area decreased but the forestland area increased in 2010. Fig. 11 shows the contribution ratio
of each land use type for different sediment transport
modulus in the Yanhe River watershed in 2010. For
the sediment transport modulus of 0-239 t/hm2, the
contribution ratio of grassland has a decreasing trend
with the increase of sediment yield modulus. However, the contribution ratio of farmland has a significant increasing trend with the increase of sediment
yield modulus. Compared with 1995, the contribution
ratio of the grassland for the sediment transport modulus of 0-10 t/hm2 has the maximum percentage of
65.11%, it is followed by the forestland and farmland;
for the sediment transport modulus of 10-20 t/hm2,
although the contribution ratio of the grassland decreased to 58.02%, it is still the maximum value, it is
followed by farmland; for the sediment transport
modulus of 20-239 t/hm2, the contribution rate of
farmland increased significantly, it took the dominant
position in all land use types. Besides, with the increase of sediment modulus, the contribution rates of
forest land also decreased gradually, however, the
contribution ratio of farmland in the sediment yield
modulus of 239-452 t/hm2 fell sharply, and the contribution rate of water area and rural settlements increased dramatically to 80.8% and 11.5%.
Fig. 12 shows percentage of each sediment yield
modulus for different land use types in the Yanhe
River watershed in 2010. Compared with 1995, the
sediment yield modulus of 40-70 t/hm2·in farmland

percentage/%

100%

farmland

forestland

CONCLUSIONS
1) Based on watershed characteristics of the
study area, a distributed, dynamic sediment yield
model based on the USLE equation was established
to investigate impacts of returning farmland measures
on sediment yield in the Yanhe River watershed from
1995 to 2012. Validation results indicate that the established model coupling with GIS has characteristics
of simple algorithm and highly practical value, it can
be used as an effective method to evaluate erosion
and sediment yield of the hilly and gully region, Loess Plateau.
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accounted for the largest proportion of 30.97%, it
was followed by the sediment yield modulus of 30-40
t/hm2, and the sediment yield intensity had an increasing trend. For forestland, grassland, water area
and rural settlements, the sediment yield transport
modulus of 0-10 t/hm2 still accounted for a large
proportion, they were 37.1%, 39.3%, 64.2% and
58.1% respectively. Compared with other land use
types, the percentage of the sandy land sediment
yield modulus of 40-239 t/hm2 significantly increased
to 29.6% and 53.3% respectively. Therefore, although returning farmland measures show good benefits of water and sediment reduction, the intensity of
sediment yield modulus is still increasing for the high
intensity of rainfall erosivity, which indicates that
soil and water conservation measures need to be
strengthened in the Yanhe River watershed in order
to resist the increase of erosion and sediment yield
intensity.
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FIGURE 11
Contribution ratios of each land use type for different sediment transport modulus in the Yanhe River
watershed in 2010
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FIGURE 12
Percentage of each sediment transport modulus under different land use types in the
Yanhe River watershed in 2010

2) The sediment transport amount in the study
area has an overall decreasing trend from 1995 to
2012, the average sediment transport modulus from
2009 to 2012 was 1013.3 t/km2, it decreased by
about 80.7% compared with the early governance
from 1995 to 1998 (5239.8 t/km2). Spatial variations of sediment yield in the whole watershed were
largely related to spatial distribution of land use
types, peak values of the sediment yield modulus
mainly occurred along the main river banks from
northeast to southeast through the whole Yanhe
River watershed. Effects of reducing soil and water
were significant in the Yanhe River upstream basin
and the Xingzi River basin, the Yanhe River downstream basin should further strengthen soil and water conservation measures.
3) The sediment yield modulus of 0-30 t/hm2
held a dominant position in each sub basin of the
Yanhe River watershed, it accounted for more than
70% of the total sediment yield modulus in each
sub basin in 1995 and 2010. Compared with 1995,
the whole sediment yield intensity for the farmland
had a rising trend, the contribution ratio of farmland
increased significantly with the increase of sediment yield modulus both in 1995 and 2010, but in
2010 the contribution ratio of water area for the
sediment yield modulus of 239-452 t/hm2 increased
dramatically to 80.8%.
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Xˆ (d , T ) = FX−1( d ) (1 − 1 / T )

ABSTRACT

,
(1)
where T is the return period (or recurrence inˆ
terval) and X (d , T ) is the estimation of the annual

The generalized depth–duration–frequency
(DDF) relationships that define rainfall depth as the
function of rainfall duration (d) and frequency or recurrence interval (T) are extensively used for design
purposes in hydrological applications. To generalize
the DDF relationships at a site, the parameters of the
selected parent distribution must provide several divergence criteria (i.e., quantile functions of different
durations must not intersect each other).
The divergence criteria established on the parameters of a parent frequency distribution, such as
the generalized extreme value (GEV), must be satisfied by the parameters of the exponential functions
that are fitted to the observed probability weighted
moments.
This study presents examples of the GEV-based
generalized DDF curves for the annual maximum
rainfalls with durations from 1 h to 24 h and recorded
at the Izmir, Marmaris, and Zonguldak gauges. In addition, the current research discusses a few problems
related to generalizing and using the DDF curves, as
well as several reasonable solutions for these problems.

maximum rainfall depth with a standard duration of
d for the underlying probability of FT = 1− 1 / T .
When certain conditions are met for the rainfall

durations of d1 ≤ d ≤ d m , the quantile functions defined by Eq. (1) generate a divergent (i.e., non-intersecting at large values of T) group of curves. These
depth–duration–frequency (DDF) curves are used in
many hydrological designs to obtain the project rainfall depth of certain duration (d) and return period (T)
[3, 4, 5]. The DDF relationship developed for a particular station enables the estimation of the extreme
rainfall depths of a return period (T) for the durations
other than the standard ones.
The DDF curves can be obtained either by fitting the parametric or semi-parametric functions to
the estimated quantile values from an appropriate
parent frequency distribution model through the regression methods [1, 2, 6] or by generalizing the
quantile function of the parent frequency distribution
model (i.e., if the conditions of divergence are realized) [7, 8].
The parameters in the frequency distribution
model adapted to the random hydrological observations can be estimated by such methods as moments,
L-moments, and maximum likelihood method [9, 10,
11, 12]. The L-moments or probability weighted moments (PWMs) [11, 13] used in the current study often have finite values, their moment ratios are limited, and they are not significantly affected by outlier
observations. Apart from these advantages, PWMs
can provide considerably efficient and unbiased estimates, particularly for short observation series [10,
11, 12, 14, 15, 16, 17].
The current study investigates the effect of the
relationship between the sample PWM estimations
and the duration d of the maximum rainfall series on
the descriptive statistics (L-coefficient of variation,
LCv; L-coefficient of skewness, LCs; and L-coefficient of kurtosis, LCk), on the parameters of the considered frequency distribution model of the generalized DDF curves and on the divergence criteria of the

KEYWORDS:
Probability Weighted Moments (PWM), Generalized Extreme Value (GEV) Distribution, Generalized Depth–Duration–Frequency (DDF) relationships

INTRODUCTION
The annual maxima of rainfall for a standard
duration is the largest cumulative rainfall depth
(X(d)) in a moving time window of a d length (d = 5,
10, 15, 30 min.; 1, 2,…, 24 h) of the pluviograph records of a gauging station [1, 2]. Therefore, d is not
precisely a random variable but a parametric property of the random variable X(d). The probabilistic
character of the random variable X(d) is defined by
an appropriate frequency distribution function
F[X(d)] fitted to the observations and by the quantile
ˆ
function X (d ,T ) , which is the inverse of the frequency distribution function [3].
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generalized DDF curves [7, 18]. For the İzmir, Marmaris, and Zonguldak stations, the issues to be considered and problems that may be encountered in
generalizing the DDF curves are addressed. Solutions are likewise suggested.

L-moments and L-moment Ratios. When the
generalized DDF relationships based on an appropriate frequency distribution model are described by
PWMs (or L-moments) [3], the following first four
L-moments and L-moment ratios related to the rainfall duration d should be defined:

l1 (d ) = b0 (d )

PWM METHOD

l3 (d ) = 6[b2 (d ) − b1 (d )] + b0 (d )

PWMs. PWM of the ordered annual maximum
rainfall series Xi(d) is expressed in Eq. (2) as follows
[10, 13]:
br (d ) =

1
N

N

∑
i =1

⎛ i − 1⎞
⎜ r ⎟
⎠ X (d ) = 1
⎝
i
N
⎛ N − 1⎞
⎜ r ⎟
⎝
⎠

l4 (d ) = 20b3 (d ) − 30b2 (d ) + 12b1 (d ) − b0 (d )

t (d ) = l2 (d ) / l1 (d ); 0 < t (d ) < 1

N

∑

t3 (d ) = l3 (d ) / l2 (d ); − 1 < t3 (d ) < 1

Pi r X i (d )

i =1

t 4 (d ) = l4 (d ) / l2 (d ); − 1 < t 4 (d ) < 1 .

,
(2)
where N is the record length, d is the rainfall
duration, and r is the order of the moments.
A significant exponential relationship exists between PWMs and the duration d of the maximum

(6)
(7)
(8)
(9)
(10)

(11)
When the exponential functions adapted to
PWMs (Eq. 3) are used instead of the PWM sample
estimates in the preceding equations, the L-moments
and L-moment ratios are obtained in a smoothed
form as follows:
λˆ1 (d ) = βˆ0 (d )
(12)
ˆ
ˆ
ˆ
λ2 (d ) = 2β1 (d ) − β 0 (d )
(13)
λˆ3 (d ) = 6 βˆ2 (d ) − βˆ1 (d ) + βˆ0 (d )
(14)
ˆ
ˆ
ˆ
ˆ
ˆ
λ4 (d ) = 20β3 (d ) − 30β 2 (d ) + 12β1 (d ) − β 0 (d ) (15)

rainfall for d1 ≤ d ≤ d m [1, 7, 18].

βˆr (d ) = ar ⋅ d sr ; r = 0,1,2,3,... ,

(3)
where ar and sr are the coefficients of the exponential relationship between the smoothed function
ˆ
of the rth order PWM, β r (d ) , and rainfall duration
d.
An important physical feature of an extreme
rainfall is that its values are constantly positive and
the total amount of rainfall X(d) increases with rainfall duration d. Therefore, the parameters ar and sr in
Eq. (3) are positive for each r order (ar>0, sr>0). Eq.
(2)
shows
that
the
condition
br (d ) < br −1 (d ) < br −2 (d ) < ... < b0 (d ) is provided for

[

]

τˆ(d ) = λˆ2 (d ) / λˆ1 (d ) = 2

βˆ1 (d )
−1
βˆ0 (d )

⎧⎪ ⎡ βˆ (d ) βˆ (d ) ⎤ ⎫⎪
− 1
τˆ3 (d ) = λˆ3 (d ) / λˆ2 (d ) = ⎨6⎢ 2
⎥ + 1⎬ τˆ(d )
⎪⎩ ⎣⎢ βˆ0 (d ) βˆ0 (d ) ⎦⎥ ⎪⎭

(16)
(17)

⎧⎪ βˆ (d )
βˆ (d )
βˆ (d ) ⎫⎪
− 30 2
+ 12 1
− 1⎬ τˆ(d )
τˆ4 (d ) = λˆ4 (d ) / λˆ2 (d ) = ⎨20 3
⎪⎩ βˆ0 (d )
βˆ0 (d )
βˆ0 (d ) ⎪⎭

.
(18)
The preceding statistics provide important in-

PWMs for a certain duration d because the weights

λ

Pi r gradually decrease as r orders increase.

formation about the location ( 1 ), scale (or spread)
( τ ), skewness ( τ 3 ), and kurtosis ( τ 4 ) of the distribution. Hosking [3] showed that for X ≥ 0, the absolute values of the L-coefficient of skewness and Lcoefficient of kurtosis are below 1 (| τ 3 |<1, | τ 4 |<1).
The L-coefficient of variation is in the range of 0< τ
<1.
In the generalization studies of the DDF curves
of extreme rainfall over a suitable range of rainfall

Therefore, the ar coefficients in Eq. (3) decrease as r orders increase ( a r < a r −1 < a r −2 < ... < a0 ).
Regardless of the parent frequency distribution
model that the Xi(d) sub-series came from, the basic
characteristics of the PWM sample statistics do not
change. That is, these properties are independent of
the main frequency distribution model.
By contrast, the sr exponents in Eq. (3) may
vary systematically with the r order or may be nearly
constant. In the case that the exponents sr are sufficiently close to each other to be regarded as constant
~
( sr ≅ s , r = 0,1,2,3,...), Eq. (3) is reduced to Eq. (4).
~
βˆr (d ) ≅ ar ⋅ d s ; r = 0,1,2,3,...
(4)
This process is called “simple scaling process”
if the sample PWM estimations are defined as in Eq.
(4) [1, 5]. For an extreme rainfall process with a simple scaling character, the dimensionless descriptive
statistics, such as the L-coefficient of variation (

τ~ = LCv),

(5)

l2 (d ) = 2b1 (d ) − b0 (d )

duration d1 ≤ d ≤ d m , two different approaches can be
applied to describe the relationship between the dimensionless descriptive statistics and rainfall duration d.
The first approach is to adapt empirical functions, such as exponential and semi-logarithmic, to
define the relationship between the statistics, such as
t(d), t3(d), and t4(d), computed directly from the observed PWMs and the rainfall duration d. The second
approach is to use the smoothed (indirectly computed) statistics, such as τˆ(d ),τˆ3 (d ) , and τˆ4 (d ) , obˆ
tained by placing the exponential functions β r (d )

~

L-coefficient of skewness ( τ 3 = LCs),
~
and L-coefficient of kurtosis ( τ 4 = LCk), reduce to
constant values depend on the ar coefficients.

adapted to the br(d) values. This study discussed the
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The variance of sr coefficients around the mean
value is calculated as follows:
⎤ L
1⎡m
(24)
S II2 = ⎢∑ ( Z j − Z ) 2 ⎥ ⋅ ∑ ( s r − s ) 2 ,
L ⎣⎢ j =1
⎦⎥ r =0

application of the second approach.
Testing the equality hypothesis of the sr coefficients in the exponential PWM relationships.
The smoothed statistics, which was indirectly computed via exponential functions, are considerably
sensitive to the sample estimates of the ar and sr coefficients of the exponential functions in Eq. (3). The
descriptive statistics (i.e., τˆ(d ),τˆ3 (d ),τˆ4 (d ) ) are
reduced to constant values that are independent of
the rainfall duration (depending only on the ratios of

Z is the logarithmic mean of the rain2
2
fall durations and S II and S I are the Χ 2 (chisquare) variables with degrees of freedom ν II = L
and ν I = ( L + 1)(m − 2) , respectively. The equalwhere

a r′ / a0′ ) if the s values approximate each other or if
r

ity hypothesis of the expected values of the sr coefficients can be tested with the ratio of the variances

they vary randomly (the sr values approach a con-

S II2

stant value, such as
a′
τ~ = 2 1 − 1
a0′

~
s ).

⎧⎪ ⎡ a2′ a1′ ⎤ ⎫⎪ ~
− ⎥ + 1⎬ / τ
⎪⎩ ⎣ a0′ a0′ ⎦ ⎪⎭
⎫
⎧ a′
a′
a′
τ~4 = ⎨20 3 − 30 2 + 12 1 − 1⎬ / τ~ .
′
′
′
a
a
a
0
0
0
⎭
⎩

(20)

ar′ = exp( yr − s Z ), r = 0,1,2,..., L . (26)
~
After this correction, the fixed statistics τ , τ~

3

, and τ~3 should be recalculated based on the cor-

rected a r′ coefficients.
If the equality hypothesis of the sr coefficients
is rejected, then these coefficients should be evaluated if they vary uniformly with the r-orders of
PWMs. The fact that the sr coefficients do not change
uniformly with the r-order indicates significant sampling errors or outliers in the observation sequences.
In this case, if the sr coefficients are equal to the
value of s computed using Eq. (22), then constructing the DDF curves with the simple scaling character
may be feasible.

d1 , d 2 ,..., d m ) scaled with the smoothed means
( β 0 (d ) ≅ ar d = μ (d ) ) can be identified by an identical frequency distribution model [1, 2, 5, 6, 19].
The sr coefficients are obtained by solving the
linear regressions between the logarithm of the samY = n br (d j )
) and the rainfall durations
ple PWMs ( rj
Z j = n(d j )
. The equality hypothesis of the expected
(
values of the sr coefficients can be tested by applying
the “unified parallelism test”

ˆ

]

Examining the ar coefficients in exponential
PWM functions. The smoothed descriptive statistics τˆ(d ) , τˆ3 ( d ) , and τˆ3 ( d ) , which depend on the
ˆ
ˆ
ˆ
nondimensional proportions φr (d ) = β r (d ) / β0 (d ) of
the exponential functions fitted to the observed
PWM values, must satisfy the following inequalities

( H 0 : E{s0 } = E{s1} = ... = E{s L }). The error variances

Sˆer2

of the log–linear relationships are obtained by
using data pairs (Zj, Yrj) for every duration d and order r. If the expected values of the error variances are
the same, then the mutual slope becomes the arith~
metic mean of the sr values ( s = s ) because the independent variable Zj is the same in all regressions
[20].
s=

1 L .
sr
L + 1 r =0

∑

/ S I2 .

is accepted ( E{s0 } = E{s1} = ... = E{s L }). In this case,
the ar coefficients in the exponential relationship
should be corrected as follows:

(21)

tion. Thus, all rainfall series (of durations

[

[20].

to the p-significance level, then the H 0 hypothesis

ues are the updated values of the a0 , a1 , a2 ... coefficients based on the principle of parallelism. The processes with such constant descriptive statistics are
called the simple scaling processes. In these processes, only the mean of the process
ˆ
ˆ
( μˆ (d ) = β0 (d ) = λ1 (d ) ) varies with the rainfall dura-

s

S II2

(25)
If the f-statistic calculated from this equation is
below the critical value f p (ν II ;ν I ) that corresponds

In the preceding equations, the a0′ , a1′ , a2′ ... val-

ˆ

S I2

f=

(19)

τ~3 = ⎨6 ⎢

and

in the interval d1 ≤ d ≤ d m :

0 < τˆ(d ) = 2 ⋅ φˆ1 (d ) − 1 < 1

(27)
ˆ
ˆ
− 1 < τˆ3 (d ) = 6 φ2 (d ) − φ1 (d ) + 1 / τˆ(d ) < 1 . (28)
The moment ratio must be in the range of 0.5<
φˆ1 (d ) <1 or the coefficient of a must provide the in-

{[

(22)

] }

1

equality in Eq. (29).

The mean error variance of the (L+1) number
of the log–linear relationships is equal to the average
of the error variances of the log–linear equations.
1 L ˆ2 .
(23)
S I2 =
S er
L + 1 r =0

a0 / 2 < a1 < a0 .

(29)

λˆ2 (d ) >0 and the

Therefore, the condition of
inequality in Eq. (27) can be realized. Moreover,

∑
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τˆ(d ) is an increasing function of the rainfall duration d for s1>s0; and a decreasing function of d for
s1<s0.
Eq. (28) indicates that the condition in Eq. (29)
ˆ
should be provided. In addition, φ 2 ( d ) should be in
ˆ
ˆ
ˆ
the range of 2φ1 (d ) < φ2 (d ) < 4φ1 (d ) − 1 / 3 or the a2
coefficient should provide the following inequality:

[

ˆ

]

functions ( β r ( d ) ) that do not fulfill the constraints
in Eqs. (29) and (30) cause incompatible and inconsistent DDF curves to be produced.

ˆ

shape parameter ( k (d ) > 0 ), the GEV distribution is
the upper bounded extreme value type III (EV3) distribution
in
the
range
of
− ∞ < X < ξ (d ) + α (d ) / k (d ) [12].

GENERALIZED DDF
CURVES BASED ON GEV DISTRIBUTION

Divergence criteria of the generalized DDF
curves. In the second and higher order statistical moments of the annual maximum rainfall, the uncertainties are generally high due to sampling errors. Therefore, the uncertainties of parametric functions, which
are adapted to the high order statistical moments or
distribution parameters based on these statistics, are
also high. In particular, if the parametric functions
adapted to the scale and shape parameters cannot
provide the divergence criteria, then the DDF curves
for the different rainfall durations intersect with each
other over large recurrence intervals. These curves
also produce estimates that do not fit the nature of
the rainfall phenomenon.
To ensure that the DDF curves of the two rainfall durations (e.g., d1 and d2>d1) do not intersect in
large recurrence intervals, the criteria that quantile
estimates must satisfy are as follows [7, 18]:
Xˆ (d 2 , T ) > Xˆ (d1 , T )
(38)

Specifications and Parameter Estimations of
the GEV Distribution. Generalized extreme value
(GEV) is a considerably flexible three-parameter
distribution model that is often used in practice to define the frequency distribution of extreme-type hydrometeorological events [12, 21, 22].
The cumulative distribution function of the
GEV distribution is expressed as follows:
⎧ ⎡ k (d )
⎫
{X (d ) − ξ (d )}1/ k ( d ) ⎤⎥ ⎬
F [X (d )] = exp ⎨− ⎢1 −
α
(
d
)
⎣
⎦
⎩
⎭ ; k (d ) ≠ 0, (31)

where X (d ) is the rainfall depth; and ξ (d ) ,
α (d ) , and k (d ) are the location, scale, and shape
parameters of the distribution, respectively. The
quantile function of GEV is expressed in Eq. (32)
[12, 23].

) k (d ) ≠ 0
,

α (d )
1 − e −k ( d )u
k (d )
;

∂Xˆ (d 2 , T ) ∂Xˆ (d1 , T )
≥
∂T
∂T
.
(39)
The first criterion is based on the principle that
“for the same frequency, the rainfall depth of a
longer duration is higher than the rainfall depth of a
shorter duration,” which is also inherent in the rainfall phenomenon. The second criterion is a mathematical principle, in which the slopes of the DDF
curves (or quantile functions) of the durations d1 and
d2 must be satisfied for the first criterion to be realized.
These criteria, which apply to any parent frequency distribution, can also be expressed in terms
of the u Gumbel reduced variate instead of T [7]:

(32)
where u is the Gumbel reduced variate that cor-

F = 1− 1 / T

u = − ln[− ln (F )] = − ln[− ln (1 − 1 / T )].

[24].

(33)
The indirect (smoothed) L-moment estimates
of the GEV distribution parameters can be calculated
using the following equations for the d rainfall duration [11, 12, 22, 23]:
2
ln 2 2βˆ1 (d ) − βˆ0 (d ) ln 2
Cˆ (d ) =
−
=
−
3 + τ 3 (d ) ln 3 3βˆ2 (d ) − βˆ0 (d ) ln 3
(34)

kˆ(d ) = 7.859 ⋅ Cˆ (d ) + 2.9554 ⋅ Cˆ 2 (d )

(35)

kˆ(d ) ⋅ λˆ2 (d )
αˆ (d ) =
ˆ
1 − 2 −k ( d ) Γ 1 + kˆ( d )

(36)

[

][

{[

]

] }

αˆ (d )
ξˆ(d ) = λˆ1 (d ) +
Γ 1 + kˆ(d ) − 1
kˆ(d )

.

ˆ

values of the shape parameter ( k (d ) < 0 ), the GEV
distribution is the lower bounded extreme value type
II (EV2) distribution in the range of
ξ (d ) + α (d ) / k (d ) < X < +∞ . For the negative

ing function of the rainfall duration d for s 2 > s1 ≥ s 0
and a decreasing function of d for s 2 < s1 ≤ s 0 . The

responds to the probability of

ˆ

GEV distribution becomes the Gumbel (EV1) distribution
with
L-moment
ratios
of
τ 3 = 0.1699, τ 4 = 0.1504 [9, 20]. For the negative

(30)
The smoothed function of τˆ3 ( d ) is an increas-

(

are the

smoothed PWMs; λ1 (d ), λ2 (d ) , and λ3 (d ) are the
first three L-moments; and Γ[⋅] is the incomplete
gamma function [19].
If the shape parameter is k (d ) = 0 , then the

2a1 / 3 < a2 < (4a1 − a0 ) / 3 .

X (d , u ) = ξ (d ) +

βˆ 2

In these equations, βˆ0 , βˆ1 , and

Xˆ (d 2 , u ) > Xˆ (d1 , u )
∂Xˆ (d 2 , u ) ∂Xˆ (d1 , u )
≥
∂u
∂u
.

(40)

(41)
To satisfy the preceding criteria, the parameters

(37)
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ξˆ(d ) and αˆ ( d ) of the GEV distribution must increase with the duration of d and the parameter

kˆ(d ) must be constant or decreasing [7].
ξ (d 2 ) > ξ (d1 )

α (d 2 ) > α (d1 )

(42)

(44)
When the information on PWMs and L-moments is combined with the preceding criteria, the divergence criteria of the generalized DDF curves can
be written in terms of the smoothed L-moments and
descriptive statistics as follows:

λˆ1 (d 2 ) > λˆ1 (d1 )
λˆ (d ) > λˆ (d )
2

2

2
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or must remain constant.
The extreme rainfalls of long duration (d >1–2
h) measured in the Turkish stations do not generally
provide this criterion, although short-term ( d ≤ 1 –2 h)
extreme rainfalls do.
Furthermore, estimates made from generalizing
the DDF curves provide divergence criteria and reflect the physical facts of moderate magnitude. That
is, these estimates are in a reasonable range.
ˆ
If the shape parameter k (d ) in a generalized

(43)

k (d 2 ) ≤ k (d1 )



GEV-based DDF model approximates the critical
value (i.e., −1/3), then the DDF curves can yield
overestimated rainfalls for long rainfall durations
and for recurrence intervals, such as T > N.

(45)

1

APPLICATION AND RESULTS

(46)

τˆ3 (d 2 ) ≥ τˆ3 (d1 ) .

(47)
Maximum rainfall observations constantly provide the first two of these criteria. The third criterion
shows that the L-skewness of the process must increase monotonically or remain constant with the

This section uses the maximum rainfall obser-

vations with durations ranging from 1 ≤ d ≤ 24 h at
the meteorological stations of Izmir (N = 57 years),
Marmaris (N = 36 years), and Zonguldak (N = 57
years) as examples to construct the generalized DDF
curves and analyze the problems encountered in the
application.
ˆ
Table 1 provides the coefficients of the β r (d )

rainfall duration d. The exponential functions β r (d )
must not intersect to satisfy the divergence criterion
ˆ
of Eq. (47). The reason is that λ3 (d ) is the linear
ˆ

combination of the exponential functions of β r ( d ) .
That is, the sr coefficients must be of increasing character with the r-order of moments ( s0 ≤ s1 ≤ s2 ... ≤ sr )

ˆ

exponential functions adapted to the sample PWMs
and the determination coefficients. For the three stations, Figures 1, 2, 3, and 4 illustrate the br(d) sample
ˆ
PWMs and β r (d ) exponential functions adapted to

TABLE 1
ˆ
Coefficients of the β r (d ) exponential functions
Moment
Order
r
0
1
2
3

Izmir

Marmaris
2

ar

sr

R

23.946
14.846
11.181
9.144

0.3021
0.2818
0.2670
0.2554

0.9931
0.9950
0.9948
0.9938

Zonguldak
2

ar

sr

R

45.230
27.424
20.340
16.453

0.3528
0.3698
0.3808
0.3877

0.9980
0.9981
0.9948
0.9938

ar

sr

R2

33.601
20.915
15.625
12.637

0.3211
0.3221
0.3267
0.3317

0.9983
0.9979
0.9977
0.9973

FIGURE 1
ˆ
Sample PWMs and adapted β r (d ) exponential functions of the (a) Izmir,

(b) Marmaris, and (c) Zonguldak stations
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k(d) of the GEV distribution, and kˆ(d ) continuous
functions obtained based on the indirect τˆ3 (d ) functions, respectively.

these values, t(d) and t3(d) descriptive statistics calculated from the sample PWMs and τˆ(d ) and

τˆ3 (d ) continuous functions based on the smoothed
PWMs, sample estimates of the shape parameters

FIGURE 2

ˆ
Sample t(d) statistics and τ (d ) indirect functions of the (a) Izmir, (b) Marmaris, and (c) Zonguldak
stations

FIGURE 3

Sample t3(d) statistics and

τˆ3 (d ) indirect functions of the (a) Izmir, (b) Marmaris, and (c) Zonguldak
stations

FIGURE 4

ˆ
Sample k(d) statistics and k ( d ) indirect functions of the (a) Izmir, (b) Marmaris, and (c) Zonguldak
stations
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TABLE 2
Results of the equality hypothesis test of the sr coefficients (Critical f statistic at the significance
level of p = 0.05 is f 0.05 (3;32) = 2.9 )
3

3

∑S

s

Stations

∑ (s

2
er

r =0

Izmir
Marmaris
Zonguldak

0.2766
0.3728
0.3254

0.00198
0.00128
0.00102

r

r =0

122.10-5
70.10-5
7.10-5

− s )2

S II2

S I2

f = S II2 − S I2

0.00355
0.00202
0.00021

0.00050
0.00032
0.00026

7.17
6.33
0.81

Variation of the k(d) shape parameter with
rainfall duration. The Marmaris and Zonguldak stations have no theoretical situation in terms of the divergence constraints to be provided in the GEVbased DDF curves. The frequency distribution of extreme rainfall in both stations can be generalized using the EV2-type distribution model, in which the

Relationship between PWMs and rainfall
duration. For the three stations, strong exponential
relationships between the sample PWMs and rainfall
durations are significant and the determination coefficients (R2) of the log–linear regressions are nearly
the same for all the moment orders (r = 0, 1, 2, 3).
The ar coefficients of the exponential functions provide the criteria in Eqs. (29) and (30). The sr coefficients (or exponents) of the exponential functions decrease with the r moment order, that is, (1) regularly
in İzmir, (2) faster in Marmaris, and (3) slower in
Zonguldak. The tests of variance ratios indicate that
the hypothesis that the sr coefficients (slopes) are not

kˆ(d ) shape parameter uniformly decreases with
rainfall duration. By contrast, the shape parameter in
the Izmir station is increasing steadily in the range of

− 0.25 < kˆ(d ) < 0.091 . Consequently, maximum

~

1≤ d ≤ 8

h, d = 12 h, and

different from the mean value ( s = s ) is accepted
for the Zonguldak station and rejected in the İzmir
and Marmaris stations at the significance level of p
= 0.05 (see Table 2).

rainfall with durations of

Relationship between the L-moment statistics and rainfall duration. When the variation of the
L-coefficient of variation ( t (d ) and τˆ(d ) ) and

τˆ3 (d ) ) has a decreasing character with the rainfall

d ≥ 18 h should be presented with three types of
GEV distributions, such as EV2, EV1 (Gumbel), and
EV3, respectively.
If the L-coefficient of skewness ( t3 ( d ) or

duration,

then

the

divergence

criterion

k (d 2 ) ≥ k (d1 ) for the shape parameter is not pro-

skewness ( t 3 ( d ) and τˆ3 ( d ) ) is evaluated with rainfall duration, both statistics are decreasing in the Izmir station and increasing in the Marmaris station. In
the Zonguldak station, the L-coefficients of variation
remain nearly constant, whereas the L-coefficients of
skewness significantly increase with rainfall duration (see Figures 2, and 3). These findings show that
the distribution characteristics of extreme rainfall in
the Marmaris and Zonguldak stations are comparatively similar. By contrast, the distribution characteristics of extreme rainfall in the Izmir station are different from those in the two stations.
The L-coefficients of variation indicate that the
standard deviations of extreme rainfall in the Izmir
station are increasing more gradually than the means.
However, the standard deviations in the Marmaris
and Zonguldak stations increase more rapidly than

vided. In this case, the generalized DDF curves for
short durations, such as 1 h and 2 h; and long durations, such as 18 h and 24 h, can produce extreme
rainfall estimates that are inconsistent with observa-

~

tions. However, the constant acceptance ( k ) of the
shape parameter may be a solution.
GEV-based generalized DDF curves. The
GEV-based DDF curves for the three rainfall durations ( d1 = 1, d 2 = 6, and d 3 = 24 h) in the İzmir,
Marmaris, and Zonguldak stations are plotted based
on the Gringorten formula and are illustrated in Figures 4, 5, and 6, respectively, with extreme rainfall
observations. These curves are constructed using the
distribution parameters ( ξˆ(d ),αˆ (d ) , and kˆ( d ) ),
which are indirectly calculated from the exponential

the means. In the τ 3 ( d ) curves, the generalized
DDF curves for any three parameter probability distribution model will not be divergent in the Izmir station but divergent in the Marmaris and Zonguldak
stations. Accordingly, the geographical and meteorological factors that are responsible for this contradictory situation should be investigated.

ˆ

functions βˆ (d ) regardless of whether the divergence criteria are satisfied.
When these curves are evaluated based on the
stations, the distribution type changes and the DDF
curves for the Izmir station intersect with each other
(see Figure 4) in a recurrence interval of T * ≅ 1000
years ( u ≅ 6.9 ). The reason is the increase of the
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not satisfy the divergence criteria. However, these
curves can be used in practice because they provide
fairly reasonable estimates for the recurrence interval of T ≤ 100 years ( u ≤ 4.6 ).

kˆ(d ) values with the increase of d in the interval of
− 0.25 < kˆ(d ) < 0.091 . Therefore, the GEV-based
generalized DDF curves for the Izmir station does

140
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60

40

20

u

0
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6

8
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FIGURE 4
DDF curves in the Izmir station (for T = 2–1000 years)
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FIGURE 5
DDF curves in the Marmaris station (for T = 2‒1000 years)
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FIGURE 6
DDF curves in the Zonguldak station (for T = 2–1000 years)

Figure 6 illustrates the generalized DDF curves of
this solution with the dashed lines.

The GEV-based generalized DDF curves can
be used for theoretical estimation purposes (see Figure 5) because the divergence criteria are provided in
the Marmaris station. However, the estimates of extreme rainfalls with extended durations (d > 8 h) for
large return periods (T > 100 years) are unreasonably
high.
The generalized DDF curves obtained for the
Zonguldak station (see Figure 6), where the L-coef~
ficient of variation is nearly constant ( τ ≅ 0.248 ),
are similar to those in the Marmaris station. In the
Zonguldak station, the generalized DDF curves provide high estimates for the large values of the recurrence interval ( T ≥ 500 years) because the shape

CONCLUSIONS AND RECOMMENDATIONS
The variation of PWMs of extreme rainfall with
the duration d can be defined as nearly ideal with the
exponential functions when the range of the duration
( d1 ≤ d ≤ d m ) is selected appropriately. The studies
conducted in other geographical regions [6, 19, 25,
26] indicate that the statistical characteristics of
short-, medium-, and long-duration rainfalls can be
different. Although the distribution characteristics,
such as the variation and skewness of short-term
rainfall in Turkey increases with the rainfall duration
d, the characteristics of medium- and long-term rainfall can significantly decrease with the rainfall duration. Therefore, dividing the observations into two or
three appropriate ranges of durations (stepwise solutions) would be beneficial in generalizing DDF
curves.
In many stations in Turkey, the statistical characteristics and probability behaviors of the annual
maximum rainfall of duration d = 24 h are generally
inconsistent with the characteristics and behavior of
rainfall in short durations.
In general, the statistical and probabilistic behavior of extreme rainfall of the durations between

parameter kˆ( d ) approaches −1/3 for long rainfall
durations ( d ≥ 18 h). Although the L-coefficient of
variation is nearly constant in this case, the steady
increase of the L-coefficient of skewness with the
rainfall duration is due to the a2 and

s2

coeffi-

cients of the exponential function βˆ2 ( d ) , which is
adapted to the b2(d) values. Table 1 shows that the
equality (parallelism) hypothesis of the coefficients

s0 , s1 , s 2 , s3

in the Zonguldak station is accepted.

Therefore, an EV2-based generalized DDF curve
generated with constant parameters ( s = 0.3254 ) is
also a feasible solution for the Zonguldak station.
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2 ≤ d ≤ 12

[7] Haktanir, T. (2003) Divergence criteria in extreme rainfall series frequency analyses. Hydrological Sciences–Journal. 48(6), 917-937.
[8] Overeem, A., Buishand, A., Holleman, I. (2008)
Rainfall depth-duration-frequency curves and
their uncertainties. J. Hydrology. 348, 124– 134.
[9] Kite, G.W. (1977) Frequency and Risk Analysis
in Hydrology. Water Resources Publications.
Fort Collins, CO.
[10]Hosking, J.R.M. (1986) The Theory of Probability Weighted Moments. Research Report
RC12210, IBM Research Division, Yorktown
Heights, N.Y.
[11]Hosking, J.R.M. (1990) L-moments: analysis
and estimation of distributions using linear combinations of order statistics. J. Royal Stat. Soc.,
Series B. 52,105–124.
[12]Rao, A.R. and Hamed, H.H. (2000) Flood Frequency Analysis. CRC Press, USA.
[13]Greenwood, J.A. Landwehr, J.M. Matalas, N.C.
and Wallis, J.R. (1979) Probability-weighted
moments: definition and relation to parameters
of several distributions expressable in inverse
form. Water Resour. Res. 15, 1049–1054.
[14]Bayazit, M., Onoz, B., (2008) Flood and
Drought Hydrology. Nobel Publishing, Istanbul.
[15]Saf, B., Dikbas, F. and Yasar, M. (2007) Determination of regional frequency distributions of
floods in West Mediterranean River Basins in
Turkey. Fresen. Environ. Bull. 16(10),1300–
1308
[16]Anli, A.S. (2015) Regional and point precipitation estimation for 1975-2010 period over semiarid Central Anatolia Region of Turkey. Fresen.
Environ. Bull. 24(2a), 427-433
[17]Seckin, N., Yurtal, R., Haktanir, T. and Topaloglu, F. (2010) Regional flood frequency analysis of Ceyhan River Basin in Turkey using Lmoments method. Fresen. Environ. Bull. 19
(11a), 2616-2624.
[18]Haktanir, T., Cobaner, M. and Kisi, O. (2010)
Frequency analyses of annual extreme rainfall
series from 5 min to 24 h. Hydrol. Process. 24,
3574–3588.
[19]Nhat L.M., Tachikawa Y., Sayama T. and
Takara K. (2007) Regional rainfall intensity-duration-frequency relationships for ungauged
catchments based on scaling properties. Annuals
of Disas. Prev. Res. Inst., Kyoto Univ. 50, 33–
43.
[20]Hald, A. (1952) Statistical Theory with Engineering Applications, Wiley-Toppan.
[21]NERC (1975) Hydrological Studies, Flood
Studies Report Vol. I, Natural Environment Research Council, London, UK.
[22]Hosking, J.R.M., Wallis, J.R. and Wood, E.F.
(1985) Estimation of the generalized extremevalue distribution by the method of probabilityweighted moments. Technometrics. 27, 251–
261.

h is substantially compatible. In addition, the variability and skewness characteristics of
the different and even the same geographical regions
change in the opposite direction because of the rainfall duration. Possible physical, climatic, and measurement reasons are a matter of interest. Although
the conventional moments and PWMs of the maximum rainfall are uniformly increasing functions of
the rainfall duration, this regularity inadequately reflects the descriptive statistics, such as variability,
skewness, and sharpness. One of the main reasons
for this result is that the descriptive statistics are sensitive to the ar and sr parameters of the exponential
functions that are adapted to the sample statistical
moments. Minimal changes in these parameters can
cause significant changes in the descriptive statistics.
One of the major practical problems encountered is that the divergence criteria of the DDF quantile functions are often not achieved. Although the
divergence criteria are provided theoretically, the estimations made, particularly for long durations and
large recurrence intervals of the DDF curves, are unreasonably high. Therefore, the use of the two-parameter probability distributions instead of the threeparameter probability distribution models, which has
added parameters and is considerably flexible, are
often convenient. The selection of a simple scalingtype generalized DDF relationship with constant variation and skewness statistics would also be appropriate.
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IMPROVEMENT OF WATER USE PRODUCTIVITY
THROUGH THE SRFR MODEL IN BORDER STRIP
IRRIGATION OF WHEAT ACROSS HAMIDIYEH FARMS
(KHUZESTAN, IRAN)
Arash Tafteh*, Mohammad Reza Emdad
Department of Irrigation and Soil Physics, Soil and Water Research Institute, Agricultural Research Education and Extension Organization
(AREEO), Karaj, Iran

ABSTRACT

INTRODUCTION

Scarcity of water resources makes their management one of the most important challenges faced
in arid and semiarid regions. Water use management
and increased water use productivity are among the
most significant management options for conserving
water resources, especially in the agriculture sector.
This study focused on water use productivity of three
fields in Hamidiyeh in Khuzestan Province, Iran. Information on the existing irrigation situation was
collected and the SRFR model was then calibrated
during the first year of the study. Following that, the
model was used to simulate the design for the dimensions of the border strips, irrigation duration, and inflow rate, while selecting the most suitable options.
Since the root zone was 40 centimeters deep and the
net irrigation water was 50 millimeters deep, it was
found that the most appropriate inflow rate, irrigation duration and strip length and width for achieving the maximum water use efficiency of 50% were
18 l/s, 3-3.5 hours, and 180 and 10 meters, respectively. In the second year of the study, the findings
obtained from the model were applied in the farms
and the results were evaluated. It was observed that
the model suitably estimated water use efficiency in
border strip irrigation and could be used in this irrigation practice in farms. Moreover, management of
border strip irrigation by the model increased water
use productivity from 0.61 in the first year to 0.89 in
the second year. Therefore, this model was suggested to be used for increasing water use productivity and water use management in Khuzestan Province.

Since the agriculture sector is the major consumer of water in Iran, water use management in agriculture is a critical issue. There are two determining factors involved in water use management and
improved water use productivity: 1) fertilization and
yield increase, which impose great costs on the farmers who avoid using them, 2) improvement in water
use efficiency, which can be easily controlled in the
region. Extensive research has been conducted on
determining water use efficiency and water management, which will be referred to in this article. Surface
irrigation is one of the oldest irrigation practices
widely used in most regions of the world. Since
plants use only the water stored in the root zone, water that gets out of this zone through runoff or percolation is considered lost water. Water use efficiency
is defined as the ratio of water that infiltrates into the
root zone to the total depth of water entering the
farm. In this respect, Raine and McClymont [16] reported that the ability of the irrigation system to uniformly distribute and apply water was an economically important factor in conserving the water resources. Moreover, the suitable design and management of irrigation could ensure water. Also climate
warming increase water requirement and limited surface water resources [4]. Water shortage was reduced yield of plants, and plant sensitive is variable
in each period growth. Reducing yield reduces water
productivity, so management of water in sensitive
stage of plant growth is very important [21]. The
main problem with surface irrigation practices is
their low efficiency, mainly resulting from poor irrigation management [8]. However, if correct irrigation management is applied and temporal and spatial
changes are made in soil characteristics, we can expect to achieve high efficiency in surface irrigation
[5]. The irrigation researchers have developed various models to determine the effects of plot or strip
dimensions, and also of inflow rate and slope
changes, on water use efficiency and on other related
components. SIRMOD and SRFR are among the
common and recent practical models used to study
the effects of strip dimensions (strip length and

KEYWORDS:
Water use productivity, border strip irrigation, SRFR
model
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width), inflow rate, slope and other parameters related to water use efficiency in farms. This serves to
introduce suitable irrigation management practices
and upgrade water use efficiency [25, 1, 22]. Using
these models, extensive research has been conducted
on optimizing the dimensions in surface irrigation to
increase water use efficiency [26, 3, 10]. Kanoni et
al. [7] reported that water use efficiency in corn
fields ranged from a minimum of 12 to a maximum
of 70%, while water use efficiency in sugar beet
fields varied from about 30 to 80%. Mokari
Gahroodi et al. [11] used the SRFR 4.1.3 model to
simulate furrow irrigation noticing how it was able
to simulate volumetric water balance components
with good accuracy, yielding acceptable results for
short to relatively long furrows.
The maximum error in the model was about
six% for surface runoff and minimum three% for the
inflow volume. Moridnejad et al. [13] carried out a
study to increase water use efficiency in sugar cane
fields using the SRFR 4.1.3 model. They employed
10 different inflow rates into the furrows. The results
indicated that the inflow rate of approximately 1.5 l/s
was required for achieving use efficiency higher than
70%. Taghizadeh et al. [23] evaluated the SRFR
4.1.3 model based on zero inertia and kinematic
wave, using field information. The results revealed
that the model exhibited maximum variations in relation to inflow rate, irrigation duration, and infiltration equation parameters. In a study on optimization
of inflow rate and calibration of infiltration parameters, Valipour and Montazar [24] showed that the
SFRF 4.1.3 model was highly capable in optimizing
and simulating the actual conditions, and could be
used satisfactorily in simulating surface irrigation. In
2001, Montesionos et al. [12] used a genetic algorithm to optimize inflow rate and irrigation duration,
indicating that the two parameters were very important from the technical and economic points of
view. Chen et al. [2] used the SRFR 4.1.3 model to
optimize the dimensions of strips in border strip irrigation. They reported that soil water storage of about
49 millimeters exhibited the best performance and
irrigation duration of 120 minutes was required for
200-meter long strips in soils with semi heavy-textured soils. They proposed strips with length of less
than 120 meters and width of 3-5 meters, which improved water use efficiency by up to 26%. In their
research in 2014, Nie et al. [15] found that the SRFR
4.1.3 model performed a good simulation of field
data and could be used successfully for water management in surface irrigation. Studies on strip dimensions, inflow rate, and irrigation duration, and of
their effects on water use efficiency, play an important role in water use management. Irrigation
management is supposed to save water and also prevent agricultural soils from being washed away and
damaged. The low efficiency of surface irrigation often results from poor strip design and poor irrigation
management and planning. Multivariable analysis

has been recommended for surface irrigation management because it yields much better results [19-9].
Therefore, it is necessary to study the contributing
factors and recommend the most suitable scenario
for irrigation in order to raise water use efficiency
[27].
Review of previous research indicated that strip
length and width, inflow rate, and irrigation duration
were among the most important factors contributing
to water use efficiency [6-14]. Therefore, we studied
the effects of changing strip dimensions, irrigation
duration, and inflow rate on water use efficiency and
on water use productivity in wheat fields of Hamidiyeh (Khuzestan Province). Moreover, we suggested the most appropriate strip dimensions, inflow
rate, and irrigation duration for achieving higher water use productivity and water use efficiency.

MATERIALS AND METHODS
In 2014 and 2015, three experimental fields
were selected in Hamidiyeh (Ramseh) in Khuzestan
Province to study the current conditions concerning
water use efficiency. The three selected pilots were
located in the Karkheh Watershed 25 kilometers
west of Ahvaz with the longitude of 47˚41 ́ to 50˚39 ́
E and latitude of 29˚58 ́ to 33˚4 ́ N. Figure 1 displays
the map of the selected fields.

FIGURE 1
Map of the selected fields

Soil samples were taken from each pilot to
measure the physical properties of the soils. Table 1
lists the means of a few physical and chemical properties of the soils in the pilots. Field studies in the
region showed that surface irrigation using strips 8
meters wide and 200 meters long was the common
irrigation practice. The slope of the lands in the region was 2 meters per thousand meters. Given the
transverse slope of the region and the leveling that
had been carried out, the slope was not a limiting factor for plant growth. Land preparation was carried
out by plowing and disking.
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TABLE 1
Some soil properties in selected farms
Depth
cm

Soil
texture

0-25
25-45
45-60

Clay Loam
Clay Loam
Clay Loam

Volumetric Field
capacity
%
31.9
36.4
36.2

Volumetric Permanent
wilting point
%
19
23
22

pb
gr/cm3

KS
m/d

EC
ds/m

pH

1.48
1.53
1.53

0.045
0.045
0.045

4.5
5
5.4

7.2
7.5
7.7

The average final infiltration rate in the pilots was 4
mm/h, while the empirical parameters of the equation were determined to be 0.15 for a, and 14.04 for
k. The heavy texture of the soils and the high soil
bulk density (1.51 g/cm3) reduced soil infiltration
rate while decreasing cumulative infiltration. The
average changes in the rate of water advancement
through the soil in the studied pilots have been displayed in Figure 2.
The results indicated that the irrigation water
was of suitable quality with respect to salinity (its
average salinity was 1.9 dS/m) and, therefore, it was
not a limiting factor for plant growth. Information
related to irrigation management in the pilots included the number, the dates, and durations of irrigations. Water use efficiency was determined for
each of the three irrigations in every pilot. After studying and gaining a complete understanding of the pilots, the SRFR model was calibrated for the current
conditions. Then, the important design parameters
including strip length and width and inflow rates for
the strips in the region were the studied. At the next
stage, the most suitable, practical and applicable scenario was recommended with respect to strip length
and width, inflow rate, and irrigation duration
needed for increasing water use efficiency. The scenario was finally implemented in the second year and
the results were evaluated.
At the end of each crop year, the wheat in each
strip was harvested and the yield and volume of water used for each strip were used to determine water
use productivity through Equation 3:

(3)
 

FIGURE 2
Rate of water advancement in the studied
farms

The seeds were sown using a centrifugal broadcaster. The Chamran wheat cultivar was planted
from 6 to 11 November, 2014 and 2015. The root
zone at the end of seed formation stage (mid-March)
was about 40 centimeters deep [22]. Taking into consideration the root zone depth and physical properties of the soil in the region, the net water depth each
irrigation was determined using Equation 1:
 

(1)
  
In the above equation, d n is the net irrigation
need (mm), FC is the field capacity of each layer in
the soil (%), PWP is the permanent wilting point for
each layer (%), D is the depth of each layer (mm),
and index i is the layer number. The soil permeability in the three selected pilots was measured through
three replications (nine permeability measurements)
using double-ring. Considering the mean values of
the measurements made in the three pilots, the soil
permeability equation (the mean of the three selected
pilots) indicated that the average permeability equation follows Equation 2:
(2)
   
Where, Z represents the cumulative infiltration
(mm), t is the contact time between water and soil
(h), the empirical parameters of the equation are represented by a and k, and f0 stands for the final infiltration rate of the soil (mm/h). The infiltration conditions for the SRFR model can be acceptably defined using this equation. As recommended by
Strelkoff and Clemmens [20], the modified Kostiakov-Lewis method was employed for this purpose.



In the above equation, WP is water use productivity (kg/m3), Yd is wheat grain yield (kg), and Vg is
the volume of irrigation water flowing into the field
(m3).

RESULTS AND DISCUSSION
Considering the changes in inflow rate and irrigation depth, Table 2 displays the range of changes
in water use efficiency in the selected pilots. As
shown in this figure, water use efficiency in the selected pilots varied from 27 to 32% in the first year,
suggesting that most of the applied water discharged
from the root zone (40 cm deep) through percolation.
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Net depth
of water (mm)

Measured applied
Water efficiency
(%)

Simulated applied
Water efficiency
(%)

Error
(%)

Water
productivity
(Kg/m3)

Farm 3

Depth of
water (mm)

Farm 2

Flow
(l/s)

Farm 1

Replication

TABLE 2
The range of changes in water use efficiency in the selected pilots in first year.

1
2
3
1
2
3
1
2
3

19
17
20
18
17
19
18
19
19

161
185
172
156
160
188
180
165
160

50
50
50
50
50
50
50
50
50

31
27
29
32
31
26
28
30
31

28
25
26
30
28
24
25
27
28

6.9
7.4
10.3
6.2
9.6
7.6
10.7
10.0
9.6

0.60
0.56
0.58
0.71
0.68
0.57
0.59
0.63
0.66

TABLE 3
Applied water efficiency for the slope of 0.2%, strip width of 8 meters

Dimension

Net
depth
of
water

length
m

widths
m

dn
mm

150

8

50

180

8

50

200

8

50

220

8

50

250

8

50

Flow
l/s
15
Cutoff
time
h
2.5
3
3.5
2.5
3
3.5
3.5
4
4.5
4
4.5
5
5
5.5
6

Applied
Water efficiency
(%)
39
34
30
43
38
34
37
34
31
36
33
31
34
32
30

18
Cutoff
time
h
2
2.5
3
2.5
3
3.5
3
3.5
4
3.5
4
4.5
4.5
5
5.5

20

Applied
Water efficiency
(%)
39
34
30
38
33
30
35
32
29
34
31
29
31
29
27

Cutoff
time
h
2
2.5
3
2.5
3
3.5
3
3.5
4
3.5
4
4.5
4.5
5
5.5

Applied
Water efficiency
(%)
36
31
27
36
31
28
32
29
26
31
28
26
28
26
24

22
Cutoff
time
h
2
2.5
3
2.5
3
3.5
3
3.5
4
3.5
4
4.5
4.5
5
5.5

Applied
Water efficiency
(%)
34
29
25
33
28
25
30
27
24
29
26
24
26
24
22

long and 8-12 meters wide, inflow rates of 15-22 l/s,
and various irrigation durations were tested in the
SRFR4.1.3 model to determine the effects of
changes in these parameters on water use efficiency.
The multivariate analysis is recommended for managing surface irrigation and for determining water
use efficiency because its results will be far more desirable [9]. Table 3 lists the results obtained for the
slope of 0.2%. Moreover, strip width of 8 meters was
selected (which is the minimum width allowing
combines to enter the strip).

Calibration revealed that the model yielded a
suitable estimate of efficiency under the current conditions (with an error of 7-11%, 9% on average). It
could be used to simulate water use efficiency by
taking into account changes in strip dimensions and
inflow rate. The initial information including strip
dimensions, inflow rate into the strips, irrigation duration, slope, and information related to infiltration,
which are the most important parameters in surface
irrigation [6], was used to implement the SFRF 4.1.3
model for various conditions. These parameters
matched the existing conditions in the region and
could be used in the farms. Strips 150-250 meters
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TABLE 4
Applied water efficiency for the slope of 0.2%, strip width of 10 meters

Dimension

Flow
l/s

Net depth
of water

Cutoff
time
h

Applied
Water efficiency (%)

Applied
Water efficiency (%)

150

10

50

180

10

50

200

10

50

220

10

50

250

10

50

22
Cutoff
time
h
3
3.5
4
3
3.5
4
4
4.5
5
4.5
5
5.5
5.5
6
6.5

18

Applied
Water efficiency (%)

Applied
Water efficiency (%)

41
36
33
46
41
38
41
37
35
40
37
35
39
37
35

2.5
3
3.5
2.5
3
3.5
3.5
4
4.5
4
4.5
5
5
5.5
6

20
Cutoff
time
h
40
35
32
45
40
37
39
35
33
37
34
32
35
33
31

22

Applied
Water efficiency (%)

Applied
Water efficiency (%)

2.5
3
3.5
2.5
3
3.5
3.5
4
4.5
4
4.5
5
5
5.5
6

38
33
30
41
36
33
36
32
30
34
31
29
32
30
28

Cutoff
time
h
2.5
3
3.5
2.5
3
3.5
3.5
4
4.5
4
4.5
5
5
5.5
6

Applied
Water efficiency (%)
35
30
27
39
34
31
33
29
27
32
29
27
29
27
25

TABLE 5
Applied water efficiency for the slope of 0.2%, strip width of 10 meters

Dimension

Flow
l/s

Net depth
of water

Cutoff
time
h

Applied
Water efficiency (%)

Applied
Water efficiency (%)

150

12

50

180

12

50

200

12

50

220

12

50

250

12

50

22
Cutoff
time
h
3.5
4
4.5
4
4.5
5
5
5.5
6
5.5
6
6.5
6.5
7
7.5

18

Applied
Water efficiency (%)

Applied
Water efficiency (%)

42
38
35
44
40
37
41
38
36
41
39
37
41
39
37

3
3.5
4
3.5
4
4.5
4.5
5
5.5
5
5.5
6
6
6.5
7

The inflow rate into the strips was defined
within the 15-22 l/s range. The results indicated that
strip length of 180-200 meters exhibited higher use
efficiency than other ranges. Moreover, water use efficiency in strips 180 meters long (and 8 meters
wide) at inflow rate of 15-18 l/s, slope of 0.2%, and
mean irrigation duration of 3-3.5 hours varied from
34 to 38%. Furthermore, in strips 200 meters long
and the same width, the mean water use efficiency
was about 43% if inflow rate of 15-18 l/s was applied. Table 4 evaluates and compares various strip
lengths (150-250 meters) with constant width of 10
meters and inflow rate of 15-22 l/s (at slope of 0.2%
and net irrigation depth of 50 mm). The results of

20
Cutoff
time
h
40
36
32
42
38
35
38
35
33
37
35
33
37
35
33

22

Applied
Water efficiency (%)

Applied
Water efficiency (%)

3
3.5
4
3.5
4
4.5
4.5
5
5.5
5
5.5
6
6
6.5
7

37
33
29
38
34
31
34
31
29
35
33
31
33
31
29

Cutoff
time
h
3
3.5
4
3.5
4
4.5
4.5
5
5.5
5
5.5
6
6
6.5
7

Applied
Water efficiency (%)
35
31
27
36
32
29
32
29
27
31
29
27
31
29
27

implementing the SRFR 4.1.3 model showed that the
mean water use efficiency was about 43% at strip
length and width of 180 and 10 meters if inflow rates
of 15-18 l/s were applied, respectively.
Under these conditions, the most suitable water
use efficiency in the field (about 46%) was obtained
with strips 180 meters long and 10 meters wide at
inflow rate of 15-18 l/s and irrigation duration of
about 3-3.5 hours. It should be noted that if, under
the mentioned conditions, strip length of 200 meters
was used, the mean water use efficiency at inflow
rate of 15-18 l/s would be about 41%. In other words,
water use efficiency declined as strip length increased. Moreover, this paper explored various strip
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lengths of 150 to 250 meters at the constant strip
width of 8 meters and inflow rate of 15-22 l/s, slope
of 0.2%, and net irrigation depth of 50 mm (Table 5).
The results of implementing the SRFR 4.1.3
model indicated that water use rate in the field (44%)
was achieved at strip length and width of 180 and 12
meters, respectively, at inflow rate of 15-18 l/s. If
strip length increased to 200 meters (at strip width of
12 meters), the mean use efficiency at inflow rate of
15-18 l/s decreased to 41% as irrigation duration extended.
As can be seen, the average water use efficiency in strips 180 meters long and 8 meter wide at
inflow rate of 15-18 l/s, irrigation duration of 3.5-4
hours, and net irrigation depth of 70 mm was about
46% in the two studied slopes. These results were
consistent with those obtained by Raghuwanshi [17]
who adopted the SRFR 4.1.3 model, reporting a border strip irrigation efficiency of up to 50%. The results of the present research indicated that the highest use efficiency was obtained at strip length of 180
meters. This revealed the mean changes in use efficiency at that length and at three different strip
widths (Figure 3).
It was found that 10 meters was the best strip
width and inflow rate of 15-18 l/s did not lead to any
remarkable reduction in water use efficiency when

there were strips 10 and 12 meters long. However, at
strip width of 8 meters, the slope of decline in water
use was steeper than changes in inflow rate, and the
inflow rate of 15 l/s was recommended for this strip
width. Moreover, there were severe reductions in efficiency at all three strip widths and inflow rates
higher than 19 l/s. Therefore, inflow rate of higher
than 19 l/s into each strip was not recommended.
The results obtained from the three experimental fields during the first year were used in the
second year, based on recommendations of the SFRF
4.1.3 model, on strips 180 meters long and 10 meters
wide. All the measured parameters in the second
year were also studied (Table 6).
The results of evaluation indicated that the new
model was able to make good estimates of border
strip irrigation conditions with an error margin of 615%. The water use productivity improved from 0.6
to 0.9 kg/ha on average through applying the proposed management model (Table 7).
Since fertilization conditions were the same in
both years, the results of statistical analysis showed
that there were no significant differences between
the yields of the two years. Therefore, the only factor
increasing water use productivity, as was shown by
using the SRFR model, was the modification in strip
dimensions and inflow rate.




  



 
 









  



FIGURE 3
Changes in applied water use efficiency at three different strip widths
TABLE 6
The range of changes in water use efficiency in the selected pilots in second year.

Farm
1
Farm
2
Farm
3

Replication

Flow
(l/s)

1
2
3
1
2
3
1
2
3

18
20
22
18
20
22
18
20
22

Depth of
water
( mm)
110
115
120
114
142
152
108
125
132

Net depth
of water
(mm)
50
50
50
50
50
50
50
50
50

Measured applied
Water efficiency
(%)
45
43
41
44
35
33
46
40
38

7890

Simulated applied
Water efficiency
(%)
40
37
35
40
37
35
40
37
35

Error
(%)
0.11
0.14
0.15
0.09
0.06
0.06
0.13
0.08
0.08

Water
productivity
(Kg/m3)
0.97
0.81
0.97
1.01
0.8
0.75
0.98
0.89
0.83
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TABLE 7
Statistical analysis of seed yield of wheat in two years
Farm
1

2

3
Mean

First year yield
2900
2800
2900b
3000
3300
3250
3250a
3200
3200
3100
3150a
3150
3281A

Second year yield
3200
2830
3240a
3480
3440
3420
3420a
3400
3170
3342
3263a
3277
3100A

[5] Gatta, G., Giuliani, M.M., Monteleone, M.,
Nardella, E. and De Caro A. (2007) Deficit irrigation scheduling in processing tomato. Water
saving in Mediterranean agriculture and future
research needs. 1, 277-289.
[6] Gillies, M.H., Smith, R.J. and Raine, S.R.
(2008) Measurement and Management of Furrow Irrigation at the Field Scale. Irrigation Australia 2008-Share the Water, Share the Benefits:
Irrigation Australia National Conference and
Exhibition, Melbourne, Australia.
[7] Kanoni, A., Karimi, M., Esmaeli, V., and Taghinejad, J. (2005) Evaluation of furrow Irrigation
efficiency under different management in region
of Moghan. Final report of the Institute of Technical and Engineering Research. 53p. (In Persian with English Abstract).
[8] Khatri, K.L. and Smith, R.J. (2006) Real-time
prediction of soil infiltration characteristics for
management of furrow irrigation. Irrigation Science. 25(1), 33-43.
[9] Ma, J.J., Sun, X.H., Guo, X.H. and Li, Y.F.
(2010) Multi-objective Fuzzy Optimization
Model for Border Irrigation Technical Parameters. J. Drain. Irrig. Mach. Eng. 28(2), 160-178.
[10]Mailhol, J.C., Ruelle, P. and Popova, Z. (2005)
Simulation of furrow irrigation practices _SOFIP_: A field-scale modelling of water management and crop yield for furrow irrigation. Interfaces. 241, 37-48.
[11]Mokari Gahroodi, E., Liaghat, A.M. and
Nahvinia, M.J. (2013) Application of
WinSRFR3.1 Model in Furrow Irrigation Simulation. Iranian Journal of Irrigation and Drainage. 1(7), 59-67 (In Persian with English Abstract).
[12]Montesionos, P., Camacho, E. and Alvarez, S.
(2001) Seasonal furrow irrigation model with
genetic algorithms (OPTIMEC). Agriculture
Water Management. 52, 1–16.

CONCLUSIONS
Considering the excessive financial costs of using plant nutrient packages, the best way for farmers
to manage water in fields is to reduce the application
of plant nutrient in surface irrigation. The present research showed that reducing strip length from 200 to
180 meters the water use efficiency from 22 to 45%
(more than two-fold). Therefore, it is recommended
that strips 180 meters long and 10 meters wide, inflow rate of 15-18 l/s, and irrigation duration of 33.5 hours be used in border strip irrigation to improve water use efficiency to about 45%. Moreover,
the SRFR proved to be a highly desirable model for
managing water use in agricultural lands, capable of
simulating water management in the fields. As a significant achievement in farm water management,
water use productivity improved by 50% through applying water use management in surface irrigation.
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to their low photo toxicity and fast dissolution rate,
and their low toxicity effects in mammals. Organophosphates cause acetylcholine accumulation
through the inhibition of acetylcholinesterase in target tissues [1]. Thus, they cause irreversible acute or
chronic intoxication along with the damage on nerve
functions [2]. Insecticides with organophosphate are
absorbed through the respiratory tract and gastrointestinal mucosa. Insecticides are quickly absorbed
through the skin lipophilic character of organophosphate. They accumulate on fatty tissue, liver, kidney
and salivary glands after being absorbed dermally or
inhalation [3, 4].
Insecticides with OP are organically composed
of phosphoric or phosphoric acid linked ester or amides. Malathion is one of the most important components of this category. Malathion or O,O-dimethylS- (1,2-Dicarbethoxyethyl) phosphorothioate is often used to expel insects in fruits and vegetables [5,
6]. Compared to other insecticides with organophosphate as parathion or mevinphos, malathion has
lower toxicity in mammals. This largely depends on
the presence of enzymes that are capable of hydrolyzing the carboxyl group in order to obtain mono
and dicarboxylic acid analogs of malathion. Empirical research and occupational exposure proved that
malathion is slightly toxic. It exhibits the poisoning
symptoms that insecticide with organophosphate exhibit. Fatality occurs due to inhibition of cholinesterase, accumulation of acetylcholine, and deterioration
of the nervous system [7]. The malathion taken into
the body is transformed into maloxon with a metabolite, and when hydrolyzed other toxic analogs of
malathion, monocarboxylic and dicarboxylic acids
occur. Other hydrolysis products in the urine are dimethylthio phosphoric acid and dimethylthio phosphoric acid [8].
Propolis is a substance collected by the bees
from saps to cover the holes and cracks in the hive
and to provide hygiene via preventing the entrance
of foreign substances and microorganisms. Caffeic
acid phenethyl ester (CAPE) is the most important
active component of propolis. CAPE, structurally
similar to flavonoids, has two annular structures.
Two functional “–OH” groups of the molecule are in
one of these annular structures. Hydroxyl groups ex-

ABSTRACT
This study was designed to examine the potential oxidative stress of malathion, an insecticide with
organophosphate, on the brain and relevant effects of
CAPE. The control group was not subject to any administration. Sham group was administered a dissolvent, DMSO. MAL group was injected 0.8 g/kg malathion. CAPE group rats were administered 10
μM/kg CAPE dissolved in DMSO. CAPE + MAL
group was first administered 10 μM/kg CAPE dissolved in DMSO, and one hour later they were administered 0.8 g/kg malathion. MAL + CAPE group
rats were first administered 0.8 g/kg malathion, and
one hour later they were administered 10 μM/kg
CAPE dissolved in DMSO. MDA, NO, GSH, CAT
levels were measured in blood and brain tissue and
acetylcholinesterase and erythrocyte SOD and GPx
levels were measured in serum. The obtained results
indicated that malathion was a neurotoxic agent, produced lipid peroxidation in erythrocytes, hence did
not cause any damage other than lipid peroxidation
on the brain. In addition to lipid peroxidation, free
radical formation could be mentioned as well. It is
considered that CAPE has a supportive effect on the
antioxidant system against the damage caused by
malathion, and has a protective effect on neurotoxicity.

KEYWORDS:
Malathion, CAPE, Lipid peroxidation, Oxidant, Antioxidant

INTRODUCTION
Organic phosphate (OP) compounds are insecticides containing one or more phosphorus atoms in
their structure. The interaction of these compounds
occurs via digestion and respiration. Various poisoning cases occur due to the unconscious use. They are
used in controlling the effects of pests in agriculture
and in households. Although there exists accidental
poisoning due to exposure or inhalation, severe poisoning usually occurs due to suicidal intake. OP
compounds were used for many years with respect
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hibit oxidant and reductant characteristic due to actively exchanging electrons. They are also lipophilic
in nature, since they carry long carbon groups in aromatic and aliphatic structure. Thus the molecule
easily passes the cell membrane structure and
reaches the region of influence. When administered
intraperitoneally, CAPE reaches a sufficient blood
concentration. In 10 mmol/kg concentration, CAPE
blockades the xanthine-xanthine oxidase system and
the formation of reactive free oxygen radicals. This
situation is confirmed in various studies through the
significant decrease of malondialdehyde level
formed secondarily to the oxidation of the polyunsaturated fatty acids. CAPE was proven to repress
the protein tyrosine kinases, cyclooxygenase and
lipoxygenase activity and thus to inhibit lipid peroxidation [9, 10].
There are various studies that indicate the antimutagenic, antiviral, antifungal, antioxidative effects of propolis [11, 12]. In this study, CAPE is administered to rats that are exposed to organophosphate toxication. It was aimed to investigate the neuroprotective effects of CAPE on the oxidative stress
induced by malathion.

(MDA) measurement in erythrocyte sample for the
measurement of Jain et al.’s [13] method was used
and to determine the levels of MDA in brain tissue
samples Ohkawa et al.’s [14] method was applied.
These methods are founded on the reaction of thiobarbituric acid (TBA) with MDA. NO determination
in plasma samples and brain tissue homogenates was
conducted according to the method explained in Miranda et al. [15]. In this method, nitrate is converted
to nitrite via Vanadium (III) chloride (VCl3). The absorbance of the complex formed by the reaction of
nitrite and sulfanilamide with N-(1-Naphthyl) ethylene diamine dihydrochloride (NEDD) in acidic
media was measured. GPx (RANSEL) and SOD
(RANSOD) activities were determined using the
commercial kits (Randox Labs, Crumlin, United
Kingdom). GSH concentration in erythrocyte samples and brain tissue homogenates were measured by
the method defined by Beutler et al. [16]. Catalase
(CAT) is an enzyme, which is known to break H2O2
into water and oxygen. Measurement of the activity
of this enzyme was performed using H2O2 as a substrate [17].
Total protein concentrations in tissue homogenates were measured via the commercial kits (Fluka
51254) [18]. In all biochemical measurements,
ELISA (Biotek ELx800) was used.

MATERIALS AND METHODS

Statistical Analysis.Data obtained in the study
is presented as mean ± standard deviation. Data were
evaluated by one-way variance analysis (One Way
ANOVA) and Duncan Posttest. Statistical evaluations were performed using SPSS 15.0 software
package.

Animals and Experimental Design.42 male
Wistar Albino rats, which are 3 months old and
weigh 180-240 grams, are used. Animal experimentation ethics committee approval (date 14.06.2012
and reference number 180) was obtained for the
study. The study was conducted in accordance with
the Guide for the Care and Use of Laboratory. Ras
were distributed into 6 groups, each containing 7
rats, according to their weights. The control group
(Group 1) was not subject to any substance administration. Sham group (Group 2) rats were administered dimethyl sulfoxide (DMSO).MAL group
(Group 3) rats were intraperitoneally injected with a
dose of 0.8 g/kg malathion. CAPE group (Group 4)
rats were administered 10 μM/kg CAPE dissolved in
DMSO, via intraperitoneal injection. CAPE+MAL
group (Group 5) rats were administered 10 μM/kg
CAPE dissolved in DMSO via intraperitoneal injection an hour before the injection of 0.8 g/kg dose of
malathion. MAL+CAPE group (Group 6) rats were
administered 10 μM/kg CAPE dissolved in DMSO
via intraperitoneal injection an hour after the injection of 0.8 g/kg dose of malathion. 24 hours after the
administrations necessary blood and brain tissue
samples were taken from all animals due to the application of ketamine HCl 50 mg/kg/im (Alfamin,
Egevet, Istanbul, Turkey) ve xylazine HCl 7
mg/kg/im (Rampun, Bayer AG, Germany).

RESULTS
Oxidative Stress Markers and Acetylcholinesterase Activity in Blood and Sample Tissues.MDA concentrations in plasma and brain tissue
were measured in this study. According to Table 1,
plasma MDA concentration in malathion administered group was found to be statistically significant
(p<0.05) in comparison to sham and control groups.
MDA concentration values of MAL+CAPE group
and CAPE+MAL group was observed to statistically
significantly (p<0.05) increase in comparison to
sham group values. MDA concentration of solely
CAPE group significantly (p<0.05) decreased in
comparison to MALgroup. Significant (p<0.05) difference was observed in the MDA concentration values of the brain tissue MALgroup in comparison to
the sham and control group values. CAPE group’s
MDA concentration values were observed to have
significant (p<0.05) difference when compared to
the MAL group values. MDA concentrations of the
preventive and therapeutic groups exhibited a significant (p <0.05) increase in comparison to the MDA
concentrations of MAL group. MDA concentrations

Biochemical analysis in plasma, erythrocyte
and brain tissue.Blood samples were separated into
plasma and erythrocytes. For malondialdehyde
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group’s NO concentrations were found to be statistically significantly (p<0.05) different from all other
groups. NO concentrations of the control group were
also found to be statistically significantly (p<0.05)
different from all other groups. NO concentrations of
the MAL group were determined as statistically significantly (p<0.05) higher than the MAL+CAPE and
CAPE+MAL groups.
In Table 1, it is observed that malathion administered group’s acetylcholinesterase concentration is
statistically significantly (p<0.05) different than all
other groups. In the acetylcholinesterase concentration of the CAPE administered group statistically
significantly (p<0.05) difference was observed when
compared to the MAL and MAL+CAPE groups. The
control group’s acetylcholinesterase concentration
exhibited significant (p<0.05) difference in comparison to CAPE and CAPE+MAL groups.

of the preventive and therapeutic groups preventive
and therapeutic group of MDA concentration values
appeared to have a significant (p <0.05) increase
only in comparison to the MDA concentration values
for the CAPE group. A significant (p <0.05) decrease was observed in the concentration values of
the CAPE group when compared to the control group
MDA concentrations.
As the NO concentrations presented in Table 1
are scrutinized, it is possible to observe that plasma
NO concentrations of the MAL group are statistically significantly (p<0.05) different than the NO
concentrations of the CAPE+MAL group, determined as the preventative group. NO concentrations
of the Sham group are as well found to be statistically significantly (p<0.05) different than the NO
concentrations of the CAPE+MAL group, determined as the preventative group. Brain tissue CAPE

TABLE 1
Blood and Brain Tissue Oxidative Stress Markers and Acetylcholinesterase Activity
Control
Sham
MAL
CAPE
CAPE+ MAL MAL+CAPE
MDA(Erytrocyte)
a
a
d
b
31.29±0.7
29.83±0.95
48.38±1.79
35.86±1.98
35.52±0.99b
39.33±2.55c
nmol/gHb
MDA(Brain)
122.90±6.99a
96.38±8.46d
48.58±4.13b
73.49±8.98c
67.11±5.52c
71.78±6.19c
nmol/g protein
NO (Plasma)
110.88±9.73ab 115.64±5.32a 114.57±6.05a 108.36±2.27ab 103.89±8.53b 107.23±4.83ab
µmol/L (NO)ᵪ
NO (Brain)
326.98±5.71d 358.79±20.05a 353.91±8.02a 225.93±7.80b
250.37±8.1c
248.70±9.47c
µmol (NO)ᵪ/mg protein
Asetilkolinesteraz
171.69±21.16c 155.39±33.86bc 95.25±5.94a 135.16±25.52b 135.96±10.86b 178.20±19.20c
(Serum) IU/L

a, b, c, d, : Differences between the groups that are coded with different letters in the same line are significant
(p<0.05). MAL represents the group administered with malathion; CAPE represents the group solely administered
with caffeic acid phenethyl ester; CAPE+MAL represents the group administered 10 µM/kg CAPE, after one hour,
0.8 g/kg malathion was injected; MAL+CAPE represents the group administered 0.8 g/kg malathion, after an hour,
10 µM/kg CAPE was administered.
TABLE 2
Erytrocyte and Brain Tissue Antioxidant Enzyme Activities
Control
GSH (Erytrocyte)
nmol/gHb
GSH (Brain)
µmol/g protein
CAT (Erytrocyte)
k/g Hb
CAT (Brain)
k/g protein
SOD (Erytrocyte)
U/g Hb
GPx (Erytrocyte)
U/g Hb

5.28±0.24

Sham
b

6.49±0.63

MAL
c

6.27±0.41

CAPE
c

7.12±0.34

CAPE+MAL
a

6.73±0.23

ac

MAL+CAPE
6.60±0.36ac

731.76±18.65a

428.82±20.99b

737.28±33.43a

728.62±6.46a

433.91±7.01b

690.48±6.55c

2.95±0.10ae

2.12±0.05c

1.34±0.08b

3.01±0.07a

2.68±0.03d

2.86±0.05e

3.51±0.06b

2.28±0.07c

1.48±0.14d

2.10±0.07a

2.47±0.06e

2.07±0.09a

1007.17±84.51b

1046.52±236.49b

622.04±181.37a

1176.04±219.78b

1058.46±271.29b

921.19±65.10b

56.38±13.30b

61.67±16.12b

39.77±7.05a

54.50±3.02ab

96.86±16.58c

104.98±7.05c

a, b, c, d, e: Differences between the groups that are coded with different letters in the same line are significant
(p<0.05). MAL represents the group administered with malathion; CAPE represents the group solely administered
with caffeic acid phenethyl ester; CAPE+MAL represents the group administered 10 µM/kg CAPE, after one hour,
0.8 g/kg malathion was injected; MAL+CAPE represents the group administered 0.8 g/kg malathion, after an hour,
10 µM/kg CAPE was administered.
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Antioxidant Enzime Activities in Erythrocytes and Brain Tissue.GSH concentrations in
erythrocytes and brain tissue were measured in the
study. As seen in Table 2, in erythrocytes, GSH concentrations of the MAL group were significantly
(p<0.05) different than the GSH concentrations of
the CAPE and the control group. GSH concentrations of the preventive and therapeutic groups were
observed to have a significant (p<0.05) increase
when compared to the GSH concentrations of the
control group. In the brain, GSH concentrations of
the MAL group presented a significant (p<0.05) increase when compared to GSH concentrations of the
preventive and therapeutic groups. GSH concentrations of the CAPE group were observed to significantly (p<0.05) increase in comparison to the GSH
concentrations of the preventive and therapeutic
groups. MAL+CAPE administered group’s and
CAPE+MAL administered group’s GSH concentrations exhibited significant (p<0.05) difference when
compared to the malathion group.
CAT concentrations in erythrocyte and brain
were measured in the study. According to Table 2,
erythrocyte CAT concentrations of the MALgroup
were found to significantly (p<0.05) decrease in
comparison to the sham and control groups. CAPE
group’s CAT concentration values were found to be
significantly (p<0.05) increasing in comparison to
the sham and MAL groups’ values. CAT concentration of the CAPE group was observed to have a significant (p<0.05) difference when compared to the
CAT concentrations of the preventive and therapeutic groups. As the bran CAT concentration values are
scrutinized (Table 2), all groups’ CAT concentrations exhibit statistically significant (p<0.05) difference from each other, while the CAT concentrations
of the CAPE group exhibited no significant difference than the MAL+CAPE group.
Erythrocyte SOD concentrations are as well
measured in this study. As Table 2 is scrutinized, it
is observed that erythrocyte SOD concentrations of
the MAL group is statistically significantly (p<0.05)
different than all other groups. When erythrocyte
GPx concentrations are scrutinized, GPx concentration of the MAL group is found to be significantly
(p<0.05) different than all other groups, except the
GPx concentrations of the CAPE group. GPx concentrations of the control and sham groups were observed to have significant (p<0.05) difference when
compared to the CAPE+ MAL and MAL+CAPE
groups.

radical. It is known that, ROS formation causes oxidative stress, and this oxidative stress causes an imbalance between the free radical production and the
antioxidant activity, thus the situation results in cellular damage. ROS increase in the cell increases the
lipid peroxidation as well. The increase of ROS
could cause the deterioration of the antioxidant defense and the deficiency in repairing the oxidative
impairment leads to damage [19, 20].
Biomembranes and intracellular organelles are
susceptible to the attacks of oxidants due to the unsaturated fatty acids in membrane phospholipids.
Malondialdehyde (MDA), which is one of the most
important products of the lipid peroxidation, causes
the crosslinking of the compounds in the cell membrane and the adverse effects such as change of enzyme activity and ion permeability, via affecting the
ion exchange through the cell membranes. MDA occurs as the final product of the lipid peroxidation and
is an important indicator in oxidative damage. Pesticides were reported to increase the MDA level in tissues. Several in vivo and in vitro studies proved increase in MDA levels due to the administration of
chlorpyrifos and diazinon[21, 22]. In this study, in
erythtocytes, MDA levels in the MALgroup were
found to be higher than the control group levels and
it was concluded that lipid peroxidation occurred.
However, several studies reported that OP administration caused no change in MDA levels. In a
study conducted by Alp et al. [23], effects of CAPE
and ellagic acid against OP toxication were investigated and it was reported that no difference of MDA
levels in the kidney and lung tissues for the MAL
group were observed in comparison to the MDA levels of the control group. This study as well revealed
similar findings. MDA levels of the MAL is not
higher than the values of the control group.
Nitric oxide is a molecule, which has antioxidant and pro-oxidant properties. NO yields a reaction
with superoxide to form a more toxic oxidant, peroxynitrite (ONOO), through a radical termination reaction at a high and constant speed. It is difficult to
detect NO, since it is capable to transform into other
molecules in a short time. Nitrite and nitrate, which
are the stable oxidation end-products of NO, could
be traced in biological fluids and are results of in
vitro and in vivo production of NO [24]. In this
study, no change of plasma NO values were observed. Hence, the higher levels of NO in the brain
in MAL group in comparison to the control group is
an indication of the increase in free radical formation.
Organophosphate insecticides cause excessive
stimulation in the cholinergic synapse due to the inhibition of AChE and cholinesterase enzymes.
Measurement of serum cholinesterase is a commonly used marker. Organophosphates cause acetylcholine accumulation in tissues by irreversibly binding to the acetylcholinesterase enzyme in the central
and autonomic nervous system, neuromuscular end

DISCUSSION AND CONCLUSION
Pesticides are chemo-toxins, which are capable
of stimulating the formation of reactive oxygen species (ROS). Different types of pesticides were found
to increase the production of ROS species such as
hydrogen peroxide, superoxide anion and hydroxyl
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of the cells. ROS play a significant role in the formation of damage in the neurodegenerative processes. Some of the neural cells are more resistant to
oxidative stress. It is acknowledged that high GSH
content is a significant contribution to such resistance. Lipoproteins in the central nervous system
are extremely important in supporting several brain
functions. High PUFA content in the brain membranes, which has a considerably low defense, makes
this tissue especially important against oxidative
damage [31, 32]. In the present study, the GSH concentrations of neither the MAL group, nor the CAPE
group exhibited a difference when compared to the
control group. In the erythrocytes, the GSH concentrations of both the MAL group and the CAPE group
were found to be higher than the control group.
Consequently, as the acetyl cholinesterase levels demonstrate, malathion has neurotoxic effects.
Malathion also leads to lipid peroxidation in the
erythrocytes and does not cause any other damage in
the brain other than lipid peroxidation damage, similar to the findings of other studies. This suggests that
the damage occurring in the brain could be proteinbased. When the nitric oxide levels were scrutinized,
it was observed that malathion increased the free radical formation. Besides, it is possible to observe
CAPE’s lipid peroxidation reducing effects and inhibitory effects on the formation of free radicals.
Due to the high GSH, CAT, SOD and GPx levels in
brain and/or erythrocytes, it is possible to assert that
CAPE is an agent, which supports the antioxidant
system and protects the brain tissue against the malathion induced damage.

plate and erythrocytes. Due to the accumulation of
acetylcholine, increased cholinergic effects occur as
a result of the excessive stimulation of the muscarinic and nicotinic receptors. Through the neurotoxic
effect created in such a way, they cause acute or
chronic poisoning [25]. Various studies indicated
that organophosphate pesticide applications inhibit
acetyl cholinesterase. Similarly, present study indicates that acetylcholine esterase levels in the MAL
were lower that the control group. It is possible to
acknowledge the neurotoxic effects caused by CAPE
and the positive effects of CAPE when employed as
treatment.
The inactivation of the reactive oxygen species
and their removal from the environment are strongly
related to the anti-oxidative defense mechanism. Antioxidants prevent the lipid peroxidation and cell
damage via preventing peroxidation chain reactions
or consolidating the free radicals. Main antioxidants
are glutathione, superoxide dismutase, GPx, and
CAT [26]. SOD is an endogenic antioxidant enzyme,
which plays an important role against the damage
caused by the free oxygen radicals in our body. SOD
enzyme transforms the superoxide radical into the
less reactive hydrogen peroxide. As the superoxide
radical is not removed from the environment, it reacts with nitric oxide and transforms into a strong
oxidant agent, peroxynitrite. Consequently, SOD enzyme protects the cells against the superoxide radical
and peroxynitrite exposure [27, 28]. In this study it
was observed that SOD enzyme activity for MAL
group was lower than all other groups. It is possible
that the SOD enzyme could be used in erythrocytes,
since it is capable of transforming superoxide radicals that are increased due to the oxidative stress
caused by malathion into H2O2.
CAT and GPx, which are endogenic antioxidant enzymes, reduce the hydrogen peroxide in the
environment into water, rendering it into a harmless
substance. CAT and GPx enzyme activities in the
erythrocytes od the malathion administered group
could appear to be low, since they might be used to
reduce the hydrogen peroxide and the oxidative
stress caused by it. Use of CAPE as preventive and
curative in erythrocytes as well provides positive effects on the CAT and GPx enzyme activities. CAT
activity in the brain could be interpreted similar to
the phenomenon in the erythrocytes.
Glutathione (GSH) is a non-protein tripeptide
that has a variety of cellular functions such as
providing the detoxification of electrophilic xenobiotics and removal of ROS from the cells [29, 30].
The brain is an organ, which is particularly susceptible to oxidative damage. It has high levels of ROS
production, highly oxidative metabolism and includes intensive levels of PUFA in the cell membranes. GSH is prominent among several ROS removal agents. This system does not only serve as the
peroxide remover, but also regulates the redox state
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PERFORMANCE ANALYSIS OF A BETA TYPE STIRLING
ENGINE WITH REGENERATIVE DISPLACER
Yasar Onder Ozgoren*
Afyon Kocatepe University, Technology Faculty, Automotive Engineering Department Afyonkarahisar, Turkey

can be used with any kind of energy sources such as
solar energy, geothermal energy, radioisotope, waste
energy, etc. [5, 6].
Stirling engine is classified at two groups as
kinematic and free-piston. In free piston Stirling engines, the piston and the displacer are connected to
the engine block by means of springs. The cycle is
formed by the synchronization between the piston
and the displacer that is provided by the spring force
and the pressure force [7]. In kinematic Stirling engines the synchronization between the piston and the
displacer is provided with a drive mechanism such as
crank, rhombic, ross yoke, lever, etc. [7, 8].
Kinematic Stirling engines can be designed in
three different mechanical configurations: alpha,
beta and gamma. The alpha type Stirling engine consists of two pistons working in separated cylinders
placed with a phase angle of 90°. In the gamma type
Stirling engines, a power piston and a displacer are
worked at separated cylinders. Displacer provided
with reciprocating motion of the working fluid between the hot volume and the cold volume. In betatype engines, the displacer and the piston are coaxially located inside the same cylinder [9-11].
Stirling engines are consist of three volumes:
hot, cold and regenerator. The engine performance is
mostly depends on the properties of these volumes.
An increase in the difference of the hot volume temperature and the cold volume temperature increases
the engine performance. However, the temperature
difference between cold and hot volumes is limited
due to material properties. Dead volume is also another parameter on engine performance. Higher dead
volume causes a power loss in Stirling engines.
The regenerator is located between the hot and
the cold volumes. The working material transfers its
thermal energy to the regenerator while it moves
from the hot volume to the cold volume. While it
moves from the cold volume to the hot volume, it regains the thermal energy that it has left in the previous process. The heat recovery are obtained owing to
the heat exchange of the working material inside the
regenerator. Surface and geometric characteristics of
the regenerator region affect the regeneration process in Stirling engines [2].
Kongtragool and Wongwises were developed
in an isothermal model for investigation in the effects

ABSTRACT
In this study, a beta-type Stirling engine was
manufactured and tested. Two displacer configurations were used and compared. As a novel approach
in the first configuration, regenerator material was
placed inside the displacer to increase the engine performance by minimizing heat, pressure, and dead
volume losses. In the second configuration, non-regenerative displacer was used. The engine performance was determined by using of displacers of regenerative and non-regenerative. A thin copper wire
mesh was used as regenerator material. The engine
performance experiments were conducted at 573 ±5
K hot end temperature and 300 ±5 K cold end temperature. Tests were performed within the range of
1-5 bar charge pressure with helium as the working
fluid. The maximum engine torque and maximum
engine power were obtained at 5 bar charge pressure
with regenerative displacer. Maximum engine torque
and maximum engine power were measured as 1.92
Nm at 626 rpm and 142.53 W at 810 rpm, respectively.

KEYWORDS:
Stirling engine, regenerative displacer, low temperature
difference, beta type, regeneration

INTRODUCTION
Energy is an important requirement for both developed and developing countries. The renewable
energy sources have become important due to decreasing fossil energy reserves, increasing of energy
demands and negative effects on the ecological life
of fossil energy sources. Renewable energy sources
consist of solar, wind, geothermal, biomass, solid
waste, and tidal energy [1].
A Stirling engine is a machine operating in
closed regenerative thermodynamic cycles, which
are based on compression and expansion of the
working fluids at different temperature levels [2, 3].
The ideal Stirling cycle consists of two isochoric and
two isothermal thermodynamic process [4]. Stirling
engines operated with external combustion principle
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FIGURE 1
The test engine

photograph and a transparent solid drawing of the
test engine are shown in Figure 1.
The regenerator is placed inside the displacer of
the beta-type Stirling engine. Displacer consists of
two parts, which are the upper and the lower parts.
The end of upper part of the displacer was built in
the form of a dome to facilitate the flow of working
fluid. The upper and the lower parts of the displacer
are connected to each other with a screw. The displacers of the engine were manufactured in two configurations of non-regenerative and regenerative.
The flow of the working fluid between the cold and
the hot volumes in the non-regenerative displacer is
provided by the space between the displacer and its
cylinder. The lower part of the regenerative displacer
compose of the regenerator volume. A teflon ring is
placed on the displacer piston to provide the working
fluid passes through the regenerator volume. A 0.35
mm thick thin copper wire was placed in the regenerator volume with a fill factor of 20%. The regenerative and non-regenerative displacers are given in
Figure 2.

on engine performance of the regenerator effectiveness and dead volumes. In this analysis, it was obtained that the engine efficiency increases with increasing dead volume and decreasing regenerator effectiveness [12]. Timoumi et al. was developed a numerical simulation model taking into account the
thermal losses in order to increase engine performance and analyze their operations. The experimental data obtained from the General Motor GPU3 Stirling engine compared to a numerical simulation
model. The analysis results and experimental results
were very close to each other [13]. A thermodynamic
model based on isothermal analysis developed by
Puech and Tishkova to determine the net cyclic work
and the heat stored in the regenerator at an engine
cycle. An analytical formula was also proposed to
determine the effects of dead volume and imperfect
regeneration [14]. Eid investigated the effects of
stainless steel regenerator materials having various
mesh sizes on the surface of the displacer on the engine performance using a model which bases on the
Schmitt analysis. It was determined that the engine
power and engine efficiency increased by using regenerative displacer with respect to the GPU-3 engine [15].
In this study, a beta type crank drive Stirling engine with a regenerative displacer was designed and
manufactured. Copper wire regenerator material was
used in the regenerator. Helium was used as a working fluid. Engine performance experiments were performed by using regenerative and non-regenerative
displacers. Engine torque and power of the regenerative and non-regenerative engine were compared at
different charge pressures.

TEST ENGINE
AND EXPERIMENTAL SETUP
Test engine. The manufactured beta-type Stirling engine consists of an engine block, a crankshaft,
a power piston, a power cylinder, a displacer, a displacer cylinder, a water jacket, and a flywheel. A

FIGURE 2
Regenerative and non-regenerative displacers
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FIGURE 3
The experimental setup
TABLE 1
Technical specifications of the test engine
Engine
Engine type
Compression ratio (ε)
Power piston swept volume (V2)
Displacer swept volume (V1)
Swept volume ratio (K= V2/ V1)
Regenerator
Regenerator material
Wire diameter
Wrapping number (10 mm x 10mm)
Regenerator fullness ratio

Beta
1.583
270.54 cc
277.59 cc
0.97

Power piston diameter
Displacer diameter
Power piston stroke
Displacer stroke
Total dead volume

94 mm
94 mm
40 mm
40 mm
171.91 cc

Copper wire mesh
0.35 mm
12
20 %

Experimental setup. The experimental setup
consists of the test engine, a prony-type dynamometer, a pressure sensor, a load cell, an infrared thermometer, an encoder and the associated software. A
schematic illustration of the experimental setup are
shown in Figure 3.
The Prony-type dynamometer is consisted of a
shaft with a braking disk on top, a hydraulic braking
system that provide loading by compressing the
brake disk, an ESIT BB20 branded load cell, and a
torque lever that transmits the braking force to the
load cell. The accuracy of the Prony type dynamometer is 0.003 Nm. A Lika branded encoder with 5000
pulses was used to measure the engine speed. The
data coming from the load cell, encoder and pressure
sensor was simultaneously transferred in the computer with the interface program. The surface temperatures measured by a DT-8863 branded infrared
thermometer with ±1 °C accuracy and −50 to 800 °C
measurement range.
The test engine is run at the different working
conditions before engine performance experiments.
After solving mechanical and thermal problems,

tests are performed at various engine speeds and different charge pressures. Helium is used as the working fluid and the charge pressure is applied in the engine block. The charge pressure was measured with
a digital manometer between 0-10 bar at ±0.01 accuracy. Charge pressures were changed between 1.0
bar and 5.0 bar with 1 bar intervals. The tests were
carried out at 573 ±5 K hot end and 300 ±5 K cold
end temperatures. The heat energy was provided to
the engine using an LPG fueled heater. Technical
specifications of the engine are given in Table 1.

RESULTS AND DISCUSSION
In the Figure 4, the variations of the engine
power and engine torque depending on the engine
speed for non-regenerative and regenerative displacers are given for 3, 4 and 5 bar charge pressure. The
maximum engine torques with the non-regenerative
and regenerative displacers were obtained as 1.01
Nm and 1.92 Nm, respectively. While engine torque
was higher at low engine speeds, it decreased with
increasing of the engine speed due to insufficient
7902
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heat transfer, mechanical and viscous frictions, flow
losses, pressure losses etc. The maximum engine
power with the non-regenerative and regenerative
displacers were obtained as 42.9 W and 142.53 W,
respectively. Engine power depends on engine speed

and engine torque. Engine power increases to a certain level with increasing engine speed and then decreases again. Because of inadequate the heat transfer rate and increasing of the friction losses, a decline
in engine power is observed after a certain engine
speed.

FIGURE 4
The variations of the engine power and engine torque depending on the engine speed for
non-regenerative and regenerative displacers

FIGURE 5
The variations of maximum engine power and engine torque depending on the charge pressure
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The variations of the maximum engine power
and maximum engine torque depending on the
charge pressure for non-regenerative and regenerative displacers are shown in Figure 5. While the maximum engine power and engine torque with non-regenerative displacer were obtained at 3 bar charge
pressure, they were obtained at 5 bar charge pressure
with regenerative displacer. When the results of regenerative and non-regenerative displacers at 3 bar
charging pressure were compared, it was found that
the maximum engine power and engine torque with
regenerative displacer increased by 150% and 52%,
respectively. Heat-exchange between regenerator
and working fluid result in the increasing of the incylinder pressure and working fluid mass. Thereby,
the engine power was prominently increased in despite of increasing of the dead volume. The heat recovery was increased with the use of regenerative
displacer and higher torque values were obtained at
low and high speeds of the engine. In addition, it was
observed that the range of the engine torque and engine power depending on the charge pressure was increased.

CONCLUSIONS
In this study, a beta-type Stirling engine was
tested with non-regenerative and regenerative displacers at different charge pressures. Tests were performed at 573 ±5 K hot end temperature and 300 ±5
K cold end temperature. The best engine performance with non-regenerative and regenerative displacers were obtained at 3 bar and 5 bar charge pressure, respectively. The maximum engine power and
torque was measured as 142.53 W at 810 rpm and 92
Nm at 626 rpm respectively with regenerative displacer. The maximum engine torque and engine
power values were obtained 1.5 and 2.5 times higher
than non-regenerative displacer. In despite of increasing of the dead volume, the engine performance
increased with use of the regenerative displacer.
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[3, 4]. However, the optimization of operational parameters has heavily relied on the correlation between pollutant emissions and operational parameters [5, 6]. Therefore, precise and rapid prediction
models of pollutant emissions are required for reducing pollutant emissions by combustion optimization
technology [7].
However, the combustion process of a coalfired boiler in power plants is a multi-variables
strong coupling nonlinear system, and it’s very difficult to establish an accurate mathematical model by
Mechanism modeling methods. Because there are
abundant real-time operational information easily
collected from supervisory information systems (SIS)
in power plants. Therefore, many researchers have
been committed to modeling pollutant emissions
from coal-fired boilers by machine learning methods,
which could achieve very good performance in predicting pollutant emissions. Zhang, et al. adopted a
generalized regression neural network to establish
the model between the NOx emissions and operational parameters, which could achieve very good
prediction performance because its R-square
achieves 0.9267 [8]. Zhou, et al. built an efficient
NOx emissions model of a coal-fired utility boiler
using optimized support vector regression(SVR) by
ant colony optimization(ACO), whose correlation
coefficient(R) achieve 0.9360 [9]. Li, et al. employed teaching-learning-based optimization (TLBO)
method to adjust the hyper-parameters of least
squares support vector machine (LS-SVM) to build
an effective NOx emission model of a 330MW coalfired boiler[10]. However, the above two models
needs a long time to optimize the parameters of SVR
or LS-SVM. R.C. Booth and W.B. Roland apply an
online real-time neural network to several commercially operating coal-fired boilers, and reduce NOx
emissions up to 60% and unburned carbon in ash 30%
and meanwhile improve heat rate up to 2% overall
[11]. Madhavan, et al. adopts a general regression
neural network to predict NOx emissions based on
10 dominant features, and obtains a better performance [12]. Elshafei, et al. investigates a multi-stepahead prediction of NOx emissions from simple linear to state-of-the-art nonlinear approaches for a
coal-fired boiler [13]. In addition, there are many
published research studies to predict pollutant emissions [14-18].

ABSTRACT
With the rapid development of economy in
these years, the condition has become more and more
severe that human being have polluted environment.
In order to implement and reduce pollutant emissions for a power plant, an accurate model is required.
This study proposed an improved Extreme Learning
Machine (ELM) called Bidirectional learning machine (BLM) to establish precise and rapid models
of pollutant emissions involving NOx emissions and
Dust content in flue gas for a 300MW Circulating
fluidized bed boiler (CFBB). Experimental results
show, compared with two recently published stateof-the-art algorithms Extreme Learning Machine
(ELM) and Least Square Fast Learning Network
(LSFLN), BLM with less running time could achieve
better generalization performance and more highly
repeatability and reproducibility for predicting pollutant emissions.
KEYWORDS:
Circulating fluidized bed boiler (CFBB), NOx emissions,
Dust content in flue gas, Extreme Learning Machine

INTRODUCTION
With the development of the economy, environmental pollution becomes more and more serious
and attracts more and more people’s attentions. As
one of the main source of pollutant emissions, coalfired boilers in power plants has attracted many attentions. In order to protect our living environment,
pollutant emissions involving NOx, SO2, Dust content in flue gas, et al, allowed from coal-fired boilers
are strictly limited in more and more countries. In
China, a very stringent pollutant emission standard
was addressed to thermal power plants by Ministry
of Environmental Protection on July 1, 2014. Take
NOx emissions for example, the maximum NOx
emissions is limited to 100mg/Nm3.
For power plants, combustion optimization
technology is an effective and economic method to
reduce pollutant emissions from coal-fired boilers [1,
2]. The reduction of pollutant emissions such as NOx
and Dust content in flue gas could be achieved by
optimizing the operational parameters, such as Primary air, Secondary air, and Coal feed quantity, et al.
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For this study, to establish the correlation between NOx emissions, Dust content in flue gas and
operational parameters, a large amount of real-time
data is collected from the supervisory information
systems of a 300 MW Circulating fluidized bed
boiler in a power plant. In the present paper, bidirectional learning machine (BLM) which could be
thought of an improved Extreme learning machine is
presented to set up the prediction models of NOx
emissions and Dust content in flue gas based on the
collected operational parameters. A model comparison study including extreme learning machine
(ELM)[19] and least square fast learning network
(LSFLN)[20] modelling approaches is presented.
Results of the model comparison study reveal that
for the analyzed Circulating fluidized bed boiler, the
model based on BLM could better predict NOx emissions and Dust content in flue gas than the other two
methods.
The rest of this study is organized as follows: a
simply review of Extreme Learning Machine is
given in Section 2. Bidirectional Learning Machine
is proposed in Section 3. Modeling pollutant emissions and experimental comparison is given in Section 4. Finally, Section 5 summarizes the conclusions of this paper.

; is the input weight connecting the ( A: hidden
neuron and all input neurons.
Then the output of the ELM could be calculated
as follows:

FUNDAMENT OF ELM

An improved Extreme Learning Machine is
proposed in this section. Because the input
weights(containing hidden biases) and output
weights are analytically determined from two directions, we called the improved Extreme Learning Machine as Bidirectional Learning Machine, which is a
single layer feedforward neural network. The BLM’s
structure is given in Fig.1. The learning process of
the BLM is described in detail as follows.

G

 E  G  / E ! 
G ! 3

' #1 D 1 -1

' #? D ? -1





' #1 D 1 -7

' #? D ? -7

B

H I
HI

where  3 is the Moore-Penrose generalized inverse of.
The training process of ELM is given as follows:
1: Randomly generated the input weights / and
hidden biases#;
2: Calculate hidden layer output matrix by
Eq.(1);
3: Analytically determine output weight matrix
/ by Eq.(4)
Then the final output of ELM could be calculate by Eq.(2).

BIDIRECTIONAL LEARNING MACHINE

Extreme learning machine (ELM) is a single
hidden layer forward neural network, which overcomes disadvantages of traditional artificial neural
networks, such as lower learning speed, time consuming for training process, and local optimum, et al.
Due to the outstanding performance, ELM has been
applied varies of areas, such as handwritten digit
classification[21,22], fault diagnosis[23,24], and
electroencephalograph (EEG)[25], et al. In addition,
in order to further improve the performance of ELM,
many researchers have developed many ELM variants such as regularized extreme learning machine
(RELM)[26], Optimally Pruned Extreme Learning
Machine(OP-ELM)[27], evolutionary extreme
learning machine (E-ELM) [28], online sequential
extreme learning machine (OS-ELM)[29], and so on.
The core work of ELM analytically determines
the output weights by least square method. We
simply review the learning process of ELM, whose
structure is the same as Figure 1.
 ! , in
Suppose  distinct samples
which-; G -;1  -;2    -;@  8   @ is the n-dimensional feather vector of the ( A: sample, and .; G
.;1  .;2    .;>  8   > is the corresponding l-dimension output vector. Then the output of hidden
layer could be calculated by the follows formula:
 G

H I

where is the output weights connecting output neurons and hidden neurons
According to least square method, the output
weight matrix could be estimated analytically:

FIGURE 1
Structure of the Bidirectional Learning machine
Approximation problem. Suppose, there
 ! , in which -; G
are  distinct samples
-;1  -;2    -;@  8   @ is the n-dimensional feather
vector of the ( A: sample, and.; G .;1  .;2    .;>  8 
 > is the corresponding l-dimension output vector. In
BLM, there are + hidden neurons.  is a +F,
weight matrix which consists of the weight values of
the connection between input neurons and hidden
nerons, # G #1  #2    #? is the hidden bias vector,

H I

where '  is the activation function of hidden
neurons, #; is the bias of ( A: hidden neuron and the
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β is a *F+ matrix which consists of the weight values of the connection between hidden neurons and
output neurons, and the vector $ G $1  $2    $> 8 is
the biases of output neurons. '  and &  are the activation functions of hidden neurons and output neurons respectively.
Then the BLM’s mathematical model could be
described as:
?

=51
?

=; -<;

/2= ' #= D
=51



?

.<> G & $> D

 ) G     HI

;51
@

/>= ' #= D

=; -<;
;51
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where />= is the weight value connecting the lth
output neuron and the kth hidden neuron, =; is the
weight value connecting the kth hidden neuron and
the ith input neuron
The Eq.(5) could be transformed into the following form:
?
=51 /=
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For an invertible activation function '  , the
Eq.(12) could be rewritten as:
 G '41  G '41 / 3 & 41 ! E $ 
H I
where '41  is the invertible function of'  .
Then the Minimum Norm Least-Squares Solution of Eq(13) could be written as:
 E '41 
  E '
9

41

G  E '41 / 3 & 41 ! E $
/

3
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41

! E $
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Training process of BLM. The training process of BLM is as described as Algorithm 1.
Algorithm 1. BLM
8

Input:  samples
; G -;1  -;2    -;@ 
@
8
>
 , !; G .;1  .;2    .;>     ( G       and
+ hidden neurons.
1: Randomly generated the output weight matrix / and output biases $;
2: Analytically calculate hidden layer output
matrix by Eq.(12);
3: Analytically calculate the input weight 
and hidden biases# by Eq.(13) and Eq.(9);
4: Recalculate the hidden output by Eq.(8);
5: Analytically determine output weight matrix
/ and output biases $ by Eq.(18) and Eq.(19);
Output: The final output of BLM could be calculate by Eq.(7).

I

According to the Moore-Penrose (M-P) Generalized Inverse, the Minimum Norm Least-Squares
Solution of the linear system could be written as:

 G / 3 & 41 ! E $ G ' 


E & 41 !


G  0

/ G 0  *  +

$ G 0 * D  +

G / E & 41 ! D $ G  / E

! D $

E! 

where  G  8 
Then the output weight and output biases could
be calculated by the following formula:

Suppose, the output weight / and the bias $are
known, then the hidden layer output matrix could
be obtained by:
/ E & 41 ! E $

C


E & 41 !


0 G & 41 !

Determination of input weight and hidden
biases. For an invertible activation function&  , the
Eq.(7) could be rewritten as





E ! G  & 0

According to the Moore-Penrose Generalized
Inverse, the Minimum Norm Least Squares Solution
of the linear system could be written as:

 -7
HI


where/= is the weight vector connecting the all
output neurons and the kth hidden neuron, = is the
weight vector connecting the kth hidden neuron and
all input neuron,  is called hidden output matrix,
and  G     1F7 .

/ G & 41 ! E $




where 0 G / $ .
For an invertible activation function &  , the
combination matrix 0 could be analytically determined by Eq.(17)

HI

-2

H I

Determination of output weight and output
biases. After determining the input weights and biases, the BLM could be thought of a linear system,
and the output weights/ and output biases$ could
be analytically determined by the following form:

HI

' #1 D 1 -7

' #? D ? -7
#1 D 1 -7

#? D ? -7

3

However, the output weight / and the bias
$are unknown at the beginning of learning process.
So we can randomly assign values for the output
weight / and the bias $ under two conditions. The
two conditions are given as follows: (1) the range of
random assigned values is between 0 and 1; (2) the
rank of / is the value of the+(,J+ ,K. When there
are negative values before the computation of the invertible function & 41  and'41  , their absolute
values would be taken the place of these negative
values in order to keep the presence of invertible
computation. This cannot effect the performance of
BLM because we will recalculate the output weight
/ and the bias $ in the following section, which
would take place of the randomly assigned / and $.

;51
@

.<2 G & $2 D
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Then the Eq.(14)could become as
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Brief description of Circulating fluidized
bed boiler (CFBB). In CFBB, the fuels in the coal
yard would be translated into the coal powder storehouse by grab machines and belt conveyors, and be
crushed into fine particles of nearly uniform size by
coal-breakers. Then the fine particles would be put
into the furnace together with lots of desulfurizers
(Calcium carbonate). In order to full complete the
desulfurization reactor, the furnace temperature
should keep in around 850. A lot of flue gas would
be generated and flied into the cyclone separator
from the furnace outlet. Many fine particles would
be divided from flue gas by the cyclone separator and
resent into the furnace by an external heat exchanger,
and the flue gas would pass many equipment containing the flue gas duct, super-heaters, economizers,
air preheaters and the dust catcher, et al, and finally
discharge into the atmosphere.

limits of the field equipment & structure and sampling techniques, 2880 samples with 120 attribute
parameters are collected, which contains Load
(MW); Coal feed quantity (t, A,B,C,D and Average);
Primary air (volumes(KNm3/h, one left and two
right), pressure setting value (Pa), fan current (AMP,
A, B), fan inlet temperature (, A, B)); Boiler feed
water flow(t/h, A, B, C, D); oxygen concentration in
the flue gas (%) and its bias (%); NOx emissions
(mg/Nm3) ; Dust content in flue gas (mg/Nm3), et al.
During the sample period, these samples are collected under the same kind of coal, so the impact of
the coal properties was neglected.
Here the focus is to set up correlations between
the operational parameters and NOx emissions, as
well as Dust content in flue gas by BLM. The 118
operational parameters are taken as the input parameters for BLM, and the other two pollutant emission
parameters (NOx emissions and Dust content in flue
gas) as output parameters.

FIGURE 2
Composition of a Circulating fluidized bed
boiler: 1 Fuels, 2 Fuel bunker, 3 Coal-breaker, 4
Limestone bin, 5 Water-cooled wall, 6 Air-distributor, 7 Segregator, 8 Flue gas duct, 9 External heat exchanger, 10 Dust Catcher, 11 Steam
turbine-generating unit, 12 Exhaust chimney, 13
Inlet of secondary air, 14 Sullage pipe,15 Economizers, 16 Super-heaters, 17 Binduced-draft fan

FIGURE 3
Performance varies with number of hidden
neurons for NOx emissions

MODELING POLLUTANT EMISSIONS

The mainly contribution of the flue gas is to
preheat the water in pump, and the preheated water
would be sent into the water-cooled wall to further
heat the water. Once achieving a certain temperature,
the heated water would translated into steam which
would fly to the steam turbine and make the turbine
rotor rotate in order to make thermal energy translate
into mechanical energy and then translate into electrical energy. The steam would be cooled down and
translate into water which would resend into the water-cooled wall by the external heat exchanger in
turn. The system of a Circulating fluidized bed boiler
is given in Figure 2.

Results and Comparation. All evaluations are
carried out by means of the Matlab2016b computational environment running on a computer with windows 10(64 bit), 3.16 GHz CPU and 4GB RAM.
In this paper, in order to evaluate the performance of the models built by BLM, the NOx emissions and Dust content in flue gas modeling results
obtained by ELM and LSFLN are compared. It
should be noted that, before modeling, all samples
are divided into two parts: 1440 samples are taken as
training samples and the other 1440 samples as test
samples, in addition, the ‘Sig’ function is taken as
the activation function of hidden neurons for ELM,
LSFLN and BLM, and the ‘Linear’ function as the
activation function of output neurons. In order to
keep a watchful eye to the generalization performance of an algorithm, each algorithm adopted in the
experiments is uniformly assigned a number of hidden neurons which varies from 5 to 100 by the step

Data preparation. In this section, we adopt the
data collected from a 300MW CFBB under operational conditions of an actual power plant. Below
gives a brief description of the data set. Due to the
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of 5. Moreover, 30 trials are carried out for each algorithm with a given number of hidden neurons. The
performance evaluation criteria selected for the comparative study is the Maximum, Minimum, Mean,
and Standard Deviation (S.D.) of the accuracy quantified in terms of the Root Mean Square Error
(RMSE) and the R-square, for the problems.
According to the experiments and Figure 3, for
the NOx emissions, the average RMSE of each algorithms would reduce with the increasing of the number of hidden neurons. When the neurons achieves
100, results of the three algorithms listed in Table 1
show better performance than that of them with less
hidden neurons. Because the average RMSE obtained by ELM is very large, even when the number
achieves 100, the average RMSE obtained by ELM
only achieves 28.0692 and its average R-square
0.4439. We can conclude that ELM is not suitable
for use in the prediction of NOx emissions. In order
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to keep high readability of Figure 3 and state the superiority of BLM, we didn’t plot the varying cure of
ELM with the number of hidden neurons in Figure 3.
Both LSFLN and BLM achieve good performance.
When the number is set as less than 30, the LSFLN
shows better performance because it owns more
complex network structure than BLM. However,
when the number of hidden is set as more than 30,
the BLM shows better performance, and more and
more significant with the increase of the number, the
superiority of complex network structure of LSFLN
would disappear. The Figure 4 gives the predictions
of test samples of BLM and Table 1 gives the performance evaluations for three algorithms with 100 hidden neurons. When the hidden neurons achieve 100,
the average RMSE and R-square of BLM respectively achieve 10.5500 and 0.9418, however those of
LSFLN respectively achieve 11.2804 and 0.9333.

FIGURE 4
The predicted values by BLM for NOx emissions
TABLE 1
Performance comparison for NOx emissions and Dust content in flue gas
Output
NOx
emissions

Performance index
RMSE

R-square

Dust content
in flue gas

Training time(s)
RMSE

R-square

Training time(s)

Min
Max
Mean
S.D.
Min
Max
Mean
S.D.
Mean
Min
Max
Mean
S.D.
Min
Max
Mean
S.D.
Mean

ELM
26.7417
29.5238
28.0692
0.6821
0.3381
0.5228
0.4439
0.0440
0.0714
0.5144
0.5559
0.5331
0.0109
0.2398
0.4390
0.3608
0.0511
0.0688

7910

LSFLN
11.2626
11.3111
11.2804
0.0163
0.9328
0.9333
0.9331
1.9821×10-4
0.2776
0.4168
0.4177
0.4176
1.6059×10-4
0.6870
0.6872
0.6870
4.9829×10-5
0.2599

BLM
10.2038
10.9366
10.5500
0.1887
0.9373
0.9456
0.9418
2.1557×10-3
0.1734
0.3806
0.3929
0.3865
2.9373×10-3
0.7291
0.7490
0.7398
4.4802×10-3
0.1516
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As seen from the running time and S.D., ELM
needs the least time but its repeatability is the worst,
the repeatability of LSFLN is the best but needs the
most time. Although the repeatability of BLM is not
better than LSFLN, even when the obtained worst
RMSE and R-square (the maximum of RMSE and
the minimum of R-square) by BLM are better than
the obtained best RMSE and R-square by LSFLN.
Therefore, we conclude that the BLM with less running time could better performance in prediction of
NOx emissions.
According to the experiments and Figure 5, for
the dust content in flue gas, the obtained average
RMSEs by the above three methods would reduce
with the increasing of the number of hidden neurons.
When the hidden neurons achieve 100, obtained results by the three algorithms still listed in Table 1
show better performance than those of them with less
hidden neurons. We still didn’t plot the varying cure
of ELM with the number of hidden neurons in Figure
5 because of the similar reasons. For LSFLN, when





!"  ! 

the number is set as less than 10, it shows better performance than BLM. However, when the number of
hidden neurons more than 10, the BLM could
achieve better average RMSE, and better and better
with the increasing of the number of hidden neurons.
In addition, the average RMSE of LSFLN varies
very little from 10 hidden neurons to 100 ones, the
superiority of whose complex network structure did
not present. The Figure 6 gives the predictions of test
samples of BLM with 100 hidden neurons. When the
hidden neurons achieve 100, the average RMSE and
R-square of BLM respectively achieve 0.3865 and
0.7398, but those of LSFLN only achieve 0.4176 and
0.6870 respectively. For the running speed and repeatability, the conclusions of predicting dust content in flue gas are the same as those of predicting
NOx emissions. Therefore, we conclude that the
BLM with less running time could not only predict
NOx emissions very well, but also predicting dust
content in flue gas very well. BLM could be thought
of an effective machine-learning tool for the prediction of pollutant emissions.

FIGURE 5
Performance varies with the number of hidden neurons for Dust content in flue gas

FIGURE 6
The predicted values by BLM for Dust content in flue gas
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[4] Luo, Z., Wang, F., Zhou, H. Liu R., Li W.,
Chang G. (2011) Principles of optimization of
combustion by radiant energy signal and its application in a 660 MWe down- and coal-fired
boiler. Korean Journal of Chemical Engineering.
28(12), 2336-2343.
[5] Secco, S.D, Juan, O., Louis-Louisy, M. Lucas
J.Y., Plion, P., Porcheron, L. (2015) Using a genetic algorithm and CFD to identify low NOx
configurations in an industrial boiler. Fuel. 158,
672-683.
[6] Belosevic, S., Tomanovic, I., Crnomarkovic, N.
Milicevic A. (2016) Modeling of pulverized
coal combustion for in-furnace NOx reduction
and flame control. Thermal Science. 186-186.
[7] Tan, P., Zhang, C., Xia, J. Fang, Q., Chen, G.
(2016) NOx Emission Model for Coal-Fired
Boilers Using Principle Component Analysis
and Support Vector Regression. Journal of
Chemical Engineering of Japan. 49(2), 211-216.
[8] Zheng, L., Yu, M., Yu, M. (2008) Monitoring
NOx Emissions from Coal Fired Boilers Using
Generalized Regression Neural Network. International Conference on Bioinformatics and Biomedical Engineering. IEEE:1916-1919.
[9] Zhou, H., Zhao P., J., Zheng L., Wang, C., Cen,
K. (2012) Modeling NOx emissions from coalfired utility boilers using support vector regression with ant colony optimization. Engineering
Applications of Artificial Intelligence. 25(1),
147-158.
[10]Li, G., Niu, P., Zhang, W., Liu, Y. (2013) Model
NOx emissions by least squares support vector
machine with tuning based on ameliorated
teaching–learning-based optimization. Chemometrics & Intelligent Laboratory Systems.
126(8), 11-20.
[11]Booth, R.C, Roland, W.B.J. (1998) Neural network-based combustion optimization reduces
NOx emissions while improving performance.
IEEE Industry Applications, Dynamic Modeling Control Applications for Industry Workshop.
1–6
[12]Madhavan, K.S., Reddy, T.K., Krishnaiah, J.
Dhanuskodi, R., Sowmiya, S. (2012) Development of Artificial Neural Network (ANN) based
Prediction Model for NOx Emissions from Utility Boilers. International Conference on Advanced Research in Mechanical Engineering.
[13]Smrekar, J., Potočnik, P., Senegačnik, A. (2013)
Multi-step-ahead prediction of NOx emissions
for a coal-based boiler. Applied Energy.
106(11), 89-99.
[14]Lv, Y., Yang, T., Liu, J. (2015) An adaptive
least squares support vector machine model
with a novel update for NOx emission prediction. Chemometrics & Intelligent Laboratory
Systems. 145, 103-113.

CONCLUSION
In this study, a novel NOx emissions model and
a dust content in flue gas model for a 300MW CFBB
were established by the proposed neural network-Bidirectional Learning Machine(BLM). To train and
test the proposed BLM model, a large amount of
real-data were collected from the SIS of a 300MW
coal-fired power plant, in which 118 operational parameters are employed as the inputs of the model,
and NOx emissions and dust content in flue gas as
outputs. The experimental results reveal that the proposed BLM model with very fast learning speed and
highly repeatability could achieve a high predictive
accuracy and good generalization performance.
Compared with other two state-of-the-art methods
(ELM and LSFLN), BLM could outperform in terms
of the performance evaluation criteria (RMSE and
R-Square). Therefore, the BLM model could be an
alternative learning machine tool for predicting NOx
emissions and dust content in flue gas, and be the basis of combustion optimization of a coal-fired boiler
in power plants in order to reduce NOx emission and
dust content in flue gas.
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disposal and exploitation of minerals [3]. Due to
their high toxicity and non-degradability, heavy
metals can cause serious damage to the environment, and even have potentially harmful effects to
human health, because they can enter the body
through unintentional ingestion and be actively bioavailable [4-7].
The environmental behavior of heavy metals
is complex and strongly depends on their chemical
fractions and bioavailability [8, 9]. The total content
of a certain metal element can be divided into a
number of chemical fractions according to their
mobility, and each fraction can be obtained by the
sequential extraction procedure (SEP). Generally,
the SEP considers the amounts of a trace element
released from an analyte under different physicochemical environmental conditions as the basis for
estimating the relative bonding strength of this
metal in various chemical fractions [10]. In recent
years, several SEP methods, such as that of the European Communities Bureau of References (BCR),
have been well developed and extensively applied
to different environmental media, such as soil, dust,
and sediments, to characterize the chemical phase
associations of metals [8, 11-14]. Another procedure focusing on the assessment of the bioavailability of metals, known as the physiologically based
extraction test (PBET), is usually comprised of two
simulated in vitro digestion steps: gastric and intestinal steps [15, 16]. The PBET is a simple process
with a short experimental period and low cost.
Moreover, the results of this procedure can be correlated to bioavailability determined using in vivo
or animal tests [17, 18]. Currently, SEP and PBET
have become the most functional tools for predicting the environmental behavior of metals in contaminated solid materials. However, quantitative
analyses that investigate the relation between the
two procedures are rarely reported in the literature.
Coal mining involves a series of activities,
such as excavating, stacking, jigging, coal washing
and transporting. These processes can produce large
quantities of coal wastes that contain dangerously
high levels of heavy metals, e.g., Cd, Pb, Ni, Mn,
and As [19]. The coal waste can be gradually
weathered and decomposed into fine particles by

ABSTRACT
This study aimed at investigating the concentrations, chemical fractions, bioavailabilities and
health risks of Cu, Pb, Cr, Ni and Cd in atmospheric
dust generated in Suzhou coal mining area. 45 dust
samples were collected and then analyzed using
BCR sequential extraction scheme and the in vitro
gastrointestinal test. The results showed that noticeable enrichments of Cu, Pb, Ni and Cd were
found in the coal mining areas. Analysis of chemical fractions indicated that Cd was mainly found in
the acid soluble fraction, Pb and Cu were mainly
found in the reducible fraction, Ni and Cr were
mainly found in the residual fraction. The bioavailabilities of the five trace metals were in the following order: Cd>Pb>Cu>Ni>Cr in the gastric phase
and Cu>Pb>Cd>Ni>Cr in the intestinal phase. Significant correlation and regression relationships
were found between the gastrointestinal phase and
reducible fraction for almost all the studied elements, which suggested that most metal ions extracted from the gastrointestinal phase were mainly
supplied from the reducible fraction. Finally, the
results of the health risk assessment model were
assessed and found to be far below 1.0, which indicated that these metals did not pose a significant
risk to the local residents.

KEYWORDS:
Coal mining area, Atmospheric dust, Heavy metals, Bioavailability, Health risk assessment

INTRODUCTION
Atmospheric dust is a type of particulate matter, which can be raised by surface wind and naturally settle to the ground owing to gravity. As a carrier and transporter, atmospheric dust can easily
attract many pollutants, such as heavy metal ions
with high concentrations [1, 2]. Heavy metals accumulated in atmospheric dust are mainly derived
from various anthropogenic activities, such as agricultural practices, industrial activities, solid waste
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is situated in the Huanghe-Huaihe plain. It experiences a typical continental monsoon climate of a
warm temperate zone, and it is characterized by
four clearly distinct seasons and a wide variation in
temperature ranging from 32 in summer to -2 in
winter. The annual average precipitation is 880 mm,
and the predominant wind direction is northeast.
Suzhou city is affluent in coal resources, and hence,
the intensive exploiting activities in this area have
been running for nearly 30 years. The amounts of
dusts and contaminant that produced from activities
of mining industries and transportation have been
increasing with the rapid growth in the coal production in recent years, thus causing serious atmospheric environmental pollution.
Atmospheric dust samples were collected from
villages and settlements in five coal mining areas
and one reference area (Fig. 1). The five coal mining areas were Taoyuan (TY), Qinan (QN), Qidong
(QD), Luling (LL), and Zhuxianzhuang (ZXZ),
which are located in the southeast of Suzhou. The
reference area was chosen in the Xieji village (XJ),
which is an unpolluted area with a low level of industrial activities located in the northeast of Suzhou
and upwind of the five coal mining areas. In each
sampling area, 5–8 dust samples were collected in
early March 2015 from the surfaces of wooden
doors and glass windows using a rabbit hair brush
and a plastic spade, and then stored in clean sample
bags. Each sample was weighing about 50 g. Before
the analysis, all samples were air-dried for 3 days at
room temperature, passed through a 0.149-mm
mesh nylon sieve and stored in sealed plastic bags.

meteorological factors, resulting in the release of
large amounts of atmospheric dust. In addition,
mining activities are usually associated with ground
subsidence and soil erosion, which may further intensify the risk of air pollution in the mining area.
Therefore, the production and dispersion of atmospheric particles in coal mining areas have become a
great concern in recent years. Suzhou coal mining
area is an important part of the Huaibei coalfield in
China. Some previous studies, which investigated
the chemical composition of soils, sediments, and
plants in Suzhou coal mining area, have found a
significant accumulation of heavy metals in these
media [20, 21]. However, limited studies have been
conducted on the atmospheric dust in this area. The
main objectives of this work were: (a) to determine
the total contents, chemical fractions, and bioavailability of Cu, Pb, Cr, Ni, and Cd in the atmospheric
dust generated in Suzhou coal mining area; (b) to
identify the relationship between the chemical fractions of the above trace elements obtained by BCR
procedure and the bioavailable metal amounts extracted by in vitro test; (c) to assess the possible
health risks of heavy metals exposure to the local
residents.

MATERIALS AND METHODS
Study site and sampling. Suzhou city is located in the northern part of the Anhui Province,
China (116°09'E to 118°10'E and 33°18'N to
34°38'N). The city has a total area of 9785 km2, and

FIGURE 1
Map of the sampling area
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TABLE 1
Extractants, extraction conditions, and separation methods used in the modified BCR procedure
Step Extracted fraction
1

Acid soluble (F1)

2

Reducible (F2)

3

Oxidizable (F3)

Extractants
(1.0 g of dust sample)
40 ml of 0.11 M acetic acid
40 ml of 0.5 M hydroxylamine
hydrochloride (pH 1.5)
(a) 10 ml of 8.8 M hydrogen peroxide (pH 2–3) ;
(b) 10 ml of 8.8 M hydrogen
peroxide (pH 2–3) ;
(c) 50 ml of 1.0 M ammonium
acetate (pH 2).

Condition

Separation of the extracts

Room temperature and continuous
shaking at 180 rpm for 16 h
(a) Room temperature, occasional
manual shaking for 1 h;
(b) Water-bath at 85±1 until the
volume is reduced to 2–3 ml
(c) Room temperature, continuous
shaking at 180 rpm for 16 h

Sample pretreatment. (1) Sample digestion
procedure. Before analyzing the total concentrations of heavy metals, the atmospheric dust samples
were wet digested by a concentrated acid mixture
(HNO3, HCl, HClO4, and HF). The digestion process was as follows: Firstly, 0.15 g of each sieved
sample was weighed and transferred into a Teflon
digestion tank. Secondly, 6 ml of HNO3 and 2 ml of
HCl were added. The tank was then heated at 110 
for 2 h on a hot plate (SH230N, Hanon Instruments
Co., LTD, China) and allowed to cool at room temperature. Then, 2 ml of HClO4 and 3 ml of HF were
slowly added and the mixture was heated again at
approximately 200  for thermal decomposition
until the digestion solution was near dryness. Finally, the remaining digest was transferred to a 50 ml
volumetric flask after cooling to room temperature,
and MilliQ water was subsequently added to fill the
remaining volume of the flask.

After each step, the extracted liquid
was filtered through 0.45 µm filter
membrane to 50 ml volumetric flask
for analysis. Then, 20 ml of MilliQ
water was added to the solid residue
by continuous shaking for 15 min and
centrifugation was performed for 20
min. The supernatant was decanted
and discharged carefully to avoid
losing the solid residues.

traction at a body temperature of 37 and a shaking
speed of 100 rpm, the mixture was centrifuged for
15 min at 4000 rpm, and then 5 ml of supernatant
was suctioned out by using a disposable syringe.
The obtained supernatant was filtered through a
0.45 µm membrane filter and preserved at 4 as an
analyte of the gastric phase. For simulating the digestive conditions in the small intestine, another 5
ml of the prepared gastric solution was supplied
into the centrifuge tube at pH 7.0 (adjusted by saturated NaHCO3 solution), and then 70 mg of bile
salts and 20 mg pancreatin were added. A four-hour
extraction was performed at a body temperature of
37 and a shaking speed of 100 rpm, and the pH of
the mixture was maintained at 7.0 adjusted by adding 12 M HCl or a saturated NaHCO3 solution every 15 min. After centrifugation, the supernatant was
collected, filtered and preserved as an analyte of the
intestinal phase using the same treatment procedure
described for the gastric phase.

(2) Sequential extraction procedure. A modified BCR sequential extraction procedure was used
to analyze the chemical fractions of trace metals in
the atmospheric dust samples. Fractions of metals,
defined by the extraction method, include acid soluble (F1), reducible (F2, bound to Fe/Mn oxides),
oxidizable (F3, bound to organic matter and sulfides) and residual (F4, bound to primary and secondary minerals). F1, F2, and F3, shown in Table 1
along with their extractants, extraction conditions,
and separation methods, are generally considered to
be eco-toxicological relevant “extractable fractions”.
The residual fraction (F4) of the trace elements in
atmospheric dust was calculated by the difference
between the total concentration and the sum of the
above three fractions.

Analysis method and quality control. All of
the digested and extracted analytes were analyzed
for Cu, Pb, Cr, Ni, and Cd. The concentrations of
Cu, Cr, and Ni in the analytes were determined using a flame-atomic absorption spectrophotometer
(F-AAS, Model TAS-990FG, Purkinje General Instrument, Beijing, China), while the concentrations
of Pb and Cd were determined using a graphite
furnace-atomic
absorption
spectrophotometer
(GF-AAS, similar to the above model and manufacturer).
Quality control measures were adopted to improve the accuracy of the results during pretreatment and analysis of the samples. To avoid sample
contamination, all the glassware and centrifuge
tubes were treated with dilute nitric acid for 24 h
and rinsed thoroughly with MilliQ water before use.
In addition, MilliQ water was also used for the dilution of samples and the preparation of standard
solutions. Moreover, reagent blanks and duplicate
samples were also performed in the digestion and
extraction procedure. In order to eliminate analytical bias, the data was obtained from the difference
between the measured values and blank values, and
the relative standard deviations of replicates were

(3) In vitro digestion procedure. The PBET
method was applied to dust samples to determine
the bioavailability of heavy metals. In this test, 40
ml of synthetic gastric solution at pH 2.5 was added
to 0.4 g of dust samples in a polyethylene centrifuge tube. The simulated gastric solution was prepared by dissolving 0.5 g citric acid, 0.5 g malic
acid, 1.25 g pepsin, 420 µl of lactic acid, and 500 µl
of acetic acid in 1 L MilliQ water. After 1 h of ex-
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(3)

Wint
×100%
ADI

Where Wint (μg·kg-1·day-1) is the daily ingested metal amount per unit body weight for each receptor, and it is calculated from the values obtained
by the in vitro bioavailability results; Ctotal (μg·g-1)
is the total concentration of a specific heavy metal
in the atmospheric dust; Ing (g·day-1) is the incidental ingestion rate of atmospheric dust particles
(assumed to be 0.2 g·d-1 for children and 0.1 g·d-1
for adults in this study); BW (kg) is the average
body weight (assumed to be 15.4 kg for children
and 56 kg for adults in this study); ADI
(μg·kg-1·day-1) is the maximum allowable dose level of a specific heavy metal recommended by the
U.S. Environmental Protection Agency(USEPA)
[22]. In addition, the bioavailability of the metals
tested in the intestinal phase, with respect to the
human digestive characteristics, was the value chosen to represent the BA (%) index.

Data statistics. Statistical analyses of the data
in this work were carried out by Excel 2003 and
SPSS 13.0 software packages for windows, and the
figures were drawn by CorelDraw 12.0. Correlation
analysis and multiple-stage linear regression analysis were conducted to identify the relationships between the metal concentrations in the gastrointestinal phases and in the BCR phases.
(1) Calculations of heavy metal bioavailability. In this study, the bioavailability of each metal was calculated as the ratio between the content of
metal ions measured in the in vitro gastric phase or
intestinal phase and the total concentration in the
atmospheric dust sample, as described by the following formula:
C
×V
(1)
BA (%) = extracted
×100%
Ctotal × M

Where BA (%) is the bioavailability of a specific metal in the atmospheric dust, and Cextracted
(μg·mL-1) is the concentration of the metal ion in
the analyte obtained by gastric phase or intestinal
phase treatments. Ctotal (μg·g-1) is the total concentration of a specific metal in the atmospheric dust.
M (g) is the weight of the dust involved in the in
vitro digestion (0.4 g in this study); V (mL) is the
volume of the digestive solution in the centrifuge
tube (40 mL in this study).

RESULTS AND DISCUSSION
Heavy metal concentration in atmospheric
dust. The total concentrations of heavy metals in
the atmospheric dust samples collected from the
investigated areas were listed in Table 2. Considering that currently there are no unified guidelines or
regulations for the maximum allowable limits of
heavy metals in dust, the soil background values of
Anhui province (BVA) and the National Secondary
Environmental Quality Standards for Soil (EQSS,
GB15618-1995) were also listed in Table 2 and
used for comparison. As shown in Table 2, the metal concentrations in the five mining areas were
47.65–68.52 μg·g-1 of Cu, 35.62–44.51 μg·g-1 of Pb,
37.70–72.67 μg·g-1 of Cr, 40.55–50.60 μg·g-1 of Ni,
and 0.67–0.79 μg·g-1 of Cd. The average concentrations of Cu, Pb, Ni and Cd in the atmospheric dust
samples collected from the mining areas are significantly higher than both those of BVA and the analytical results of dusts collected from the reference
area, which indicated that the atmospheric environmental quality in the investigated areas were

(2) Risk assessment model. The dissolved
metal content in gastrointestinal system, which
represents the maximum amount that can be absorbed by human body, provides an accurate and
reliable index for health risk evaluation. This value
can revise the conservative result of traditionally
assessment using the total concentration value.
Modeled risk assessment in this work was conducted by comparing the ingested metal amount of
local resident through incidental ingestion exposure
pathway with the maximum allowable daily intake
(ADI), and the calculating formula was given as
follows:
C × BA × Ing
(2)
W = total
int



BM

TABLE 2
Descriptive statistical results of heavy metal concentrations (μg·g-1) in the atmospheric dust samples
Area
Mining Area

Reference Area
BVA
EQSS

Sampling Sites
TY
(n=8)
QN
(n=8)
QD
(n=8)
LL
(n=8)
ZXZ
(n=8)
XJ
(n=5)
-

Index
Mean
SD
Mean
SD
Mean
SD
Mean
SD
Mean
SD
Mean
SD

Cu
59.08
13.92
68.52
20.61
49.48
9.32
47.65
14.84
54.55
11.74
19.14
1.82
20.4
50
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Pb
40.60
4.44
42.26
6.72
44.51
7.87
35.62
8.72
38.63
4.80
21.25
4.49
26.6
250

Cr
72.67
19.80
37.70
7.04
42.71
9.79
45.47
12.28
58.92
14.66
40.53
7.20
67.5
150

Ni
41.78
5.18
49.30
7.39
40.55
5.15
44.48
10.08
50.60
7.91
26.41
3.07
29.8
40

Cd
0.75
0.10
0.67
0.12
0.73
0.10
0.79
0.18
0.79
0.07
0.28
0.07
0.097
0.3
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FIGURE 2
Chemical fractions of Cu, Pb, Cr, Ni and Cd in atmospheric dust
On the other hand, Pb was the highest toxic
heavy metal present in the reducible fraction. About
10.92–25.47 μg·g-1 of Pb (accounts for
42.92%–62.74% of the total Pb concentration) was
found in the reducible fraction, implied that Pb
sorption on Fe-Mn oxides was probably the most
important mechanism that controlled the behavior
of this element in the atmospheric dust, because Pb
could precipitate with metal oxides or could be adsorbed at the surface of metal oxide [24]. Additionally, a considerable amount of Cu and Cd (accounted for 34.56%–44.05% and 27.43%–37.45%
of the total metal concentrations, respectively) were
also extracted in this fraction.
Metals associated with the oxidizable fraction
are ordinarily bound to organic matter and sulfides
[25]. They are assumed to remain in the soil and
dust for long times, and not considered very mobile
and bioavailable under anaerobic conditions. However, under oxidizing or aerobic conditions, the
degradation of organic matter can accelerate the
release of the toxic metals. In this study, the extractability order of the five metals in the oxidizable
fraction
followed
this
order:
Cu
(15.88%–27.08%) > Cd (8.92%–12.42%) > Ni
(5.88%–9.85%) ≈ Pb (5.89%–9.60%) > Cr
(1.97%–3.72%), suggested that Cu availability was
strongly influenced by the organic contents in the
atmospheric dust.
Furthermore, the results showed that more
than 90% of Cr and more than 70% of Ni were retained in the residual fraction (F4), which indicated
that Cr and Ni were the most non-mobile and inactive elements, and that they were mainly controlled
by the crystalline structure of the minerals present
in the dust. The other toxic metals (Cu, Pb, and Cd)
were present in this fraction at the following levels:
24.87%–44.63%, 21.27%–38.02%, and 10.29%
–18.58%, respectively, of the total metal content.

extremely affected by the coal mining activities,
such as mineral exploitation, coal processing and
transportation. However, compared to the EQSS
values, almost none of the metal elements showed
significant pollution except for Cd, whose concentration is nearly 2–3 times higher than the national
standard limits.
Chemical fractions of heavy metals in atmospheric dust. The chemical fractions of Cu, Pb,
Cr, Ni and Cd in the atmospheric dust samples were
quantitatively tested and summarized in Fig. 2. The
solubility and consequently the availability of metals were mainly dependent on their specific chemical fraction distributions. In four chemical fractions
defined by the BCR method, F1, F2, and F3 had
greater potential to mobilize from dust and to become bioavailable to the local residents [12]. Fig. 2
showed that the percentages of the total extractable
fractions (F1+F2+F3) of the tested heavy metals
were ordered as follows: Cd>Pb>Cu>Ni>Cr. In
addition, more than 60% of the total concentrations
of Cu, Pb and Cd were present within the extractable fractions. In fact, the extractable percentages of
Cd ranged from 81.42% to 89.71% in the investigated areas, which implied that Cd was the most
mobile metal among the tested heavy metals, and it
had high potential toxicity. However, less than 30%
of the total concentrations of Ni and Cr existed in
the extractable fractions.
Metals extracted in the acid soluble fraction
are generally precipitated or co-precipitated with
carbonate, and can be easily released if the conditions become more acidic, thus it could have dangerous effects on the environment [23]. The percentages of the tested metals in this fraction in the
atmospheric dust samples were 39.66%–45.76%,
7.92%–11.96%, 3.71%–7.66%, 1.99%–8.86%, and
1.41%–2.33% of the total metal contents for Cd, Pb,
Ni, Cu, and Cr, respectively. The highest percentage
associated with the acid soluble fraction was observed for Cd, which indicated that the Cd availability is susceptible to the pH or the ionic changes
in the environment.

Metal bioavailability in atmospheric dust
evaluated by PBET. The extracted contents of Cu,
Pb, Cr, Ni, and Cd in the gastric and intestinal
phases for the investigated dust samples in the five
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FIGURE 3
Extracted contents of Cu, Pb, Cr, Ni and Cd in the gastric and intestinal phases by the
in vitro digestion test
TABLE 3
Bioavailability (%) of metals in the atmospheric dust samples obtained by the in vitro digestion test
Sampling
Sites
TY
QN
QD
LL
ZXZ
CM
Avg

Gastric
Cu
22.59±2.57
18.89±6.52
19.17±3.58
20.19±6.67
21.72±6.25
18.03±3.34
20.24±5.17

Pb
40.72±6.19
33.00±2.63
42.86±8.78
39.24±6.19
31.42±1.55
38.53±3.45
37.57±6.72

Cr
0.72±0.31
1.15±0.20
1.11±0.28
1.11±0.35
0.81±0.28
1.03±0.24
0.99±0.32

Ni
17.36±3.05
13.24±2.40
18.65±3.81
16.58±3.88
13.52±2.69
23.77±3.03
16.75±4.42

Intestinal
Cd
Cu
Pb
Cr
65.33±11.3 27.56±5.01 32.10±5.88 1.94±0.59
72.17±17.01 35.5±14.49 30.81±4.98 3.43±0.79
60.38±8.47 42.72±13.27 25.11±7.13 3.30±1.00
61.79±7.11 33.60±7.33 28.22±8.14 2.78±0.73
56.36±10.14 31.68±8.27 29.75±4.07 2.08±0.68
47.09±16.18 46.10±3.07 34.09±14.55 2.62±0.49
61.41±13.34 35.53±11.08 29.74±7.59 2.70±0.91

mining areas and the reference area were shown in
Fig. 3. In Fig. 3, obvious variations among different
sampling areas could be observed, showing that the
extracted metal contents in both the gastric and intestinal phases from atmospheric dust samples of
the mining areas were generally higher than those
of the reference area.
The bioavailability is an important index for
assessing the potential adverse effects of heavy
metals in atmospheric dust, and in this study, it was
calculated based on the results of the in vitro digestion test. Table 3 listed the bioavailability values of
Cu, Pb, Cr, Ni, and Cd in the gastric and intestinal
phases for the areas investigated in this study. In the
gastric phase, Cd presented the highest bioavailability (47.09%–72.17%), followed by Pb
(31.42%–42.86%), Cu (18.03%–22.59%), and Ni
(13.24%–23.77%); while only 0.72%–1.15% of Cr
was dissolved in the simulated gastric solution,
which indicated that it was weakly active and rarely
absorbed in the body’s digestive system. On the
other hand, the order of metal bioavailability in the
intestinal phase was Cu (27.56%–46.10%) > Pb
(25.11%–34.09%) > Cd (22.81%–26.66%) > Ni
(16.79%–20.10%) > Cr (1.94%–3.43%), which was
slightly different from that of the previous phase.
Moreover, the results showed that the average
bioavailability values of Pb and Cd in the gastric
phase were higher than those in the intestinal phase.
In contrast, the bioavailability of Cu, Ni, and Cr in
the intestinal phase was higher than that in the gas-

Ni
20.10±3.97
17.66±3.37
19.10±2.42
16.79±1.15
17.12±2.07
18.27±1.84
18.17±2.81

Cd
22.81±4.65
26.38±3.44
26.66±3.31
25.36±4.49
24.47±2.71
25.11±8.19
25.14±4.39

tric phase. Similar findings observed in 13 sediment
samples from Lake Taihu [26] and in 14 mildly
acidic and alkali soil samples [27] have been reported. pH is considered as an important factor that
affects the solubility of Pb and Cd in digestive juice.
When dust passes from the acidic gastric phase into
the neutral intestinal phase, the dissolved metals
may precipitate again by complexation, because of
the higher pH value, which causes the relative decline in the bioavailability values of Pb and Cd in
the intestinal phase. However, the strong complexation ability of Cu, Ni, and Cr with the digestive
enzymes (e.g., pepsin, bile salt, pancreatin) enables
them to exhibit higher solubility in the intestinal
phase rather than in the gastric phase, especially for
Cu, which is the most active element in the intestinal phase. Therefore, the toxicity of Cu to organisms should be more carefully monitored, because
the absorption process of the human body mainly
occurs in the epithelium of the intestine.
The relationship between gastro-intestinal
phase and chemical fractions. In order to further
cognize the quantitative relationship between the
extracted metal contents in gastrointestinal phase
and those in the four fractions of BCR, correlation
and multiple-stage linear regression analyses were
conducted and the results were shown in Table 4
and 5. Table 4 showed that both gastric and intestinal phases of almost all metals had the highest correlation with F2. This suggested that the extracted
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TABLE 4
Coefficients of correlation between the extracted concentrations in the gastrointestinal phase and those in
the BCR fractions for Cu, Pb, Cr, Ni, and Cd (n=45)
Cu
F1
F2
F3
F4
Ni
F1
F2
F3
F4

Gastric
0.204
0.850**
0.706**
0.027
Gastric
0.013
0.402**
-0.230
-0.181

Intestinal
0.154
0.560**
0.458**
0.187
Intestinal
-0.282
0.325*
0.120
0.722**

Pb
F1
F2
F3
F4
Cd
F1
F2
F3
F4

Gastric
0.339*
0.794**
0.476**
0.176
Gastric
0.778**
0.602**
0.272
0.185

Intestinal
0.072
0.635**
0.172
0.031
Intestinal
0.547**
0.735**
0.479**
0.263

Cr
F1
F2
F3
F4

Gastric
0.321*
0.465**
0.039
0.013

Intestinal
0.169
0.127
0.199
0.020

TABLE 5
Relationships between the extracted metal concentrations in the gastrointestinal phase and those in the
BCR fractions using stepwise multiple linear regression analysis
Elements
Cu
Pb
Cr
Ni
Cd

Regression equation
G=0.326F2+0.216F3+1.03
I=0.484F2+7.489
G=0.471F2+0.563F1+1.102F3+0.077
I=0.266F2+6.042
G=0.053F2+0.349
I not significant
G=0.099F2+6.218
I=0.390F2+0.181F4-0.330
G=0.883F1+0.429F2+0.063
I=0.133F1+0.271F2+0.292F3+0.049

metals in the gastrointestinal phase were mainly
associated with the reducible fraction, which was
coinciding with the results of the previous research
conducted by investigating metal bioavailability in
nine contaminated soils from Balikesir region in
Turkey using the PBET and BCR methods [28]. In
addition, strong positive correlations were also observed between the gastrointestinal phase and the
other chemical fractions. For example, the significant correlations between the gastric phase and acid
soluble fraction were described as follows: Pb:
0.339, P<0.05; Cr: 0.327, P<0.05; Cd: 0.778,
P<0.01. While the following results were obtained
between the gastric phase and the oxidizable fraction: Cd: 0.547, P<0.01. Further, the results for the
relation between the intestinal phase and the acid
soluble fraction were as follows: Cu: 0.706, P<0.01;
Pb: 0.476, P<0.01. While the results for the relation
between the intestinal phase and the oxidizable
fraction were as follows: Cu: 0.458, P<0.01; Cd:
0.479, P<0.01. This meant that the two fractions
(F1 and F3) will also influence the metal bioavailability in the gastric and intestinal phases. However,
metal concentrations extracted by the PBET method
had very low correlations with the residual fraction
(F4), with the exception of Ni in the intestinal phase
(0.722, P<0.01), showing that metals in the residual
fraction were stable and hard to release in the digestive juice.
Equations that describe the relationship between the gastrointestinal phase and the different
fractions of BCR were obtained for each element

Correlation coefficients
0.902
0.560
0.878
0.636
0.465
0.402
0.886
0.829
0.816

according to the results of the multiple-stage linear
regression analysis (Table 5). As shown in Table 5,
there were significant differences among the regression equations of the five metals, which could
provide a reasonable basis for identifying the source
of the gastric or intestinal bioavailable metal concentrations and comprehending the extracting behavior of each metal in the body’s digestive system.
The Cu concentration mainly depended on F2 and
F3 in the gastric phase and only depended on F2 in
the intestinal phase. The concentration of Pb in the
gastric solution was dependent on F1, F2, and F3,
while the Pb found in the intestinal solution was
dependent on F2. However, for Cr, there was no
significant linear relationship between the intestinal
phase and any BCR fraction, while its gastric concentration was found to be dependent on the F2
fraction. Further, the Ni concentration in the gastric
extracts was only dependent on the F2 fraction,
while on both F4 and F2 in the intestinal extracts.
On the other hand, the concentration of Cd in the
gastric solution was dependent on F1 and F2, while
that in the intestinal solution was dependent on both
F1, F2, and F3.
Health risk assessment. The daily ingested
metal amounts through the incidental ingestion
pathway were calculated for both adults and children according to the results obtained on the bioavailability of the five trace elements in the atmospheric dust from the investigated areas, and their
corresponding health risks were also evaluated by

7920



$# 

! %  



 









!"  ! 

TABLE 6
Daily metal intakes through the incidental ingestion pathway and their corresponding health risks on the
local adults and children in the investigated areas
Index

Area
Reference
area

Receptor
Adults
Children

Adults
Wint
(μg·kg-1·d-1)

Coal mining
area
Children

Sampling site
CM
CM
TY
QN
QD
LL
ZXZ
Average
TY
QN
QD
LL
ZXZ
Average

ADI
(μg/kg·d-1)
Reference
area

Adults
Children

Adults
Risk (%)

Coal mining
area
Children

CM
CM
TY
QN
QD
LL
ZXZ
Average
TY
QN
QD
LL
ZXZ
Average

Cu
1.57×10-2
1.14×10-1
2.85×10-2
4.11×10-2
3.79×10-2
2.83×10-2
3.01×10-2
3.32×10-2
2.07×10-1
2.99×10-1
2.76×10-1
2.06×10-1
2.19×10-1
2.41×10-1

Pb
1.20×10-2
8.76×10-2
2.35×10-2
2.28×10-2
1.95×10-2
1.73×10-2
2.03×10-2
2.07×10-2
1.71×10-1
1.66×10-1
1.42×10-1
1.26×10-1
1.48×10-1
1.50×10-1

Cr
1.85×10-3
1.35×10-2
2.27×10-3
2.23×10-3
2.32×10-3
2.16×10-3
2.04×10-3
2.20×10-3
1.65×10-2
1.62×10-2
1.68×10-2
1.57×10-2
1.48×10-2
1.60×10-2

Ni
8.56×10-3
6.22×10-2
1.52×10-2
1.56×10-2
1.38×10-2
1.33×10-2
1.54×10-2
1.46×10-2
1.10×10-1
1.13×10-1
1.00×10-1
9.69×10-2
1.12×10-1
1.07×10-1

Cd
1.20×10-4
8.70×10-4
3.08×10-4
3.16×10-4
3.43×10-4
3.47×10-4
3.41×10-4
3.31×10-4
2.24×10-3
2.30×10-3
2.50×10-3
2.52×10-3
2.48×10-3
2.41×10-3

40

3.5

3

20

1

0.039
0.285
0.071
0.103
0.095
0.071
0.075
0.083
0.517
0.748
0.689
0.515
0.547
0.603

0.344
2.503
0.672
0.652
0.558
0.494
0.581
0.591
4.886
4.743
4.057
3.590
4.224
4.300

0.062
0.450
0.076
0.074
0.077
0.072
0.068
0.073
0.550
0.541
0.562
0.523
0.494
0.534

0.043
0.311
0.076
0.078
0.069
0.067
0.077
0.073
0.551
0.566
0.500
0.484
0.561
0.533

0.012
0.087
0.031
0.032
0.034
0.035
0.034
0.033
0.224
0.230
0.250
0.252
0.248
0.241

with dust in larger doses and more likely sensitive
to it.
In comparison with the ADI limits recommended by US EPA, risk values of the five trace
elements in the coal mining areas followed the order of Pb>Cu>Cr≈Ni>Cd, and range from 0.033%
to 0.591% for adults and from 0.241% to 4.300%
for children. Although these values were higher
than the risk values in the reference area
(0.012%–0.344% for adults and 0.087%–2.503%
for children), they did not exceed 1.0, which indicated that the incidental ingestion of atmospheric
dust in these mining areas might not have significant harmful effects on the local residents. However,
this could not ensure the safety of the area, because
there are many other exposure routes to heavy metals, such as soil, food, and water, which may increase their intakes. In fact, several similar studies
on risk assessment of heavy metals in dust defined
a potential health risk limit of 0.1 [30]. In this study,
the risk values in the investigated areas of the five
metals were all below 0.1. However, it should be
noted that the highest risk value of Pb ingestion for
children in the coal mining area has reached
4.886%, which could readily increase to the potential risk limit if the incidental ingestion rate increased due to the ingrained unsanitary habits.
Therefore, it is recommended that measures, such
as spraying water regularly in the streets and increasing the awareness on the hygienic habits in

comparing the results with the allowable daily intake (ADI) recommended by US EPA (Table 6). As
shown in Table 6, the highest ingested amounts of
Cu and Ni were in the QN area with Wint values of
4.11×10-2 and 1.56×10-2 μg·kg-1·d-1 for adults, and
of 2.99×10-1 and 1.13×10-1 μg·kg-1·d-1 for children,
respectively. On the other hand, the largest ingested
amount of Pb was in the TY area (2.35×10-2
μg·kg-1·d-1 for adults and 1.71×10-1 μg·kg-1·d-1 for
children), and Cr reached its highest level in the QD
area (2.32×10-3 μg·kg-1·d-1 for adults and 1.68×10-2
μg·kg-1·d-1 for children), while the largest ingested
amount of Cd was in the LL area (3.47×10-4
μg·kg-1·d-1 for adults and 2.52×10-3 μg·kg-1·d-1 for
children). The daily ingested amounts for all the
investigated metals, by both adults and children,
were clearly higher in the coal mining areas than
those in the reference area. For example, all the
average Wint values of Cu, Pb, Cr, Ni, and Cd for
children in the coal mining areas all exceed the Wint
values in the reference area by 111.5%, 71.8%,
18.8%, 71.2%, and 176.9%, respectively. Among
different groups of receptors, children are exposed
to a significantly higher daily level of toxic metals
than adults, because of the difference in their body
weight as well as the typical behavior of children,
such as the repetitive sucking on hands/fingers and
the chewing of non-food objects, which can increase the dust intake [3,29]. Therefore, compared
to adults, children are more prone to get contact
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schools and communities, should be implemented
by the local government as quickly as possible to
improve the level of hygiene in the coal mining
areas in order to minimize the dust intake and avoid
the potential risk to children.
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CONCLUSIONS
Because of the strong anthropogenic inputs
caused by mining activities, atmospheric dust samples collected from Suzhou coal mining area had
higher average concentrations of Cu, Pb, Ni, and
Cd than both BVA and the samples collected from
the reference area, showing significant enrichment
of trace metals in the region. Sequential extraction
results showed that Cd was the most mobile element with the highest percentage (81.42%–89.71%)
of the extractable fractions (F1+F2+F3) in the total
Cd content. Pb and Cu were mainly associated with
the reducible fraction (F2), while a considerable
amount of Cu was also extracted in the oxidizable
fraction (F3). More than 90% of Cr contents and
70% of Ni contents were retained in the residual
fraction (F4), indicating the high stability of these
two metals in the atmospheric dust. The differences
in bioavailability between the investigated metals
were obtained by in vitro digestion procedure, the
results of which were in the following order:
Cd>Pb>Cu>Ni>Cr in the gastric phase, and
Cu>Pb>Cd>Ni>Cr in the intestinal phase. pH and
complexation with a digestive enzyme were considered important factors that influenced the dissolution and activation of the trace metals in the simulated digestive solution.
Correlation and multiple-stage linear regression analyses suggested that the reducible fraction
(F2) was the dominant source of the metal quantities extracted in the gastrointestinal phase, followed
by the acid soluble fraction (F1) and the oxidizable
fraction (F3), confirmed that the metals existed in
these three fractions are more likely to be bioavailable. There was scarcely any significant correlation
between the residual fraction (F4) and the gastrointestinal bioavailability of the five metals, except for
Ni in the intestinal phase. Moreover, metal intakes
through incidental dust ingestion, by adults and
children, were far below the ADI values recommended by the US EPA, which indicated that they
did not pose significant health risks to the local
residents. However, the Pb intakes for children
could still possibly cause potential harm risk if the
dust ingestion rate increased. To avoid the potential
risk, measures related to improvement of hygiene
level should be conducted in the coal mining areas.
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LATEWOOD PROPORTION INSIDE GROWTH RINGS BY
BALD CYPRESS STEMS IN SERBIA
Dusan Jokanovic*, Dragica Vilotic, Vesna Nikolic, Marina Nonic, Jovana Devetakovic,
Dragica Stankovic
Faculty of Forestry, University of Belgrade, Kneza Višeslava 1, Belgrade

years and gradually grades from one into the other
[7]. Nearly all wood properties are highly variable
from ring to ring within the juvenile zone and relatively constant within the mature zone [8].
Various methods have been used to determine
the age of transition from juvenile to mature wood.
The simplest method is the so-called threshold or
graphic method where a value is selected from
graphs to define when a property has reached that of
mature wood [9, 10, 11, 12]. A second method is to
use linear segmented regression models [13, 14, 15]
or nonlinear regression models [16, 17] to estimate
the age of demarcation.
Depending on changeable light conditions,
there is physiological and anatomic adaptability by
changed values of analyzed stomata characteristics
by Paulownia [18]. Based on [19], it can be deduced
that Douglas-fir is a tree with relatively high radial
and height increment in Serbian environmental conditions and could be used for plantations and cultures
establishing.

ABSTRACT
In the paper, there was analyzed participation
of the latewood zone inside growth rings of bald cypress from two different locations in Serbia. Its proportion has been monitored depending on three factors – growth rings width, age and stem height. Between growth rings width and latewood zone proportion was established negative correlation. For that
reason, stems on Bačka Palanka, whose growth rings
are narrower, have greater latewood zone proportion
compared to stems from Veliko ratno ostrvo, that
have faster radial increment. Greater latewood proportion contributes to better mechanical and technical properties of the stems from Bačka Palanka. As
for relations between latewood proportion, from one
side, and age and stem height, from the other side,
there is also established negative correlation. Bearing on mind that bald cypress belongs to soft conifers, its latewood proportion almost never exceeds
more than 1/3 of the whole growth rings width.
KEYWORDS:
Bald cypress, latewood proportion, stem height, growth
rings, age

MATERIALS AND METHODS
Study area. There are just two seed stands with
bald cypress in Serbia. They are situated near Belgrade (Veliko ratno ostrvo) and in the northern part
of Serbia (Novi Sad). Stems present there satisfy a
few significant criteria for performing anatomical
analysis: generative origin; good physiological and
health condition; absence of any technical deformation.
After suitable stems have been chosen and
fallen (overall 6), wood cross-sections were taken. It
was performed from two heights – from the base (0.3
m) and from the breast height (1.3 m). Cross-sections were about 2 cm thick. The final step before
making permanent anatomical preparations was cutting the cross-sections through diameter in order to
do all necessary measurements.
The aim of the paper was, first of all, to determine transition zone between early- and latewood as
precisely as possible, and to follow participation of
these zones from the pith (in the region of juvenile
wood) to the bark (zone of mature wood).

INTRODUCTION
Juvenile wood is produced by the young cambium in the live active crown and forms a cylinder
of wood surrounding the pith that extends the length
of the tree [1]. Juvenile wood is low in stiffness and
strength, and thus wood from fast-growing young
trees is less desirable for solid wood products [2].
This wood has a high proportion of early-wood-type
tracheid and thus lower specific gravity, thinner cell
walls, wider micro-fibril angle, and less latewood
than mature wood [3]. Because of its tracheid characteristics, juvenile wood has significantly lower
strength and stiffness, more longitudinal shrinkage,
and less radial and tangential shrinkage than mature
wood [4, 5, 6].
Many studies have been devoted to determining
cambial age of growth rings in which juvenile wood
formation stops and mature wood formation begins.
There is no abrupt shift from juvenile to mature
wood within 1 year. Instead, the change takes several

Laboratory work. Wood samples for analysis
originated from bald cypress trees located in Veliko
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Stems from Backa Palanka grow slower, and therefore they form narrower growth rings then the others
from Veliko ratno ostrvo. These two variables characterize inverse tendencies – wider growth rings
have smaller proportion of the latewood zone and reverse, narrower growth rings means a greater latewood zone proportion.
Maximal values for latewood zone proportion
inside the growth rings on both locations are not
more than 1/3 from the whole growth rings width.
This is completely compatible with results obtained
for Serbian spruce in the National Park Tara [24],
[25], where earlywood zone includes 2/3 or even ¾
from the whole growth rings width. As for wood
structure of fir from Veliki Jastrebac mountain [26],
it was also established much greater proportion of
early- than latewood zone on the whole cross-section.
There was found decreasing of latewood percentage proportion with the stem height on both locations (figures 1-4). One research [27] found that,
at both good and medium sites, ring width was found
to increase towards the top of the stems while latewood proportion and dry density showed a negative
relation with stem height. This completely coincides
with obtained results for bald cypress.
Decreasing of latewood proportion with age
has also been noticeable for both locations (figures
1-4). This can be explained with the fact that close to
the bark mechanical wood properties gradually become poorer. Group of authors [28] established a
clear relation between mechanical and physiological
elements in oak pedunculate wood – percentage proportion of mechanical elements falls in the latewood
zone away from the pith, while proportion of vessels
(physiological elements) rises. Some researchers
such as [29, 30] claimed that changing of growth
rings width by oaks affects much more changing of
latewood than of earlywood zone width. Contrary,
for bald cypress from both locations, increasing of
the whole growth rings width means simultaneously
increasing of earlywood zone proportion with no significant effect on the latewood zone proportion.
Two authors [31] made a relation between
wood density and growth speed establishing linear
dependence form up to the maximum. As for some
fast-growing species [32] wood density goes down
with further growth rings width increasing.
It should be emphasized the existence of negative relation between growth rings width and latewood zone proportion by bald cypress, and it is valid
on both levels – site and individuals inside population.
Obtained results of the paper [33] show a bit
different relation between growth rings width and
proportion of latewood zone. This research was performed on various black locust clones and established that all fast-growing clones, apart from one,

ratno ostrvo and Backa Palanka area. Parts of the
wood were transported into the Laboratory of the
Faculty of Forestry, where all macroscopic and microscopic analysis, including all phases for making
permanent anatomical preparations, have been performed. Samples of wood parts were prepared with
a width of about 8 mm. These parts were taken in a
north-south and east-west direction, respectively.
Prepared material was fixed in formaldehyde-acetic:acid:ethyl alcohol in ration 1:1:18. Before making transversal, tangential and radial wood sections,
there was no need for cooking the samples in the water on a high temperature in order to soften it, because bald cypress does not have so hard wood. The
next step was to make blocks of samples with a
length of 18 mm and they were made in a radial direction. Each block was numbered from 1 to n, going
from the pith to the bark. Sections of samples in all
directions (transversal, tangential and radial) were
made using a Reichert sliding-microtome. Thickness
of all sections was about 17-18 µm. Samples were
colored with a combination of safranin and aniline
for about 5 min, and then transferred through alcohol
solutions of different concentrations (50 %, 70 %, 96
% and 100 %). The samples treated with different
concentrations of alcohol solutions were conserved
with Canada balsam. The last step was drying of the
samples at a temperature of 60° C [20, 21, 22].
Measurements. Each growth ring was measured at its transversal cut, from the pith to the bark.
After that, it was necessary to define transition zone
between early- and late-wood. It was not so simple,
because growth rings and boundary between each
other by bald cypress are not so visible. Therefore
was applied Mork’s formula [23] that marks latewood zone as a part of the growth ring whose radial
cell wall thickness is equal or greater than radial diameter of any cell lumen. Performing this implied
observing of all growth ring parts at a very high magnification under microscope (100 and 400 times) in
order to separate carefully early- and latewood zone.
It was also necessary to find minimal difference in
the color between these zones (early zone does physiological function and therefore is brighter, while
late zone is responsible for mechanical function and
has a dark color). After both above mentioned patterns have been satisfied, determining of latewood
zone proportion inside growth rings started.

RESULTS AND DISCUSSION
Based on obtained results shown in the figures
1-4, it is obvious a greater latewood zone proportion
in Backa Palanka than on Veliko ratno ostrvo. That
can be related to the whole growth rings width.
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FIGURE 1
Location-Veliko ratno ostrvo, 0.3m

FIGURE 2
Location-Veliko ratno ostrvo, 1.3m

FIGURE 3
Location-Bačka Palanka, 0.3m

FIGURE 4
Location-Bačka Palanka, 1.3m

have greater proportion of latewood zone with increasing of growth rings width. The only clone that
did not confirm this claim grew on better site conditions than all the others. It means that higher site
quality causes smaller proportion of latewood zone.
Most studies indicate that high wood density in
ring-porous hardwoods is associated with fast
growth [34, 35, 36, 37, 38, 39, 40]. According to
[41], this is because the width of early-wood remains

fairly constant from year to year while the dense latewood with fewer vessels increases as ring width increases. However, there are some exceptions to this
generalization. The first rings near the pith (juvenile
wood) do not necessarily follow the above pattern
and the proportion of different types of cells might
also have a substantial influence on wood density
[42, 43, 44].
As for participation of some elements related to
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microscopic wood structure in early- and latewood
zone, dimensions of vessels of Quercus sp have been
observed [45]. It was concluded that latewood vessels made up the majority of vessels less than 4 cm
long. In current-year shoots, there was no clear difference between early- and latewood vessels. The
first-formed vessels nearest the pith were as small as
the latewood vessels; vessels near the middle of the
wood ring were largest. In all other rings, early- and
latewood vessels were clearly distinguishable.
In another study conducted by [46] the length
and diameter (width) of vessels in black locust earlyand latewood were measured. Obtained results show
significant differences in vessels width between two
zones (47 µm in early- and 24 µm in latewood zone,
respectively).
By other ring-porous species, in a radial direction, the vessel member diameter of early-wood increased in the first growth rings near the pith and
then remained stable towards the bark [47]. The
other research [48] found a similar radial trend in
early-wood vessel diameter by some other ring-porous species such as oak.
By bald cypress from both researched sites,
[21] followed behavior and values of some elements
of microscopic wood structure inside different wood
zones. Woody rays height is bigger in the early- than
in the latewood zone, unlike its number per mm2. As
for tracheid width, its values go up from the pith to
the bark in the early-wood in Veliko ratno ostrvo,
and the same occurs in the latewood zone in Backa
Palanka. The same trend is valid for the number of
tracheid per mm2 – increasing with age in the earlywood zone in Veliko ratno ostrvo, and in the latewood zone in Backa Palanka, as well. Tracheid
lengths are much bigger in Veliko ratno ostrvo, and
this difference is particularly significant in the earlywood zone.
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ASSESSMENT OF THE IMPACTS OF INDUSTRIAL
EFFLUENT DISCHARGES ON THE EPILITHIC DIATOMS
COMMUNITY AND WATER QUALITY OF SAHNAHAN
STREAM, MALATYA, TURKEY
Betul Celik*, Vesile Yildirim
Firat University, Biology Department, Elazig, Turkey

demonstrated in field studies of rivers in Spain and
Northern Canada [2]. In our country and around the
world, the studies on algae have increased as time
progresses.
Gürbüz and Kıvrak determined water quality of
Karasu Stream by using some diatom indexes in their
study. According to the data of SI and TDI, they reported that downstream of the river basin was polluted dramatically and was exposed to eutrophication. Besides, they also reported that all the indexes
used in their study, except GDI, showed strong correlations with the dissolved O2 and nutrient levels
[3].
Solak examined epilithic diatom samples in order to determine the water quality of upper Porsuk
River. As a result of the study, total 57 species of
diatom were detected and the water quality of Porsuk
River was detected by using SLA, EPI-D, TDI,
DESCY indexes in terms of these species. According the index values, it was observed that there were
certain differences between three stations, and there
were also significant correlations among the indexes
[4].
Serdar and Verep tried to determine the water
quality of İyidere and Çiftekavak brooks by using
physicochemical parameters and saprobic system.
As a result of the evaluation of physicochemical data
and biological findings obtained in this study, it was
seen that the data of physicochemical and biological
water quality showed parallelism [5]. Kıvrak, Uygun
and Kalyoncu used diatom indexes to evaluate the
water quality of Akarçay (Afyonkarahisar). In the initial part of the river, some taxa such as Cocconeis
placentula, Cyclotella meneghiana, Ulnari ulna,
Gomphonema parvulum become the dominant diatom species in benthic diatom community. In the
lower part of the river, Nitzschia palea becomes
dominant in benthic diatom community. Diatom indexes and physicochemical analysis results have
shown that the initial parts of the river are moderately polluted and the end parts of the river are excessively polluted [6].
Szulc did a research on the benthic diatoms of
50 years ago and today’s benthic diatoms of Pilica
River. This study appeared by comparing a study
done in 2005 with the results of previous studies

ABSTRACT
In this study, the effect of an industrial effluent
discharges on the water quality and epilithic algae of
Şahnahan Stream (Malatya-Turkey). Şahnahan
stream’s epilithic algae and water quality were examined between May 2012-April 2013 which identified 3 station taken the samples of monthly periods.
During the study, a total of 141 taxa were identified,
most of which belonged Bacillariophyta (123), other
taxonomic groups present were Chlorophyta (9), Cyanophyta (5), Charophyta (3) and Dinophyta (1).
Temperature, pH, total hardness dissolved oxygen,
organic matter, nitrit, nitrat sulfate, total phosphore,
orthophosphate were measured and analysed. Water
quality and epilithic algal community differed significantly between sites upstream and downstream
of the discharge. At the same time, changes in the
dominant algae groups were observed.

KEYWORDS:
Water quality, Stream, Epilithic algae, Pollution, Biothic
indices

INTRODUCTION
Water, which is the basic element needed directly or indirectly at every stage of life, has been
under intense press as a result of various human activities especially in recent years. Nowadays, one of
the most important problems to threaten the aquatic
ecosystems is pollution. Changing the natural structure and stream beds affects negatively the flora and
fauna living in these environments and can lead to
decrease in numbers of some species over time and
even to extinction of some species [1]. It is necessary
to determine the benthic algae communities spreading in streams and to significantly take advantage of
them. Diatoms are commonly used as indicators of
various environmental parameters, such as salinity,
pH, and nutrient. Diatoms are also known to be sensitive to toxic substances and organic contaminants.
The effects of contaminants on the species composition and diversity of algae including diatoms were
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done by Kadlubowska in 1957. Szulc detected 181
taxa from samples collected for analysis by concentrating on 2 stations in the town Spala of Poland. Water quality classes were determined by carrying out
biological analyses by using OMNIDIA software
[7].
The general objectives of this research were to
study the diatom flora and communities along an rural and urban gradient of Şahnahan river, to evaluate
the ecological status and water quality of river using
diatoms and to determine in the trophic level of
Şahnahan river. The main aims of the present paper
were to identify the most important environmental
variables regulating patterns in the species composition of epilithic diatoms and to evaluate the use of
these algal communities both for monitoring of direct and diffuse human impacts.

II. Station: Since the waste water from the treatment facility of Malatya 2. Organized Industrial
Zone is discharged into this station; this station constitutes the dirty part of the stream. The fact that
there are a large number of high trees in the II. station
prevents the stream from receiving the light; the soil
structure consists of partly rocks. Şahnahan Stream,
whose color changes due to dirty water and blackens,
affects the environment negatively by the odour it
gives off.
III. Station: It is established on the entrance of
the district Yazıhan. In the II. station, the stream
flows in a wide area and has an extremely high current velocity. While around the station there are
partly high plants, there are only plains in some regions. It is observed that the color of water is yellowish or brown all the year round due to the effect of
dirty water from II. Station (Figure 1).
The water temperature, pH, dissolved oxygen
of stream water were measured directly by means of
a thermometer and a pH-meter (YSI 63 /cond/temp),
respectively. Dissolved oxygen, Ca++ Mg++ were determined through titration analysis. Spectrophotometric method was employed for the analysis of
NH4, NO3, NO2, SO4 [8].

MATERIALS AND METHODS
I. Station: This station constituting the clean
part of the stream flows within a deep valley and has
a high current velocity. Around it, there are a lot of
high plants. Especially, poplar trees prevent the
stream from receiving lights partly.

FIGURE 1
The map of Şahnahan Stream and location of sampling stations
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TABLE 1
Variations in concentrations of some physical and chemical parameters in Şahnahan Stream
Parameters
Water temperature°C
pH
Dissolved O2 mg/l
NH4-N mg/l
NO3-N mg/l
NO2-N mg/l
Cl- mg/l
SO4 mg/l
Ca++ mg/l
Mg++ mg/l

I.Station
17,05
8,95
8,3
5,72
1,84
0,02
4,9
20,22
70,35
8,44

Stations
II.Station
17,49
8,41
8,54
7,65
15,53
0,05
531,1
93,5
59,42
9,82

III.Station
15,12
7,83
8,68
17,37
0,69
0,18
34,12
171
79,19
12,78

value was also detected in II. station (7.5 mg/L). pH
values differed between the values 7.2 and 9.7
throughout the stream. On the source extensions of
the streams, there is high value of dissolved oxygen
due to the turbulence and low temperature [18].
While the lowest average pH value was determined
in III. station, the values close to 9 were detected in
I. station, the average value was determined 8.41 in
II. station. These two stations show more basic characteristics than III. station. The most suitable pH
range for aquatic organisms is between the values
6.5–8.5 [19]. The nitrate nitrogen values of Şahnahan stream differed between the values 0.03 mg/L
and 87.78 mg/L. While the maximum value was determined in II. station in April, the pollution mixture
is considered to become high in that month. This
thought is supported by the increases in the amount
of ammonium nitrogen and chloride in the same
month. The rate of nitrate nitrogen increases as a result of organic pollution and mixing of surface water
in the streams [18, 20, 21]. The nitrite nitrogen values differed between ALA and 0.27 mg/L. While the
lowest value appeared in I. station, the highest value
was observed in III. station. The highest average
value was determined in III. station (0.18mg/L).
While the nitrite is scarce in clean water, it can be in
high concentrations in the water in which the organic
pollution is present [22-24]. While ammonium nitrogen values differed between ALA and 21.62 mg/L,
the maximum value was determined in II. station in
April. However, they differed between 16.38 mg/L–
18.36 mg/L in III. station and were at extremely high
levels. While ammonium nitrogen varies based on
pH and temperature, very little ammonium prevails
in the oxygen-rich spring water and the water evaluated to be clean in terms of pollution factor [18, 25].
This high level of ammonium nitrogen is extremely
high when evaluating in terms of drinking water. It
has been reported by some researchers that the fact
that ammonium is higher than 0.2-1.5 mg/L in drinking water sources is very harmful to human health.
Besides this, the tolerance to ammonium limit was

Epilithic algae were sampled on monthly basis
in three stations between May 2012 and April 2013.
Algae were collected into plastic containers monthly
as pooling upper-surface by scraping from several
rocks. At least three water-mounted slides were examined for algae and living diatoms from every station to obtain an estimate of algal relative abundance
[9, 10].
To prepare permanent diatom slides, organic
material of subsamples was digested with nitric/ solphuric acid. Neutralized samples were dried on coverslip, which were mounted on slides with balsam.
Two hundred frustule per samples were identified
and counted at 1000 X magnification in order to obtain the estimated frequencies of different species of
epilithic diatoms. Species were identified according
to Kramer and Lange Bertolat [11-14]. Frequency,
similarity, relative density, evenness, Shannon
Weaver indexes of the epilithic algae and all the biotic indexes (EPI-D, TID, SID, IDP, DI-CH), by using OMNIDIA software, were calculated [15, 16].

RESULTS AND DISCUSSION
As a result of the works done around Şahnahan
Stream, the water temperature values showed parallelism with the seasonal temperatures. While the
highest water temperature value (26.9°C) was determined in II. station, the lowest water temperature
value (7°C) was determined in III. station. The III.
station has lower water temperature values due to the
fact that it is established over Tohma river, has high
flow rate and is supplied with cold sources. However, the water temperature changes in 3 stations are
relatively close to each other. While the temperature
of the streams is low in coastal regions, the difference in the physical properties of the streams depends on the climatic conditions of the region
through which they pass [17]. The dissolved oxygen
values showed parallelism with the water temperature values; while highest oxygen value was determined in II. station (10.3 mg/L), the lowest oxygen
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detected 0.10 mg/L in terms of the fish, and how important a change in this value is to the aquatic environment has been reported by the studies [24, 26, 27,
28]. The chloride values in Şahnahan Stream differed between 2.66 mg/L-1160.22 mg/L. Like high
increase in nitrate and ammonium nitrogen, the maximum value was reached in II. station in April and it
showed a substantial increase. Entrance of a big pollution into this station in April is in question. The
waste water from the organized industry mixes in
this station. The change in the color of water in April
became at noticeable level. When the stream is under
the influence of external factors (rock structure, agricultural pesticides, industrial wastes, etc.) periodically, the chloride amount of the stream becomes extremely high in the affected regions. It has been observed in a study done in Köprüçay River that the
fact that the mouth of the river is close to the sea puts
the river under the influence of the sea, and increases
the amount of chloride [29]. The amount of chloride
differs between 30mg/L-300 mg/L in dirty water
[30]. The amount of sulphate throughout Şahnahan
Stream showed an increase, and the values obtained
differed between 18.15 mg/L-654.60 mg/L. The sulphate, in natural water, is effective in cases such as
the growing of plants, the biological productivity,
the protein metabolism. Therefore, the lack of it both
prevents the algae development and inhibits the
growing of plants [29]. In dirty polluted water, the
sulphate value differs approximately between 100
mg/L-200 mg/L [19]. Similarly, the calcium values
differ between 41.58 mg/L-193.73 mg/L. The calcium is an alkali mineral which is very abundant in
the seas and freshwater and is biologically the most
important element since it forms the skeleton basis
of most living creatures [31]. The magnesium values
of Şahnahan stream differ between 0.71 mg/L–19.02
mg/L. Magnesium is also crucial since it is an important component of chlorophyl molecule [31].
These two alkali soil minerals are the most abundant
elements in freshwater. The chemical functions of
both elements resemble each other much in the formation of carbonate salts. Ca++ is more abundant in
natural water than those two ions (Table 1) [31].
While genus Navicula sp. has the most taxon
numbers in I. and II. stations within the Bacillariophyta group of the epilithic algae flora, they are Navicula sp. and Nitzschia sp. in III. station. The dominant organisms are Cocconeis placentula var. lineata in I. station, Gomphonema parvulum in II. station
and Gomphonema olivaceum in III. station. The
most abundant species in I. station are Ulnari ulna,
Gomphonema minitum, Cocconeis placentula var.
lineata and Navicula tripunctata. The most abundant
taxa in II. station are Cymbella affinis, Ulnaria ulna,
Cocconeis placentula var. lineata, Gomphonema
minitum, Achnanthes lanceolata, Cocconeis placentula var. placentula, Cymbella sinuata, Gomphonema parvulum var. parvulum, Navicula tripunctata.
The most abundant taxa in III. station are Ulnaria

ulna, Nitzschia amphibia, Cocconeis placentula var.
lineata, Cymbella affinis, Gomphonema minutum,
Diatoma vulgaris, Gomphonema olivaceum var. olivaceum, Nitzschia constricta (Table 4). While Cymbella affinis is littoral and is seen in the epilithic or
epiphytic fluent and still/standing water, it is commonly found in generally alkali and calcareous environments [32, 33]. This type was encountered frequently in the epilithic flora of II. and III. stations
throughout the study. Meanwhile, II. station shows
alkali properties due to waste matters coming from
outside. The environment and water ground of III.
station consist of mostly rocks. This is in harmony
with the environmental conditions under which
Cymbella affinis develops characteristically. Gomphonema minutum is common in eutrophic water, is
not present in environments weaker than mesosaprobic since it is sensitive to pollution [34]. However, it
was detected in this study that it exists in the eupolytrophic stations as well as in eutrophic water. In addition to this, it was also detected in the stations having the characteristics of betamesosaprob and beta
alpha mesosaprob in terms of saprobic value. Gomphonema olivaceum is a common type and prevalent
in oligotrophic water and eutrophic rivers [34].
While Şahnahan Stream varies between eupolytrophic and eutrophic in terms of trophic diatom index, this type was encountered in all the stations
even if just a bit. This taxon also spread in the betamesosaprob region in terms of the saprobic index.
Kalyoncu stated that when this taxon spread in the
alpha beta mesosaprob region and the pollution decreased, it showed an increase in the numbers of cells
[35, 36]. The differences were recorded in the numbers of cells of this type encountered in all the stations all the year round. This type was encountered
intensively especially in the epilithic algae flora of
III. station. Nitzschia amphibia has a wide spread
area/range. Hassal expressed that this type has a
wide spread area from the water containing weak
electrolytic (but not dysotroph) to the water containing very strong electrolytic [37]. This type is common in almost every station. This type was encountered frequently especially in the epilithic algae flora
of III. station, which is betamesosaprob in terms of
saprobic and is eutrophic in terms of trophic diatom
index. Diatoma vulgaris, which is a common type in
littoral regions, is also common in the regions in
which the current velocity is low [37]. This type was
encountered in all the stations all the year round even
if just a bit. Based on the seasonal temperatures, the
differences were recorded in the algae types. The
temperature increase starting in the spring led to a
significant increase in the number of algae types except Bacillariophyta until the end of the summer.
Some researchers reported that in spring and summer
months, this temperature change affected the development of the algae positively and there was a significant increase in their numbers [33].
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of the stream. According to Klee, based on the average value calculation made, I. station is included in
I.-II. quality class and is in harmony with EPI-D epilithic diatom results. IDP referred to III. quality
class in the epilithic flora. SID referred to II. quality
class in the epilithic flora, that is, to moderately polluted part of the stream. TID index refers to IV. quality class in the whole diatom flora, that is, I. station
is eupolytrophic. This is in direct harmony with the
WQCR. According to Klee, II. station is III. quality
class, that is, alpha mesosaprob in the average value
calculation done. According to the WQCR, it is IV.
quality class, that is, excessively polluted. EPI-D index, based on the epilithic diatoms, refers to II. quality class and showed deviation on a large scale. DICH, based on the epilithic diatoms, refers to III. quality class. IDP index, based on the epilithic diatoms,
refers to III. quality class. SID index is beta alpha
mesosaprob, based on the epilithic diatoms. TID index, based on the epilithic diatoms, refers to eupolytrophic. According to Klee, III. station is included in
II.-III. quality class. According to the WQCR, it is
included in IV. quality class. EPI-D index is II. quality class, based on the epilithic diatoms. DI-CH,
based on the epilithic diatoms, referred to II. quality
class. IDP index referred to III. quality class in all,
and showed a half-step deviation towards bad side,
according to the classification of Klee. SID index,
based on the epilithic diatoms, refers to beta
mesosaprob quality class. Based on the epilithic diatoms, the stream is in III.-IV. quality class in TID
index (Table 2, Table 3).

When the epilithic types are compared in the
stations in terms of diversity, the values close to each
other among the stations attract the attention. Shannon Wiener diversity (H′) values were recorded 0.13
in I. station; 0,12 in II. station; 0,09 in III. station.
Evenness diversity values were determined 0,6 in I.
station; 0,68 in II. station; 0,73 in III. station. Increases and decreases are observed in diversity values, based on the changes in water quality. Nevertheless, however good the water quality is, the
stream load affects this diversity. The algae flora
may deteriorate or vary against the factors such as
current velocity, duration of receiving light, natural
disasters, altitude difference. The process of adaptation starts over time and compatible types form the
algae flora of the stream [29].
In the determination of water quality carried
out based on the average values of physicochemical
variables measured during the study; according to
Klee, while the stream is included in II.-III. quality
class in terms of the value of nitrite nitrogen, it is
included in IV. quality class in terms of the values of
ammonium nitrogen. The other parameters refer to
different quality classes; however, the classification
is done in terms of ammonium nitrogen by the Water
Quality Control Regulation (WQCR) [38]. Therefore, the water quality level is at IV. quality class
level in all the stations. That is, excessive pollution
is present. The results obtained from the epilithic
flora according to EPI-D refer to I.-II. quality class
in I. station, that is to say, to very little polluted part

TABLE 2
Monthly index values average in terms of the epilithic algae.

EPI-D
DI-CH
SID
TID

MONTHLY INDEX VALUES AVERAGE
1 EPL
2 EPL
1,35
1,46
4,45
4,24
2,17
2,23
2,70
2,80

3 EPL
1,69
4,10
2,00
2,79

TABLE 3
With physicochemical data, the water quality classes of the stations according to KLEE and WQCR

1. STATION
KLEE quality class
WQCR quality class
2. STATION
KLEE quality class
WQCR quality class
3. STATION
KLEE quality class
WQCR quality class

NO2-N
0,02
II-III
III
0,05
II-III
III
0,18
III
IV

NO3-N
1,84
I-II
I
15,53
III-IV
III
0,69
I
I
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NH4-N
5,72
IV
IV
7,65
IV
IV
17,37
IV
IV

Cl4,9
I
I
531,1
IV
IV
34,12
III
I

DO
8,3
I-II
I
8,54
I-II
I
8,68
I-II
I
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TABLE 4
List of epilithic taxa in Şahnahan stream and monthly relative abundance avarages (%)
Mean relative abundance (%)
I. Station
II. Station
III. Station

EPILITHIC TAXA
BACILLARIOPHYTA
Centrales
Cyclotella iris Brun & Heribaud Joseph
Cyclotella sp. (Kuetzing) Brebisson
C. menenghiniana Kuetzing
Melosira lineata (Dillwyn) C. Agardh
Pennales
Amphora ovalis (Kützing) Kützing
A. lybica Ehrenberg
A. inariensis Krammer
A. holsatica Hustedt
Achnanthes lanceolata (Brebisson) Grunow
A. minutissima Kuetzing
A. lanceolata var. viridula
Achnanthes sp. Bory De Saint-Vincent
Anomoeoneis sphaerophora E. Pfitzer
Anomoeoneis sp. E. Pfitzer
Aulacoseira rotula
Cocconeis placentula var. lineata (Ehrenberg) Van Heurck
C. placentula var. placentula Ehrenberg
C. placentula var. euglypta (Ehrenberg) Grunow
C. pediculus Ehrenberg
Cymbella affinis Kuetzing
C. sinuata Gregory
C. silesiaca Bleisch
C. minuta Hılse
C. helvetica Kuetzing
C. cistula (Ehrenberg) Kırchner
C. caespitosa (Kuetzing) Brun
C. amphicephala Naegeli
C. amphicephala var. hercynica A. Schmidt
Caloneis sp. Cleve
C. bacillum (Grunow) Cleve
Caloneis sphaerophora A. Cleve
Cymathopleura solea (Brebisson) W. Smith
Diatoma vulgaris Bory De Saint Vincent
D. monofiliformis Kuetzing
Diploneis elliptica (Kuetzing) Cleve
Ellerbeckia arenaria R. M. Crawford
Fragilaria capuccina var. vaucheria (Kuetzing) Lange-Bertalot
F. ulna var. acus (Kuetzing) Lange-Bertalot
F. parasitica var. parasitica (W. Smith) Grunow
F. tenera (W. Smith) Lange-Bertalot
F. pulchella (Ralfs) Lange-Bertalot
F. fasciculata (J.G. Agardh) Lange-Bertalot
F. crotonensis Kitton
F. capuccina var. rumpens (Kuetzing) Lange-Bertalot
F. capuccina var. capuccina Desmazieres
Frustulia vulgaris (Thwaites) De Toni
Gomphonema minutum (J.G. Agardh) J.G. Agardh
G. truncatum Ehrenberg
G. parvulum var. parvulum (Kuetzing) Kuetzing
G. olivaceum var. olivaceum (Hornemann) Brebisson
G. olivaceum var. salinarum Pantocsek
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37,74
1,37
-

0,42
0,29
-

7,76
1,94
2,23
0,40

1,37
2,34
0,22
0,67
1,92
25,43
13,95
1,37
4,31
5,14
0,97
2,05
5,26
0,22
2,37
5,89
0,46
0,67
0,22
6,77
1,92
1,32
0,57
-

0,17
3,90
3,48
2,38
2,64
7,24
4,37
5,99
3,02
2,43
3,47
15,63
0,50
0,33
1,22
1,52
0,17
24,60
2,35
12,02
16,13
-

0,82
5,21
1,59
2,42
0,66
15,63
0,38
0,10
6,39
1,28
0,07
0,85
7,14
2,81
0,66
2,26
1,32
1,49
0,56
0,25
0,33
0,11
0,57
0,48
0,37
8,87
0,83
0,57
0,57
0,56
0,92
0,10
0,66
1,14
1,70
0,4
0,07
0,17
4,37
1,18
1,47
8,17
3,70
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Mean relative abundance (%)
I. Station
II. Station
III. Station

EPILITHIC TAXA
BACILLARIOPHYTA
Pennales
G. insigne Gregory
G. gracile Ehrenberg
G. clavatum Ehrenberg
G. angustatum (Kuetzing) Robenhorst
G. affine Kuetzing
G. acuminatum Ehrenberg
G. tergestinum Fricke
G. augur Ehrenberg
G. amoneum Lange- Bertalot
G. angustum J.G. Agardh
Gyrosigma nodiferum (Grunow) Reimer
G. attenuatum (Kuetzing) Robenhorst
G. acuminatum (Kuetzing) Robenhorst
Hanitzschia amphyoxus (Ehrenberg) Grunow
Meridon circulare var. circulare (Greville) C. Agardh
Navicula cincta (Ehrenberg) Ralfs
N. viridula (Kuetzing) Ehrenberg
N. tuscula (Ehrenberg) Grunow
N. trivialis Lange-Bertalot
N. radiosa Kuetzing
N. pygmaea Kuetzing
N. pupula Kuetzing
N. porifera Hustedt
N. phyllepta Kuetzing
N. menisculus Schumann
N. kotschyi Grunow
N. heimansii Van Damm & Kooyman
N. exigua Gregory
N. cuspidata (Kuetzing) Kuetzing
N. crytocephala Kuetzing
N. similis Krasske
N. schoenfeldii Hustedt
N. tripunctata (O. F. Müller) Bory de Saint-Vincent
N. cryptotenella Lange-Bertalot
N. coconeiformis Gregory
N. clementioides Hustedt
N. capitatoradiata Germain
N. angusta Grunow
N. veneta Kuetzing
N. jaagi Meister
N. halophila (Grunow) Cleve
N. decussis Oestrup
Nitzschia linearis (J.G. Agardh) W. Smith
N. subacicularis Hustedt
N. scalpelliformis Grunow
N. commutata Grunow
N. hungarica Grunow
N. tryblionella Hanitzsch
N. solita Hustedt
N. sigma (Kuetzing) W. Smith
N. recta Hanitzsch
N. palea (Kuetzing) W. Smith
N. nana Grunow
N. intermedia Hanitzsch
N. hanitzschiana Robenhorst
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0,44
1,92
4
0,46
0,34
0,68
4
2,74
0,22
12,82
2,34
0,68
19,74
0,44
0,68
4,44
0,22
4,11
10,04
-

2,48
0,17
5,88
0,17
0,17
1,61
0,11
0,17
1,61
0,33
0,77
2,96
0,67
0,32
0,11
1,61
10,55
0,85
2,80
1,61
1,85
9,68
1,85
5,56
0,22
1,04
8,5
0,42
-

3,25
1,16
1,43
1,91
11,11
0,58
1,91
1,33
0,17
4,68
0,57
0,21
0,70
11,71
1,15
1,68
0,76
2,10
0,07
0,67
0,07
0,29
5,05
0,07
1,02
1,83
0,51
0,25
1,51
0,61
0,50
0,14
0,48
13,42
1,11
1,27
0,51
0,51
3,05
1,94
0,22
4,07
8,38
4,46
6,29
0,35
0,38
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Mean relative abundance (%)
I. Station
II. Station
III. Station

EPILITHIC TAXA
BACILLARIOPHYTA
Pennales
N. frustulum (Kuetzing) Grunow
N. dissipata (Kuetzing) Grunow
N. constricta (Kuetzing) Ralfs
N. capitellata Hustedt
N. calida Grunow
N. amphibioides Hustedt
N. amphibia Grunow
N. pellucida Grunow
Pinnularia microstauron (Ehernberg) Cleve
Pinnularia gibba Ehrenberg
P. superdivergentissima Chaumont & Germain
Surirella minuta Brebisson
S. brebissoni Krammer et Lange-Bertalot
S. angusta Kuetzing
Stephanodiscus neoastrea Hakansson & Hickel
Stephanodiscus agassizensis Hak&Kling
Ulnaria ulna (Nitzsch) P. Compere

0,68
1,37
0,89
0,22
0,22
0,68
33,52

When the indexes are evaluated in terms of our
country, it has been recorded by the researchers that
the reliability of DI-CH index is higher than the other
indexes studies. This subject was researched in a
study done in Isparta and Darıören river, and it was
detected that DI-CH index showed high reliability
for this region [39]. By determining 6 stations in a
study done in Ağlasun and Isparta streams, it was
tried to detect the water quality based on Klee and
Belgian Biotic index. According to the study, while
some stations formed organically very little polluted
or never polluted part of the stream, some stations
formed moderately dirty part of the stream and some
of them formed excessively polluted part of the
stream, based on the average values of physicochemical parameters [40]. EPI-D, SID, TDI and IDP indexes were used to evaluate the water quality of
Akarçay. TDI index values indicated that the stream
was polluted by organic matters rich in phosphate. It
was repeated that EPI-D index was sensitive to the
stream eutrophication and organic pollution. Similarly, according to Rott, the reaction of the types to
organic pollution was determined by calculating
Saprobic Index (SID). By revealing the effects of eutrophication and organic pollution of the stream using Pampean diatom index (IDP), it was tried to separate these two cases from each other [41]. In this
study, by calculating EPI-D, SID, TID, DI-CH and
IDP indexes, to what extent the stream was polluted,
the eutrophication effects, organic pollution and the
reaction of the types to organic pollution were determined (Table 2, Table 3).
In this study, by concentrating on the ecology
of the algae, their seasonal changes were examined
and the water quality measurements were made. Today, the studies done on the algae has not been limited to the matters such as the algae systematics, the

0,17
0,11
0,32
2
0,17
0,11
22,23

0,57
0,96
3,93
1,96
0,07
0,10
7,83
0,57
0,10
0,57
7,15
0,21
0,21
12,51

heavy metal pollution, but has been on many features
of the algae. Under the influence of global warming
emerging to a large extent by the hand of human, our
water resources are decreasing day by day. The decrease of water also means the extinction of the algae
which are our basic source of oxygen. Therefore, the
studies are being done around the world now on the
biological monitoring methods and on how to apply
those methods. When the studies done on the algae
are examined, it attracts the attention that the members of the Bacillariophyta group are more dominant
than the other groups in terms of both the number
and the diversity. This situation directs the researchers studying the biological monitoring to many fields
such as being able to obtain better results while determining the water quality and to inspect the compatibility of the water quality indexes with our country (Turkey) water quality results.
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landscape changes. It is used as a leading factor that
breaks up a continuous habitat, land use type, biota
or ecosystem causing the loss of biodiversity [4, 5,
6]. Fragmentation become a major focus of most
habitat and nature conservation studies [7, 8]. Human activities, such as the development of agricultural or urban areas in places once supporting forests
or wetlands resulted division of contiguous ecosystems intRVPDOOHUDUHDVFDOOHG³SDWFKHV´LQODQGVFDSH
ecology [4, 9, 10, 11]. The main criteria to determine
fragmentation of a landscape including number of
patches, mean patch size and the total amount of
edge was highlighted by Forman and Rutledge [4, 9]
. Many research conducted in distinct types of landscapes with a large number of ways depending on the
field of interest. The causes and effects of fragmentation change according to the quantity of elements
in landscape mosaic, their naturalness and ecological
values. For instance, fragmentation of forests due to
logging, agricultural activities, road construction or
urban sprawl can be harmful to plant species composition and wildlife. In this case, habitat loss which
means broad-scale removal of native vegetation or
other plant or animal habitats [12] can be seen as a
critical threat [13, 14, 15]. Conversely, this fragmentation can improve forest access and park visits [16,
17, 18, 19, 20]. Another example can be given from
European cultural landscapes such as, hedgerows
cause fragmentation in agricultural land by separating fields and surrounding them. They constitute
boundaries, meanwhile contributes to open space
network of the territory [21, 22]. Therefore, fragmentation has not only negative effects, but it can
also be beneficial in terms of different aspects (ecological, visual, historical, cultural and social). Taylor
[23] stated that the rural planner can measure it on
the basis of agricultural efficiency, while the bio-scientists PHDVXUH IUDJPHQWDWLRQ¶V LPPHGLDWH LPSDFW
upon local populations of flora and fauna. Land planners determine the cost of reuniting fragmented acreage so that it can be converted to build space, or to
other rural activities.
To measure fragmentation, many landscape indices have been presented for different purposes, diversity, contagion, and fractal dimension [24, 25, 26,
27]. Landscape indices are categorized as non-spa-

ABSTRACT
Large number of studies oQ ³ODQGVFDSH IUDJ
PHQWDWLRQ´were conducted in the literature. Most of
them focused on habitat loss (species loss), open
space loss, and changes in land use/ cover (LULC),
and landscape mosaic (landscape pattern/metrics
etc.). Fragmentation was one of the most widely used
concept amongst these topics that attracts attention
due to high urbanization and dramatic changes of the
cities. It was emphasized in various articles that fragmentation has adverse impacts on landscape however, it differs in various ways including, quantity of
elements, naturalness and ecological values of landscape mosaic. To support this hypothesis, we applied
a reference method for measuring fragmentation. In
this context, Hedge Network (HN) approach was
adopted and applied in lower plain of the ancient
Meander River in Aydin Province, Turkey due to its
agricultural character. Spontaneous vegetation cover
in ditches of irrigated fields are permanent due to the
water supply from irrigation system and precipitation in the study area. In this context, hedgerow types
along permanent fields were recorded from 15 sampling plots. Thus, this study enabled an enhanced interpretation and biotope/biodiversity based understanding of landscape fragmentation.

KEYWORDS:
Fragmentation, agricultural landscape, hedge network,
landscape metrics, ecosystem services

INTRODUCTION
Landscape changes as a result of human impacts (urbanization, agricultural expansion etc.) and
natural processes (volcanic eruptions, climatic
change, wildfire etc.) affected the spatial pattern of
landscapes that need to be analyzed through quantitative methods to identify changes in their ecological
functions [1, 2]. Analyzing and assessing these
changes were also emphasized within the European
Landscape Convention (ELC) to promote the protection, management and planning of European landscapes [3]. Landscape fragmentation is the results of
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portant to monitor environmental changes particularly impacts of urbanization on rural landscape as
well as arable lands [44, 45].
It is emphasized that the sustainable development of rural landscapes requires a multi-dimensional management approach covering both socioeconomic development, and environmental protection. Preventing agricultural landscape degradation
needs to maintain heterogeneity of spatial structure,
habitat and biological diversity with particular reference to plant diversity. Agricultural landscapes, in
most cases, contain a network of ecological corridors, including field boundaries and margins, hedgerows and woodlots as crucial habitats [46].
Many agricultural landscapes are a mixed of
existent vegetation patches that are references to
elaborate fragmentation studies [47, 27, 34]. Although some studies claim that fragmentation of agricultural land affects both the capacity of agricultural production its visual quality [48] in some cases
spontaneous vegetation occurred along hedgerows,
surrounding crop fields, may contribute to plant species diversity and habitats for animal species.
Jaskulski and Jaskulska, [46] presented a detailed review on plant diversity in agricultural landscapes. It was reported that diverse flora and fauna
in arable fields are closely related to habitat diversity
incorporating hedgerows which are a key ecological
element in Western Europe [49]. It is also stated that
linear woodlots, mostly made up by woody vegetation, are present in England, Central and Eastern Europe, North America as well as on other continents
[50, 51, 52, 53, 54, 55]. Planted and natural woody
species showed higher diversity and richness along
the hedgerows in Canada. In spontaneously occurred
hedgerows 31 woody, and 94 herbaceous plant species were identified while in Poland, 77 woody plant
species were found in woodlots [49, 49, 56]. Czarnecka [57] identified 67 plant species along 4 field
boundaries within a total length of 1000 m [43].

tial and spatial [28, 9]. When non-spatial indices describe landscape composition incorporating measurements of the number of patch classes or proportions of total area, spatial indices describe patch attributes and include information relevant for measuring fragmentation [9]. Two main purposes of these
indices are; (i) provide a tool at a regional level utilizing knowledge of ecosystem processes, (ii) allow
us to analyze a wide variety of ecosystem processes
regarding management and valuation [29]. These
purposes have encouraged the improvement of several landscape indices, analysis and software programs, such as Fragstats, spatial analysis of landscape patches (Patch Analyst), or Landscape Fragmentation Tool (LFT) for ArcGIS which are able to
calculate specific parameters in an accessible format
[30, 31, 32, 33, 34, 15]. Some of the landscape indices [35, 30, 36, 26, 37, 38, 9, 39, 15, 40, 41], and
their major value criteria for the measurement and
interpretations are presented as below (Table 1).
Fragmentation in Agricultural Landscapes
and Contribution to Ecosystem Services. Agricultural landscapes have a large potential for ecological
functions via supporting urban green infrastructure
and creating valuable habitats for animal species besides providing food. Additionally, they provide recreational and aesthetic values in terms of ecosystem
services [42, 43]. From an ecological-based approach, ecosystem services describe interactions of
organisms and the environment at different scales.
Understanding of these services are associated with
identifying their functions in ecology that can be often characterized by species or populations, habitat
types and their functional roles. The determination
of landscape structure, assessment of environmental
factors and measurement of ecosystem service providers within an appropriate scale are the steps for
managing ecosystem services. Additionally, it is im-

TABLE 1
Major value criteria for landscape fragmentation, their interpretation and sample indices
Major value
criteria

Interpretation examples

Examples of indices

Composition

Habitat change degree
Farmland heterogeneity
Landscape transition/change
Potential for ecological
restoration

Landscape fragmentation indices
(Number of patches, percentage of
landscape, largest patch index), Edge
density, Patch Density (PD), Mean Patch
Size (MPS), Splitting index (S), Degree
of landscape division (D), Effective mesh
size (m), Core area index (CAI)

Shape
Configuration
Diversity

Landscape scenarios, LULC
change, transboundary
movements, Plant establishment and
growth
Isolation degree
Connectivity level
Species richness
Potentials for nature restoration

Shape index (SI), Shape complexity
index, Fractal dimension, Square pixel
Proximity index, Buffer index,
Connectivity
Shannon diversity index, Shape diversity, Simpson¶s diversity index (D)
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FIGURE 1
Geographical location of the study area

hancing the ecological balance by means of providing a refuge for rare species, as well as for natural
enemies of pests, and pollinators.

Agricultural practices such as tillage, grazing,
irrigation systems, manuring, mulching etc. have a
strong impact on weed density and distribution [58].
Wild flora in cultivated fields in which intensive agricultural practices are carried out, is poor in species
richness as a result of periodic herbicide treatments
and ploughing. In organic agriculture, use of ecological production systems by green fertilization, biological control, organic waste, rotation and mineral
additives supports weed colonization in crop fields
[59]. Aytok et al. [60] reported that use of manure in
dune fields for watermelon cropping, encourages
weed colonization through transport of weed seeds.
However, repeated use of chemical fertilizers prevents possible weed colonization that would be triggered by introduction of manure into the soil. It is a
fact that species richness of weed flora increases in
abandoned fields during post-cultivation succession.
Celik et al. [61] determined weed species composition within the derelict land in Cukurova Plain located in southern Turkey. The results showed important changes on species richness of weed communities in a succession of over a decade. Within a ten
year period between 1998 and 2008 number of weed
species reached 34 while only 14 species were recorded in the initial survey in the abandoned field.
One of the main drivers of rapid colonization of
weed flora in abandoned fields is seed transport from
species-rich communities maintained by hedgerows,
located along field margins. Lind et al. [62] stated
that organically managed orchards present a rich
combination of habitats such as hedges which en-

Study Area. The study area is located in Aydin
Province, the southwestern part of Turkey. The central and western parts of the province are fertile
plains irrigated by the largest river (Great Meander)
in the Aegean region, and surrounded by the $\GÕQ
Mountains to the north and the 0HQWHúH0RXQWDLQV
to the south (Figure 1). The western end of the province is the Aegean coast with extensive salt marshes
located around the river estuary, and the Lake Bafa
a major feature of the Menderes delta area.
Approximately 363,200 hectares out of
800.700 hectares (total cover of the province) arable
land are cultivated in the plain of Aydin while main
crops are maize, cotton, wheat, chestnut, olive and
fig. Agriculture become more significant recently as
a result of increasing trend of exported products. According to the Environmental Status Report of the
province, fig, olive and chestnut hold the first place
LQWKHFRXQWU\¶VIUXLWSURGXFWLRQCotton, is ranked as
the second mostly cultivated crop among all cities in
Turkey.
(úEDK et al. [63] stated that agricultural landscapes are discreet mosaic of different types of
patches and corridors, therefore to achieve and maintain connectivity it is necessary to evaluate the composition and configuration of these elements. In this
composition, hedges created by spontaneous vegetation has an important role on landscape ecology that
needs to be assessed to determine landscape frag-
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from GIS office of the Republic of Turkey Ministry
of Environment and Urbanization. There is still a gap
exists when relevant literature is reviewed about
fragmentation approaches. To clarify this, we focused on the species richness of spontaneous vegetation in the scope of bio-diversity and biotope context, and to describe the fragmentation pattern, a reference method by Gulinck and Wagendorp [27] was
applied.

MATERIALS AND METHODS
High quality digital maps with a resolution of
0.5 m x 0.5 m were obtained as a mosaic data set

FIGURE 2
Ten sample quadrats located on Great Meander Plain
Degredation of Hedge Network (HN)
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FIGURE 3
The values of ACT and REF representing degradation of HN
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FIGURE 4
Twinspan groups of three distinct plant communities with their dominant and characteristic species
TABLE 2
The fragmentation metrics of ten sample quadrats
Sample
Number
(1km x1 km)

Number
of
patches

Actual
number of
nodes

Reference
number of
nodes

Minimum
patch size
(ha)

Maximum
patch size
(ha)

1
2
3
4
5
6
7
8
9
10

38
28
28
34
68
29
52
21
55
32

10
4
8
7
10
3
32
7
7
9

71
34
42
63
103
35
83
26
76
44

0,026
0,075
0,132
0,067
0,021
0,959
0,007
0,104
0,015
0,055

10,63
14,58
14,66
24,19
13,83
11,20
12,83
18,63
7,12
10,14

Total
actual
patch size
(ha)
2,55
7,31
11,23
1,62
3,37
2,60
4,23
1,66
2,03
5,50

Total
length of
hedgerows
(km)
5,2
9,0
8,8
4,4
10,2
7,9
13,7
3,9
4,0
5,4

In Figure 3, ten sample agricultural fields located on the plain (1 km x 1 km) are presented (Figure 2) using ArcMap 10.3. The approximate number
of patches, actual (ACT)/reference (REF) number of
nodes, minimum/maximum/actual patch sizes and
the total length of hedgerows were calculated. Comparing ACT and REF values provides the degradation level of HN (Figure 4).

The bar chart compares the values of ACT and
REF representing degradation of HN for ten different sample quadrats (1km x 1km) located on Great
Meander Plain (Figure 3). It is noticeable that ACT
values are below number 11 except the seventh
quadrat which has the highest number of ACT value.
As for the REF value, the fifth quadrat has the highest number while the eighth quadrat has the lowest
number.

RESULTS AND DISCUSSION

Data Evaluations on Plant Cover of Hedgerow Network. A total of 26 vascular plant taxa were
recorded from 15 sampling plots representing unique
hedgerow types, during the field surveys. Those
comprise 11 woody perennials and 15 herbaceous
taxa. During the surveys only tall weeds were taken
into consideration while ground covering annuals
that are characteristic species of roadside communities were neglected. List of recorded taxa and their
presence/abundance/coverage values were shown on
the Table 3. Figure 4 shows Twinspan groups of
three distinct plant communities with their dominant
and characteristic species.

Data Evaluations on Landscape Metrics.
The table illustrates the fragmentation metrics of ten
sample quadrats in the plain. The number of patches
differ between 21 and 68. Sample 5 has the highest
number of the patch among all sample quadrats. Although Sample 8 has the lowest number of patch, its
actual number of node reached the peak. Overall,
sample 3 has the largest actual patch size with approximately 11, 2 hectares. Total length of hedgerows change between 3, 9 and 13, 7 kilometers (Table 2).
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TABLE 3
List of recorded taxa and their presence/abundance/coverage values
Quadrat number
Number of Plant taxa
Olea europaea var. sylvestris
Ulmus minor
Prunus cf divaricata
Punica granatum
Ficus carica
Pistacia terebinthus
Asparagus acutifolius
Glycyrrhiza glabra
Sonchus asper
Malva sylvestris
Silybum marianum
Rumex pulcher
Foeniculum vulgare
Conyza canadensis
Cynanchum acutum
Piptatherum miliaceum
Daucus carota
Rubus canescens
Vitex agnus-castus
Phragmites communis
Polypogon monspeliensis
Verbascum sp.
Morus alba
Salix alba
Arundo donax
Rumex conglomeratus

1
20
1
3
2
R
R
R
R
+
+
+
+
+
+
1
1
2
1
4
2
+

2
13
3

+
+
+
+
+
+
1
1
2
1
4
2

3
16
1
3
2

R
+
+
+
+
+
+
1
1
2
1
4
2

4
13

5
6

3

3
2

+
+
+
+
+
+
1
1
2
1
4
2

R
R
+
+
+
+
+
+
1
1
2
1
4
2

6
1

7
3

8
2

9
10

10
11

11
4

+
+
+
+
1

+
1
+
+
+
+
+
+
+
4
+
1

+
+
+
+
+
+
+
+
+
4
+
1

+
1
+
+
+

+
+
+
+
+

+
+

+
+

+
+
+
4
+
1

+

+
+
4
+
1
1

4
+
1

12
6

13
6

14
6

15
6

+

+

+

+

3

3

2

3

+
+

+
+

+
+

+
+

4
+

4
+

4
+

4
+

1
4

R: Rare / +: Abundant / Coverage 1: <25 / 2: 25-50 / 3: 51-75 / 4: 75<

FIGURE 5
Characterization of fragmentation pattern of hedgerow network and assessment of its contribution to
ecosystem services in the study area

7946

© by PSP

Volume 26 ± No. 12A/2017 pages 7941-7950

Fresenius Environmental Bulletin

our ecological approach into the landscape-metrics
based approaches contributes to a better understanding and evaluation of green infrastructure formed by
crop fields in agricultural environment.

CONCLUSIONS
Landscape fragmentation has both positive and
negative impacts on agricultural fields. As for the
negative impacts, it may cause modification and degradation by dividing the fields. On the other hand,
this division comprises patches and surrounded by
usually rows of trees, shrubs or spontaneous vegetation cover defined as hedgerow. In the intersection
of hedgerows, there are nodes. Hedgerows serve
suitable habitats for indigenous plant species as a
contribution of fragmentation elements to the agroecosystem. Figure 5 shows characterization of fragmentation pattern of hedgerow network and assessment of its contribution to ecosystem services in the
study area. Degradation of HN is represented by the
degradation metrics. The number of nodes, hedgerows and patches per hectare was calculated to show
the level of degradation. Degradation indicator of
other facts are ACT and REF. Overall, there is a
striking difference between their values.
The function of hedgerows differs according to
the quality of fragmentation elements as artificial
and natural. Burel [22] indicated that hedgerow networks provide high degree of connection, ameliorate
or interrupt many fluctuations in the landscape due
to their rectilinear shape. They have a role in corridor
of movement and being scattered for many forest
species, such as small mammals, carabids, and plants
[22]. As negative impacts, the modification and degradation builds up patches, however this kind of
fragmentation is one of the basic character of crop
fields.
The Great Meander River basin as one of the
26 basins of Turkey is remarkably important in terms
of water resources and ecological, historical and geographical/physical characteristics. This pilot study,
combining two methods (landscape metrics and vegetation analysis) can be used as reference guideline
for landscape fragmentation studies in agricultural
environment. Applying presented methodology, agricultural landscapes can be ranked according to
their capacity to support a certain range of bio-diversity, and to create wildlife habitats as a unique ecosystem service. For this aim landscape metrics such
as number and size of patches, hedgerows, and biological indicators as species richness and diversity of
vascular plants can be incorporated into the assessment of landscape fragmentation. Additionally,
planners who interested in landscape ecology may
gain insights into landscape fragmentation in a holistic manner. Regarding landscape fragmentation,
there are various approaches taken into consideration. Therefore, planners and managers are usually
confronted with the complexity of these approaches
and methods that applied. Leitão et al. [64] stated
that when significant relationships between structural landscape features and ecological functions are
established, landscape metrics-based approaches can
constitute useful tools for planning. Incorporating
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APPROXIMATION MODEL FOR CARBON DIOXIDE
INCREASING LEVEL AND IMPACT OF VENTILATION
SYSTEM IN A UNIVERSITY CLASSROOM
Wannawit Taemthong
King Mongkut¶s University of Technology North Bangkok, Faculty of Engineering, Bangkok, Thailand

the environment by encouraging energy and resourceefficient buildings Moreover, they potentially lead to savings from increased building value,
higher lease rates and decreased utility costs >2@A
study of one LEED platinum campus building revealed levels of CO2 concentration at less than 600
ppm, within the ASHRAE standard 6212010 >3@
Ventilation supplying fresh air in an airconditioned
office consumes a considerable amount of energy
>4@Poor ventilation could cause excessive humidity
and the accumulation of gaseous andor chemical exposure >5@Higher indoor air quality initiates a non
linear increasing trend in annual thermal energy consumption >6@
Green building projects encompass many aspects, such as location and transportation, sustainable sites, water efficiency, energy and atmosphere,
materials and resources and indoor environmental
quality Indoor environmental quality is generally
concerned with several factors, including ventilation
rates, carbon dioxide levels, volatile organic compound levels, the concentration of dust, air speed,
temperature, and humidity Occupants of green
buildings have been shown to be more satisfied with
their indoor environmental quality than occupants of
conventional buildings >7@
Indoor environmental in buildings is crucial
from occupant¶s healthMost Europeans spend more
than 90 of their time indoors, overall indoor air
pollution exposures attribute to their health >8@Researcher in this area should inform the public on their
innovative solutions for healthier indoor climate >9@
Indoor air quality could be impacted by urban daily
air quality index >10@Since, strong emission sources
and location of the house could affect indoor environment in buildings >11, 12@
In school buildings, poor indoor air quality can
cause a reduction in students¶ performance as assessed by shortterm, computerbased tests; whereas
good air quality in classrooms can enhance children¶s concentration and teacher productivity >13@
High levels of CO2 has been shown to have a negative influence on pupils¶ learning ability >14@ One
study revealed that levels of carbon dioxide increased to 4800 ppm during the first two lessons in a
not wellventilated classroom of 25 students >15@
However, research has also shown that a mechanical

ABSTRACT
One aspect of indoor air quality in green buildings concerns carbon dioxide levelsThis paper presents different situations connected to estimating
carbon dioxide levels based on experimental researchThe research project was undertaken in a university classroom of 64 square metersThree situations were analyzed, involving 7, 15, and 25 students
being present in the roomIn a twohour experiment,
carbon dioxide levels reached 750, 1700, and 2450
ppm for 7, 15, and 25 students, respectivelyThe carbon dioxide levels increased approximately at a rate
of 421, 1143, and 1868 ppm per minute across the
three experimentsThe input of fresh air could alleviate the carbon dioxide level problem This paper
presents data on conditions both before and after a
fresh air intake fan is in operation Operating such
fresh air intake fans impacts on electricity costs since
Thailand has a hot and humid climatePower consumption when using air conditioning increases by
approximately 45 Therefore, minimizing the usage of fresh air intake fans could optimize energy usage while providing good indoor air quality

KEYWORDS
Indoor air quality, Carbon dioxide, Classroom, Model, and
Ventilation

INTRODUCTION
Green building initiatives are concerned about
indoor air qualityLiving in green buildings conventionally promises good health and lower electricity
billsIt provides a better indoor environment, yet reduces energy demands While the low ventilation
rates consume less energy, they may result in poor
indoor air quality, potentially causing health issues
for occupants in the long run >1@Sufficient ventilation following green building guidelines, such as
those espoused by the Leadership in Energy and Environmental Design LEED , could culminate in better indoor environmental quality conditions within
buildings LEED certification ensures healthier,
more productive places, generating reduced stress on
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hours and at 20 minutes intervals, as shown in Figure
2The classroom was equipped with two air conditioning unitsA fresh air supply fan with capacity of
362 cfmor 616 m3hr is located at 25 mfrom floor
level at the back of the room The fan was operated
in the second stage of the experiment and the results
are explained in the analysis section of this paper

ventilation system was able to ensure the highest outdoor air supply rates in a classroom, independent of
the season >16@ Not only does increase ventilation
result in less dilution, but high ventilation rates can
have a huge impact on energy costs and comfort
>17@
In order to design appropriate ventilation systems, the effects of increasing rates of CO 2 need to
be studiedIt is useful to understand the properties of
ventilation rates and carbon dioxide generation rates
in order to evaluate indoor air quality and ventilation
efficiency in mechanically ventilated buildings >18@
Several methods are used to estimate and model
CO2Lawrence and Braun >19@suggested a methodology for estimating CO2 using field measurements
and developed a CO2 schedule to manage demand
controlled ventilation in small commercial buildingsLu et al >18@introduced a method of estimating
occupant CO2 generation rates from measurements
in mechanically ventilated buildings, while Jiang et
al>20@used realtime CO2 measurements as estimator tools for assessing CO2 levels In addition,
Weekly et al >21@ developed partial and ordinary
differential equations for modeling and estimating
CO2 in a conference room settingHowever, none of
the studies mentioned examined increasing rates of
CO2 levels in the classroom environmentTherefore,
the objective of this research is to determine a model
for estimating and predicting CO2 levels in classrooms in order to help in designing ventilation systems suitable for use in schools

FIGURE 1
Experimental study room at Faculty of
Engineering

METHODOLOGY
In developing models for estimating and predicting CO2 levels in the classroom, the following
data collection were considered There were two
stages of data collections in this researchFirst, increasing rates of CO2 in a classroom setting were
studied without the operation of any ventilation systemSecondly, the impact of operating a ventilation
system on CO2 concentrations was studied through
examining cases wherein CO2 concentrations were
higher than the accepted thresholdWith respect to
carbon dioxide levels, the Occupational Safety and
Health Administration OSHA specifies the limit of
carbon dioxide level in the general industry workplace as being 5,000 ppm for a time weighted average >22@A generally satisfactory rate for indoor CO2
concentration lies between 1,0001,200 ppm >23@
Therefore, the level of CO2 used as a threshold in this
researchis 1,000 ppm
Data CollectionOne classroom with a size of
64 square meters was selected for this experimental
study as shown in Figure 1It has a ceiling height of
35 meters The experiment was conducted involving
three cases of 7, 15 and 25 studentsIn each case, the
level of CO2 concentration was recorded every two

FIGURE 2
Carbon dioxide level at 20 minute intervals for
7, 15, and 25 students
Curve FittingCurve fitting was achieved by
employing the linear regression method This is a
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statistical technique for modeling the relationship
between variables >24@In our experiments, two variables were foundCarbon dioxide level in a classroom is a function of the time that students are present in a roomTwo models were chosen for curve
fittingThey are straight line and second degree polynomial modelsThese were chosen since their patterns are similar in the form of the collected data in
Figure 2Their general forms are shown in equations
1 and 2



TABLE 1
Results from curve fitting using linear regression
methods on raw data in two forms of function
Number of
Students
7
15
25

Straight Line
Functions

2nd Degree Polynomial
Functions

y

286.2  4.21x

y

242.5  6.83 x  0.02 x 2

y

407.1  11.43x

y

299.9  17.86 x  0.05 x 2

y

236.9  28.33 x  0.08 x 2

y 397.8  18.68x

TABLE 2
Coefficient of determination, R2 of
fitted functions

y ax  b  1

where y  carbon dioxide concentration in
PPM; x time in minute; a slope of a straight line;
and b yinterception

Function



y
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Straight Line

a  bx  cx 2  2

where y  carbon dioxide concentration in
PPM; x time in minute; a, b, c constant values

2nd Degree
Polynomial

Number of
Students
7
15
25
7
15
25

R2
0982
0986
0988
0998
0999
0999

Average R2
0985

0999

FIGURE 4
Second degree polynomial models for 7, 15 and
25 students

FIGURE 3
Straight line models for 7, 15 and 25 students

The impact of employing ventilation fans is
then studiedBringing fresh air into the room can reduce CO2 concentration, as shown in Figure 5It was
found from Figure 4 that CO2 concentrations exceed
the threshold at approximately the 45th and 30th minute time scales in the 15 and 25 student experiments, respectively For the seven student experiment, the CO2 concentration was well below 1000
ppm throughout the twohour experimentThis can
roughly indicate that a 91 square meter space is required for one person in a twohour sessionIf the
space ratio per student is less than this number, a mechanical ventilation system is required to maintain
acceptable indoor air quality based on the CO 2 aspectFigure 5 illustrates the data gained in the two
experiments where ventilation fans were operated
The fans were operated manually when CO2 inside

ANALYSIS
By using linear regression analysis methods
with the collected data and models selected, a
straight line function and second degree polynomial
of 7, 15 and 25 students can be determined and summarized in Table 1Their plots are compared with
the collected data and shown in Figures 3 and 4 for
the straight line models and second degree polynomial models, respectivelyThe coefficients of determination, R2 are shown in Table 2 Second degree
polynomial functions can fit the behavior of CO2 increasing rates better than the straight line function
This is due to the fact that the average R2 of the polynomial function, which is 0999, is higher than the
straight line function, which is 0985
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higher CO2 levels can be reduced more easily with
less electricity consumption

room exceeded 1000 ppmThe ventilation fans supply fresh air at a rate of 362 cfm, or 616 m3hrThe
fresh air supply fan can reduce the CO 2 to be under
1,000 ppm in the case of the 15 student experiment
However, the ventilation fans cannot bring the CO2
concentration below 1,000 ppm in the 25 student
case scenarioTest durations in Figure 5 are less than
120 minutes due to classes adjourning before time
The actual ventilation rate for the 15 student case,
which offers good indoor air quality, was 2413
cfmperson This number is higher than the 15
cfmperson recommended by the Thai standards
The minimum ventilation rate required for a classroom in Thailand stands at 15 cfmperson >25@

FIGURE 6
Electricity consumption in kilo Watts Hour for
15 and 25 student experiments
From the three straight line functions observed
in Table 1, CO2 increasing rates can be roughly estimated as 421, 1143 and 1868 ppm per minute for
7, 15 and 25 students, respectivelyAn average CO2
increasing rate per student per minute can be calculated and shown in Table 3, standing at 070
ppmstudentminute This number can be used
roughly in estimating CO2 concentration in classroomsStudents tended to slowly emit carbon dioxide as time passed during experimentsThis can be
observed in the fact that the initial slope is steeper
than it is in latter stages, as can be seen from Figure
4

FIGURE 5
Impacts of ventilation fans on 15 and 25
student experiments
TABLE 3
CO2 emission rates of students in the classroom
Number
of students
7
15
25

Slope of straight line
functions, ppmminute
421
1143
1868
Average

Average,ppmstudentminute
060
076
075
070

However, ventilation fans serve to bring hot
and humid air into rooms since Thailand is subject to
a typically hot and humid climate Electricity consumption increases since air conditioning units work
harder and consume more electricity, as shown in
Figure 6 The 15 student experiment consumed an
increased rate of electricity of 49, in order to take
the CO2 concentration level down from approximately 1750 ppm to 935 ppm indicating that lower
CO2 concentration is harder to reduce and consumes
more electricityMeanwhile, in the 25 student experiment an additional 45of electricity was consumed
in order to reduce the CO2 concentration from approximately 2450 ppm to 1400 ppm, indicating that

FIGURE 7
A straight line model in predicting future values
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1000 ppm to 800 ppm in order to achieve excellent
indoor air quality Building designers need to understand that good indoor air quality consumes more
electricity As a result, fresh air intake fans in the
context of a densely occupied room over a long session consume more electricityDesigning an appropriate supply fan in terms of the capacity of students
in class is a challenging task in the context of saving
energy usage in buildings Variable speed supply
fans which are able to alleviate CO2 concentration
according to the number of students present in a
classroom can potentially minimize the energy usage
from air conditioning units

Although the polynomial function is better fitted to actual CO2 values than the straight line function, in predicting accuracy the polynomial function
should not be used when predicting future values
The straight line function can be employed to
roughly estimate CO2 concentration in classrooms
with acceptable accuracyFigures 7 and 8 show the
results connected to predicting values for both functionsIn the first 120 minutes the polynomial functions show better accuracy Meanwhile, they least
able to predict accuracy in the last 240 minutes compared with the straight line functionThus, this research recommends using the straight line model in
estimating CO2 concentration in a classroom which
is occupied for more than two hours
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ABSTRACT

INTRODUCTION

The principle aim of this study was to evaluate
the anti-biofilm activity of newly synthesized hexahydroimidazo [1,5-a] pyridinium bromides with
varying benzyl substituents to test as biofilm eradication agents against 10 opportunistic pathogens.
To our knowledge this important aspect of their
anti-biofilm and antioxidant activity has not yet
been discussed in the literature. Anti-biofilm activity of benzyl substituted hexahydroimidazo[1,5a]pyridinium bromide salts (B1-B9) was tested
accoriding to microtitre plate method. Additionally,
the best biofilm production of E.coli ATCC 8739
was monitoring with SEM (Scanning Electron
Microscopy). The antioxidant activity of these salts
were studied by the method of ABTS (2,2 azinobis(3-ethylbenzothiazoline-6-sulfonic acid)) radical
cation. In this study we have shown that these compounds possess excellent, broad spectrum antibiofilm activity against opportunistic microorganisms: the bacteria Staphylococcus aureus, Staphylococcus epidermidis, Bacillus cereus, Micrococcus
luteus, Proteus vulgaris, Escherichia coli, Salmonella typhimurium, Klebsiella pneumoniae and the
yeasts Candida albicans, Candida krusei. All of
these compounds inhibited bacterial and fungal
biofilm formation at concentrations ranging from
0.78 to 400 µg/mL, 3.12 to 50 µg/mL, respectively
(biofilm inhibitory concentration=BIC). Additionally, these compounds have been found to possess
antioxidant potential with the highest inhibitory
percentage of 92.4% using ABTS radical cation
assay. The obtained results revealed that all the
salts displayed anti-biofilm and antioxidant activity
against the tested microorganisms, indicating that
these salts could use in the design of new therapeutics and more effective antimicrobials for the control and prevention of biofilm infections caused by
the spread of pathogenic microorganisms to the
environment.

Opportunistic microorganisms are rapidly
emerging as problematic pathogens in healthcare
settings. Biofilm formation is an important reason
for bacterial resistance to antimicrobials. A biofilm
is a structured consortium of bacteria embedded in
a self-produced polymer matrix consisting of polysaccharide, protein and extracellular DNA [1]. The
microorganisms can attach to diverse abiotic such
as foreign body materials, oil pipelines, industrial
hot tubs or biotic systems such as heart valves,
teeth, mucosa and grow in highly stable communities [2-5]. Biofilm-associated microorganisms behave differently from planktonic (freely suspended)
organisms with respect to growth rates and ability
to resist antimicrobial treatments and therefore pose
a public health problem [3].
Clinically, microbial biofilms are extremely
problematic, and are implicated in implantable
medical device-associated infections as well as
many non-implant related chronic infections in
humans [6-7], many of which are recalcitrant to
standard antimicrobial regimens. Microbial biofilms, with their community defenses, are a ubiquitous feature of bacteria in nature and in many bacterial infections. Native valve endocarditis, cystic
fibrosis bronchopneumonia, periodontitis, bladder
infections, otitis media, musculoskeletal infections,
necrotizing fasciitis, biliary tract infection, osteomyelitis, bacterial prostatitis, meloidosis, chronic
tonsillitis, rhinosinusitis, infectious kidney stones,
chronic wounds, dental caries, and infections associated with foreign body material (contact lenses,
urinary and venous catheters, mechanical heart
valves, arteriovenous shunts, vascular grafts, peritoneal dialysis peritonitis, endotracheal tubes,
stents, orthopedic devices, intrauterine device, other
prostheses, etc.) are all examples of biofilm-related
diseases [1, 7-10]. All these chronic infections are
characterized by persisting inflammation and tissue
damage [3, 11]. Biofilm formation has been proposed to be a key to the survival of pathogens in the
context of infections [12, 13]. Chronic infections
are infections that 1) persist in spite of antibiotic
therapy, the innate and adaptive immune system

KEYWORDS:
Hexahydroimidazo [1,5-a] pyridinium bromides, imidazolinium salts, anti-biofilm activities, antioxidant activities, pathogenic microorganisms
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and inflammatory response of the host, and 2) in
contrast to colonization, are characterized by immune response and persisting pathology [14]. Industrially, microbial biofilms are responsible for
billions of dollars in lost productivity every year,
occurring in almost every water-based process
causing pipe blockage corrosion and contamination
[15, 16].
The resident bacterial community in a biofilm
has added defenses and multiple mechanisms for
survival, such as defenses against phagocytosis, UV
radiation, viral attack, shear stress, and dehydration,
as well as against biocides, antibiotics, and host
immunity. Biofilms have demonstrated the ability
to persist in 100 to 1000 times the concentrations of
antibiotics and biocides that can inhibit planktonic
cells [17-20]. Antibiotic treatment is often unsuccessful when bacteria are organized in biofilms,
because the latter give bacteria potent increased
antibiotic resistance [7, 21]. These biofilm characteristics are the root of many persistent bacterial
infections [15]. The biofilm allow adaptation to
overcome multiple stresses and to survive most
sequential therapies [10, 22, 23].
Current disinfection practices rely on convensional disinfectants that are typically biocidal or
toxic to bacteria, but as noted above, these biocides
are typically ineffective at controlling biofouling [7,
24, 25]. In this case, control of biofilm formation or
maintenance must be synthesized new anti-biofilm
compounds that have anti-biofilm activities [16, 24,

26, 27]. Imidazole derivatives has attracted more
attention during recent years due to their biological
activities. These compounds have been shown to
possess antihelmintic, antifungal, antibacterial and
anticancer activities [28]. Besides their biological
actions, diazol(in)ium salts find wide applications
in the preparation of N-heterocyclic carbenes
(NHCs) and their metal complexes [29-31], some of
which have attracted important attention as potential pharmaceuticals [31]. In addition, diazol(in)ium
salts, as potential antiseptics/disinfectants, have
been researched by some investigators [32-35].
The imidazolinium, benzimidazolium and tetrahydropyrimidinium salts and their metal complexes previously designed by Türkmen et al. (Fig.
1.) (1-9) had been shown to possess low toxicity.
According to the data, LD50 values of all these
compounds after oral application in mice in 24 h
showed low toxicity according to EPA and WHO
[39]. In this regard, the present study was carried
out to examine theirs efficacy against biofilm formation, and ability to eradicate preformed biofilms.
The tested bacteria and fungi in the work are important opportunistic human pathogens that causes
several chronic organ infections especially in immuno-compromised patients and in elders [22, 3638]. Much effort is now being invested to understand the anti-biofilm activity of these salts, with a
view toward designing and/or improving new therapeutics and more effective antimicrobial agents
against persistent biofilm infections by pathogens.

FIGURE 1
Synthesis and formula of the salts used for anti-biofilm activity. The purity of the salts was checked by
TLC with Merck Kieselgel GF 254 Plates, elemental analyses and 1H and 13C NMR
(Varian Mercury AS 400).
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prepared at the required quantities of 1600, 800,
400, 200, 100, 50, 25, 12.5, 6.25, 3.12, 1.56, 0.78
µg/ml concentrations in wells and were added in
TSB containing the bacterial suspension at 106
CFU/ml. The plates were incubated in the bacterial
cultures for 24 h at 37 °C and in the fungal cultures
for 72 h at 20 °C under stationary conditions and
total growth was measured at 570 nm (Perkin
Elmer-Lambda 25). Biofilm was measured by discarding the medium, rinsing the wells with 200 mL
of water (three times) and staining the bound cells
with crystal violet (0.4%, w/v) for 15 min, followed
by washing with water (200 mL) to remove unbound stain. The dye was solubilized in 200 mL of
33% (v/v) acetic acid, and absorbance at 570 nm
was determined using a microtitre plate reader
(Thermo Scientific-Multiskan FC). Six replicates
were used for each sample and each experiment
was performed three times. The percentage of biofilm inhibition was calculated by the formula:
Percentage of inhibition = ([Control OD570nm - Test
OD570nm]/Control OD570nm) x 100
The biofilm inhibitory concentration (BIC)
was determined as the lowest concentration that
produced visible disruption of biofilm formation
and a significant reduction in the readings when
compared with the control wells at OD570nm [45,
46]. The wells containing TSB and with the solutions of 1-9 were used as blanks.

FIGURE 2
Structure of hexahydroimidazo
[1,5-a] pyridinium bromide.

MATERIALS AND METHODS
Microbial Strains and Growth Media. In
vitro antimicrobial studies were carried out against
10 test microorganisms (four Gram-positive bacteria: S. aureus (6538/P), S. epidermidis (ATCC
12228), B. cereus (CCM 99) and M. luteus (ATCC
9341), four Gram-negative bacteria: P. vulgaris
(ATCC 6897), E. coli (ATCC 8739), S. typhimurium (CCM 5445) and K. pneumoniae (CCM 2318),
and two yeasts: C. albicans (ATCC 10231) and C.
krusei (ATCC 6258), which were obtained from the
Microbiology Department Culture Collection of
Ege University, Faculty of Science. Stock cultures
of bacteria were maintained on nutrient agar (NA)
(Merck) and yeasts were potato dextrose agar
(PDA) (Merck) at 4 ºC.

SEM Analysis. The biofilm samples for SEM
monitoring were prepared as described by Lembke
et al. [47] and Thenmozhi et al. [43]. The biofilms
on glass pieces (1x1cm) were fixed for 1 h in a
solution containing 2.5% glutaraldehyde. The glass
pieces were washed in 0.1M sodium acetate buffer
(pH 7.3). Samples were dehydrated through a graded series of ethanol, critical-point dried, gold sputtered and examined with a JEOL, JSM-7600F SEM
(USA).

Benzyl Substituted Hexahydroimidazo [1,
5-a] Pyridinium Bromide Salts. In our study the
salts used for anti-biofilm activity had been previously synthesized by Türkmen et al. [39]. In their
work, the salts had been obtained by quaternization
of 1, 5, 6, 7, 8, 8a- hexahydroimidazo [1, 5- a]
pyridine, by variously substituted benzyl bromides.
2- (2, 4, 6- tetramethylbenzyl)- 1, 5, 6, 7, 8, 8ahexahydroimidazo [1,5- a] pyridin- 2-ium bromide
(2), 2- (2, 3, 5, 6- tetramethylbenzyl)- 1, 5, 6, 7,
8,8ahexahydroimidazo[1, 5- a]pyridin- 2- ium bromide
(3),
2-(pentamethylbenzyl)-1,5,6,7,8,8ahexahydroimidazo[1,5-a]pyridin- 2 - ium bromide
(4) are known in the literature [40, 41]. The other
salts (1, 5-9) had been prepared according to the
published procedure. The purity of the salts had
been checked by TLC with Merck Kieselgel GF
254 Plates, elemental analyses and 1H and 13C
NMR (Varian Mercury AS 400). Formula of the
salts (1-9) were shown in Figure 1 and structure of
hexahydroimidazo [1,5-a] pyridinium bromide was
shown in Figure 2.

Assay of Antioxidant Activities for 1-9 by
In-vitro Method. The antioxidant activity was
determined using ABTS (2,2 azino-bis(3ethylbenzothiazoline-6-sulfonic acid)) radical cation method [48] with some modifications described
by Rossini et al. [49] and Pieniz et al. [50]. ABTS
radical cation was dissolved inwater (7 mM). ABTS
radical cation was produced by reacting ABTS
radical cation stock solution with 2.45 mM potassium persulfate (final concentration) and allowing the
mixture to stand in dark at room temperature for 16
h before use. The stock solution was used for a
maximum of 3 days. Before use, ABTS radical
cation solution was diluted with ethanol, to an absorbance of 0.700 ± 0.020 at 734 nm. Samples were
diluted with ethanol to obtain inhibition between 20
and 95% of the blank absorbance. Ascorbic acid
was used as the standard in the range 0-9 µg/ml.
After addition of 10 ml of sample (or standards) in

Anti-biofilm Activity Tests. Anti-biofilm activity of benzyl substituted hexahydroimidazo[1,5a]pyridinium bromide salts (1-9) was tested in 96well microtitre with glass pieces (1x1cm) [42-44].
Dilution series using sterile distilled water were
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1.0 ml of ABTS radical cation solution, the absorbance was read at 30 s interval for 5 min. Likewise, a
same proportion (10 ml) of culture medium or ultrapure water were used as controls. All determinations were carried out at least three times. The percentage inhibition of absorbance at 734 nm was
calculated using ascorbic acid standard curve.

phobic surface components, they prefer positive
cations to bind in the biofilm [52, 53].
Moreover, the compounds tested here generally showed poor anti-biofilm activities against
Gram-negative bacteria (Fig. 3.). The anti-biofilm
activities against Gram-positive bacteria and fungus
may depend on the differences between the cell
structures of these microorganisms. Strong, tough,
and elastic the Gram-negative cell wall is a remarkable structure which protects the contents of the
cell. The cell walls of Gram-negative bacteria follow a more general structural format than that of
gram-positive bacteria, which is strictly adhered to;
Gram-negative bacteria have an outer membrane
situated above a thin peptidoglycan layer. Sandwiched between the outer membrane and the plasma membrane, a concentrated gel-like matrix is
found in the periplasmic space. Whereas, fungal
cell wall has been shown to be primarily composed
of chitin, glucans, mannans and glycoproteins [54].
The lowest BICs of antibiotics tested in the
work were detected to be 12. 5 µg/mL against
Gram-positive bacteria, Gram-negative and fungi
(Table 1). Whereas, the BICs of the most active
derivatives (6, 7, 8 and 9) were shown to be as low
as 0.78 mg/mL. Interestingly, all these four derivates inhibited biofilm formation against two different yeast species at the same concentration 3.12
µg/ml (BIC). Additionally, they showed pronounced effect on the inhibition of Gram-positive
and Gram-negative biofilm formation at very low
concentrations (0.78-50 µg/mL). In Gram-negative
bacteria, the outer membrane contains substautial
amounts of protein and phospholipid and in addition, most or all of the lipopolysaccharide of the
cell envelope. One of Gram-negative bacteria
K.pneumoniae contains a discrete detectable layer
of polysaccharides outside of the cell wall polymer
named as capsule. Therefore, susceptibility of K.
pneumoniae (CCM 2318) biofilm against the compounds might be lower than the other bacteria in the
study (Fig. 3b).
The inhibition of biofilm formation was calculated for all tested microorganisms and their BICs
were found to be 0.78-400 µg/mL which showed a
significant reduction (P˂ 0.05) in biofilm formation
by spectrophotometric quantification. In addition,
visible reductions in biofilms of all tested microorganisms on the treated slides were observed by
SEM monitoring. All data was not given in the
study and E. coli was selected as a representating
microorganism. Eventually, SEM analysis of the
biofilms formed in the presence and absence of
benzyl substituted hexahydroimidazo [1,5-a] pyridinium bromide salts confirmed the inhibition of
E.coli biofilm formation by 1, 2, 3, 4, 6 and 7 (Fig.
4.). Combination of these active compounds with
traditional antibiotics will help design more effective antimicrobials and therapeutic approaches for
biofilm-treatments.

Statistical Analysis of Data. The data from
all experiments were analysed using the SPSS
software (version 16.0). Values were expressed as
mean±SE. Standard errors (SE) between replicate
samples for all experiments were calculated and an
unpaired two-tailed t-test was performed to determine whether there was a statistically significant
difference between growth as biofilms of microorganisms. All tests were considered significant at the
level p<0.05. Error bar plots in figures are shown as
one SE. The values for each experiment are the
mean values of results from three experiments unless otherwise stated.

RESULTS AND DISCUSSION
The opportunistic pathogens are the leading
cause of morbidity and mortality in enfected patients. Infections can be difficult to eradicate due to
their propensity to form biofilms and their inherent
resistance to antibiotics. Treatment regimens generally involve a rigorous and aggressive antibiotic
assault to minimize the detrimental cycle of infection, inflammation, and subsequent scar tissue formation [37, 46]. Biofilm-embedded bacteria and
yeast are tenacious and 100–1000 times more resistant to antimicrobial treatment [51]. Thus, inhibition of biofilm formation and/or dispersal of preformed biofilms may make biofilm-embedded bacteria and yeast more susceptible to antimicrobial
agents. Hence, we have investigated the effects of
variously substituted benzyl bromides (1-9) against
on eight bacterial and two fungal opportunistic
pathogens. To determine the BICs of the 1-9 on
these microorganisms, the compounds with concentrations at 0.78 to 1600 µg/ml was assessed and the
BICs were found as 0.78-400 µg/mL (Table 1).
In the study, it was detected that was a poor
correlation between lipophilicity of microbial cell
walls and BIC values of multi methylated benzyl
substituted salts, such as 1-4. The reasons of this
might be high ClogP values (logarithms of 1octanol/water partition coefficient parameter) [39]
and lower anti-biofilm properties of 1-4. Also,
steric and electronic interactions by influent. In
addition to these, it was shown that anti-biofilm
activity of electron-poor benzyls were higher than
electron-rich ones in this work. Because most bacteria are negatively charged but still contain hydro-
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TABLE 1
Anti-biofilm and antioxidant activity of hexahydroimidazo [1,5-a] pyridinium bromides against tested
pathogenic microorganisms.
Salts

Ar

Antioxidant
activity
(%)*

BIC (µg/ml)
Gram negative bacteria
PV
EC
ST
KP
50
25
50
25

1

75.5±0.09

Gram positive bacteria
SA
SE
BC
ML
25
25
100
50

2

12.5±1.00

100

50

400

50

200

400

200

400

50

25

3

15.8±2.06

100

25

400

50

25

100

100

400

50

12.5

4

56.2±0.71

50

25

200

25

50

50

50

50

50

6.25

5

60.8±0.47

25

25

200

50

100

100

100

50

50

3.12

6

92.4±1.82

12.5

3.12

6.25

3.12

12.5

3.12

3.12

50

3.12

3.12

7

90.5±2.00

12.5

3.12

6.25

3.12

25

12.5

6.25

50

3.12

3.12

8

89.6±0.15

3.12

3.12

25

6.25

12.5

12.5

3.12

25

3.12

3.12

9

87.5±0.20

12.5

12.5

25

6.25

25

12.5

0.78

50

3.12

3.12

50
-

12.5
-

100
-

6.25
-

25
-

25
-

12.5
-

50
-

12.5

12.5

Standard
antibiotics

Ampicillin
Nystatin

Yeasts
CA
CK
12.5 12.5

*: Values represent the mean±SE of three independent experiments; -: Not tested; BIC: Biofilm inhibitory concentration; SA: Staphylococcus aureus; SE: Staphylococcus epidermidis; BC: Bacillus cereus; ML: Micrococcus luteus; PV: Proteus vulgaris; EC: Escherichia coli; ST: Salmonella typhimurium; KP: Klebsiella pneumoniae; CA: Candida albicans; and CK: Candida krusei.

tency as potential antioxidants especially 6 and 7
can find wide application in functional pharmaceutical formulations.

The antioxidant activity was evaluated by
ABTS radical cation method (Table 1). 1-9 exhibited high ability to scavenge the radical ABTS, with
inhibitory percentages ranging from 12.5 to 92.4%
(Table 1). From the results of antioxidant activity, it
was recognized clearly that 6 and 7 could produce
the highest amount of antioxidant activity, 92.4%
and 90.5%, respectively. Conversely, 2 and 3
showed weak antioxidant activity, with an inhibitory percentage of 12.5% and 15.8%, respectively. As
a general result, there were noticeable antioxidant
activities of these derivates. Considering their po-

CONCLUSION
A biofilm focus also provides new strategies
for treatment of chronic infections. Biofilm-based
treatments might block initial bacterial attachment
to a surface, block or destroy EPS formation, inter-

7961

$#

! %  

 







!"  ! 


fere with cell-cell signaling pathways, and use
bacteriostatic or bactericidal agents at the same
time. Microbial biofilms, which characterized by

their resistance to the traditional antimicrobials, are
considered as a renewable source of contamination
by pathogens.

FIGURE 3
Inhibition effect of hexahydroimidazo[1,5-a]pyridinium bromides (1-9) and standard antibiotics
(a) on Gram-positive bacteria, (b) on Gram-negative bacteria and (c) on yeasts.
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FIGURE 4
SEM images of effect of some hexahydroimidazo [1,5-a] pyridinium bromides on E.coli (ATCC 8739)
biofilm. (a) biofilm formation by E.coli (derivate-free control), (b) biofilm treated with 2, (c) biofilm
treated with 3, (d) biofilm sample treated with 4, (e) biofilm treated with 6,
(f) biofilm treated with 7; scale bar:1 µm

Anti-biofilm activity-based theraphies that not
only attempt to eradicate bacteria but also affect the
biofilm’s community structure and communications

may prove more effective than a single or sequential strategy such as antibiotic therapy. Furthermore,
the employment of anti-biofilm agents may help
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address the significant patient cost (in terms of
morbidity and mortality) and financial burden imposed by infections caused by persistent biofilmmicroorganisms.
For these reasons, our research focus has been
on anti-biofilm activity of benzyl substituted hexahydroimidazo[1,5-a] pyridinium bromides. The
results show that tested microorganisms was susceptible in biofilm forms. They indicate that the
imidazolinium, benzimidazolium and tetrahydropyrimidinium salts (1-9) and their metal complexes
possess remarkable anti-biofilm activity and are
effective against biofilm populations (sessile) of
tested microorganisms. In this work, 1-9 shows
superior characters as anti-biofilm effect and antioxidant property. Therefore, these groups may be
new sources of anti-biofilm agents and antioxidants
with potential value for therapeutics. They should
be explored further as a means to control biofilmassociated infections caused by pathogens.
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studied with the static and dynamic triaxial experimental machine [7]. A series of tests designed to determine the specific role coarse aggregate had on the
freeze-thaw durability of pervious concrete using the
ASTM C666A procedure [8]. The effect of coupled
deterioration by freeze–thaw, carbonation and chlorides on concrete service life was studied [9]. Overall,
the literatures on the concrete in the cold region focus on the freeze–thaw cycle. As an important calamity weather, acid-freezing rain effecting on the
concrete is payed less attention.
In this paper, different concrete grades with
C15, C25 and C35 were prepared. The acid-freezing
rain (pH=5.5) acting on the concrete was simulated
in the laboratory conditions for 7d, 14d and 21d.
With the triaxial rock mechanics testing machine, the
compressive properties were investigated. Combined with SEM tests, the micro-structures were observed to reveal the failure mechanism.

ABSTRACT
Acid-Freezing rain is one of the most calamity
weather phenomenon in Northeast China, it often occurs in early winter or late winter and early spring.
In this paper, to investigate the mechanics property
after the acid-freezing rain acting, different concrete
grades with C15, C25 and C35 were prepared. The
acid-freezing rain acting on the concrete was simulated in the laboratory conditions for 7d, 14d and 21d.
With the triaxial rock mechanics testing machine, the
compressive properties were investigated. The results showed that the surficial layers of the concretes
were damaged under the acid-freezing rain and the
compressive strength awfully decrease due to the intergranular suction losing.

KEYWORDS:
Acid-freezing rain, concrete, compressive property, intergranular suction

MATERIALS AND METHOD
INTRODUCTION

Materials. Portland cement (PC) produced in
Set cement factory was used in this study. The chemical compositions of the PC are summarized in Table
1. Two groups of crushed stone aggregates with the
size of 0-4 mm and 4-16 mm were used for concrete
production. Maximum aggregate size was 16 mm.
The specific gravities of the fine and coarse aggregates were 2.47 and 2.66, respectively. The absorption values of the fine and coarse aggregates were
2.6% and 0.56%, respectively. The mixing water
was tap water. The admixture was silicate concrete
enhancer. Three groups of cubic concrete specimens,
with C15, C25, C35 grade, were prepared respectively. The mixing proportion of concrete were summarized in Table 2. After an appropriate casting procedure, the concretes were placed in a room at 20
for primary curing for 28d. To guarantee accuracy of
the compressive tests, the length error of the pressure-bearing surface was less than 1mm, the angle
error between the proximal surfaces was less than
0.5 °. To observe the compressive tests conveniently,
three lines were labelled on the surface of concrete.

Acid-freezing rain is one of the most calamity
weather phenomenon in Northeast China, it often occurs in early winter or late winter and early spring
[1]. Freezing rain is composited with super-cooled
water droplets which are caused with the rain crashing the objects less than 0 °C [2]. In Northeast China,
the waste gases from heating and industries are rich
in sulfur dioxide and nitrogen oxides, which result in
the pH value of the freezing rain less than 5.6. Concrete [3], as a common building material, is constituted with cement, granular aggregates, water and
mineral admixtures [4]. Durability of concrete under
acid-freezing rain action is of great importance to hydraulic structures in cold areas. The ice formation
process in concrete pores was applied to evaluate the
damages in concrete caused by freeze-thaw cycle [5].
The effect of sodium chloride solution, freeze–thaw
cycling and externally applied load on the performance of concrete was experimentally investigated
[6]. The behaviors of strength and deformation of
plain concrete under triaxial compressions after 0, 25,
50 and 75 cycles of freeze-thaw were experimentally
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TABLE 1
Chemical compositions of the PC
Component (%)
PC

CaO
60.55

SiO2
21.42

Al2O3
3.61

Fe2O3
5.32

MgO
4.76

SO3
2.28

K 2O
0.59

Na2O
0.32

LOI
0.64

Insoluble residue
0.51

TABLE 2
Mixing proportion of concrete
Strength grade
C15
C25
C35

Cement
(kg/m3)
200
275
335

Fly-ash
(kg/m3)
100
80
90

Sand
(kg/m3)
838
790
725

Crushed stone
(kg/m3)
1026
1047
1045

Water
(kg/m3)
195
180
175

Admixture
(kg/m3)
6.3
8.17
10.63

FIGURE 1
Acid-freezing rain simulated in the concrete rapid freezing and thawing chamber.

Method. The concrete rapid freezing and thawing chamber (DR-2B) was used for simulating the
acid-freezing rain action. The minimum simulated
temperature of the chamber was -40. The compressive tests were executed with the triaxial rock
mechanics testing machine (RMT-150). The detailed
experimental methods were shown as follows:
(1) The concretes were placed in a room at 20
for primary curing for 28d [10]. To guarantee accuracy of the compressive tests, the length error of the
pressure-bearing surface was less than 1mm, the angle error between the proximal surfaces was less than
0.5°. To observe the compressive tests conveniently,
three lines were labelled on the surface of concrete.
(2) The concrete samples were gently cleaned
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with dry cloth and rechecked for the sizes and flatness, then different groups of concretes were respectively moved into the freezing and thawing chamber.
The space between the sample was 70mm and the
distance from the inner surface of the chamber to the
sample surface was 70mm. The temperature of the
inner chamber was -20.
(3) The acid-freezing rain, with the pH 5.5, was
deployed with the distilled water and sulfuric acid
solution. To sure each face suffered the acid-freezing
rain sufficiently, the sprinklers were used to simulate
the rainfall (shown in Figure 1). The interval of the
rainfall was two hours. Due to the cold experiment
environment, the sprinklers were easily plugged by
the ice. To pretest this phenomenon occurring, once
the rainfall was simulated, the chamber was cut off.
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And the rainfall was finished, the gas was continuously input to prevent none residual water. Finally,
15mm frozen layer covering the concrete surfaces
(according to China Meteorological Administration
issued in 2015, the thickness of the freezing rain was
10 ~ 20mm) was formed by acid-freezing rain. The
freezing time were respectively designed with 0d, 7d,
14d and 21d.
(4) Due to the thickness of the ice was far less
than concrete, the ability of ice under the compression was neglected. Before compressive test, the
concretes were immersed in the water (18 ~ 20)
for ten minutes to thaw the surficial ice to ensure the
surface smooth. Then the samples were cleaned with
the dry cloth, and rechecked the aspects. Once the
precisions of the concretes were not reaching the
standard (the length error of the pressure-bearing
surface was less than 1mm, the angle error between
the proximal surfaces was less than 0.5 °), the concretes must be discarded. Then the butter was smear
on the compressive surface to decrease the friction.
(5) The PVC plastic, cohered on the compressive surface of concrete with butter, was used for decreasing the friction. The pretesting speed was set as
0.2kN/s with the preload 5kN. Then the compression
increased with the loading speed 0.03mn /s. Once the
concrete was destroyed, the machine was turned off.
During the compressive procedure, the data were
collected with computer. The compressive tests were
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performed with the triaxial rock mechanics testing
machine shown in Figure 2. And the typical samples
for X-ray scanning were collected with drilling apparatus and scanned at Shanghai Synchrotron Radiation Facility (SSRF) in China [11, 12].

RESULTS AND DISCUSSIONS
Loss Ratio of The Mass. The loss ratio of the
mass before and after acid-freezing rain action were
contrastively analyzed in Figure 3. For the action
time less than 14d, the loss ratio of the C15 ~ C35
were escalating trend. Once the action time more
than 14d, the loss ratio of C15 concrete presented
moderating trend but escalating trend for C25 and
C35. For the action time 7d, the loss ratio of the mass,
almost same for C15 and C35, was larger than C25.
When the action time was not less than 7d, the loss
ratio of C35 concrete was less than C15, but larger
than C25. And the water-cement ratio of C35 was
less than C25. The free water was decreasing with
the hydration reacting, which resulted in the plasticity of cement losing. Due to the hydration products
increasing, the pores between particles were gradually filled and the gel was mixed with the crystal of
the hydration products, which impelled the cement
with certain strength into hardening stage.

FIGURE 2
Compressive test procedure.

FIGURE 3
The relationship between mass loss rate and acid-freezing rain action time.
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FIGURE 4
SEM tests for the typical samples.

FIGURE 5
The failure process under the compressive test and the binary images of the fractures.

Test Phenomenon. After the action of freezing
rain, an ice layer was formed and four obvious
macro-changes including erosion, layered damage,
aggregate and mortar separating, micro-fracture
were observed on the concrete surfaces. In other
words, the surface layer was damaged and the aggregates peeled off the concrete under the acid-freezing
action. Lots of alveolate micro-holes were observed

on the surfaces of the concretes, which were corroded by the sulfuric acid solution. The loosening
phenomenon of aggregates appeared in the surficial
layer. With the effect time increasing, the flake phenomenon aggravated gradually. For 7d freezing rain
action, a few mortar on the surface stripped from the
C15 concrete. Once the effect time reached to 14d,
the aggregates distinctly stripped from the mortar.
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As the time increasing continuously, the micro-fractures appeared in the coupling places between mortar
and aggregates (near the macro-fractures), which
were mainly caused by the critical water and ice.
Once the surficial water frozen into ice, the expanding volume impelled the critical water transferring.
The fatigue stress generated with the hydrostatic
pressure and seepage pressure jointly effecting.
When the fatigue stress was larger than the maximum adhesion stress of the coupling place, the micro-pores and -fractures were increasing and extending, which resulted in the aggregates separating from
the mortar and the mortar stripping phenomenon.
With the SEM test of surficial concrete, the microand macro-fractures, aggregates stripping from mortar phenomenon were observed in Figure 4.
During the compressive test, new fractures appeared near the block corners observed from the side
view with the internal stress increasing shown in Figure 5. And the fractures, appeared in the middle
block of the vertical direction, developed from the
middle to the upper and lower corners of the concrete
block. The core concrete, under the triaxial compression state, could suffer certain pressures in the incipient stage. But the ability disappeared as soon as the
cross section and the horizontal constraining force of
the concrete decreasing. With the compressive stress
increasing, more fractures developed towards the inner. And lots of apophysis of the side surfaces and
stripping phenomenon were observed obviously. Finally, an infundibular shape formed with two forward and reverse centrums shown in Figure 5. The
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adhesive failure modes were mainly observed between the coarse aggregates and cements. With the
concrete grade increasing to C35, a small part of split
course aggregate were observed.
Morphology Analysis. The typical concrete
samples were analyzed with X-ray computed tomography method, which was performed with X-ray imaging and biomedical application beam line
(BL13W1) at Shanghai Synchrotron Radiation Facility (SSRF) in China. And Six 10-cm diameter
specimens of cylindrical concrete were investigated
with the spatial resolution of 6.25µm. To obviously
observe the morphology of concrete, six typical
crossing sections were analyzed. The images shown
the internal structures composed of aggregates (dark
blue), cement (red) and gas (white), shown in Figure
6. The images before compressive tests indicated
that some tiny holes existed in the volume and the
aggregates were more large. The aggregates present
rounded shapes. But the images after compressive
tests indicated that more holes and fragments existed
in the volumes. With the concrete strength increasing,
the porosity of the bulk decreased and the aggregates
were more and more large (more integrated). For the
C15 concrete, the pores existed near the aggregates
and the shapes of the aggregates were angular, which
indicated that the compressive destruction often
crossed through the aggregates. But for the C35 concrete, the pores often existed in the cement, which
indicated that the cracks often be along the aggregates.

FIGURE 6
The crossing images for the concrete samples before and after compressive tests.
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FIGURE 7
Stress-strain in different acid-freezing acting time, acid-freezing rain is abbreviated to AFR.

condition but larger than 14d. With the strain increasing, the residual stress of 21d was larger than
other conditions. But for C25 and C35 concretes, the
residual stresses for different conditions were almost
same.
The whole variation tendency indicated that the
compressive strength under the acid-freezing rain
was far less than that in normal condition. In this
study, the fly-ash and others small particle materials
was mixed into the concrete to improve the pore
structures and decrease the proportion of the macropores. Meanwhile, the micro-pores of the cement
paste increased awfully. And the pores between the
hydration products were filled with the small particle
materials. With the hydration reaction continuing,
the internals spaces originally occupied by the water
were eventually formed into the interconnected
pores. As the concrete grade increasing, the hardening rate was accordingly increasing. The water in the
concrete was frozen into ice, which resulted in the
intergranular suction between particles decreasing
[13, 14]. As the main component of intergranular
suction, the structure suctions, developed by the cementing force, were damaged by the frost heave and
acid erosion. And due to the interfanular suction decreasing, the appearances of holes and fractures naturally resulted in the stress paths breaking. Under the
external load, the concrete block was more easily
damaged than that in the normal condition. And the
phenomenon was more obvious with the acid-freezing rain continuing.

Compressive Strength. Figure 7 shows that
the stress-strain relations in different acid-freezing
acting time. For the 7d freezing rain action, the compressive strength of the C15, C25 and C35 concretes
were decreasing respectively with 10%, 9% and 7%
compared with the concrete without suffered freezing rain action. With the action time increasing, the
decreasing ranges of the compressive strength were
accordingly increasing, i.e. for 14d with 16%, 14%,
12% and for 21d with 26%, 22%, 16%. The different
decreasing degrees shown that the compressive
strength after acid-freezing rain action were related
to the concrete grade and the action time. With the
concrete grade increasing, the action under the freezing rain was weakening. And the loss of the compressive strength was increasing with the action time
increasing. For the same grade concrete, the attenuation rate of the compressive strength was gradually
decreasing with the action time increasing. But for
the same action time of the acid-freezing rain, the attenuation rate of the compressive strength was gradually decreasing with the concrete grade increasing.
Shown in Figure 7, the increasing ratios of
stress for normal condition and action time 7d were
larger than 14d and 21d. The main reason was that
the strength of the concrete was enhanced for long
action time of freezing rain. The stress reached the
maximum when the strain was about 0.003. The peak
stress of C15 concretes acted for 0, 7, 14 and 21d
were respectively 19MPa, 17MPa, 16MPa and
14MPa. In other words, the peak stress present decline trend. For the 21d action time, the decrease of
peak stress was 25% of the normal condition. With
the concrete grade increasing, the decreasing percentage of the peak stresses became gradually lower,
i.e. the decreasing percentages were respectively
25%, 20%, 15% for the action time 21d. With the test
proceeding, the compressive strength present moderating trend. If the strain was twice of the peak stress,
the residual stress tend to be minimum. Figure 7
showed that the residual stress of the concrete acted
freezing rain for 21d was equal to 7d and normal

CONCLUSIONS
For the action time of acid-freezing rain less
than 14d, the loss ratio of the C15 ~ C35 were escalating trend. Once the action time more than 14d, the
loss ratio of C15 concrete presented moderating
trend but escalating trend for C25 and C35. Four obvious macro-changes including erosion, layered
damage, aggregate and mortar separating, microfracture were observed on the concrete surfaces.
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The fractures, appeared in the middle block of
the vertical direction, developed from the middle to
the upper and lower corners of the concrete block.
The core concrete, under the triaxial compression
state, could suffer certain pressures in the incipient
stage. But the ability disappeared as soon as the cross
section and the horizontal constraining force of the
concrete decreasing. Lots of apophysis of the side
surfaces and stripping phenomenon were observed
obviously. An infundibular shape was finally formed
with two forward and reverse centrums.
Due to the intergranular suction decreasing, the
appearances of holes and fractures naturally result in
the stress paths breaking. Under the external load,
the concrete block was easier damaged than that in
the normal condition. And the phenomenon was
more obvious with the acid-freezing rain continuing.
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EFFECT OF DIFFERENT WAVELENGTHS OF LIGHT ON
GROWTH, PIGMENT CONTENT AND PROTEIN AMOUNT
OF CHLORELLA VULGARIS
Gokce Kendirlioglu, A Kadri Cetin*
Department of Biology, Faculty of Science, Firat University, 23119 Elazig, Turkey

source of energy to overcome environmental problems caused by fossil fuels. Many algae biotechnologists have begun to investigate the mechanisms of
photosynthesis of algal cells and to study the unique
bioactive substances they produce such as various
pigments, proteins, fatty acids and vitamins. Furthermore, microalgae are rich in oil content and their
photosynthetic efficiency is much greater than that
of terrestrial plants. Today, more than 40.000 microalgae have been identified by molecular and microscopic methods, and a significant portion of them
have been found to have high lipid content. Oil content in microalgae generally ranges from 20 to 50%
and makes up about 80% by weight of dry biomass
in some species. Consequently, the biotechnological
use of microalgae biomass for biofuel production has
been increasing in recent years [2-6]. Microalgae undergo morphological and biochemical changes as a
survival strategy under extraordinary conditions
such as nutrient deficiency, high light intensity or
high salt concentration. High levels of lipid accumulation have been found in microalgae grown under
stress conditions, while significant biomass increases have been achieved with high growth rates
[7]. Several studies have investigated how to achieve
an increase in growth rate in various algae species [1,
8-10].
As with all plants, microalgae produce their
own food by photosynthesis and form the basic nutrients of organisms that feed on them. It is known
that microalgae are traditionally used in aquaculture
as the main source of food for fish, some crustacean
larvae and juvenile bivalves. Being of widespread
occurrence, algae are affected by various external
and internal factors. Light is the most important factor affecting autotrophic growth and photosynthetic
activity of algae [1]. Since light is the source of energy that directs photosynthesis, intensity and wavelength of light and photoperiod play an important
role in increasing biomass efficiency of microalgae.
Natural light or fluorescent light bulbs are used as
sources of light in microalgae cultures. However,
high intensity of light leads to photo-inhibition and
photooxidation, while low intensity of light is a major growth-limiting factor. For this reason, intensity
and wavelength of light, at which microalgae growth
becomes saturated in cultures, are important factors
in determining the efficiency of use of light [11].

ABSTRACT
Algae constitute the main source of materials
that can be used as raw materials for many highvalue bioproducts, the most prominent ones of which
are vitamins, lipids, chlorophyll and carotenoids.
The key to economic production of biomass and bioproducts from microalgae is to optimize their
growth conditions. Microalgae require optimal lighting conditions for efficient photosynthesis. Photoperiod, light intensity and wavelength of light are
some of the important factors affecting the rate of
photosynthesis. Light conditions directly affect the
growth, pigment content and protein amount in microalgae. The aim of this study is to show the effects
of light wavelength on growth, pigment content and
protein amount in Chlorella vulgaris. Different
wavelengths of light (blue, green, red and white
light) were used to test their effects on growth, pigment content and protein amount in Chlorella vulgaris. The results show that the highest growth and
amount of protein in Chlorella vulgaris were in cultures illuminated with red light. The amounts of
chlorophyll and astaxanthin reached their highest
values under different lights. The highest amounts of
chlorophyll a and chlorophyll b were observed in
cultures illuminated with green light while the highest amount of astaxanthin was observed in cultures
illuminated with blue light.
KEYWORDS:
Chlorella vulgaris, wavelength, chlorophylls, astaxanthin,
protein

INTRODUCTION
Algae are important organisms in that they are
the basic producers of photosynthetic and organic
materials which can be primitive, single cell or multicellular. They convert light energy into chemical
energy during photosynthesis. Algae store energy in
the form of starch and carbohydrate (complex sugar)
as a result of photosynthesis [1]. Today, microalgae
have become a focal point of attention in biotechnological studies aimed at using them as a renewable
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posed of distilled water and such chemical ingredients as Ca(NO3)2.4H2O, KH2PO4, MgSO4.7H2O,
NaHCO3, EDTA FeNa, EDTA Na2, H3BO3,
(NH4)6Mo7O2H2O,
NaNO3,
MnCl2.4H2O,
Na2HPO4., cyanocobalamin, thiamine and biotin.
The culture medium was sterilized at 121 °C and an
atmospheric pressure of 1 for 15 min.
Chlorella vulgaris was inoculated into 250-mL
Erlenmeyer flasks containing 100 mL of liquid nutrient medium. The Erlenmeyer flasks were incubated in a climate cabinet at 23 ±1 °C under a 16h
light/8h dark regime. Having been taken from the
cultures that reached a certain density, 10-mL samples were inoculated into Erlenmeyer flasks illuminated with white (380-730 nm) (control), red (625740 nm), green (500-565 nm) and blue light (440485 nm), and left to grow at 23 ±1 °C under a 16h
light/8h dark regime for 10 days.

It is known that different growth media and different wavelengths of light are required for the
growth of different algal species. Generally, microalgae use wavelengths ranging from 400 to 700 nm
for photosynthesis. The wavelength of light absorbed by microalgae differs among species [12].
The determination of the optimum wavelength of
light for the growth of microalgae is one of the basic
parameters to be investigated. The use of sunlight
has an excellent effect on algal growth. However,
changes in weather conditions adversely affect the
growth of microalgae. Artificial sources of light are
widely used in microalgae cultures to increase efficiency and to meet energy needs under controlled
conditions. Intensity and wavelength of light are two
of the most important parameters in microalgal
growth. Microalgae require optimal lighting conditions to reach the maximum rate of photosynthesis
[13].
The green alga, Chlorella vulgaris, is an important member of the food chain in aquatic habitats,
and its role in aquaculture is increasing day by day.
Becoming an alternative source of protein, C. vulgaris is also an important natural resource for the
production of vitamins, lipids, chlorophyll and carotenoids. Like other microalgae, the nutritive quality,
protein, fatty acid, and pigment of C. vulgaris are affected by light [14].
Many studies have shown that the biochemical
compositions of microalgae can be altered by some
interventions in the growing environment. Light is
one of the most important factors that affect the
growth of microalgae. Effects of photoperiod, intensity and wavelength both on the growth and bioactive compounds of microalgae are investigated. This
study investigated the effects of different wavelengths of light on the biomass, pigment content and
protein content of Chlorella vulgaris.

Determination of Cell Number. The number
of algal cells was calculated by measuring the optical
density at 680 nm using a visible density spectrophotometer. A standard curve relating to optical density
was produced, which was subsequently used to calculate the number of individuals based on their optical density. The calculated number (as the average of
three experiments) was used to construct growth
curves. The relationship curve between OD 680 and
cell number was plotted, and the cell number was obtained by regression.
Determination of Protein Amount. Lowry
(1951) method was used for total protein analysis.
Based on this method, 0.1-mL DOC solution was
added in a 1-mL sample and the sample was kept at
room temperature for 10 min. Afterwards, 0.1-mL
TCA was added in the sample which was, then, centrifuged at 7500 rpm for 10 min. Following the removal of the supernatant, 1-mL Lowry solution was
added in the precipitate and the precipitate was kept
at room temperature for 20 min. Later on, 1-mL folin
reagent was added in the sample, which was, then,
kept for 30 min. Lastly, a standard curve was made
by plotting absorbance at 750 nm and the results
were evaluated based on the standard curve [15].

MATERIALS AND METHODS
Microalgae cultures. Chlorella vulgaris was
cultivated in Jaworski’s medium which was com-

FIGURE 1
Effect of different wavelengths of light on cell number of Chlorella vulgaris
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growth rate of Spirulina platensis under red, blue,
yellow and white light, and found that the highest
growth rate occurred under red light, which is known
to lead to an increase in the synthesis of organic matter and in the amount of chlorophyll and accelerate
growth [20]. In this study, it has also been determined that the growth of Chlorella vulgaris under
red light is significantly higher than in cultures illuminated with white, green and blue light. It is evident
that illumination of Chlorella cultures with red light
is one of the most effective ways to achieve maximum biomass.

Determination of Pigment Content. The
amount of chlorophyll was measured using the
method of Strickland and Parsons [16]. A 5-mL culture was filtered through GF/C filter paper to determine the concentrations of pigment. Each filter paper
was placed in 90% acetone at +4 °C, kept in the dark
for 24 h, centrifuged at 3500 rpm for 5 min and analyzed for chlorophyll a and chlorophyll b by measuring the absorbances at 630, 645, 665 and 750 nm using a spectrophotometer.
The amount of astaxanthin was calculated using the method of Boussiba and Vonshak [17]. A 5mL sample was taken from the culture media, centrifuged at 4000 rpm for 10 min to remove the supernatant, 30% methanol and 5% KOH were added in
the precipitate and kept at 65 °C for 15 min to remove the chlorophyll. The supernatant in the tubes
was decanted and the tubes were washed three times
with distilled water. Then, 5-mL DMSO was added
onto the precipitate and sonicated for 10 min (3.0
kHz). The samples were analyzed by calculating the
amount of astaxanthin at 490 nm using a spectrophotometer [18].

Effect of different wavelengths of light on
protein amount of Chlorella vulgaris. In photoautotrophic cultures, photons are one of the main
sources of energy used by microalgae for the growth
of cells, which is why the quality, intensity and
wavelength of light are critical to the growth of microalgae. Photosynthesis, and consequently protein
synthesis, in microalgae is controlled by light [2022]. Proteins are the basic building blocks of living
organisms. The composition of microalgae cells varies depending on the species, but mainly consists of
protein, carbohydrate and lipid. To sustain cell
growth, single-cell microalgae synthesize much
more protein than carbohydrates and lipids under optimal growth conditions [23]. About 50% of the dry
weight of C. vulgaris is composed of proteins. Figure
2 shows the changes in the protein content of C. vulgaris grown under different wavelengths of light.
The amount of protein, which was 30 µg/mLon the
first day of inoculation, increased in all cultures from
day one and reached the maximum level on day six.
The amounts of protein on day six were 266.04
µg/mL, 182.34 µg/mL, 124 µg/mL and 104.72
µg/mL in cultures illuminated with red, white (control), blue and green light, respectively (Fig. 2).
Mohsenpour et al. state that the highest increase in
protein in Chlorella vulgaris occurs under red light
in the first five days and that light is one of the most
important factors controlling the increase in protein
[22].

RESULT AND DISCUSSION
Effect of different wavelengths of light on
growth of Chlorella vulgaris. This study selected
Chlorella vulgaris, a single-celled green algae, to investigate the effect of different wavelengths of light
on growth of microalgae and investigated their
growth characteristics in liquid cultures illuminated
with different wavelengths of light; blue (450 nm),
green (550 nm), red (660 nm) and white (400-700
nm). The results show that algal growth varies in cultures illuminated with different wavelengths of light.
The growth of Chlorella vulgaris in liquid cultures
was analyzed over a period of ten days and the results were presented in Figure 1. The results indicate
that the number of cells, which was 11.000 cell/mL
on the first day of inoculation, increased regularly
until the sixth day. The maximum numbers of cells
on day six were 105,122 cells/mL, 76.106 cell/mL,
54.472 cell/mL and 47.207 cell/mL in liquid cultures
illuminated with red, white, blue and green light, respectively.
Subsequent measurements show that the number of cells decreased in all liquid cultures. Figure 1
demonstrates that the growth rate in cultures illuminated with red light was high while the growth rate
in cultures illuminated with green light was low. It is
stated that the number of cells largely depends on the
wavelength of light and that the highest cell growth
rate in Chlorella vulgaris is observed under red light
while the lowest cell growth rate is observed under
blue light. Furthermore, Kim et al. reported that the
cell density of C. vulgaris grown under red light was
1.5 fold higher than under blue light following the
first day of inoculation [19]. Wang et al. analyzed the

Effect of different wavelengths of light on
chlorophyll a and chlorophyll b and astaxanthin
amounts of C. vulgaris. Figure 3 presents the variations in the amount of chlorophyll a of C. vulgaris
illuminated with different wavelengths of light. The
maximum values of chlorophyll a in cultures illuminated with white (control), green, blue and red light
were obtained on day six. The maximum amount of
chlorophyll a was measured as 0.241 mg/mL in cultures illuminated with green light. Chlorophyll a values in white, blue and red light on day six were 0.164
mg/mL, 0.118 mg/mL and 0.092 mg/mL, respectively. Having reached their highest values on day
six at all wavelengths, the amounts of chlorophyll a
decreased after day six. Figure 3 shows that the variations in the amounts of chlorophyll a were similar
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was the highest (0.187 mg/mL). The variations in the
amounts of chlorophyll b were similar in cultures illuminated with four different lights and the lowest
growth rate was observed in cultures illuminated
with red (Fig. 4). The variations in the amounts of
chlorophyll a and chlorophyll b were largely similar.
Both photosynthetic pigments regularly increased
from the first day of inoculation to the sixth day and
reached their maximum values under different wavelengths of light. The amounts of chlorophyll a and
chlorophyll b were always higher in cultures illuminated with green light than in those illuminated with
white, blue and red light.

in C. vulgaris illuminated with white, blue, green
and red light and that the values of chlorophyll a
showed an increase in the first six days followed by
a decrease. However, it was also observed that the
amount of chlorophyll a was always higher in C. vulgaris illuminated with green light than in those illuminated with other wavelengths.
Figure 4 demonstrates the variations in the
amount of chlorophyll b of C. vulgaris cultures. The
amounts of chlorophyll b in cultures illuminated
with white, blue, green and red light increased and
reached their maximum values from the first day of
inoculation until the sixth day. The maximum value
of chlorophyll b in cultures illuminated with green

FIGURE 2
Effect of different wavelengths of light on protein amount of Chlorella vulgaris

FIGURE 3
Effect of different wavelengths of light on chlorophyll a amount of Chlorella vulgaris

FIGURE 4
Effect of different wavelengths of light on chlorophyll b amount of Chlorella vulgaris
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FIGURE 5
Effect of different wavelengths of light on astaxanthin amount of Chlorella vulgaris

Microalgae have a wide potential for valuable
pharmaceuticals, pigments and other fine chemicals.
Microalgae are important sources of pigments. One
of the most important one is astaxanthin (3,3-dihydroxy-β,β-carotene-4,4ʹ-dione), a red colored ketocarotenoid pigment, which is in growing demand in
food and nutrition industry and cosmetics sector.
Astaxanthin is a powerful coloring agent and an antioxidant. As with many biochemicals, there are
some factors that affect the accumulation of pigments in the cell. These factors have been investigated by many studies [25-27]. Light is considered
to be one of the most important factors playing a role
in the accumulation of astaxanthin [26]. The quality,
wavelength and emission spectra of light affect
astaxanthin production as well as algal cultivation.
For this reason, the amount of astaxanthin was found
to be different in Chlorella vulgaris cultures illuminated with different wavelengths (Fig. 5). The
amount of astaxanthin in Chlorella vulgaris cultures
illuminated with different wavelengths of light increased until day six. However, the amount of
astaxanthin was higher in cultures illuminated with
blue light than in those illuminated with white, green
and red (Fig. 5). The (maximum) amounts of
astaxanthin at all wavelengths on day six were 35.65
mg/L under blue, 25.35 mg/L under white, 20.30
mg/L under green and 17.85 mg/L under red light.
Previous works have shown that blue light stimulates
astaxanthin accumulation [27, 28].
In conclusion, this study has shown that the optimal growth of Chlorella vulgaris occurred under
red light. Chlorella vulgaris reached its maximum
growth on day six and the growth rate was better under red light than under white (control), blue and
green light. The highest numbers of cells on day six
were 105,122 cells/mL under red, 76.106 cell/mL
under white, 54.472 cell/mL under blue and 47.207
cell/mL under green light. The amount of protein
was also higher in red light-illuminated cultures than
in other cultures. The amounts of chlorophyll a and
chlorophyll b were higher under green light than under others and maximal values were reached on day

six. Unlike chlorophyll, astaxanthin showed maximum increase under blue light. It was concluded that
wavelength of light has different effects on cell
growth and protein amount, and that the increase in
biomass and protein is better under red light; the increase in astaxanthin is better under blue light; and
the increase in chlorophyll a and chlorophyll b pigment is better under green light.
CONCLUSION
Microalgae can produce a wide variety of valuable chemicals under photoautotrophic cultivation
conditions. Light is the main source of energy under
photoautotrophic cultivation conditions and inorganic carbon (such as CO2) is used as a source of
carbon. Photons are absorbed as nutrients by microalgae, which is why wavelength is very important for
cell growth. The growth and protein, chlorophyll a,
chlorophyll b and astaxanthin amounts of Chlorella
vulgaris can be regulated by different wavelengths
of light. The best light for cell growth and protein
amount is red; for chlorophyll a and chlorophyll b
green; and for astaxanthin amount blue. This study
is important in terms of the selection of light at the
appropriate wavelength to increase the amount of
metabolite desired to be obtained in commercially
produced cultures.
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GRAIN PRODUCTION CIRCULATION UNDER THE
BACKGROUND OF URBANIZATION CONSTRUCTION
IN OLS
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China's agricultural domestic support level. With
the rapid development of economy, Chinese for the
"three rural" financial expenditure growth, but
compared to the number of agricultural population,
Chinese income level has multi functions of agriculture and social contribution which eliminates the
need for two structures, the China level of support
to the "three agriculture" is still low [4- 6]. Constantly strengthening and improving domestic agricultural support is not only important to ensure the
healthy development of China's agriculture under
the open conditions, but also to ensure the world's
food security is very important. China's food policy
has two basic objectives: China's food can get adequate supply and grain farmers to normalize their
income. It is necessary to discuss what kind of food
policy should be developed to achieve these two
objectives. To enable farmers to produce adequate
food, first of all we must study the conditions of
efficient food production. These conditions are the
basis for the development of food policy [7]. According to the modern agricultural technology and
the practice of grain farming in developed countries,
efficient food production should have the following
characteristics: large-scale production, the use of
modern agricultural science and technology, family
farm business meets the land for long-term investment needs, the land can be relatively smooth to
achieve the merger in order to achieve the scale of
production, the remaining farmers can be more
smoothly achieved with the separation of land and
thus transferred to other industries, and therefore
we can ensure that farmers get similar income with
other occupations.
After the reform and opening up, China turns
to focus on the grain production and circulation of
the market transition. Until today, food production
circulation also contains many elements of the
planned economy, which includes state-owned
grain enterprises in the circulation, and the companies still occupy the main channel status rather than
all the flow of participants equal competition [8],
the minimum grain purchase price and various subsidies rather than let market returns farmers, "rice
bags" governor responsibility system rather than the
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The issue of food security is an important economic issue in our country, and its stability is closely related to farmers' production enthusiasm. China
is a populous country, and the population is growing rapidly, and the demand for food and food production needs more urgent. The country (or region)
to achieve modernization is the only way for economic and social development in the inevitable
phenomenon. Therefore, in the process of industrialization and urbanization, it will inevitably accompany by changes which is resulting in a series of
economic and social problems. Under the background of urbanization in China, it is very important to improve the enthusiasm of farmers to
ensure food security. This paper takes 1991~2015
years of China's grain production and production
inputs data as the background which is based on the
wide investigation, it also combined with the mathematical method of evaluation by using MATLAB
to analyse of OLS correlation on the stage farmers'
enthusiasm for growing grain and grain circulation.
We point out the existing problems of food security
problems and the corresponding solutions.

KEYWORDS:
Food safety, Enthusiasm of farmers, MATLAB, OLS
correlation

INTRODUCTION
The key characteristics of China's agriculture
and rural areas, that is, China's agriculture is the
main livelihood of agriculture as the core of agriculture. Agriculture takes on a large number of social functions, which determines the characteristics
of China's agricultural support as the characteristics
of livelihood, compensation and non trade distortions [1- 3]. China's financial support for agriculture policy covers a very wide range, the "three
rural" support policy is equivalent to the WTO agricultural support policy, which will overestimate
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and droughts are the main natural disasters of agriculture. For agriculture, irresistible natural forces
have a great impact on grain production. Based on
the data of fertilizer application, grain crop area and
affected area in China from 1991 to 2015, this paper uses the econometric model to track the study,
expecting to describe more accurately the influence
of the three on the total agricultural grain in China,
we can find out the extent influence of China 's
total grain.

market mechanism to ensure food supply, the urban
and rural separation of the household registration
system used to farmers long-term rather than the
farmers themselves choose [9- 11]. To sum up these
institutional arrangements and policies, it is necessary to ensure that the area of cultivated land and
grain acreage is enough to encourage farmers to
plant grain. However, the previous analysis shows
that all of these institutional arrangements with the
colour of the planned economy will result in loss of
efficiency [12]. The result is that there are still a
large number of farmers who carry out inefficient
grain farming on the small and shredded land, the
low capital and human capital inputs for food production. The gap between the incomes of the longterm low-income urban residents is getting bigger
and bigger, the relatively high quality talent in the
countryside is lost, and the efficiency of grain production is much lower than that of the developed
countries, so that it is increasingly difficult to participate in the international competition of grain.
Theory and practice continue to remind us that we
should change our thinking about China's food
problems [13]. A noteworthy choice is used to take
the road to market. The market-oriented road organized food production and circulation that we can
guide the grain production and circulation of participants in an effective way to produce food and distributed to consumers. Whether marketability is
feasible, it depends on the price signal which has
the function of resource allocation, whether the
market is effective which depends on the externalities of food production. If the grain production is
not external market which is effective, there is no
market failure.
In this paper, we will use econometric methods to study the above model. We use econometric
methods to analyse the factors that affect the total
grain output, as well as the relationship between
farmer grain enthusiasm and grain production and
circulation [14]. Grain production is a variable, and
its increase and decrease and the number of sown
areas have a lot of relevance. The use of fertilizers
to increase the yield per unit area of crops, it is
equivalent to the expansion of arable land area.
China's rural population accounts for seventy percent of the total population of China, a very large
number. It is a feature of China's agriculture which
is labour-intensive in China's agricultural production [15, 16]. Now, the impact of agricultural labour
on grain production can not be ignored. With the
development of economy, the conditions of agricultural production improved significantly, the growth
of agricultural machinery has been increasing rapidly, and the level of agricultural mechanization has
been continuously improved. At this stage, agricultural production by the agricultural machinery to
bear the work has accounted for more than forty
percent of the impact on grain production which
can not be underestimated [17]. In addition, floods

EXPERIMENTAL AND METHODS
The present situation of grain production in
China. Prices and other interests of the signal significantly affect the enthusiasm of farmers to grow
grain and agricultural production, at the same time
there are positive and negative externalities, negative externalities are likely to exceed positive externalities. Agriculture is not generally considered to
be weak, and the grain market is the market that is
closest to the perfectly competitive model in the
real world, and it is the one that does not require
government intervention. Food production and circulation, including China's grain production and
circulation, can be mainly through the market to
organize and coordinate. How can China's grain
production and circulation become market-oriented
According to certain steps, the need for a set of
institutional reforms can see results, which requires
a market-oriented road map to determine the content of these policies and the implementation of the
steps [18]. In order to abolish the urban and rural
separation of the household registration system, the
establishment of personal income tax declaration
system helps to prepare for the reform. The abolition of urban and rural separation of the household
registration system can also help to encourage
farmers to migrant workers, and constantly reduce
the farmers settled in the city to become ordinary
citizens of the conditions. If the farmers have the
conditions to settle in a city and apply for settlement, then within a certain range they have to sell
its contract as a prerequisite [19, 20]. After the city
has become an ordinary citizen, enjoy the social
welfare of ordinary citizens. The implementation of
income which is called ³WKH PLQLPXP SXUFKDVH
SULFHRIJUDLQSROLF\´VXEVLGLHVWRIDUPHUVLQRUGHU
to stabilize the income of farmers, so that food
prices issued the correct signal. The reform of the
grain circulation system allows all kinds of capital
to enter, state-owned grain enterprises and other
entered the capital equal competition, and we can
also reduce the cost of circulation and improve the
efficiency of circulation. If the state-owned grain
enterprises can not survive and develop in the market competition, the restructuring is over. Promote
the domestic food market and the international food
market convergence which makes full use of the
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drought trend is serious. Water shortage and
drought have become the limiting factor in the production and production of major grain producing
areas.
(3) Water pollution
Environmental and water pollution reduces the
quality of food and agricultural products in China,
pollution increases the shortage of water resources,
leading to ecological fragility, drought and floods,
but also it is affecting food production growth and
reducing the effective supply of food.
(4) Poor and unemployed
In accordance with the concept of food security, we can ensure that everyone has food to eat, and
this is easy to ensure that food security must pay
attention to solve the problem.
(5) Frequent natural disasters
Especially in the western region of China, the
ecological environment is poor, land ridge, drought,
ice disaster, snowstorm, earthquake and flood occurred. The frequent occurrence of natural disasters,
objectively irresistible reasons, exposed China's
weak agricultural base. The problems of insufficient agricultural inputs are the factors that affect
food security.
(6) Low efficiency of grain
In recent years, due to fertilizer, pesticides, agricultural diesel and other agricultural means of
production costs, farmers have a substantial increase in the cost of grain farming, agricultural
comparative benefits decline. With the rapid development of urbanization and industrialization in
China, the number of migrant workers in rural areas
increased, especially the young and middle - aged
workers working in more than half of the main producing areas, the agricultural labour force showed
structural shortage and the grain production appeared "sideline" trend [28]. Some local advocates
"one county and one industry", "one village one
product", vigorously adjust the agricultural industry
structure, planting turmeric, flue-cured tobacco,
konjac, oil, cotton, Chinese herbal medicine, mulberry, fruit trees and other cash crops. Compared
with the cash crops, the benefits of grain production
are obviously low, leading to the enthusiasm of
farmers to grow grain is not high, to promote the
steady development of grain production more difficult.

international food market [21-23]. The international
food prices may be a long time in the case of high,
the use of market-oriented way helps to improve
the income of farmers, and thus reduce the resistance to reform.
After the reform, China's grain production and
the whole rural areas will show a new look, more
and more farmers will be completely separated
from the land, the process of urbanization will be
greatly accelerated; with the increasing number of
large farmers, the family farm began to scale With
the expansion of the scale of the family farms, the
agricultural production technology has been continuously improved, the farmers' agricultural human
capital investment will get the normal return, the
agronomy education and training will be fully developed, the quality of the farmers will be continuously improved, thus becoming a new professional
Farmers, farmers will have a more substantial increase in income [24]. At this point, China's agriculture will have the embryonic form of modern
agriculture.
It is unrealistic to try to keep the peasants'
long-term stability in rural areas through the small
peasant economy in order to maintain domestic
political stability. China's agriculture, including
food production, must take the road of marketization, although there are all kinds of problems and
difficulties in adjustment, but we have no choice.
China's agricultural accumulation of the problem is
too much, already no way feasible, we can only
face bravely [25-27]. At present, China's grain production and circulation problems are mainly concentrated in the following areas.
(1) Less arable land
The basic condition is inadequate arable land.
Agricultural food science and technology did not
make a fundamental breakthrough. Food acreage is
still a decisive factor in the ever-increasing total
grain output. With the rapid development of urbanization and industrialization, arable land occupation
will continue to intensify. Can not be ignored is the
land desertification, soil degradation, "three three
waste" pollution and other issues. In recent years
there is still a few million kilometres to reduce the
number of cultivated land, and it is an important
factor in China's grain production which is an important constraint.
(2) Water shortage and drought threat
China is a serious shortage of water in the
world, the annual agricultural production of more
than 20 billion cubic meters of water, and the distribution is very uneven, water and soil resources
do not match. At the same time, drought in northern
China is serious which causes desertification of
arable land, a continuous reduction of arable land,
and a shortage of water resources. In addition, in
recent years, China's natural disasters are serious,
adverse weather factors are more, the northern part
of the precipitation duration is too small, and the

Sources of date. Food security is essential to
national production, and food security issues are
more important for food production and circulation.
Food production depends on food production capacity, and food security is ultimately a matter of
integrated food production capacity. The problem
of comprehensive grain production capacity can be
understood as economic growth. Economic growth
factors can be divided into land, capital, technology,
labour, system five categories [29]. According to
food production yield
acreage u mu , the
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TABLE 1
Statistics of Total Grain Output and Production Factors (1991 - 2015)

Dates

Food production
(Ten thousand
tons)

1991
1992
1993
1994
1985
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2004
2010
2011
2012
2013
2014
2015

38728
40731
37911
39151
40208
39408
40755
44624
43529
44264
45649
44510
46662
50454
49417
51230
50839
46218
45264
45706
43070
46947
48402
49804
50160
50427

Amount of
agricultural
fertilizer application
(Million kilograms)
1660
1740
1776
1931
1999
2142
2357
2590
2806
2930
3152
3318
3594
3828
3981
4084
4124
4146
4254
4339
4412
4637
4766
4928
5108
5224

Grain sown area
(Thousand hectares)
114047
112884
108845
110933
111268
110123
112205
113466
112314
110560
110509
109544
110060
112548
112912
113787
113161
108463
106080
103891
99410
101606
104278
104958
105638
106349

Disaster area
(Ha)

General power of
agricultural machinery
(Million kilowatts)

Agricultural
labor force
(Million
people)

16209
15264
22705
23656
20393
23945
24449
17819
27814
25895
23133
31383
22267
21233
30309
25181
26731
34374
31793
27319
32516
16297
19966
24632
25064
25512

18022
19497
20913
22950
24836
26575
28067
28708
29389
30308
31817
33802
36118
38547
42016
45208
48996
52574
55172
57930
60387
64028
68398
72522
76590
79967

31151
30868
31130
31254
31663
32249
33225
38914
39098
38699
37680
36628
35530
34820
34840
35177
35768
36043
36513
36870
36546
35269
33970
32561
31444
32318

FIGURE 1
China's grain production and circulation market roadmap.
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effective. The theoretical model is here.

total grain production depends on the acreage and
mu yield, excluding climate effects and other uncontrollable factors. The potential for food production is ultimately determined by land, capital, technology, labour and institutions [30, 31]. And the
production of five other factors, namely total grain
production and grain sown area, that is, total grain
output and grain sown area, total sown area, the use
of fertilizer, the number of workers, affected area
has a great relationship. Table 1 is China's 1991 ~
2015 total grain output and the production of statistical data.

Yi

ln Yi

f X i ; E exp H { Vi  U i

(5)

ln f X i ; E  Vi  U i

(6)

The model (6) is the logarithmic form of the
model (5), Y represents the actual output, f x represents the deterministic output on the production
possibility boundary, which represents the best out-

X

put under the existing technical conditions. i represents the input element (including Land, capital,
labour, and other input factors) and
unknown parameters. H

The model set. This article selects the OLS
model which is the abbreviation of ordinary least
square, and it means ordinary least squares. Ordinary least squares estimation is used to find parameters E 1ǃE 2}} . The estimated value of the

E

represents

is the synthetic error term,

Vi

is the factor that can not be controlled in the
production of the sample unit. It is used to judge the
effect of measurement error and random interference, such as statistical error, climate, natural disasV N 0, V V2
and the distance between the
ter i
sample output and the production possibility

sum is the square of the sum of squares and Q . The
weight of each square item in the formula is the
same as that of the ordinary least squares regression
parameter estimation method. Under the condition,
the error is equal or not, the ordinary least squares
estimator is a linear unbiased estimation of the minimum variance regression parameters [32]. This
method can be used to calculate the parameters of
the econometric model, which is the most basic and
the most used method in econometrics.
The assumptions of the model are as follows.
1. Zero mean is given.
(1)
E (ui ) 0 i 1,2,3, , n
2. Co variance without autocorrelation presents here.

boundary,

Ui

is the inefficient part of the produc-

U

tion technology of the sample unit" i ", i is subject
to the truncated normal distribution [34].

Ui t 0 ˈUi

N mi , V u2

(7)

The technical efficiency function of the sample unit can be expressed.
n

mi

G 0  ¦ G K z K i  Zi

(8)

K 1

In (8)

Zi

must obey the extreme value of the

random variable, Z K determines the efficiency of
the production of farmers out of the first variable k ,

G0

(2)
3. The random disturbance term is not related
to the explanatory variables.
Cov ( Xji, ui ) 0 j 2,3,, k
(3)
4. There is no multi co linearity.
5. We can get the normality of residuals.

and G K are the parameters to be estimated.

Z K reflects the effect of variables on farmers' technical efficiency. Negative values indicate that the
variables have a positive effect on technical efficiency. Positive values indicate negative effects.
Although the stochastic frontier production function
has the parameter linearity, the error term of the
regression equation does not satisfy the classical
hypothesis of the least squares method, it also contains two unobservable variables of the technical
efficiency factor and the random disturbance factor
[35]. Therefore, the OLS method can not be used to
estimate the parameters The According to Battese
& Corra proposed the maximum likelihood estimation of the basic idea, with two parameters V 2 V v2  V u2 and J V u2 V v2  V u2 alternative observation error variance and technical efficiency
variance V u2 thus have J  0,1 .
Here is the model.
Yield D 0  D1Fertilizer  D 2 Area  (9)
D 3 Disaster  D 4 Power  D 5 Labor  H

(4)
Production efficiency refers to the ratio between the actual output of the process and the maximum output under fixed input which reflects the
extent to the maximum output. The intended target
or the best operational service is achieved. It also
measures the performance of economic individuals
in terms of output, cost, income, or profit [33]. The
efficiency of production has a large impact on the
increase in production. The model was developed
using the stochastic frontier production model
Battese and Coelli (1995). This model proposes a
method to estimate the random production and
technical efficiency function at the same time,
which can guarantee the influence of technical efficiency loss under the condition of unbiased and
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Figure 3 shows Relationship between grain
sown area and grain yield.
Figure 4 presents relationship between disaster
area and grain yield.
Figure 5 tells us the relationship between total power of agricultural machinery and total grain
output.

is undetermined parameters, Yield is the

total grain yield, Fertilizer, Area, Disaster, Power
and Labour respectively represent the use of chemical fertilizer, grain sown area, disaster area, total
power of agricultural machinery and agricultural
labour force. Statistical analysis results are presented in table 2.

4

5.2
5

TABLE 2
Statistical analysis data
Mean

Yield
Fertilizer
Area
Disaster
Power
Labour

44945.64
3384.08
109339.60
24413.88
41334.80
34716.40

Standard
deviation
4150.73
1116.05
4055.78
5194.93
17725.77
2632.49

4.8

MAX.

MIN.

51230
5108
114047
34374
76590
39098

37911
1660
99410
15264
18022
30868

4.6

Yield

Variable

Yield-Disaster Curve

x 10

4.4
4.2
4
3.8

Figure 2 gives the relationship between fertilizer use and grain yield.
4

5.2

3.6
1.5

2.5
Disaster

3

3.5
4

x 10

FIGURE 4
Relationship between disaster area and
grain yield

Yield-Fertilizer Curve

x 10

2

5

4

5.2

Yield-Power Curve

x 10

4.8
5

Yield

4.6
4.8

4.4
4.6
Yield

4.2
4

4.4
4.2

3.8
4

3.6
1500

2000

2500

3000

3500
Fertilizer

4000

4500

5000

5500
3.8

FIGURE 2
The relationship between fertilizer use and
grain yield
4

5.2

3.6
1.5

5.2

4.8

5

4.6

4.8

4.4

4.6

Yield

Yield

4

5

4.2

3

3.5
4

x 10

Yield-Labor Curve

x 10

4.4

4

4.2

3.8

4

3.6
0.98

2.5
Power

FIGURE 5
Relationship between total power of agricultural
machinery and total grain output

Yield-Area Curve

x 10

2

3.8

1

1.02

1.04

1.06
1.08
Area

1.1

1.12

1.14

1.16
5

x 10

3.6
1.5

FIGURE 3
Relationship between grain sown area and
grain yield

2

2.5
Labor

3

3.5

FIGURE 6
The relationship between labor input and
grain output
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(0.042053) (0.070511)
T =˄-3.555775˅(9.831685) (9.276245)
(-4.571732) (-2.159696) (-0.104814)
R-Squared = 0.980829 df=19
From the above results, we can see that the
coefficient of determination is R-Squared=0.
980829, and which shows that the model is very
good.

Figure 6 gives the relationship between labour input and grain output.
(1) OLS estimation results
Based on the above data and OSL linear regression model:
Variable
Yield
Fertilizer
Area
Disaster
Power
Labor

5.994511
0.536701
-0.135873
0.090822
-0.007390

R-squared
Adjusted Rsquared
S.E. of
regression
Sum
squared
resid
Log likelihood
DurbinWatson stat
Y

Std.
Error
7507.527

Coefficient
-26695.08

0.609713
0.057858
0.029720
0.042053
0.070511

t-Statistic
-3.555775
9.831685
9.276245
-4.571732
-2.159696
-0.104814

Mean dependent var
S.D. dependent var
Akaike info
criterion

0.980829
0.975783
645.9230

Prob.
0.0021
0.0000

(2) Test and correction of Multi co linearity
Fertilizer, Area, Disaster, Power, Labour multiple co linearity test, get the correlation between
the variables, as shown in table 3.
As can be seen from table 3, Fertilizer, Area,
Disaster, Power, Labour, there is a high degree of
linear correlation between the need to be amended.

0.0000
0.0002
0.0438
0.9176

44945.64
4150.729

(3) Stepwise regression method
Stepwise regression method was used to correct. The results of regression are shown in table 4.
Among them, the largest r^2 to join Fertilizer,
is based on Fertilizer, in addition to other variables
stepwise regression [36]. The results are shown in
table 5.
Among them, the largest r^2 join Area, Fertilizer, Area which is based on the gradual addition
of other variables stepwise regression. The results
are shown in table 6.

15.98480

7927113.

Schwarz
criterion

16.27733

-193.8100

F-statistic

194.4114

1.715679

Prob(Fstatistic)

0.000000

26695.08  5.994511Fertilizer  0.536701Area r

0.135873Disaster  0.090822 Power r 0.007390 Labor

(7507.527)

(0.609713)

(0.057858)
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(0.029720)

TABLE 3
Estimation results of OSL linear regression model
Variable
Yield
Fertilizer
Area
Disaster
Power
Labor

Coefficient
-26695.08
5.994511
0.536701
-0.135873
0.090822
-0.007390

Std. Error
7507.527
0.609713
0.057858
0.029720
0.042053
0.070511

t-Statistic
-3.555775
9.831685
9.276245
-4.571732
-2.159696
-0.104814

Prob.
0.0021
0.0000
0.0000
0.0002
0.0438
0.9176

(a)
R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
Durbin-Watson stat

0.980829
0.975783
645.9230
7927113.
-193.8100
1.715679

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
F-statistic
Prob(F-statistic)

44945.64
4150.729
15.98480
16.27733
194.4114
0.000000

(b)
TABLE 4
Statistics of Total Grain Output and Production Factors (1991 - 2015)
Fertilizer
Area
Disaster
Power
Labors

Fertilizer
1.000000
-0.616566
0.400644
0.952746
0.314885

Area
-0.616566
1.000000
-0.238039
-0.741538
-0.060970

Disaster
0.400644
-0.238039
1.000000
0.310096
0.409704

Power
0.952746
-0.741538
0.310096
1.000000
0.128834

Labor
0.314885
-0.060970
0.409704
0.128834
1.000000

TABLE 5
Regression estimation results
Variable
Parameter estimation
t-VALUE
r^2

Fertilizer
3.158761
7.716525
0.721363

Area
-0.14429
-0.68297
0.019877

Disaster
0.182715
1.126564
0.052295

7987

Power
0.165219
4.775066
0.165219

Labor
0.553797
1.799071
0.123364
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TABLE 8
Regression results for adding new variables (3)

TABLE 6
Regression results for adding new variables (1)
adding
variable
Parameter
estimation
t-VALUE
r^2

Area

Disaster

0.631835

-0.10622

11.07516

-1.11232

0.957624

0.73619
9

Power
0.26297
3.97217
0.83773
7

adding variable
Parameter estimation
t-VALUE
r^2

Labor
0.146656

Variable
C
ssX1
X2
X3
X4

Disaster

Power

Labor

-0.11151

-0.03681

0.002836

-3.63213
0.973974

-0.82605
0.958958

0.037402
0.957627

-500

-1000

-1500

105

t-Statistic

Prob.

-27110.39
5.954533
0.538519
-0.136393
0.088210

6217.065
0.463769
0.053816
0.028570
0.033023

-4.360641
12.83943
10.00673
-4.773986
-2.671134

0.0003
0.0000
0.0000
0.0001
0.0147

0.980817

Mean dependent var

44945.64

0.976981

S.D. dependent var

4150.729

629.7498

Akaike info criterion

15.90538

7931696.

Schwarz criterion

16.14915

Log likelihood

193.8172

F-statistic

255.6537

DurbinWatson stat

1.706044

Prob(F-statistic)

0.000000

(b)

5) Determination model after a series of
model checking and setting, it can be considered
that the modified model has no multi-co linearity.
Finally, the model can be set as follows.
Y = -27110.39 + 5.954533 Fertilizer
+0.538519 Area +0.136393 Disaster +0.088210
Power
(6217.065) (0.463769) (0.053816) (0.028570)
(0.033023)
T = ˄-4.360641˅ (12.83943) (10.00673)
(-4.571732) (-2.671134)
R-Squared=0.980817 Adjusted R-squared=
0.976981 F-statistic=255.6537
6˅Model analysis
¾ Food production.
As the explanatory variable, from the table we
can see that it is volatile, but the overall trend is
still growing.
2) Planting area.
With the reduction of planted area, food production will be corresponding reduction; the two
are positively related relationship.
¾ 3) Fertilizer use.
With the increase in the use of chemical fertilizers, food production is also a corresponding increase, the two are positively related.
¾ 4) Disaster area.
The increase in the area of disaster will reduce
food production, and they are negatively correlated.
Total power of agricultural machinery is including
farming machinery, irrigation and drainage machinery, harvesting machinery, agricultural
transport machinery, plant protection machinery,

0

100

Std. Error

(a)

500

95

Coefficient

R-squared
Adjusted Rsquared
S.E. of regression
Sum squared
resid

1000

90

Labor
0.082863
1.34134
0.082863

TABLE 9
The results of multiple linear regressions

0.729157

TABLE 7
Regression results for adding new variables (2)

-2000
85

Power
-0.08821
-2.67113
0.980817

0.79565

Among them, the largest r^2 has to join Disaster, Fertilizer, Area, Disaster, which is based on the
gradual addition of other variables stepwise regression, the results are shown in table 7.

adding variable
Parameter
estimation
t-VALUE
r^2
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FIGURE 7
Model residuals
It is obvious that when the labour is added, the
test value of the parameter is not significant, which
is mainly because the labour causes multi-co linearity.
The results of multiple linear regressions are
shown as follows.
Y = -27110.39+ 5.954533 Fertilizer +
0.538519 Area +-0.136393 Disaster +0.088210
Power
(6217.065) (0.463769) (0.053816) (0.028570)
(0.033023)
T = ˄-4.360641˅ (12.83943) (10.00673)
(-4.571732) (-2.671134)
R-Squared=0.980817
Adjusted
R-squared=
0.976981 F-statistic=255.6537
(4) Residual estimation The OLS method has
a high requirement for the residuals, and it is necessary to estimate the residual of the model. The residuals of the model are shown in figure 7.
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infrastructure and ecological environment construction, we improve the comprehensive agricultural
development capacity and sustainable development
capacity. In order to accelerate agricultural scientific and technological progress, engineers strive to
improve yields (37). Actively we can introduce
foreign advanced scientific research, make use,
digestion, absorption or innovation. Therefore, we
can establish and improve the agricultural technology promotion system, cultivate a wide range of
agricultural technology extension service agencies
by increasing new varieties, new technologies. The
relationship between agriculture and natural weather is closely related to drought and floods and other
natural disasters are vulnerable to fragile agriculture losses, the need to improve the market economy system of agricultural insurance for farmers
helps us to share the pressure. At the same time,
according to the situation of grain production, we
should gradually establish the system of monitoring
and early warning of grain production, demand,
reserve, market dynamics, and the tracking of unexpected events.

animal husbandry machinery, forestry machinery,
fishing machinery and other agricultural machinery.
Its increase will also increase food production.

RESULTS AND DISCUSSION
Results. The model shows that the grain yield
and agricultural fertilizer, grain planting area, total
power of agricultural machinery is proportional.
Therefore, it should be the level of scientific research in fertilizer research on the investment, and
helps us to achieve a greater degree of grain income.
The sown area of grain can be protected by all
kinds of measures to help keep the soil and water,
so as to keep the effective planting ability of the
soil. The total power of agricultural machinery is no
doubt that science and technology has become the
first productive force in modern society, how to
better realize the mechanization of agricultural production, it is also the focus of our consideration.
The agricultural labour force is excluded from the
model, which is contrary to what we had previously
thought, which makes it necessary for us to consider the significance of the transfer of rural labour
force. The main way to increase the income of
farmers is likely to be moving out of rural areas,
that is to say, the transfer of rural labour is the main
way to increase the income of farmers now or in the
future. That is, the transfer of agricultural labour
force in the process of urbanization has no significant effect on the total grain production.

CONCLUSION
In the process of industrialization and urbanization, China faces the situation of large proportion
of agricultural population and surplus labour. On
the one hand, farmers need to solve the ways of
improving their living through work. On the other
hand, China's non-agricultural economy Development also needs this strong army of labour as a
power force of support. In the context of economic
construction and urbanization, the farmers' enthusiasm for grain production needs more attention. This
paper mainly focuses on the cultivation of farmers'
inputs, such as fertilizers, mechanization. And then,
we analyse the OLS correlation between planting
enthusiasm and production circulation which includes the China's total grain output, grain sown
area and the use of fertilizer. The total power of
agricultural machinery is positively related to the
proportion of disaster area which has a negative
correlation. Therefore, we must fundamentally
solve the problem to ensure that China's food security. It is not only useful to the government policy
guidance, but it is helpful to promote the optimization of China's grain structure and encourage farming, hence, the government in the law of strong
restrictions ensure arable land safety and the food
safety.
Based on the above analysis, exogenous factors affect the production of the positive policies,
little changes in a certain period of time, helps to
improve the yield from water, fertilizer, medicine,
science and technology investment in four aspects.
Water is used to resist the adverse natural factors
and the loss itself does not increase food to improve

Discussion. In the short term in order to ease
the tight supply of food, should improve the enthusiasm of farmers to grow grain, which is the only
way to expand the sown area. The enthusiasm of
farmers mainly depends on the income and expectation of grain, and the difference between income
and cost. Therefore, one should adopt a pronged
approach to improve and stabilize grain prices, on
the other hand we also should control the excessive
increase of the agricultural goods prices, and the
latter is often neglected, which must bring special
attention. The positive effect can not let prices
growth which is offset by the negative effect of the
latter, otherwise high grain yield has become an
empty word. The Chinese government in the implementation of strict price controls on agricultural
supplies control the cost of grain.
According to the law, every one of us must
protect arable land, and we can curb the trend of
grain farming area decline. To take effective
measures to increase protection efforts, the government can strict control of illegal occupation of
land, so as to ensure the total dynamic balance. At
the same time, it is necessary to take measures in
the process of urbanization to deal with the erosion
of cultivated land and limit the conversion of existing land property rights. Strengthening agricultural
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[8] Borlu, Y. (2014). Following the Maize: Regulation and Production in the Agricultural Landscape in Turkey in the 2000s (Doctoral dissertation, The Pennsylvania State University).
[9] Wohlfart, C., Liu, G., Huang, C., Kuenzer, C.
(2016). A River Basin over the course of Time:
Multi-temporal analyses of Land surface dynamics in the Yellow River basin (China)
based on medium resolution remote sensing
data. Remote Sensing. 8(3), 186.
[10] Saldaña-Zorrilla, S.O. (2015) Spatial model of
incomes and migration[M]//Natural Disasters,
Foreign Trade and Agriculture in Mexico.
Springer International Publishing, 69-88.
[11] Cunguara, B., Mather, D., Walker, T., Mouzinho, B, Massingue, J., and Uaiene, R.,. (2016)
Exploiting the potential for expanding cropped
area using animal traction in the smallholder
sector in Mozambique[R]. Michigan State
University, Department of Agricultural, Food,
and Resource Economics.
[12] Kanika, M. and Ramaswami, B. (2015) "Caste,
Female Labor Supply and the Gender Wage
Gap in India: Boserup Revisited." 2015 Conference, August 9-14, 2015, Milan, Italy. No.
212218. International Association of Agricultural Economists.
[13] Xie, Hualin, Lingjuan Cheng, and Tiangui Lv.
"Factors Influencing Farmer Willingness to
Fallow Winter Wheat and Ecological Compensation Standards in a Groundwater Funnel Area
in
Hengshui,
Hebei
Province,
China." Sustainability 9.5 (2017): 839.
[14] Zhou, Yunbo, and Yan Qin. "Income InequaliW\ RI &KLQD¶V 7RWDO 5HVLGHQW DQG WKH )DFWRUV
Which Impact It." Empirical Analysis on Income Inequality of Chinese Residents. Springer Berlin Heidelberg, 2012. 125-149.
[15] Wohlfart, C., Liu, G., Huang, C., Kuenzer, C.
(2016). A River Basin over the course of Time:
Multi-temporal analyses of Land surface dynamics in the Yellow River basin (China)
based on medium resolution remote sensing
data. Remote Sensing. 8(3), 186.
[16] Nelson, R. (2013). Determinants of producer
resiliency: Investigating the probability that agricultural producers exit the industry in the face
of drought (Doctoral dissertation, Colorado
State University).
[17] Marden, S. (2015). Agriculture, development
and structural change in reform-era China (Doctoral dissertation, The London School
of Economics and Political Science (LSE)).
[18] Mburu, G.N. (2016). Factors Affecting Production Of Dairy Products In Kenya: A Case Of
Co-Operative Societies In Kiambu County (Doctoral Dissertation, Kca University).

the yield, grain yield which should start from improving the fertilizer effects. First, we must ensure
that the fertilizer three elements are relatively ideal.
Second, we must improve the fertility of land and
fertilizer. Third, we must do a scientific and rational structure. Fourth, the government increases investment in science and technology to improve the
FLUFXODWLRQ RI DJULFXOWXUDO SURGXFWV DQG IDUPHUV¶
enthusiasm

REFERENCES
[1] Chapagain, S. (2014) Study On Wheat
)DUPHU¶V3HUFHSWLRQ$QG Adaptation Measures
Under Climate Change And Vulnerability Context Of Bardiya District.
[2] Johnson, M. (2016). The Taiwan" economic
miracle" found its way into the heart of Western scholarship not simply because of the rapid
increase in the number of objects manufactured; there was always a second and social
point to be made. History under the Nationalist
state. Taiwan: Beyond the Economic Miracle:
Beyond the Economic Miracle.
[3] Chowdhury, A. (2014). Factors Affecting
Productivity And Efficiency Of Rice Production In Haor Area In Bangladesh: Likely Impact On Food Security (Doctoral dissertation).
[4] Johnson, M. (2016) The Taiwan" economic
miracle" found its way into the heart of Western scholarship not simply because of the rapid
increase in the number of objects manufactured; there was always a second and social
point to be made. History under the Nationalist
state. Taiwan: Beyond the Economic Miracle:
Beyond the Economic Miracle.
[5] Kohl, T., Sapei, E., Rocha, I.M., Galvao, T.L.,
Ribeiro da Silva, M.D., Ribeiro da Silva, M.A.
(2015). Modeling of fast pyrolysis of wood for
prediction of bio-oil composition. In Asia Pacific Confederation of Chemical Engineering
Congress 2015: APCChE 2015, incorporating
CHEMECA 2015. (p. 2410). Engineers Australia.
[6] Kanika, M., Ramaswami, B. (2015). Caste,
Female Labor Supply and the Gender Wage
Gap in India: Boserup Revisited. In 2015 Conference, August 9-14, 2015, Milan, Italy (No.
212218). International Association of Agricultural Economists.
[7] Cunguara, B., Mather, D., Walker, T., Mouzinho, B., Massingue, J., Uaiene, R.
(2016). Exploiting the potential for expanding
cropped area using animal traction in the
smallholder sector in Mozambique (No.
249697). Michigan State University, Department of Agricultural, Food, and Resource Economics.

7990

© by PSP

Volume 26 ± No. 12A/2017 pages 7981-7991

Fresenius Environmental Bulletin

[30] Wainaina, P. (2016). Tradeoffs, Complementarities and Synergies between Different Agricultural Technologies: Insights from Maize Farmers in Kenya(Doctoral dissertation, Dissertation, Göttingen, Georg-August Universität,
2016).
[31] Ahmed, Y.A., Rostam, B.N. and Mohammed,
B.A. (2015) "Sharing the agriculture and industrial sectors in the economic growth of Iraq: an
Ordinary Least Squares (OLS) application." Journal of Emerging Trends in Economics and Management Sciences. 6.5, 340-353.
[32] Boone, C. and Wilse-Samson, L. (2014).
"Modernization, Rural Migration, and Market
Withdrawal: Evidence from the Great Depression."
[33] Adil Ahmed Ali, I. (2015). Economic Efficiency and International Competitiveness of Wheat
and Faba Bean in Northern and River Nile
States-Sudan (Doctoral dissertation, UOFK).
[34] Kulkarni,
K. (2016).Indian
Agriculture±
Productivity, Climate Change and Institutions
An essay in Agricultural Economics. BS thesis.
Università Ca'Foscari Venezia.
[35] Ogolla, M. (2016). Factors Influencing Poultry
Production Among Poultry Farmers in Eldoret
Town, Uasin Gishu County, Kenya (Doctoral
dissertation, University Of Nairobi).
[36] Usman, S. (2016). Analysis of wheat value
chain: The case of Sinana District, Bale Zone,
Oromia Region, Ethiopia (Doctoral dissertation, Haramaya University).
[37] Chapagain, S. (2014). Study On Wheat
)DUPHU¶V3HUFHSWLRQ$QG$GDSWDWLRQ0HDVXUHV
Under Climate Change And Vulnerability Context Of Bardiya District.

[19] Ahmed, Y.A., Rostam, B.N., Mohammed, B.A.
(2015). Sharing the agriculture and industrial
sectors in the economic growth of Iraq: an Ordinary Least Squares (OLS) application. Journal of Emerging Trends in Economics
and Management Sciences. 6(5), 340-353.
[20] Daniel, Z. (2015). The Impact Of Irrigation
6FKHPHV2Q)DUPHUV¶LQFRPH$QG/LYHOLKRRGV
In The Upper East Region Of Ghana (Doctoral
Dissertation, Kwame Nkrumah University Of
Science And Technology).
[21] Hailu, A.D.D.I.S.U. (2016). Value chain analysis of vegetables: The case of Ejere District,
West Shoa Zone, Oromia National Regional
State of Ethiopia (Doctoral dissertation, Haramaya University).
[22] Sequeira, S., Nunn, N., Qian, N. (2017) Migrants and the Making of America: The Shortand Long-Run Effects of Immigration during
the Age of Mass Migration. No. w23289. National Bureau of Economic Research.
[23] Bodenhorn, H. and Cuberes, D. (2015) Finance
and urbanization in early nineteenth-century
New York. Clemson University working paper.
[24] Su, C.W., Liu, T.Y., Chang, H.L., Jiang, X.Z.
(2015). Is urbanization narrowing the urbanrural income gap? A cross-regional study of
China.Habitat International. 48, 79-86.
[25] Marshall, J. (2016) "The Taiwan" economic
miracle" found its way into the heart of Western scholarship not simply because of the rapid
increase in the number of objects manufactured; there was always a second and social
point to be made. History under the Nationalist
state." Taiwan: Beyond the Economic Miracle:
Beyond the Economic Miracle.
[26] Zhihong, S.H.E.N., Kusano, E., Chien, H.,
Koyama, O. (2014). Predictive analysis of nitrogen balances resulting from the production
and consumption of livestock products in the
Huang-Huai-Hai Region, China.Japan Agricultural Research Quarterly. JARQ, 48(3), 331342.
[27] Uebele, M. and Gallardo-Albarrán, D. (2015)
"Paving the way to modernity: Prussian roads
and grain market integration in Westphalia,
1821±1855."Scandinavian Economic History
Review. 63.1,69-92.
[28] Nunn, N., Qian, N. and Sequeira, S. (2017)
"Migrants and the Making of America: The
Short and Long Run Effects of Immigration
during the Age of Mass Migration."
[29] Stoeckl, N., Chaiechi, T., Farr, M., Jarvis, D.,
Álvarez-Romero, J.G., Kennard, M.J., Pressey,
R.L. (2015). Co-benefits and trade-offs between agriculture and conservation: A case
study in Northern Australia.Biological Conservation. 191, 478-494.

Received:
Accepted:

09.06.2017
30.09.2017

CORRESPONDING AUTHOR
Bangxi Li
School of Economics and Management, Anhui Agricultural University
e-mail: libangxi1983@126.com

7991

$#

!%  

 





!"  ! 



RESPONSE OF MICROBIAL ACTIVITY TO ADDITION OF
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tal factors like amount and type of nutrients, available moisture, aeration, pH, temperature etc. affect
the numbers and kinds of microorganisms in soil
ecosystems. Soil bacteria and fungi are main driving
factors in biogeochemical cycles and recycling of organic matter. Furthermore, contributions to plant nutrition and health, soil structure and fertility were
made by soil microorganisms through affecting
aboveground. One of the main habitats for microorganisms on earth is soil by developing around soil
particles. Populations of microorganisms including
bacteria and fungi are generally much higher than
those in fresh water or marine habitats [1].
In decomposition of polymeric compounds like
cellulose, xylan etc. enzymes produced by microorganisms play a key role in soil systems that are catalyzing many significant reactions required for sustaining life processes of microorganisms in soil, decomposition of organic residues, organic matter formation and nutrient cycling [2]. These enzymes are
rapidly being synthesized, released and/or decomposed in soil ecosystems and thus, they are very important in nutrient cycling. Also, relationship between soil organic matter (SOM) quality with its
turnover and extracellular enzymes within the soil
matrix has attracted much attention [3]. Soil enzymes are best indicators in changes of biochemical
structure of SOM or carbon content [4]. Changes in
SOM are noticeable in enzyme activity that is measurable. Plant cell walls are consisted of large
amounts of cellulose and hemicellulose and soil microorganisms must synthesize both cellulose and
hemicellulose degrading enzymes to access these
substrates and use them as an energy source [3].
One of most important factors that affecting
carbon cycling in soils is moisture [5]. There have
been many research articles about effects of moisture
on carbon and nitrogen mineralizations in mineral
soils conducted in laboratory experiments. These researches showed that activities in SOM were based
on increase or decrease in soil moisture. Effects of
moisture on carbon mineralization in mineral soils
were widespread still being investigated under controlled conditions in laboratories [5]. However, there
weren’t any researches about soil microbial activity
under the effects of addition of leaves of Nerium oleander L. in the literature.

ABSTRACT
Nerium oleander L. (Common oleander, Apocynaceae), is a widespread toxic plant of Mediterranean region and was reported that this plant have
both herbicidal and insecticidal activities. Therefore,
it’s essential to monitor the effects of leaves on soil
microbial activity before using it commercially in
agricultural fields. In this study, oleander leaves
were mixed with soils at doses of half (L0.5), same
(L1) and double (L2) of soil organic carbon level and
carbon mineralization (Cmin) was measured for 30
days at 28°C under 80% and 60% of field capacity
(FC) of control soils. Soil cellulase and xylanase activities with counts of aerobic bacteria and fungi
were determined on 15th and 30th days of Cmin.
Highest cumulative carbon mineralizations were
also observed at L2 dose. Control soil was significantly different with L1 and L2 (P < 0.05) under 80%
FC but there were no differences under 60% FC at
the end of incubation period. Carbon mineralization
was generally, significantly and positively correlated
with microbial populations and enzyme activities under 80% FC (P < 0.05). Highest bacteria counts were
obtained in L1 on 15th day and in L0.5 on 30th day
while fungi counts were highest in L1 on 15th day
and in L2 on 30th days under both moistures. Soil
enzyme activities generally were enhanced all treatments and highest at L2 dose. Our results showed
that addition of oleander leaves to the soils under different field capacities generally stimulated both activities and populations of soil microorganisms.

KEYWORDS:
Soil microbial activity, Cellulase, Xylanase Nerium oleander L., Total aerobic bacteria and fungi counts

INTRODUCTION
Soil is home to plant, animal and microorganisms on earth’s surface. Microscopic life (bacteria,
fungi, algae, protozoa and viruses) and macroscopic
life (earthworms, nematodes, mites, insects and root
systems of plants) sustain in soil. Many environmen-
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ples (100 g) were placed in 750 mL incubation vessels and the final moisture contents of both soils
were adjusted to 80% and 60% of their own field capacity before incubation at 28°C over 30 days [14].
Powdered leaves of oleander were separately mixed
with 100 g soils at the half (L0.5), same (L1) and
double (L2) doses of soil organic carbon level
(1.81%) to observe its effects on soil microbial activity for 30 days of incubation. Calculation of doses
were based on as following: if 100 g of leaves have
41.17 g C, it’s required to mix 2.20 g of leaves with
100 g soils which is equal to soil organic carbon level
(1.81 %). 2.20 g (L0.5), 4.40 g (L1) and 8.80 g (L2)
powdered leaves were mixed with soils for these
treatments while soils contain no leaves were used as
control. The CO2 produced from microbial activity
was absorbed periodically in 40 mL saturated
Ba(OH)2 solution in small beakers, which were
placed on the top of the soil in incubation vessels.
Every 3 days CO2 produced by microbial respiration
was measured by titration with oxalic acid in these
closed vessels [15]. Three replicates were used for
each treatments and control Cumulative C mineralization (mg CO2-C 100 g-1 soil) was calculated by
summing up all 3 days CO2 until end of incubation
period while their rates on 15th and 30th days were
calculated by dividing cumulative mineralized C by
its soil organic C of control and all treatments. Cumulative C mineralization of control soils were taken
as 100% to find and compare increase and decrease
percentage of all treatments [16].

Nerium oleander L. (Common oleander, Apocynaceae) is an evergreen shrub and a native plant of
Mediterranean regions of Europe and cultivated as
ornamental shrubs throughout the tropical and subtropical parts of the world. All organs of oleander are
toxic, and contain mostly neriifolin, thevetin A, thevetin B, and oleandrin which are cardiac glycosides.
Ingestion of oleander leaves causes nausea, vomiting, abdominal pain, diarrhea, and hyperkalemia and
treatment for this poisoning is administration of activated charcoal and supportive care [6]. There are
some reports of herbicidal and insecticidal activity of
oleander leaves and if it will be sold commercial in
future, effects of leaves on soil microbial activity
should be determined before it’s sold commercially
in the world. It’s essential that leaves or their extracts
should be mixed with soils in order to monitor their
effects on soil microorganisms and determine their
decomposition in soil [7, 8, 9, 10].
This is the first research to demonstrate and
give an insight about effects of oleander leaves on
some soil biological parameters under controlled
conditions. Therefore, the objective of this investigation was to determine how oleander leaves influence
on soil organic carbon mineralization under two different field capacities (80 and 60%), counts of bacteria and fungi, cellulase and xylanase activities in
the mineralization process by measuring them on
15th and 30th days. We hypothesized that addition
leaves of oleander would decrease carbon mineralization, soil microbial populations and enzyme activities.

Counts of soil bacteria and fungi. Heterotrophic culturable total aerobic bacteria and fungi
were determined by soil-dilution plate method. 0.1 g
soil was taken from each incubation vessels on 15th
and 30th days and were placed in Eppendorf tubes
containing 0.9 mL of 0.9% sterile sodium chloride
and homogenized. After homogenization, Serial tenfold dilutions of soil suspensions (10-5) were plated
in triplicate on plate count agar (PCA, Merck, Germany) for total aerobic bacteria count and on potato
dextrose agar (PDA, Merck). 200 μg mL−1 Ampicillin (Sigma, Germany) was added to PDA medium to
inhibit bacterial growth. The inoculated PCA and
PDA plates were respectively incubated at 37°C for
1 day and at 28°C for 14 days, before the colonies
were counted [17].

MATERIALS AND METHODS
Study sites, preparation and analysis of
plant and soil samples. Soils and leaves of oleander
(Nerium oleander L.) have been taken from three
plants from Cukurova University Campus, Adana
(37°3’26” N, 35°21’19” E), Turkey, in February
2014. Semi-arid Mediterranean climate conditions
have been characterized in Adana (mean annual precipitation: 659 mm; mean annual temperature: 19.1
°C for 35 yr). Both soils and leaves were air-dried.
Soils were sieved through a 2-mm mesh sieve and
leaves have been powdered and then homogenized
before analysis. Soil texture was determined by
Bouyoucos hydrometer [11], field capacity (%) by
1/3 atmospheric pressure with a vacuum pump [12],
pH by a 1:2.5 soil-water suspension with pH-meter
(inoLab pH/Cond 720, WTW GmbH, Weilheim,
Germany), CaCO3 content (%) by a Scheibler calcimeter. Organic carbon (C) and total nitrogen (N)
contents of soils and leaves (%) were determined by
modified Walkley and Black method and Kjeldahl
method, respectively [13].

Cellulase (EC 3.2.1.4) and xylanase (EC
1.11.14) assay. 1 g soil from each incubation vessel
on 15th and 30th days were taken and incubated with
0.5 mL toluene and 20 mL of Na-P buffered (pH 6)
with 2% CMC (carboxymethyl cellulose) and 2%
xylan at 30°C for 24 h [18, 19]. Cellulase activity
was measured using 2% (w/v) soluble CMC dissolved in sodium-phosphate buffer (pH 6.0) as the
substrate. Reaction mixtures were incubated for 24 h
at 30°C. After incubation, the suspensions were
mixed well and centrifuged ad 12000 g for 20 min.

Soil organic carbon mineralization. Soil sam-
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and the reducing sugars released were measured using the DNS assay with glucose as the standard
sugar. Xylanase activity was assayed by measuring
the reducing sugars released from 2% (w/v) xylan
(from oat spelts, Sigma) suspended in sodium phosphate (pH 6.0) when incubated with supernatant at
30°C for 24h. The amounts of reducing sugars released were determined using the DNS as [20] with
glucose as the standard sugar [21].

100% for following comparisons of increases made
by treatments: Under 80% FC, L0.5, L1 and L2
doses enhanced carbon mineralization for 10.0%,
22.6% and 33.6% on 15th day, 4.8%, 18.3% and
19.0% on 30th day compared to its control, respectively (Table 2). On the other hand, under 60% FC,
cumulative CO2 respired by all treatments under
60% FC was for 10.6%, 12.2% and 18.8% on 15th
day and 3.1, 6.7 and 6.6% compared to its control,
respectively (Table 2). Generally, CO2-C evolution
was higher at 80% FC than 60% FC. Highest cumulative carbon mineralizations were measured at L2
dose under both field capacities on both days (Figure
1). Under 80% FC, significant (p< 0.05) differences
were found between control and all treatments on
15th day and all treatments except L0.5 dose on 30th
day. Under 60% FC, there was only significant difference between control and L2 (p< 0.05) on 15th
day while no significant differences were found between control and treatments on 30th day (Figure 1).

Statistical analysis. Tukey honestly significant
difference (HSD) test in one-way ANOVA was performed to determine the differences in C mineralization over incubation time among the treatments.
Two-way ANOVA was conducted for determining
interactions of doses and moistures on carbon mineralization, soil microbial populations and their cellulase and xylanase activities. Also, a Pearson’s correlation analysis was used to analyze the correlation
between biological parameters. Results are given in
table and figures as mean values ± standard errors of
three replicates. Differences between the data were
declared as significant at the P < 0.05. All statistical
analysis was carried out using SPSS v.22 (IBM, Armonk, New York, USA).

TABLE 1
Some physical and chemical properties of
Nerium oleander L. soils and carbon and nitrogen contents of its leaves (mean ± S.E.; n = 3)
Samples
Soil

RESULTS AND DISCUSSION
Some physical and chemical properties and carbon and nitrogen contents of leaves of oleander were
given in Table 1. Soils were sandy loam and slightly
alkaline. Carbon and nitrogen contents were 1.81%
and 0.28% in soils and 41.17 and 1.06% in leaves,
respectively. C/N ratio of soil was found 6.79 (Table
1).
Cumulative carbon mineralization of controls
of both field capacities were taken and considered as

Leaves

Characteristics
Clay (%)
Silt (%)
Sand (%)
Texture Type
pH
CaCO3 (%)
Field Capacity (%)
C (%)
N (%)
C/N ratio
C (%)
N (%)
C/N ratio

15.69 ± 2.15
13.72 ± 2.20
70.59 ± 1.90
Sandy Loam (SL)
8.05 ± 0.01
5.06 ± 0.03
30.28 ± 0.06
1.81 ± 0.05
0.28 ± 0.04
6.79 ± 0.75
41.17 ± 0.41
1.06 ± 0.04
39.03 ± 1.76

FIGURE 1
Cumulative carbon mineralized (mean ± SE, n = 3) at 80 and 60% FC of soils with addition of oleander
leaves at L0.5, L1 and L2 doses over 30 days at 28 °C.
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TABLE 2
Carbon mineralization and its rate in the soils at L0.5, L1 and L2 of oleander leaves at 80% and 60% of
field capacities during 30 days at 28 °C.

80% FC

60% FC

Control
L0.5
L1
L2
Control
L0.5
L1
L2

Cmin (mg CO2-C 100 g-1 soil)
15th day
30th day
15.85 ± 0.35d
26.41 ± 0.12b
17.44 ± 0.34c
27.68 ± 0.49b
19.44 ± 0.27b
31.24 ± 0.50a
21.17 ± 0.40a
31.43 ± 0.44a
b
16.26 ± 0.27
25.12 ± 0.14a
17.98 ± 0.61ab
25.90 ± 0.62a
18.25 ± 0.87ab
26.79 ± 0.39a
19.32 ± 0.53a
26.78 ± 0.28a

Cmin rate (%)
15th day
0.88 ± 0.03a
0.64 ± 0.02b
0.54 ± 0.01b
0.39 ± 0.01c
0.90 ± 0.03a
0.66 ± 0.04b
0.50 ± 0.04c
0.36 ± 0.02d

30th day
1.46 ± 0.01a
1.02 ± 0.03b
0.86 ± 0.02b
0.58 ± 0.01c
1.39 ± 0.01a
0.95 ± 0.04b
0.74 ± 0.02c
0.49 ± 0.01d

Different letters denote significant differences among different doses of oleander leaves for each field capacity.
Cmin: Carbon mineralization, Cmin rate: Ratio of carbon mineralization, (mean ± SE, n = 3).

generally has produced more CO2 than their controls
under both 80 and 60% field capacities and on 15th
and 30th days. Cmin rates were decreased as increasing doses of leaves that is based on higher carbon input into soil in all treatments than their control.
Nutrient availability, especially nitrogen limits
the activity and growth of soil microorganisms in the
decomposition process. Litter decomposition rate
was controlled by C to element ratio that is important
parameter determining whether the specific element
is mineralized or immobilized during decay [26]. It
was reported that critical C/N rate of broad leaves
should be around 20 – 30; below this value, a net nitrogen release generally exists [27]. C/N rate of oleander leaves in this study was 39.03% and it was opposite compared to previous studies which higher
C/N ratio didn’t affect negatively the decomposition
of leaves.
Generally, populations of bacteria and fungi on
15th day were higher than 30th day in all treatments
under 80% and 60% FC. Highest bacteria counts
were observed at L1 dose on 15th day and 0.5L dose
on 30th day (Table 3). All doses of oleander leaves
increased bacteria population compared to their controls in both days with exception of L0.5 dose under
80% FC on 30th day. There were found significant
differences between control and all treatments under
both field capacities on 30th day (P < 0.05). On the
other hand, effects of oleander leaves on counts of
bacteria were variable on 15th day but they were decreased as doses of leaves increased on 30th day.
There were only significant differences among control and L1 (p< 0.05) under 60% FC and control and
all treatments except L0.5 (p< 0.05) under 80% FC
on 15th day.
Counts of total aerobic bacteria on 15th day
were variable and in the range of 16.2 – 50.2 × 105
cfu/g soil under 80% FC and 6.9 – 53.7 × 105 cfu/g
soil under 60% FC while oleander leaves have decreased bacteria population at increasing doses on
30th day. This was similar for counts of fungi on
15th day but increasing doses of leaves have increased fungi population on 30th day under both
field capacities. Ogunmwonyi et al. [1] found that

Carbon mineralization (Cmin) rates were obtained highest in controls and they were significantly
different with all treatments (P < 0.05) under both
field capacities on 15th and 30th days Increasing
doses of leaves added to the soils lowered Cmin rates
(Table 2).
In general, addition of oleander leaves has increased soil carbon mineralization, counts of total
aerobic bacteria and fungi and their enzyme activities in soils. Increasing doses of oleander leaves have
increased carbon mineralization under 80% FC that
significantly differed with control but no significant
difference was found between control and all treatments under 60% FC at the end of incubation period.
20% increase in moisture may possibly stimulated
carbon mineralization and therefore, soil respiration
(Figure 1). On the other hand, same doses under 80%
FC have increased Cmin from beginning of incubation period. Highest cumulative carbon mineralization was measured at L2 dose under both field capacities while it was higher under 80% FC than 60% FC
on 30th day. It’s reported that main factor affecting
soil biological activity in the Mediterranean area was
moisture that is similar with our study that our results
of carbon mineralization were affected by different
moistures [22]. In another study, addition of Laurus
nobilis L. (bay leaf) leaves at different soil organic
carbon levels have increased soil carbon mineralization for 54 days under 80% FC at 28°C [16]. In addition to that it was reported that addition of Eucalyptus camuldulensis leaves to soils stimulated carbon mineralization at 28°C for 30 days and claimed
that leaves were significant carbon resources for soil
microorganisms [23]. Teklay et al. [2] also found
that leaves of some agroforestry species have increased carbon mineralization at 20°C for 40 days
and indicated that decomposition of leaves had a
strong relationship with its quality. Mafongoya et al.
[25], indicated that addition of Acacia karro Hayne,
Acacia nilotica Delile and Gliricidia sepium (Jacq.)
Kunth ex Walp. leaves to soils have increased carbon
mineralization than their control at 28°C for 56 days.
These studies contribute our results of carbon mineralization that addition of leaves of Nerium oleander
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TABLE 3
Aerobic bacteria-fungi populations and their rates in the soils mixed with oleander leaves under at L0.5,
L1 and L2 doses under 80 and 60 % field capacities at 15th and 30th day of incubation.

80% FC

60% FC

Control
L0.5
L1
L2
Control
L0.5
L1
L2

Bacteria Count
(×105 cfu/ g soil)
15th day
30th day
18.6c
15.9c
36.2c
42.4a
a
50.2
30.6b
38.6a
27.2b
6.9b
5.7b
35.6ab
35.2a
53.7a
29.0a
31.3ab
28.3a

Fungi Count
(×105 cfu/ g soil )
15th day
30th day
2.7b
1.0b
18.0ab
1.3b
a
44.7
14.0a
35.3a
22.0a
3.7b
1.0b
13.3ab
6.7ab
28.0a
8.0ab
23.0ab
13.7a

Ratio of fungi to
bacteria (F/B)
15th day
30th day
0.14b
0.06bc
1.10a
0.03c
a
0.90
0.47ab
0.90a
0.80a
0.53a
0.20bc
0.38a
0.19c
0.65a
0.28ab
0.74a
0.48a

Values are means. Different letters denote significant differences among different doses of oleander leaves for
each field capacities. cfu: count forming unit.
TABLE 4
Soil Cellulase and Xylanase activity in the soils mixed with oleander leaves at L0.5, L1 and L2 doses under
80 and 60% field capacities at 15th and 30th day of incubation

80% FC

60% FC

Control
L0.5
L1
L2
Control
L0.5
L1
L2

Cellulase Activity (U/g)
15th day
30th day
0.112c
0.118c
0.128bc
0.119c
0.135b
0.136ab
0.156a
0.155a
a
0.124
0.113c
0.124ab
0.122a
0.141a
0.123a
0.142a
0.131ab

Xylanase Activity (U/g)
15th day
30th day
0.445b
0.483b
0.468b
0.499b
b
0.485
0.534ab
0.630a
0.581a
b
0.451
0.490c
0.453b
0.526b
0.541a
0.598a
0.561a
0.608a

Values are means. Different letters denote significant differences among different doses of oleander leaves for
each field capacities.
bacterial counts were in the order of 105 – 107 cfu/g
of soil, while fungal counts were in the order of 103
– 105 cfu/g of soil in Obafemi Awolowo University,
Nigeria. L1 dose have caused highest microorganism
populations on 15th day while soil bacteria and fungi
counts were respectively highest at L0.5 and L2 dose
on 30th day under both field capacities. Reaction of
doses of leaves to bacteria and fungi population were
similar on 15th day but it was opposite on 30th day
under field capacities. Some reports showed that
leaves of oleander have both antimicrobial effects
[28]. Therefore, it’s possible to say that decomposition of leaves after 15th day caused occurrence of
seconder metabolites in leaves or new compounds
that soil bacteria and fungi used it as an energy
source. Liu et al. [29] reported that culturable bacteria, fungal counts were only significantly affected by
leaf litter species on 90th day.
The ratio of bacterial to fungal count (F/B)
were in the range of 0.03 – 1.10 in all treatments and
was highest (1.10) on 15th day and lowest (0.03) on
30th day dose at L0.5 under 80% FC. F/B of all treatments including control at the end of incubation period were lower than on 15th day. F/B ratio of doses
of leaves were similar only on 15th day under 80%
FC. On the other hand, L1 and L2 treatments were
significantly different and higher than control (Table

3). Significant differences were found between control and all treatments under 80% FC (p< 0.05), between control and L2 on 30th day under both field
capacities (p<0.05) and there were no significant differences between control and all treatments on 15th
day under 60% FC.
Ratio of fungi to bacteria were definitely increased by L1 and L2 compared to control under
both field capacities on both days but L0.5 only increased it on 15th day under 80% FC. Malik et al.
[30] indicated that addition of litters to the soils
caused abundance in fungi population and claimed
that fungi to bacteria ratio are linked with carbon potential of soils. Lange et al. [31] reported that fungalto-bacterial ratio was positively affected by plant diversity and indicated that soil bacteria population
were more closely linked with abiotic differences
caused by plants while fungi were more affected by
organic matter inputs from plants.
Soil cellulase activity was generally increased
by addition of leaves compared to control under both
field capacities except 15th day of 60% FC and there
were found no significant differences between control and all treatments in the same day under 60% FC
(Table 4). There was only significant difference between control and L1 (p< 0.05) on both days under
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60% FC. No significant differences were found between control and L0.5 but there were found with L1
and L2 on both days under 80% FC (p< 0.05). Highest cellulase activity was observed in L2 except 30th
day under 60% FC. Soil xylanase activity was
clearly increased as increasing doses of leaves. Significant differences were found among control and
L2 on 15th day (p< 0.05) and 30th day (p< 0.05) under 80% FC. There were also found between control
and both L1 and L2 on both days under 60% FC (p<
0.05). Highest xylanase activity was observed in L2
in all treatments.
Correlations in all parameters (counts of bacteria and fungi, cellulase and xylanase activities and
carbon mineralizations) were present in Table 5. Under 80% FC, positive and significant correlations between carbon mineralization and all parameters were
generally found on both days (p< 0.05). Also, xylanase activity under 80% FC significantly correlated with cellulase activity (p< 0.05) on both days.
On the other hand, cumulative carbon mineralization
under 60% FC was only positively and significantly
correlated with only fungi population, xylanase activity and its rate on 15th day while only xylanase
activity and its rate on 30th day (p< 0.05; Table 5).
On both days, fungi populations were significantly
and positively correlated with xylanase activity in
carbon mineralization under 60% FC (p< 0.05).
Interactions of doses × field capacities were
significant in aerobic bacteria population on 15th
day, fungi population, cellulase activities and cumulative carbon mineralization on 30th day (p< 0.05).
Cellulase is one of the most important enzymes
in soils which use cellulose as a polymer substrate,
are mostly exist in the form of wood. However, plant
cell walls consist of cellulose as a polysaccharide
and assume the role of main input to soils. Cellulase,
produced by microorganisms, hydrolyses cellulose
into glucose. Activity of this enzyme by microorganisms can be affected by many parameters like pH,
temperature and substrate concentration [32]. Kong
and Dommergues [33] reported that carboxymethyl
cellulose as a substrate were used as an indicator of
cellulase activity. However, Joshi et al. [34] indicated that soil fungal and bacterial populations were

significantly correlated with cellulase activity.
In this study, soil cellulase activity was generally increased by addition of leaves compared to
their controls except L0.5 and L1 doses on 15th day
under 60% FC and no change in L0.5 dose on 30th
day under 60% FC (Table 4). Cellulase activity at
L0.5 dose was similar in all treatments while L1 and
L2 were low in 60% FC than 80% FC on both days.
Maximum cellulase activity was observed at L2 dose
on 15th day under 80% FC with an increase of 38%
compared to control in this study. Nagaraju et al. [31]
clearly indicated that effluents from sugar industry
has altered both soil physical and chemical properties, affected the microorganisms and improved the
soil cellulase activity, but it was decreased with the
time. Moreover, same authors also indicated that the
enzyme activity was improved up to 50% by increasing the amounts of effluents and then decreased.
Also, it was reported that increase of soil organic
matter by addition of maize straw to a loam soil has
increased soil cellulase activity significantly after 45
days incubation and then decreased within time and
its incubation for 90 days showed that cellulase was
bonded strongly and immobilized more on its substrate [35]. Li et al. [36] mixed maize shoot and root
residues into soil and then incubated them at 20°C
for 150 days at 40% and 70% field capacities and reported that high soil water content treatment
significantly increased the cumulative respiration
and cellulase activity compared to the low soil water
content treatment. Cellulase activity was more stable
under 80% FC than under 60% FC as increasing
doses of leaves increased enzyme activity compared
to control under 80% FC while it was variable under
60% FC in this study.
Xylanase activity was reported to be a sensitive
indicator for detecting changes in organic matter inputs and outputs and is reported for being responsible in the turnover of slowly decomposable material.
Determining enzyme activities in soil and litter will
enhance our understanding of studies dealing with
effects of organic amendments like litter, compost
etc., microbial community structure or abiotic and
biotic variables on microbial processes [2].

TABLE 5
Correlation coefficients relating counts of bacteria and fungi, cellulase and xylanase activities in soils and
the cumulative amount of CO2 evolved under 80 and 60% FC on 15th and 30th days.
15th day
80% FC

60% FC

FC
Cel
Xyl
Cmin
FC
Cel
Xyl
Cmin

BC
0.816**
0.577*
0.371
0.736**
0.50
-0.361
0.453
0.495

30th day

FC

Cel

0,552
0,221
0.742**

0.870**
0.915**

0.451
0.745**
0.610*

0,354
0.016

Xyl

0.757**

0.626*

BC
-0.03
-0.118
0,077
0.21
0.654*
0.590*
0.534
0.371

FC

Cel

Xyl

0.874**
0.851**
0.871**

0.773**
0.807**

0.823**

0.451
0.786**
0.448

0.638*
0.524

0.723**

BC: Bacteria count, FC: Fungi count, Cel: Cellulase, Xyl: Xylanase, Cmin: Carbon mineralization *: P < 0.05, ** : P < 0.01
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Soil xylanase activities were also increased by
all treatments. However, soil xylanase activities
were increased as increasing doses of leaves and
also, they were lower on 15th day than 30th day except L2 dose under 80% FC. In contrast, there were
found only significant and positive correlation between fungi counts and xylanase activity on 15th day
under 60% FC (P < 0.01) and correlations between
all parameters on 30th day under 60% FC were variable (Table 5). No significant correlation among
counts of total aerobic bacteria and xylanase activity
was found in all treatments. Amin et al. [37] compared the effects of maize leaves and roots on soil
Cmin for 43 days at 15°C and on soil cellulase and
xylanase activities and claimed that Cmin of leaves
was higher than roots and they found that microorganisms grew rapidly in the beginning of decomposition of high quality litter and produced non-efficient enzymes in degrading recalcitrant cell walls
while, in the presence of the more recalcitrant maize
roots, microorganisms grew slowly but produced
high efficient enzymes. This study contributes our
xylanase results that all treatments have increased
enzyme activity as increasing doses of leaves on both
days under both field capacities (Table 4).
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RAINFALL-TRIGGERED LIMITED DATA-BASED
ANALYSIS OF LANDSLIDES IN TRABZON PROVINCE,
TURKEY
Ebru Eris*
Department of Civil Engineering, Ege University, Bornova, Izmir, Turkey

this reason, regional landslide susceptibility assessments have crucial importance for the landslideprone areas of Turkey [15].
Various-scale landslides occur almost every
year in the Trabzon Province in the Eastern Black
Sea Region of Turkey. More than 178 events triggered by rainfall were identified by historical records
from 2005 to 2008 in the province [16]. In Trabzon,
rainfall-induced landslides lead to considerable damage, even causing human losses.
This study aims to analyze and summarize
landslides in Trabzon and to determine empirical
rainfall intensity–duration thresholds for landslides
in the Trabzon province using limited data. The
method employed in establishing rainfall thresholds
is compared to available thresholds developed for
other regions in the world.

ABSTRACT
Rainfall is one of the most important triggering
factors of landslides. Researchers carry out various
scientific studies on identification of the rainfall
amount that trigger landslides. The Eastern Black
Sea region is a landslide-prone area in Turkey. The
population of the region is affected by the landslides
because of high rainfall and the steep topography of
the region. The aim of this study is to investigate the
relationship between rainfall and landslide for the
Trabzon province the most vulnerable city to landslides in the region. For this purpose, rainfall and
rainfall-induced landslides data are used. The relation between rainfall and landslide events is analyzed considering meteorological records of raingauge stations.

MATERIALS AND METHODS

KEYWORDS:
Landslide, rainfall threshold, Trabzon

Study Area and Data. Trabzon is located between 39º15' - 40º15' East-longitudes and 41º08' 40º30' North-latitudes in the middle of the Eastern
Black Sea Region of Turkey (Figure 1). Elevation
increases from sea level to reach up to 3000 m. Generally, mountains, hills and high plateaus take part in
inner lands of the region.
Trabzon has a mild and humid climate with
heavy uniform rainfall and relatively warm temperatures all year round. Rainfall is heaviest in autumn
and spring. The temperature difference between the
day and night is not very high. During the winter, the
lowest average minimum temperature is seen in January around 5 °C. Summers are warm and humid
with the average maximum temperature around 28
°C in July and August. Generally, annual rainfall in
Trabzon (approximately 900 mm) is higher than the
long-term average annual rainfall (approximately
646 mm) for Turkey.
Although there are 12 rainfall gauging stations
located in Trabzon province, only daily rainfalls and
hourly durations recorded by 7 stations are used in
this study. Daily rainfall data between the years 1995
and 2016 and rainfall duration of each station located
in Trabzon are given in Table 1, from which it can

INTRODUCTION
Landslides can be seen as a primary cause of
soil erosion, which is a serious geo-environmental
issue causing land degradation, and has posed a serious threat to the security of ecology and environment, and socio-economic sustainable developments
[1-4]. Although there can be many different causes
of landslides such as earthquakes, clear cutting, mining; rainfall is the most common landslide-triggering
factor in many regions across the world. Rainfall induced landslides have been investigated by many researchers who have mostly attempted to determine
the amount of rainfall that can trigger soil erosion.
Rainfall thresholds are derived by the analysis of historical rainfall and landslide data. Rainfall intensityduration thresholds for triggering landslides have
been widely identified in many different climates
and geological settings [5-13].
In Turkey, landslides are one of the most important natural hazards. During the period of 19591994, landslides damaged 76995 buildings throughout Turkey [14] in addition to causing deaths of people, destroying agricultural lands and roads etc. For
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be seen that the rainfall data are discontinuous and
there are some gaps in the recording periods.
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In 1998, 50 people were killed and 100 residences were damaged. Between the years 2004 and
2009, various landslides occurred and caused damage. Daily and cumulative rainfall is shown in Figure
3 together with a field photograph of landslide event
occurred in 2009, for Uzungol gauging station. It can
be noticed that landslide on 21 November 2009 in
Uzungol were triggered by approximately 75 mm of
rainfall which killed 2 people.
Landslide records in Trabzon province are very
rare from between 1900 to 1950 however; more data
are available from 1950 to 1987. Recording of this
period is only related to deep landslides. However, a
clear relationship was not able to be found between
deep landslides and precipitation. In addition, deep
landslides represent only 3% of the landslides in
Trabzon [23].
Since 1995, important landslide events were
considered in the study area when all available landslide data, obtained through local and national administrations, technical and scientific articles, thesis
and internet news, are all taken into account. Although Disaster and Emergency Management Presidency (AFAD with Turkish acronym) has a database
of landslide events, the factors that cause landslides
are not clearly present for each event. The most important 24 rainfall-triggered landslides between
1995 and 2016 are carried out using available rainfall
data in the rainfall threshold analyses explained below.

Relationship between Landslides and Rainfall. Landslide is affected by geological and morphological factors as well as external triggering factors
such as earthquakes, human activities and extreme
climatic events, heavy rainfall, and hydrology [17].
Heavy rainfall among these factors occurs frequently
in the Eastern Black Sea Region. Climate in the Eastern Black Sea Region is very humid. Comparison of
climate and landslide density maps of Turkey (Figure 2a and 2b) shows the similarity between the two
events. This demonstrates that landslide is affected
by the variation in the climate of the region.
Factors affecting the occurrence of landslides
in Trabzon are the morphology of the province, geological structure, weathering of rocks, meteorological characteristics, settlement types, and various
types of excavation works. Heavy rainfall, sloping
topography, and the removal of forests for agricultural purposes increase the landslide risk [18, 19].
Trabzon is one of the leading provinces where landslide risk is high in Turkey, with 662 landslides causing 245 dead people since 1950 [20].
Potential landslide risk map for Trabzon is
given in Figure 2c [21, 22]. According to this map,
about 64% of Trabzon province land is at risk against
landslide. This is because most of the settlement areas within this 64% of the province are in river basins and on sloping terrain [20].

FIGURE 1
Study area and rainfall gauging stations
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TABLE 1
Rainfall data and rainfall duration of gauging stations

1302
1471
1472
1962
1623
1624
1626
1787
1801
17037
17038
17626

Vakfıkebir
Arsin
Araklı
Uzungol
Tonya
Duzkoy
Macka
Dagbasi
Caykara
Trabzon

Rainfall
Duration
Rainfall
Duration
Rainfall
Duration
Rainfall
Duration
Rainfall
Duration
Rainfall
Duration
Rainfall
Duration
Rainfall
Duration
Rainfall
Duration
Rainfall
Duration

Trabzon
Havalimani

Rainfall

Akacaabat

Duration
Rainfall
Duration

FIGURE 2
(a) Climate classification of Turkey, (b) Landslide density map of the settlements (1950-2010) and
(c) Potential landslide hazard map for Trabzon
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FIGURE 3
(a) Daily and cumulative rainfall and landslide events for Uzungol gauging station in 2009,
(b) field photograph of landslide event (Source: http://www.ntv.com.tr/)

FIGURE 4
Rainfall intensity-duration threshold curve for landsliding in Trabzon
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TABLE 2
Some rainfall intensity-duration threshold equations
Study by
Caine (1980)
Cancelli and Nova (1985)
Wieczorek (1987)
Crosta and Frattini (2001)
Aleotti (2004)
Guzetti et al. (2007)
Guzetti et al. (2007)
Dahal and Hasegawa (2008)
Rosi et al. (2016)
Baltaci (2010)
Akcali (2011)
Akcali and Arman (2013)
Akcali and Arman (2013)
This study (2017)

Case Study
Over the world
Northern Italy
California
Over the world
Italy
Mid-latitude climate for D<300h
Mid-latitude climate for D>300h
Himalaya, Nepal
Slovenia
Trabzon
Trabzon
Trabzon for D<6h
Trabzon for D>6h
Trabzon

Equation
I= 14.82 D-0.39
I= 44.67 D0.78
I= 1.7+9 D-1
I= 0.48+7.2 D-1
I= 19 D-050
I= 18.6 D-0.81
I= 0.82 D-0.19
I= 73.9 D-0.79
I= 37.7 D-0.68
I= 8.641 D-0.4591
I= 0.69 D-0.99
I= 57.73 D-2.33
I= 2.75 D-0.63
I= 2.55 D-0.66

FIGURE 5
Rainfall intensity-duration thresholds compiled from various studies

logarithmic, or logarithmic coordinates. Most commonly, the thresholds are drawn visually.
The threshold for Trabzon, as defined by the
lower boundary envelope of the points representing
landslide-triggering rainfall events, is expressed as:

RESULTS
Threshold Analysis. Determination of rainfall
thresholds for the initiation of landslides can be important as a decision-making tool in risk management. For this purpose, two approaches have been
proposed. The first approach is based on physical,
process-based models whereas the second one is
based on the definition of empirical thresholds [6, 7,
9, 12, 13, 24-26]. The thresholds are usually obtained
by drawing lower-bound lines to the rainfall conditions resulted in landslides plotted in linear, semi-

I = 2.55 D −0.66

(1)
where I is hourly rainfall intensity in mm/h and D is
rainfall duration in hours (Figure 4). Among the 24
landslide data, the proposed curve optimally defines
h D 70h. In
the rainfall events with durations 0.65h
the threshold analysis, the nearest gauging stations
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There are only a few intensity-duration threshold studies on landslides at local scale in Turkey. At
present, such a general threshold relation is not available for the whole country. This can be considered
an important gap in terms of both research and practice. Therefore further studies should be carried out
to obtain local-scale rainfall thresholds triggering
rainfall-induced landslides. This particularly
emerges for landslide-prone regions.

to be the landslide locations are selected. When rainfall data and/or rainfall duration are not available at
the nearest gauging station to the landslide event, the
data of the next station is used. The total rainfall observations of the current and previous days are considered as rainfall events causing the corresponding
landslide event.
Different rainfall intensity threshold values are
available for different climatic regions over the
world. Fifty two previous works of intensity-duration thresholds for the initiation of landslides at
global, regional and local contexts were summarized
by [12]. Some of these relations together with previous works for Trabzon are given in Table 2 and Figure 5.
In the threshold analysis made by [27], 21 landslide events between the years 1990 and 2009 were
used. The threshold line proposed by [28] seems to
be different from the other lines in Figure 5. This
study modified by [23] and classified thresholds depending on the duration of rainfall, whether it is
shorter or longer than 6 hours. The landslide data
used by [23] is up to the year 2010. On the other
hand, the landslide data used in this study is for the
period up to 2016 and the threshold line is between
the lines obtained by [23] and [27].
According to [12], the threshold lines generally
depend on the climatic environment of the region. It
is stated that the thresholds defined by various researchers for mid-latitude climates are steeper (the
power value of D is between -0.70 and -0.81) than
the thresholds obtained for mountainous regions (the
power value of D in between -0.48 and -0.64). This
is a result that almost matches the threshold for landslides in Trabzon.
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THE TURKISH SURVEYING PRIVATE SECTOR
Okan Yildiz, Yakup Emre Coruhlu*
Karadeniz Technical University, Faculty of Engineering, Department of Geomatics Engineering, 61080, Trabzon, Turkey

back to the 1950s. Whereas there were 7 enterprises
countrywide during those periods, that number
reached 240 in the decade after the publication of
regulations on maps and plans based on registration
[2, 3]. The mentioned enterprises maintained their
activities (land subdivision, parcelling, expropriation, renunciation for roads, etc.) in business items
created by change operations post cadastre. The service purchasing method from the private sector was
applied for cadastre work for the first time in Turkey
in 1988. However, based on pilot regions, it was determined that the method could not be popularized
countrywide. During this period, in the report published by the State Planning Organization (SPO), it
was determined that the SPS should be restructured.
In the same report, the services not made or not popularized by the SPS, including responsibility for plan
applications, basic cadastre work, renovations and
other change operations, the establishment of information systems, infrastructure mapping, the popularization of land readjustment [4], mining operation
maps, project applications in structuring services,
and consultancy and controlling services, are listed
[5]. The most active period of the SPS was after the
purchase of the Production Numerical Cadastral
Base from the private sector after 2005. The private
sector had a voice in basic cadastre work with the
regulations on Cadastre Law [6]. The cadastre work
was accelerated by using both internal sources (General Directorate of Land Registry and Cadastre
GDLRC Floating Capital) and external credits
(World Bank sources) intensely [1]. A threefold performance increase has occurred as the private sector
has taken on an active role in basic cadastre work
(Figure 1).
Basic mapping activities (application, land use
conversion etc.), the result of work conducted under
the body of GDLRC, and change operations on demand have been transferred to LSEOs. Despite there
being 2029 LSEOs planned for the country initially,
a total of 196 LSEOs operate today [7, 8]. In contrast, the number of PSEOs exceeds 2600 (Figure 2).
The number approaches 3000 when adding the enterprises not registered in 2016, despite being officially established [9].
Considering the developments in this area
around the world, the private sector now plays a significant role in the increase of productivity in production concerning engineering activities. Parallel to
this development, the share of the private sector in
surveying work is increasing gradually. Hence, some

ABSTRACT
The increasing importance of the private sector
in the execution of surveying/geomatics engineering
services needed for works ranging from cadastre to
various engineering activities throughout the world
and in Turkey has drawn increased attention. Turkey
has taken its position in the world, with more than
2600 private engineering offices and approximately
200 Licensed Surveying Engineering Offices. The
surveying private sector is utilized in the execution
of almost all surveying activities in our country today, especially in cadastre services. In addition, considering the increase in the number of technical personnel (Geomatics Engineer/Technician) each year,
the importance of the sector in terms of employment
stands out. Despite the rapid development of the sector in recent years, traditional issues and domestic
and foreign developments have had both positive
and negative impacts on the sector. It is important to
engage in strategic planning, amplifying the weak
aspects and making use of the strong aspects of the
sector under these impacts. For this purpose, sector
representatives were contacted directly through the
survey method in this study. SWOT (Strength,
Weakness, Opportunities, and Threats) analysis of
the sector was conducted with the obtained data. Accordingly, it was determined that the sector consists
of micro enterprises known on the local level of the
sector.

KEYWORDS:
Surveying private sector, surveying activities, licensed
surveying engineering office, SWOT Analysis

INTRODUCTION
Considering national and international developments, the Surveying Private Sector (SPS) now
plays significant roles in basic mapping activities
and various engineering projects. The SPS in Turkey
is represented by corporate bodies (enterprises)
known as Private Surveying Engineering Offices
(PSEOs) and Licensed Surveying Engineering Offices (LSEOs) [1]. The aforementioned enterprises
are affiliated with the Union of Chambers of Turkish
Engineers and Architects (UCTEA)/Chamber of
Survey and Cadastre Engineer (CSCE). The active
role of the SPS in mapping activities in Turkey dates
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in Turkey, it is observed that almost all activities in
this area are being conducted by the private sector.
Although the exact numbers are unknown, it is estimated that the sector creates significant employment. The projects realized by GDLRC, such as the
Completion Project of Turkey Cadastre and the Land
Registry and Cadastre Modernization Project, including renovation work [20], contributed significantly to the process [21] stated that the collaboration with the World Bank and projects realized in the
area of land and cadastre services have increased the
business capacity of the SPS in international standards, with the World Cadastre Summit organizing
broad participation in Turkey in 2015. As a result,
Turkey has made efforts to share its knowledge
about mapping with the world through the private
and public sectors. According to [22], cadastre projects of USD 2.9 billion were funded by the World
Bank throughout the world in 2015. It has been observed that project studies have been initiated under
the title of the “Exportation of the Turkish Cadastre
System” in this area of the Turkish Cooperation and
Coordination Agency (TCCA, in Turkish TIKA).




 



 

 

 

 

 









FIGURE 1
Distribution of cadastre works in Turkey by years [7].
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international organizations, such as the International
Federation of Surveyors (FIG), United Nations
(UN), European Union (EU) and World Bank (WB),
have published various notifications, reports and
declarations to increase the effectiveness of land administration systems, which are important to sustainable development [10- 15]. The mentioned notifications have noted that the private sector should benefit more in the development of Land Administration
Systems [16]. As a similar development, in a worldwide study by FIG in 1994, the developments in the
next 20 years in the area of cadastre, one of the basic
mapping activities, have been summarized in a report known as Cadastre 2014. The report mentioned
the “Increase of contribution of the private sector”
as one of the possible reform movements in cadastral
systems in the future [17]. In other evaluations, specific to cadastre, “affordable, fast and safe cadastre” services are mentioned worldwide. It is stated
that the solution is for the private sector and the public sector to act jointly [18, 7, 19].
Considering basic mapping engineering activities transferred to the SPS in the most recent period






























FIGURE 2
Number of PSEO [7]
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Despite the increasing importance of the SPS,
it is observed that the sector faces problems based on
various factors in Turkey. One of them is the rapidly
increasing number of graduates with Geomatics Engineering degrees. According to the Measuring, Selection and Placement Center, MSPC (in Turkish
OSYM), 1600 students have been placed in 20 Geomatics Engineering Departments in Turkey [23].
Although a Department of Geomatics Engineering
exists in 12 universities, the placement of students
cannot be realized due to the lack of infrastructure.
Accordingly, it is thought that incremental growth in
the number of graduates will occur in the future. A
300% increase in PSEOs in the last decade in Turkey
is the most significant reflection of the issue, according to the Chamber of Survey and Cadastre Engineers, CSCE (in Turkish HKMO) [9]. In addition,
the other issues are as follows: non-registration of
activities conducted based on the contract in terms of
administration and finance, failure to provide minimum price audits, and failure to provide corporate
and technical standards amongst PSEOs [7].
The fundamental motivations of the study are
as follows: Will the sector be adequate in creating
employment? Does the increase of the labour force
create threats or opportunities for the sector? What
are the current conditions of the sector? What new
business areas are needed? The existing problems
should be determined, and the solution recommendations should be developed.

and scientific analysis regarding the corporate structure. Thus, understanding how to respond to opportunities and threats or remove the weaknesses shall
be determined by revealing the strong and weak aspects of the sector. SWOT analysis shall be used as
a method.
SWOT is an abbreviation of the first letters of
Strengths, Weaknesses, Opportunities and Threats.
An analysis concerning both quantitative and qualitative features can be realized through this method,
which analyses these four parameters belonging to
existing structures in detail. A strategical view of an
existing program can be formed with an investigation of the SWOT matrix created as a result of the
analysis. Whereas the strong and weak aspects are
determined through an internal evaluation in the organization, the opportunities and threats are revealed
through external evaluations. The factors of organization, personnel, opportunities, products, etc., are
subjected to internal evaluations, whereas political,
economic, and social developments are taken into
consideration in external evaluations. Thus, it aims
to develop plans and strategies to take advantage of
the existing strong aspects and opportunities at the
top level and minimize the impact of threats and
weaknesses [24, 25]. The results obtained directly
through the survey method shall be discussed. The
surveys are the data collection method used to reach
more people and collect information in a short time
[26, 27]. The surveys are comprised of a list of written questions and include information collection
about the investigated issues by asking people for information directly about the research. It is possible
to reveal the situation by reaching many people in a
short time through this form of data collection [27].
The survey data were collected in 5 ways: e-mail,
telephone, face-to-face conversation, karma and the
internet [28].
The study was conducted by directly reaching
the offices and companies forming the SPS through
the internet. CSCE, which archives the registers of
offices and companies, was utilized. Lecturers (3
people) and experts (3 people) were utilized to create
the survey forms and question options. Better results
were obtained in the application phase of the survey
questions after checking the content integrity and expediency. In addition, the confidentiality of the survey was provided [29]. A total of 131 sector representatives from various cities of Turkey contributed
to the surveys. The distribution of these representatives countrywide is shown in Figure 3. The sector is
represented by approximately 2600 Geomatics Engineers as of 2016.

MATERIALS AND METHODS
The recognition of opportunities and threats in
addition to strong and weak aspects has great importance strategically for increasing the effectiveness of the SPS in Turkey. Primarily, research on understanding the sector is needed. The most important
factor sustaining the SPS as a part of service sector
is certainly the personnel structure. The software,
equipment and market conditions are the other factors.
The sector is analysed based on research under
the following categories:
 Administrative and technical infrastructure
of the enterprises forming the SPS,
 External shareholders with which to conduct projects,
 The situation of the sector in terms of economic growth,
 Recognition on national and international
levels,
 Other unofficial activities operated in the
sector, and
 External threats and opportunities for the
sector.
The data shall be collected with the classification of the sector in terms of economics through research of its potential, alternative operational areas

RESULTS
Questions were asked to PSEOs and LSEOs
forming the SPS to identify their organizational
structures. The obtained results are shown in Figure
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4, which is comprised of two graphics. Figure 4 (a)
reflects the corporate structures of organizations that
took part in the survey, whereas Figure 4/b reflects
the distribution of their establishment dates. Accordingly, 74% of the enterprises were established after
2000. A considerable increase (300%) stands out in
the number of enterprises established after 2000. According to another result, limited companies have
gained importance, rather than the offices established traditionally.
One of the most significant indicators reflecting the situation of the enterprises forming the SPS
is their hardware. The quality of software and hardware used in mapping adds qualification to the services in terms of cost-speed-quality. In addition, adequate and qualified hardware is one of the most significant criteria requested for the commitments realized in national and international areas. Thus, questions were asked to observe the hardware profile of

the enterprises, and the number of average hardware
per enterprise was determined (Figure 5). The enterprises own significant sources in terms of hardware,
with GNSS devices with CORS-tr and two Total Stations for each, as well as seven laptops and desktop
computers and one plotter on average.
Another strategic issue that reveals the SPS’s
strength is the number and quality of the used hardware. Thus, the hardware used in enterprises was
evaluated for the sample groups. A monopoly of a
single hardware was determined according to the obtained results (Figure 6).
The most strategical point in the service sector
the SPS is the number and quality of the personnel.
Accordingly, the average number of personnel per
enterprise was determined for all enterprises. On average, 2 geomatics engineers, 2 surveying technicians, 1 topographer and 1 other technical personnel
correspond to each enterprise.

FIGURE 3
Country wide distribution of sample group answering the survey (red provinces)
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FIGURE 4
Corporate classification of sample group on yearly basis
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FIGURE 5
Number of Average Hardware per Enterprise
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FIGURE 6
Type of Hardware Used in Enterprises
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FIGURE 7
Number of Personnel Working for the Enterprises for Five Years and More

The number of personnel working for five
years or more was assessed to reflect the quality of
the enterprise in terms of corporation, therefore the
sample group was asked about the number of personnel working for five years and over. Although the results are stable regarding the employment of Geomatics Engineers when calculating for the total number of personnel, the number of personnel working

for five years or more is under 50% regarding the
employment of intermediate staff (Surveying Technicians, Topographer, etc.) (Figure 7).
The sample group was asked about the size and
property of the places in the SPS; the proportion of
accreditations by the ISO, Turkish Standards Institution (TSE); whether they had received consultancy
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services from universities; and the major contribution of qualified services in production. It was determined that 43% of the employers own the property
of their business, 64% of them operate in working
places smaller than 100 m2, 80% of them have not
been accredited, and 89% of them do not receive any
consultancy services (Figure 8).
The sample group was asked to determine the
profile of external shareholders, which was turned
into the graphics shown in Figure 9. The applications
made toward real persons are apparent. This result,

no doubt, is accepted as a reflection of the formation
of the sector from PSEOs, in other words, office
types defined as micro enterprises to a large extent.
Secondary, it is found that the existence of municipalities arises from public work activities tendered
highly by those organizations and realized ex officio.
The third rank of GDLRC arises from the opening
policy to the private sector executed after 2005. Finally, it stands out that 60% of sector business is conducted in construction companies with surveying
companies as a subcontractor.

5%
58%
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31%

64%

Ownership belong to me or company
0-100

for rent
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100-200

200+

(b)
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20%
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FIGURE 8
Property (a), Area (b), Accredit (c) and Consultancy Service (d) Graphics of Premises of Enterprises
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FIGURE 9
Distribution of Person/Organization that Enterprises Conduct Joint Work
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Distribution Graphic of the Projects Conducted by the Companies

TABLE 1
Work outside of business items published by the CSCE
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The sample group was asked to determine the
transaction variety conducted in the SPS and the size
of those activities. Engineering service wage scales
and transaction types in other unit wage scales published on the website [23] of CSCE were utilized.
The traditional transaction types (parcelling, amalgamation, renunciation for road, land subdivision,
and dimensional drawing work) belonging to the
sector according to the data presented in Figure 10
still form the main sources of the sector.
It is understood that the enterprises have made
progress in urban transformation applications, coming to the fore in the last few years. Similarly, LSEO
activities are assessed as one of the most important
expansions providing growth to the sector and increasing the transaction variety. According to the results of the survey, the sector is not at the requested
level in the treatment of geographic data and analysis
activities. One of the other outstanding results is that
land consolidation work has not been popularized in
our country, which has large amounts of agricultural
land. The negative reflection of the situation in the
sector is seen in the survey results.
Presented in Figure 10, it was asked whether
there were any activities other than transactions and,

if so, what they were. This question was aimed at researching whether there are surveying or other activities not recorded by the CSCE. The results are presented in Table 1.
Revising these data, it was understood that a
large part of the answers remain within the scope of
the transactions, as presented in Figure 10. However,
as seen in the answers, titles such as “land valuation”, “3D Modelling”, “deformation surveying”,
“navigation map production”, and “industrial surveying” have not been priced by the CSCE. Similarly, when activities such as “lecturing in university” and “conciliation transactions” are considered
under the title of “consultancy and expertise”, CSCE
does not take place in the unit price scale.
The offices and companies not operating for a
certain time can be encountered due to the establishment of enterprises in the SPS and market or private
conditions. The number of enterprises not realizing
any projects by years was determined for the sample
group regarding the last five years to establish an
opinion about the dimension of the weakness. The
answers are presented in Figure 11. Accordingly, the
number of enterprises not realizing any projects
shows a considerable declining tendency in the last
five years.
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FIGURE 11
Number of enterprises not realized any project by years
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FIGURE 12
Number of projects realized by years
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Classification of SPS according to 2015 approximate financial statements
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Activity rate, scope and competition force of enterprises in international level
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FIGURE 17
Arrangement graphic of problems of SPS according to the order of importance

tion was determined, and the obtained data are presented in Figure 14 with graphics. Accordingly, it
was concluded that only the local-level recognition
of the enterprises is in question.
The enterprises were asked whether they operate on an international level and, if so, what kind of
activities they conduct in what regions over the
world and their adequacy in terms of international
competition. The results are presented in Figure 15.
Only 14% of the enterprises taking part in the survey
worked on an international level (Figure 15/a). It was
also determined that those enterprises operated substantially in the Asia Continent (70%) (Figure 15b).
They were found inadequate in terms of international
competition (Figure 15c). As an answer to the activities conducted on an international level, the transaction types were listed as follows: topographic services, triangulation and levelling network, infrastructure projects, base map, photogrammetric mapping, airport map, NATO projects, and dam works.
Soil Protection and Land Use Law, SPLUL (in
Turkish TKAKK), which entered into force in 2005
to prevent the deterioration and protection of agricultural lands in Turkey, restricted the division of agricultural land [31]. Thus, questions were asked to
the sample group to determine the level of impact of
the regulation on the sector. A large part of the sample group (77%) was affected negatively by the legal
regulation partially or directly, according to the obtained data (Figure 16).
A question was designed to determine the impact of the current issues on employers, and the answers are presented in Figure 17. According to the
obtained results, the failure of providing a minimum
price audit ranks first. Because this issue brings up
the rear in importance ranking despite the rapid increase of graduates in our country, the data stand out
as one of the most attention-grabbing results of the
survey.

Within the scope, the number of projects realized by year was determined via another answer to
have an idea about the economic size of the enterprises. The average number of projects that an enterprise can produce in a year was primarily estimated
through CSCE registers. The number of projects was
grouped as (1-50), (50-100), (100-150), (150-200)
and (200+), and the question was designed. Revising
the obtained data, the number of enterprises producing (1-50) band forms almost half of the total number
joining in the survey (Figure 12).
The income groups were formed regarding the
classifications foreseen by the Regulation of the Definition, Qualifications and Classification of the Enterprises of Small and Medium Sizes [30] for the
classification of the SPS in terms of economic size.
According to the mentioned regulation, enterprises
with a financial statement below $ 300 thousand on
a yearly basis are considered as micro enterprises,
enterprises with financial statement between $ 300
thousand - 2.5 million are considered as small enterprises, and enterprises with financial statements between $ 2.5-12 million are considered as mediumsized enterprises. According to the survey results, a
large part of the enterprises (70%) were found to
have an annual financial statement in the $0-75 thousand category (Figure 13). When organizing a classification according to related regulation, it was concluded that 91% of the enterprises in the survey had
a financial statement below $300 thousand; thus,
they were considered as micro enterprises. In contrast, 9% of them are small enterprises. Mediumsized enterprises are not part of the survey results
(Figure 13).
The sample group was asked questions to make
determinations about the recognition level of the enterprises, which is one of the major components in
private sector activities. The adequacy of enterprises
in terms of local, national and international recogni-
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ing Figure 10 reflecting the activity areas of the sector, urban transformation applications, LIHKAB activities, treatment of geographic data, thematic map
design, and 3B cadastre vs. new areas are included
in the sector in the last years. Activities such as land
valuation, which does not take place in the unit price
scale of the CSCE, industrial surveying, and expertise and consultancy services are understood to be
actively realized by the sector. The results presented
in Figure 17 indicate that land consolidation has not
been popularized. At this point, it can be considered
that the inadequacy of land consolidation work,
which is a major factor of rural area regulation, is
one of the weak aspects of the sector in Turkey,
which owns large amounts of agricultural land. This
issue, arising from the public, can be perceived as an
external threat as well.
When evaluating the sector in terms of international competition, it is understood that the sector remains incapable in this field, and it conducts activities mostly in the Asian market through the construction sector. It is observed that these activities consist
of topographic services, triangulation and levelling
networks, infrastructure projects, base maps, photogrammetric mapping work, airport maps, NATO
projects, and dam work. Regarding the mentioned
activities, the important part is that they are realized
as subcontractors in construction projects. According to [32], the construction sector ranks among the
sectors leading the world’s economy. The construction sector incorporates many sub-sectors and gathers many different expertise fields under the same
umbrella. Both employment opportunities and high
budget construction projects indicate the importance
of the construction sector in terms of the global economy and development. Thus, many factors affecting
the construction sector directly also affect the world
economy. The size of the construction sector in the
world economy is estimated to be approximately
USD 3.5 trillion, and this figure forms approximately 8% of total GNP of the world [33]. Hence,
the construction sector functions as a locomotive in
terms of the SPS in international competition. Regarding the sector in terms of international competition, the constraint of the market, the low level of
recognition, constraint in the product range in activities and cadastre are considered as the weak aspects
of the sector because they cannot obtain shares from
large markets throughout the world.

DISCUSSION
Revising the data obtained by the survey results
as a whole, the enterprises forming the SPS are legally private (I), economically service producing
(II), a liberal profession in terms of functionality
(III), and micro-, small- and medium-sized businesses in terms of size (IV). The vast majority of the
enterprises (84%) are formed by micro enterprises
with annual financial statements below TL 1 million.
In addition, the annual financial statements of 63%
are below TL 250 thousand. In this respect, the formation of the sector from local and micro enterprises
to a large extent may be considered as the weak side
of the sector.
There are approximately 15000 registered
members according to CSCE data; 41% of these
members are under the age of 35. In addition, 1600
new enterprises (60% of total enterprise number)
have been established in the last decade (Table 2)
[23].
On the other hand, 1593 people have been
placed in 20 Departments of Map/Geomatics/Geodesy and Photogrammetry Engineering in various universities providing education in Turkey in 2015 [23].
In addition, 12 departments continue their studies to
place students. Considering the rapidly increasing
number of graduates, it is seen that the sector has major functionality in creating employment. With the
rapidly increasing number of graduates, with the increase reaching up to 300% in the last decade, the
number of PSEOs might be perceived as an internal
threat in terms of employers at first appearance.
However, the rapidly increasing number of graduates brings up the rear in the perception of the threat
due to the results of the survey (Figure 17). On the
other hand, whereas the number of enterprises not
realizing any projects in the last five years has plummeted (Figure 11), the number of projects realized
by years increased at the same level (Figure 12).
These results show that the rapid increase in the
number of graduates has not created a threat for the
sector for now. In other words, these results show
that the market created by surveying services, for
now, is adequate despite the increasing number of
graduates.
Although this issue is noted by the employers,
it is understood by the survey results that the new
activity areas should be created (Figure 17). Revis-

TABLE 2
CSCE Member Statistics [9]
CSCE Number of Total
Members
15000

Number of Registered
Members in the Last Decade
7000

8018

Number of PSEO Opened in
the Last Decade
1600

Number of Total
PSEO
2633
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TABLE 3
Surveying private sector SWOT matrix

INTERNAL FACTORS

• It is based on an approximately 70-year
experience.
• Most of the business items in the surveying sector are conducted by the private sector in Turkey.
• Almost 3000 businesses (PSEO and
LSEO)
• Wide range of business activities
• Rate of recruitment
• Sufficiency in terms of staff and equipment

EXTERAL FACTORS

POSITIVE
Strengths

Opportunities
• Increase in the turnover with the recent
developments in the construction sector
• Increase of the importance of surveying
private sector due to developments in
international arena
• Institutions that serve in the surveying
sector, especially GDLRC, purchasing
services from the sector frequently
• New business items that came up with
the urban transformation
• 2B cadastre applications
• Developments in terms of 3D cadastre
around the world

NEGATIVE
Weaknesses
• The sector is made up substantially of micro-businesses
that address the local market.
• Lack of corporate, technical, etc., standards amongst the
PSEOs.
• Insufficiency in physical conditions
• Low awareness on national and international levels
• Insufficient amount of activities on an international level
• Lack of audit at minimum price
• Lack of accreditation of businesses
• Lack of cooperation with universities
• Activities not recorded by the CSCE
• Instability in the recruitment of long-term staff
• Not being active in the areas related to information technologies, such as GIS
Threats
• Volatility in the construction sector
• Limitations in the conditions to share the premises of
EPLUS
• Working with construction and surveying companies as a
sub-contractor
• Lack of generation of new activity areas
• Monopolization of the software
• Not extending the landscaping of rural area, such as land
consolidation by the state

planned to be completed by the end of 2018 in Turkey, has been tendered for $100 million. This project
is one of the most important GIS projects to be realized in Turkey within the municipalities. Within this
project, GIS-based Numerating Maps and Allocation
Maps based on Cadastral Parcels should be produced
and used as a base for SARS. Although these applications should be done and included in the system
included by geomatics engineers, it is seen that they
have been carried out by inexperienced and non-geomatics engineer personnel [35]. These and similar
situations lead to the fact that the SPS is not as powerful in GIS-based applications.
From the data collected through the survey results, it is found that the number of businesses that
did not have any project activities within the past
five years declined significantly (Figure 11). In line
with this, the number of projects increased (Figure
12). These results match up with each other. Considering that the sample group is made up mostly of
businesses established recently (Figure 4), it is evident that these newly established businesses easily
adapt to the market conditions. Nevertheless, we can

It should be taken into consideration that 90%
of the sample group consists of small businesses
when evaluating the survey results in terms of software, hardware and personnel. From this point, the
number of personnel and hardware can be considered capable. However, a monopoly stands out in
single software regarding the distribution of the software used by the enterprises. This situation may
cause negative results in reaching qualified and affordable software to the enterprises. In addition, this
situation can be deemed as an external threat within
the scope of SWOT analysis.
According to the results obtained from the survey results, less than 10% of the use of GIS software
between the enterprises shows that the SPS does not
take up enough space in GIS-based projects. This result may also be considered as weak aspects of the
sector. GIS-based applications in Turkey have been
used effectively by local governments since the
1990s. However, there are many technical, institutional and legal problems in these applications at present [34]. For example, the Turkish Spatial Addressing Registration System (SARS) project, which is
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come to a conclusion that the projects are undervalued because the financial balance sheets of most of
these businesses are below TRY 1-250 thousand despite the increase in the number of projects (Figure
13). This problem is incurred from unreliable audits
of minimum prices in the sector.
The results obtained from the study and the
evaluations of the project team are presented in Table 3 in the form of a SWOT matrix.

well as the businesses, which are stuck with a balance sheet between Turkish Liras 1-250 thousand
and remain at a micro level, point to an important
issue. This issue is, in fact, the “lack of audit at minimum prices”, which is placed in the first position by
the sample group of the survey. In other words, the
projects are undervalued. The point in the question
can be only surpassed with the strict audits of CSCE
and finance corps. It is believed that the projects being realized over their real value will increase employee satisfaction and affect the sector positively.
Another result of the study shows that due to
new business items, such as the urban transformation
applications and tenders for production numerical
cadastral base, the sector turns this increase into an
opportunity for now. Nevertheless, it is obvious that
new business items and new markets will be required
considering that the number of Departments of Geomatics Engineering exceeds 32 and that almost 1600
students are placed every year in these departments.
Otherwise, a possible recruitment issue is predicted
to affect the Department of Geomatics Engineering
adversely.
Another issue that the sector experiences a lack
of standards. It is observed that the businesses cannot
sustain the minimal conditions in terms of staff,
equipment, software and space. This results in dissatisfaction in customers. This can be overcome only
by accreditation of the businesses in the sector by independent institutions.
Considering the business items in the quotation
of prices per unit as well as the areas of activity listed
in the CSCE Private Surveying Engineering Office
Registration Regulations, it is observed that these are
not enough to represent the state of this profession.
As is understood from the results of the study, areas
such as “valuation of premises, industrial measurements, and consultancy services” are required to officially be areas of interest of this profession. Therefore, a substantial amount of the activities realized
by the sector can be registered. However, the contradiction in terms used for the definition of the business areas of the sector should be clarified, and these
business items should be defined and classified
clearly. In addition to these recommendations, to reveal the exact financial size of the sector, the CSCE
needs to extend the audit at minimum prices and collect statistical data regarding the sector.

CONCLUSIONS AND RECOMMENDATIONS
Considering the period starting from the 1950s,
when the Surveying Private Sector activities commenced in Turkey, until today, it is observed that a
substantial part of the surveying services, executed
by the state, especially by GDLRC, has been handed
over to the private sector. According to the report
published by the State Planning Organization (SPO)
in 2001, it is seen that all the business items that cannot be realized and extended by Surveying Private
Sector are being completed by the sector now. This
finding is reverberated onto the quotation of prices
per unit published by the CSCE as well as the results
of the survey. It is obvious that the sector is an important source of income and recruitment for the
economy of the country, with experience of over 65
years, more than 3000 PSEOs and approximately
200 LSEOs. However, despite the pace of developments in the sector within recent years, traditional
problems and domestic and international problems
affect the sector both negatively and positively. It is
important to make use of the strengths and fortify the
weaknesses as well as plan strategically towards this
goal while considering these impacts.
When examining international developments,
the incentives of many institutions, especially FIG,
are relevant in terms of the transfer of surveying services to the private sector, particularly during the
past 20 years. During this period, in line with these
developments in the world, Turkey has assigned important roles to its Surveying Private Sector for the
development of the sector and the realization of the
surveying services in a fast and quality way. However, despite these developments, the sector appears
to be obliged greatly to the micro-businesses, which
are only known locally, whereas the activities in the
international arena seem to be mostly in the Asian
market with the construction sector. Thus, the sector
must play a part directly in the international markets
in the field of surveying, particularly in cadastre. At
this point, the World Cadastre Summit held by the
Ministry of Environment and Urban Planning in
2015 along with the initiative of TCCA to export the
Turkish Cadastre System via the private sector needs
to be assessed as a move of the sector to exist in the
international arena.
Despite the number of businesses and projects,
the increasing number of graduates in the sector as
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organisms. However, these pesticides remain in the
water, soil, fruits and vegetables for a long time without deterioration and cause environmental pollution
and thus cause various damages that can reach human beings through the food chain [2-5]. Moreover,
it is also stated that pesticides constitute a "risk factor" for breast cancer because of their lipophilic character, high bioaccumulation and estrogenic activity
[2].
People meet pesticides in various forms. A
large community, including producers, marketers,
practitioners and finally consumers of pesticide agricultural products are exposed to pesticides acutely or
chronically at different degrees. Pesticides entering
the organism in various ways have negative effects
on systems such as nervous system, endocrine system, immunity protection system, liver, heart and
muscle [2]. An important system within the affected
systems is the human defense system, i.e. the antioxidant system.
The most important feature of the antioxidant
defense system is that all components of the system
function in such a way as to create a synergy against
reactive oxygen species [6]. For this reason, antioxidant enzymes have a vital important for regulating
cell balance and their inductions are a consequence
of the response to contaminants [7]. Antioxidant enzymes are the key components induced by oxidative
stress and form endogenous enzymes (superoxide
dismutase, glutathione peroxidase, glutathione-S
transferases (GST), catalase, mitochondrial calcium
chromoxidase system, hydroperoxidase) and exogenous enzymes (Vitamin E and C, some drugs) [8].
GST, an endogenous antioxidant enzyme, is an
important group of enzymes involved in xenobiotic
metabolism and detoxification of endogenous and
exogenous substances. This enzyme protects cell
membranes, DNA and proteins against reactive oxygen species that are triggered by environmental
stress factors. GST is responsible for neutralizing
mutagens, carcinogens and other toxic substances. It
is known that GST is found in plants, insects, yeasts,
bacteria and especially the liver, and plays a key role
in detoxification [2].
Different pesticides have been reported to induce oxidative stress due to generation of free radicals and alteration in antioxidant defense mecha-

ABSTRACT
Human populations have been constantly exposed to pesticides due to their extensive use and
presence in food and drinking water. Therefore, the
aim of this study is to compare the inhibitory effect
of three commonly used pesticides such as glyphosate (herbicide) and lambda-cyhalothrin and deltamethrin (insecticides) on glutathione S-transferase
(GST) activity in vitro in human blood. GST enzyme
activity was spectrophotometrically determined with
observation of the formation of 1-chloro-2,4-dinitrobenzene-glutathione (CDNB-GSH) conjugate. GST
activities were suppressed by all the pesticides
tested; the deltamethrin was the most potent inhibitor, reducing GST activity in vitro in a dosage-dependent manner. The inhibition mechanism of pesticides on GST was different from each other. The inhibition types of glyphosate, lambda-cyhalothrin and
deltamethrin pesticides were uncompetitive, mixed
and competitive, respectively.
KEYWORDS:
Glutathione S-transferase, pesticides, environmental toxicity, inhibition.

INTRODUCTION
Today, conscious societies are aware of the importance of plant-derived foods in healthy nutrition.
Besides, the increase of herbal nutritional needing
due to the rapid increase of the world population, the
development of greenhouse due to the intense demand for fresh fruits and vegetables in every season,
climate change due to global warming and other ecological changes are provided suitable environments
for the growth and diversification of some diseases
and harmfulness in polyculture agriculture. This
problem can be solved by taking measures that are
not cost-effective, most importantly not causing environmental pollution, by producing high-quality
products and yielding unit area [1]. In the world, pesticides are being used extensively in order to eliminate the harmful effects of agriculture areas and to
obtain quality products. Pesticides used in agricultural struggle cause the product increase destructing
of target organisms as well as damage to non-target
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Preparation of Hemolysate. Approximately 2
mL of venous blood was drawn by sterile vacuum
injectors from healthy young humans for erythrocyte
antioxidant enzyme activity measurements. Blood
was transferred to eppendorf tubes and centrifuged
at 2500 rpm for 15 min at +4 °C. The plasma remaining in the upper part was discarded, red blood cells
were washed three times with 0.16 M KCl in +4 oC
for 5 min at 2500 rpm, then diluted 1/5 with cold distilled water, centrifuged at 10000 rpm for 30 min at
+4 °C and the erythrocytes were disintegrated [16].

nism. For example, Souza et al. investigated biomarkers such as acetylcholinesterase, GST and catalase of pesticide exposure in placenta samples from
pregnant women living in an area of agricultural exploitation with intensive pesticide application [9];
Ojha et al. the effect of commonly used organophosphate pesticides on lipid peroxidation and antioxidant enzymes in rat tissues [2]; Medina-Diaz et al.
the effect of chlorpyrifos and methyl parathion on
GST levels in HepG2 cells [10]; Gomez-Martin et al.
the contribution of genetic polymorphisms of the
pesticide-metabolizing enzymes paraoxonase-1
(PON1) and GST on N7-MedG levels [4]; Matic et
al. the role of GST A1, M1, P1 and T1 gene polymorphisms and potential effect modification by occupational exposure to different chemicals in Serbian bladder cancer male patients [11]; Song et al.
the effects of different pesticides on superoxide dismutase and GST activities [3]; Ezemonye and Tongo
the effects of the organochlorine pesticide, endosulfan and the organophosphate pesticide, diazinon on
the activity of GST of different tissues in the African
common toad, Bufo regularis [12]; Kaya and Yiğit
the changes in glutathione S-transferase, glutathione
reductase and total glutathione in Vicia sativa L.
“Selcuk-99” under flurochloridone stress [13];
Arslan et al. the suitability of using GST of M. galloprovincialis as potential biomarker of BPA in the
environment [14]; and Kolarova et al. the primary
cause of reproductive disturbances in salmonids
from the Ticha Orlice river [15]. As can be seen from
the above studies, no studies showing the effects of
pesticides such as glyphosate (herbicide) and
lambda-cyhalothrin and deltamethrin (insecticides)
on GST activity have been found. Therefore, the aim
of this study is to examine the effects of glyphosate
(herbicide) and lambda-cyhalothrin and deltamethrin (insecticides) which cause environmental pollution and which can be passed into human body in
different ways, in vitro on GST activity, which is an
endogenous antioxidant enzyme. For this purpose,
the inhibitory effects of pesticides such as glyphosate (herbicide) and lambda-cyhalothrin and deltamethrin (insecticides) on GST activity isolated
from human blood were firstly investigated and then
the inhibitory effects of pesticides were compared
with previous studies in the literature.

Measurement of GST enzyme activity. GST
catalyzes the reaction between 1-chloro-2,4-dinitrobenzene (CDNB) and the glutathione-SH group.
GST activity was measured using the artificial
CDNB and GSH. Kinetic analysis was made in assays containing various concentrations of GSH at
fixed CDNB concentration. One unit of GST activity
was defined as the amount of enzyme producing 1
µmol of GS-DNB conjugate/min at 340 nm and 37
°C [17].
Kinetic study of GST inhibition. GST inhibitions were determined kinetically in assays containing various concentrations of GSH at a fixed concentration of each pesticide. The results were then summarized in double-reciprocal Lineweaver–Burk
plots and the inhibitory constant, Ki, was determined
based on the reciprocal velocity versus reciprocal
concentration [18].

FIGURE 1
Lineweaver-Burk graph for human blood GST

MATERIALS AND METHODS
RESULTS AND DISCUSSIONS
Materials. Blood samples used in this study
were taken EDTA (ethylenediamine tetraacetic acid)
tubes from healthy humans before each experiment.
Chemicals, such as potassium dihydrogen phosphate, reducing glutathione (GSH), 1-chloro-2,4-dinitrobenzene (CDNB) were purchased from Merck
and Sigma. Enzyme activity was determined using a
PerkinElmer Lambda 35 UV-Visible spectrophotometer.

Kinetic analysis of GST activity. The kinetic
parameters, Vmax and Km for various GSH concentrations at fixed CDNB concentration were determined
using Lineweaver-Burk graphs (Figure 1). Km and
Vmax values were calculated as 6x10-3M and 10.000
EU/mL min, respectively.

8024

%$

" &      





 " #!"!


Consequently, the growth and replication of every
living organism depends on the proper and coordinated functioning of a large number of enzymes [21].
It was found in literature that the effects of organic
and/or inorganic compounds on different biochemical reactions were different. In some cases, a substance that is an activator for a reaction can act as an
inhibitor for another reaction [22]. GST is a soluble
protein with low molecular weight in various cells
and tissues. GSTs are a family of detoxification enzymes that catalyze the conjugation of glutathione
(GSH) with electrophilic compounds, thus preventing toxicity. Some GST isoenzymes have antioxidantase activity to defense against oxidative damage
and peroxidative products of DNA and lipids [23,
24]. The toxicity of many exogenous compounds can
be modulated by induction of GSTs. So they might
be playing an important role in detoxifcation metabolism [3]. As can be seen from the results in Figures
2, 3 and 4, three pesticides have shown inhibitory effect on GST enzyme. As the concentration of the
pesticides increased, the percentages of inhibition increased and the enzyme showed less activity. It was
also found that the variation of GST activity was different from pesticide to pesticide. From the experimental results, the inhibition percentages at 7, 21, 42,
63, 84 and 105 mM concentrations for glyphosate
were found as 10, 49, 60, 69, 73 and 76; those at 37,
74, 111, 148 and 185 μM concentrations for lambdacyhalothrin as 31, 39, 63, 64 and 84; and those at 17,
33, 50, 66, 83 and 100 μM concentrations for deltamethrin as 21, 35, 49, 67, 80 and 88, respectively.
When the experimental results were examined, it can
be said that that deltamethrin inhibited enzyme activity more at low concentrations and the strongest
inhibitor among the used pesticides was deltamethrin, followed by lambda-cyhalothrin and glyphosate pesticides, respectively. Again, the concentrations of inhibitor required to decrease the enzyme activity by 50% were calculated separately for each
pesticide from the equations of the curves in Figures
2-4. These values may vary depending on the enzyme and its inhibitors. The IC50 values for the
glyphosate, lambda-cyhalothrin and deltamethrin
pesticides were determined as 43300, 58 and 51 µM,
respectively. Among the tested pesticides, deltamethrin showed the highest inhibitory activity against
human blood GST enzyme, whereas glyphosate exhibited the lowest activity. These results show that
pesticides trigger oxidative stress in living cells and
that GST enzyme activity decreases. Some researchers showed that the expression of GST was a crucial
factor in determining the sensitivity of cells and organs in response to a variety of toxins in the aquatic
organism, and dose-effect relationship [25,26]. It
was also demonstrated that there was significant
dose-effect relationship between the concentration
of pesticides and GST activity [3]. The calculated
IC50 values for the inhibitor-affecting substances on

FIGURE 2
The graph of percent activity against
glyphosate concentrations

FIGURE 3
The graph of percent activity against
lambda-cyhalothrin concentrations

FIGURE 4
The graph of percent activity against deltamethrin concentrations
The effect of pesticides on GST activity.
Many medicinal drugs and many pesticides have biologically important functions as a direct result of
their effects on enzymes. Enzymes are large proteins
(polymers of a-amino acids) which enable specific
chemical reactions to occur at reasonable rates at
moderate temperatures and at near neutral pH
[19,20]. The reactions catalyzed by enzymes are responsible for such important biochemical processes.
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TABLE 1
IC50 values of some chemicals and pesticides for glutathione S-transferase activity
Inhibitors
Tannic acid
Quercetin
Tannic acid
Quercetin
Glyphosate
Lambda-cyhalothrin
Deltamethrin

Substrates
CDNB
CDNB
CDNB
CDNB
GSH
GSH
GSH

IC50 (µM)
13,50
13,55
8,19
5,68
43300
58
51

Enzyme sources
M. troglodyte
M. troglodyte
C. anachoreta
C. anachoreta
Human blood
Human blood
Human blood

References
[27]
[27]
[27]
[27]
In this study
In this study
In this study

TABLE 2
Inhibition types and inhibition constants of some GST enzymes
Ki [M]

Ki’ [M]

CDNB
CDNB

[Inh]
[M]
---------

5,93x10-6
3,60x10-6

---------

Quercetin
Tannic acid
Tannic acid
6,7-dihydroxy-3-(3’,4’-dihydroxyphenyl)coumarin
6,7-dihydroxy-3-(3’,4’-dihydroxyphenyl)coumarin
Ag+

GSH
CDNB
GSH
CDNB

-----------------

6,70x10-7
7,93x10-6
6,58x10-6
13,62x10-6

-----------------

GSH

-----

7,54x10-6

-----

GSH

-----

0,1x10

Hg2+

GSH

-----

68x10-6

Inhibitors

Substrates

Quercetin
Quercetin

-6

Enzyme
sources
M. troglodyta
C. anachoreta

References
[27]
[27]

C. anachoreta
M. troglodyta
M. troglodyta
Human placental
Human placental
turkey liver

[27]
[27]
[27]
[31]

turkey liver

[33]

Rat
Rat

[30]
[30]

Human blood

In this
study
In this
study
In this
study
In this
study
In this
study
In this
study

Hypericin
Hypericin

GSH
CDNB

---------

248x10
150x10-6

---------

Deltamethrin

GSH

1,7x10-5

81x10-6

-----

Noncompetitive
Noncompetitive
Uncompetitive
Noncompetitive
Competitive

Deltamethrin

GSH

2,1x10-5

5,1x10-6

-----

Competitive

Human blood

Lambda-cyhalothrin

GSH

7,4x10-5

1,3x10-5

7,4x10-5

Mixed

Human blood

Lambda-cyhalothrin

GSH

1,11x10-5

1,1x10-5

11,1x10-5

Mixed

Human blood

Glyphosate

GSH

3,5x10-2

3,8x10-3

-----

Uncompetitive

Human blood

GSH

-2

-3

-----

Uncompetitive

Human blood

Glyphosate

5,3x10

-6

1,8x10

GST activity were given in Table 1 [27]. According
to these results, the most effective inhibitor of GST
was quercetin.

-----

Inhibition
types
Competitive
Noncompetitive
Competitive
Competitive
Competitive
Noncompetitive
Mixed

-----

[31]
[33]

determined with respect to GSH as a substrate.

[I] (mM)
: 0.00
♦

: 35

: 53

Inhibition Types. Oxidative stress is involved
in pathophysiology of several toxins and diseases.
The balance between the production of free radicals
and antioxidant defenses in the body has important
health implications. Reduction in the activities of antioxidant enzymes changes the redox status of the
cells. In vitro inhibition is known to provide a useful
tool for studying both the metabolism of xenobiotics
catalyzed by GSTs and the involvement of GST in
resistance. Reduction of the activity of the enzyme
by a specific inhibitor may involve a single mechanism or may be a consequence of two or more inhibitor mechanisms. The enzyme binding of a specific
inhibitor is very important in the interpretation of the
obtained data [28]. In this study, kinetic inhibition
parameters and types of inhibition of pesticides were

FIGURE 5
Lineweaver-Burk double reciprocal plots showing uncompetitive inhibition of human blood
GST by glyphosate pesticide using CDNB as a
substrate
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Figure 5 showed that the inhibition type for
glyphosate pesticide using GSH as a substrate was
uncompetitive inhibition. Series of parallel lines in
Lineweaver-Burk plot indicates uncompetitive inhibition. Uncompetitive inhibition requires that the inhibitor affects the catalytic function of the enzyme
but not its substrate binding. In uncompetitive inhibition, inhibitor binds exclusively to the enzymesubstrate complex [29]. The dependencies obtained
justified for this type inhibition. As seen from Table
2, Tuna et al. found that inhibition type for rat GST
was uncompetitive for hypericin inhibitor when
[CDNB] was used as the fixed and [GSH] was used
as the varied substrate [30].



as substrate and lambda-cyhalothrin as inhibitor
were used. When Figure 6 was examined, the curves
intersect above the x-axis to the left of the y-axis.
This suggested that the inhibition type was mixedtype inhibition. In this type of inhibition, inhibitor
decreases the enzyme activity to bind both enzyme
and the enzyme-substrate complex, and obtains two
inhibition constants [22]. The inhibition constants
obtained were given in Table 2. Similar result was
found by Alparslan and Danış for human placental
GST using GSH as substrate and 6,7-dihydroxy-3(3', 4'-dihydroxyphenyl) coumarin as inhibitor [31].
Figure 7 shows the effect of deltamethrin pesticide on GST enzyme activity when GSH is used as
the substrate. As seen from Figure 7, at certain inhibitor concentrations, the curves intersect on the yaxis. This indicates that the inhibition type is competitive type inhibition. In inhibition of this type, the
enzyme competes with the substrate to bind to the
active center of the enzyme. The substrate or the inhibitor binds to the active site of the enzyme. It is not
possible to bind them together. The structure of inhibitor is similar to the substrate, so that binding of
the substrate to the active site is prevented. In the
competitive inhibition, inhibitor acts to reduce the
concentration of free enzyme present for binding of
the substrate. If the substrate concentration is increased, the effect of inhibitor can be eliminated
[32]. Similar results were found by different researchers (Table 2) [33]. For M. troglodyta GST,
Tang et al. found that inhibition type was competitive for quercetin and tannic acid pesticides when
[GSH] was used as the fixed and [CDNB] was used
as the varied substrate; and again, for C. anachoreta
GST they found that inhibition type was competitive
for quercetin acid pesticide when [CDNB] was used
as the fixed and [GSH] was used as the varied substrate [27]. Results of the present study clearly
showed a dose-dependent decrease in GST activities.

[I] (μM)
: 0.00
♦

: 74

: 111

FIGURE 6
Lineweaver-Burk double reciprocal plots showing uncompetitive inhibition of human blood
GST by lambda-cyhalothrin pesticide using
CDNB as a substrate

[I] (μM)
: 0.00
♦

: 17

: 21

CONCLUSIONS
• Effects of three pesticides on GST activity
were significant and different.
• GST activity were induced at low concentration and inhibited at high concentrations.
• Deltamethrin had the highest inhibition
power on GST activity.
• The values obtained showed to be very
strong inhibitors of pesticides when compared to the
IC50 values obtained in the literature.
• The inhibition mechanism of pesticides on
GST activity was different from each other.
• The inhibition types of glyphosate, lambdacyhalothrin and deltamethrin pesticides on GST activity were uncompetitive, mixed and competitive,
respectively.

FIGURE 7
Lineweaver-Burk double reciprocal plots showing uncompetitive inhibition of human blood
GST by deltamethrin pesticide using CDNB as a
substrate
The type of inhibition may vary depending on
the inhibitors and substrates used to decrease the activity of the enzyme. Lineweaver-Burk plot obtained
for GST enzyme was shown in Figure 6 when GSH
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RESEARCH ON THE METHOD OF NEW GENERATION OF
MULTI-SENSOR INFORMATION FUSION TECHNOLOGY
TO PROMOTE THE DEVELOPMENT OF WISDOM
AGRICULTURE IN ‘INTERNET +’ MODE
Zhen Zhang*, Xueping Xiong
College of Economics & Management, Huazhong Agricultural University, Wuhan, 430070, HuBei, China

ting storage and WSN are widely used in agriculture. The wireless sensor network is a selforganizing system, which is composed of a large
number of stationary or micro sensor nodes to detect information by wireless communication. The
nodes and nodes communicate the heat, infrared
and sonar of the surrounding environment through a
variety of sensors. A wide range of physical phenomena include temperature, humidity, light intensity and transmit information via wireless communication. This information has sent to the network
owner to achieve the purpose of collecting and processing information at any time. Therefore, the design of sensor nodes has become the wireless sensor network research. At the beginning in 2017,
intelligent agriculture and normalization will be at
the cusp [2, 3]. The operation mode of traditional
agriculture cannot meet the needs of sustainable
development of agriculture [4, 5]. The emergence
of intelligent agriculture for the development of
modern agriculture provides a bright road, wisdom
agriculture, while the traditional agriculture does
not have the high-tech and reasonable management
in exchange for the optimal resource use [6]. It is
comprehensive and strong system engineering, so
that China's agriculture can achieve low energy
consumption, high efficiency and environmental
protection, which is the world's new trend of agricultural development.
Wisdom agriculture is a new type of agriculture that has been developed in recent years in the
western countries to combine high-tech and agricultural production [7, 8]. It is characterized by "wisdom", which uses satellite global positioning system, wisdom fertilization and high production. Porter is a Minnesota farmer who drives a tractor to
work in the fields, and on the surface, it is no different from any other farmer. However, his tractor
installed 600 computers, and the screen can be seen
on an area of 760 hectares, the computer will tell
him where the need for fertilization. If you install a
satellite signal reception device, you can receive the
global satellite positioning system issued by remote
sensing telemetry information and the information,
which can be intelligent soil survey, reasonable
fertilization and agricultural environmental moni-

ABSTRACT
After entering in the 21st century, the development of science and technology has led to the
revolution in agricultural technology. The Internet
has deeply affected all lifestyles in China. Agricultural production and modern network marriage, the
agriculture and the Internet technology linked together innovative production methods, but also it
gave birth to the modern wisdom agriculture. In this
paper, ZigBee wireless sensor network node is used
as the research object combined with Internet technology, the characteristics of the terminal node,
wireless sensor network general terminal node design requirements. The hardware focuses on the
WSN node design of wisdom agriculture. Secondly,
this paper uses the 3G node as the base station and
the sink node, the node obtains the environment
information acquisition and control of the greenhouse by the Zigbee node. Therefore, we can develop the greenhouse environment monitoring system, which based on the wireless network, and carry on the multi-sensor data fusion to the wireless
sensor network, Data measurement accuracy and
performance. Aiming at the dynamic change of the
sensing nodes in the Zigbee self-organizing network, the algorithm has optimized to realize the
intelligent control of the water valve and the sunshine curtain. The system of mobile resource management based on mobile Agent is established.

KEYWORDS:
Zigbee, Wisdom agriculture, Self-organizing network,
Agent

INTRODUCTION
With the development of human civilization,
agricultural production has made a huge leap. From
the production tools, production methods continue
to update, our crop production continues to improve,
and people’s living standards have been greatly
improved [1]. As China's rapid development of
sensor technology, IT and wireless communication
technology, sensors with data acquisition, compu-
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toring. Soil survey and reasonable fertilization can
reduce the amount of fertilizer, reduce waste, and
reduce investment. Soil surveys should first be taken for soil samples. If the farmer drives a terrainlike vehicle on the land before sowing, the soil
sample data has collected and entered into the computer [9, 10]. At the same time, the GPS system
records the location of the sample collection site
[11]. In addition, the fertilization software stored in
the computer, which can be, based on different
types of fertilizers and different crop fertilization
standards. Crop yield cannot only accurately monitor the output, but also it can draw the output distribution map [12]. At the same time, the satellite
global positioning system records the geography of
the harvester, so you can draw the output map and
calculate the output of each land, and the distribution of production can also determine where the
lack of fertilizer. Wisdom agriculture can target the
soil structure. The United States Department of
Agriculture Productions in Iowa developed a "Satellite-Directed Agricultural Production Joint Program" that was tested on 450 hectares of farmland
grown with soybeans, corn, oats and alfalfa. Tractors can carry out under the joint plan [13, 14].
Domestic research on intelligent agriculture has
also carried out in many research institutes and universities. In 1995, Hu Jiandong, Xiao Jianjun and
their partners used the principle of fuzzy control to
design a multi-span greenhouse control system,
which combined the fuzzy control technology to
make the greenhouse environment to achieve the
best growth. Based on the greenhouse automation
technology and production practice, this paper
summarizes and collects the expert system of
knowledge, which has based on ZigBee. In 1998,
Jiangsu Polytechnic University, Li Pingping developed industrial control greenhouse automatic control system, which can use various sensors to measure greenhouse temperature, humidity, light intensity and other environmental factors. Comparison of
the status quo at home and abroad, it is difficult to
find the wisdom of the development model of wisdom on the ills. The most embarrassing is the domestic more demonstration projects, just stay in the
test and demonstration stage [15]. In summary,
intelligent wisdom, agriculture to replace traditional
agriculture is the inevitable development of agriculture, it is in line with China's national conditions,
intelligent wisdom agriculture can promote the
transformation of agricultural development mode,
which can achieve efficient use of various agricultural resources and improve the environment sustainable development goals. High-tech can promote
the transformation of agricultural development
mode, intelligent management can achieve the efficient use of various agricultural resources, but also
it can achieve the goal of improving the sustainable
environment. We cannot only maximize the rural
real estate productivity, but also we can achieve

high quality, low energy consumption and sustainable development of agriculture.
This paper attempts to use the Internet technology for modern agriculture, which has called
"wisdom agriculture" of high-tech agricultural engineering. We can use the satellite; remote sensing,
computer and automatic control of high-tech agricultural production improve our production. The
international advanced farmland farming technology will extend to the country to solve the agricultural development bottlenecks, reduce pollution and
take the road of sustainable agricultural development. At present, the node design needs to consider
the expectation of the network protocol in the wireless sensor network. It is a simple protocol stack to
support the effective operation of the wireless sensor network. The access is flexible and convenient,
and it uses the broadcast information to avoid the
interactive response. Concise signalling patterns
based on the requirements of the wireless sensor
network protocol such as Zigbee protocol, which is
suitable for wireless communication protocol of
sensor network to maximize the savings in network
energy and wood, and Zigbee can access a large
number of nodes at any time [16, 17]. In this paper,
ZigBee node as the research object has combined
with Internet technology, the hardware focuses on
the wireless sensor hardware design of universal
terminal node. Secondly, this paper completes the
software design scheme of the terminal node by
realizing the data acquisition, energy detection,
wireless communication operation and debugging
of the software part. The design of the network system has the characteristics of low cost and small
size. The test results show that the network supports
the network topology, which used in the field of
environmental inspection.

EXPERIMENTAL
The prepared equipment and location. The
prepared equipment. The SHT10 is a highly integrated temperature and humidity sensor chip that
provides fully calibrated digital outputs [18]. It includes a capacitive polymer hygrometer, a thermometer, which is made of energy gap material and
serial interface circuit to achieve seamless connection. HA2003 use advanced photoelectric conversion module, the light intensity value has highprecision light intensity measurement, and it can
choose the voltage or current output, the current
output in the long cable transmission, which has no
signal attenuation.
Carbon dioxide sensor TGS4160 is from the
Shenzhen New World Technology, which sells one
of the gas sensors, on the carbon dioxide sensor
TGS4160 principle and application information,
you can view the site of carbon dioxide sensor
TGS4160 PDF products. TGS4160 is a kind of sol-
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id-state electrochemical carbon dioxide sensor
(CO2 sensor) produced by FIGARO in Japan. The
device has the advantages of small volume, long
life, good selectivity and good stability, which can
be widely used in automatic ventilation system or
CO2 gas long-term monitoring and other applications [19]. The following will explain to you the
internal structure of the sensor and the working
principle in Table 1.

(1) Aggregation nodes. The convergence
node adopts the intelligent gateway of Zhenjiang
DaKeMao Information System Co., Ltd. Intelligent
gateway system using ARM1176JZF-S core as a
smart gateway microprocessor, and integrated
Zigbee, 3G and other modules, software integration
BOA server, SQLite3 database. The ARM controller connects to the Zigbee coordinator node via the
serial port to obtain the environmental parameters
collected by the Zigbee wireless sensor network.

Device function. (1) Greenhouse environmental information sensor nodes. The parameters
of greenhouse environment temperature, humidity,
light intensity, CO2 concentration, soil moisture
and temperature have obtained. The temperature of
the greenhouse was higher than that of the greenhouse. We can strengthen CO2 concentration, wind
speed, rainfall and other information.

(2) Greenhouse Environment Control
Nodes. The node system of greenhouse environment control includes intelligent gateway system
through the 3G network, and the control signal has
sent by the server. The convergence node through
the Zigbee coordination node will control the signal
transmission to the control node, through the 485
bus to the signal conversion module; the signal
conversion model will control the signal, which has
converted to 16 relay control signals for actuator
control.

(2) Information collection and transmission
of the convergence node. The Zigbee network
technology and 3G-network technology are used to
realize the information collection and transmission
of the node. By setting the wireless frequency and
the Zigbee ID, the network and identification in
different greenhouses have realized. The 3G network realizes the data transmission between the
greenhouse information and the server.

Location Test sites and installations. The
experiment has carried out in two Venlo type glass
greenhouses in the agricultural demonstration park.
The greenhouse was 9.6 m, the distance was 4 m,
the shoulder height was 4 m, and the span was 9,
covering an area of 1382.4 nf. Greenhouse is
equipped with skylights, side windows, shade, outside shade, wet curtain fan and other control
equipment, planting crops mainly lettuce, cucumber
and other vegetable crops.

(3) Field control node. Based on the
Zigbee/3G network, the control signals are sent to
the field control nodes, and the implementing agencies of the greenhouse are controlled by the relay to
realize the remote real-time regulation of the greenhouse environment.

Monitoring method. Fruits and vegetables on
the growth environment have strict requirements, so
the modern agriculture has to build a greenhouse to
control the growth of plants. It can be seen that the
environment plays an important role in the greenhouse [23]. Intelligent greenhouse system can be
real-time monitoring and remote control of the
greenhouse different electrical equipment, such as
rolling machine, irrigation and so on. The technical
staff in the office will be able to monitor the environment of multiple greenhouses to control, so that
plants can get the best growth environment.

Device development and configuration. The
developed sensor nodes are consisting of a wireless
acquisition device, a sensor and a power supply
module, where the temperature and humidity nodes
are equipped with a radiation shield [20]. The
Zigbee wireless acquisition equipment developed
by Shanghai Shun Zhou Electronic Technology
which can be used to realize the centre node, routing node and terminal node arbitrarily set [21, 22].

TABLE 1
Sensor technical parameters
NO.
1

Model
SH10

Signal type
D

2

Sensor type
temperature and humidity
sensor
Light sensor

HA2003

A

3

CO2 sensor

TGS4160

A

technical parameter
supply voltage is 2.4 ~ 5.5V
Operating temperature and humidity: -20  ~ 60 , 0 ~ 70% RH
Range: 0 ~ 20 million lx
Error: ± 5%
Operating voltage: DC5 ~ 24V
Output signal: 0 ~ 2V, 0 ~ 5V, 0 ~ 10V, 0 ~ 20mA, 4 ~ 20mA
Measuring range: 0 ~ 5000ppm;
Heater voltage: 5.0 ± 0.2VDC;
Heater current: 250mA;
Operating temperature: - 10 ~ +50 
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FIGURE 1
Schematic diagram of Intelligent Greenhouse

FIGURE 2
Work process of intelligent gateway
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Greenhouse information environment collection. In the greenhouse environment, a single
greenhouse can be a wireless sensor network for
measurement control area, the use of different sensor nodes and a simple actuator with the node,
which constitute a wireless network with the soil
moisture, soil composition, pH value, precipitation,
temperature, air humidity, light intensity and CO2
concentration. The nodes have used to obtain the
optimum conditions for crop growth. At the same
time, the method of biological information acquisition has applied to the wireless sensor node. We
can see the schematic diagram of Intelligent Greenhouse in Figure 1.

which combined with Zigbee in the cultivation,
production. Figure 3 shows the architecture of Intelligent Agriculture.

Intelligent gateway work process. Greenhouse environment intelligent gateway work process is shown in figure 2. First, the server initiates
the 3G network service program. After the service
function is successful, the intelligent gateway terminal performs the network connection and starts to
listen to the interrupt signal from the user and the
information acquisition node [24]. The system has
interrupted for the serial data of the information
collection, environmental information, and realtime environmental information, which reported to
the server. When the data is from the server's query
and control instructions, the system has the relevant
instructions to answer. When the server instruction
is used for the data query instructions, the query
needs to feedback the corresponding data. When
the instructions has environmental control, the system sent to the server control instructions analysis,
and the control command sent through the 485 port
to achieve the greenhouse environment control.

FIGURE 3
The architecture of Intelligent Agriculture
At present, wireless technology is widely used
in agriculture, but most of them have the application of basic station star topology. The general application of agriculture helps farmers find problems
in a timely manner, and accurately determine the
location of the problem, so that agriculture may be
gradually from the human as the centre, which dependents on mechanical production mode to information and software-centric production model.
Figure 4 shows the network architecture of control
system by our design. The main control system for
the embedded system by using ARM9 processor
and Linux operating system can control the equipment management. The embedded gateway has
connected to the internal and external information
transmission channels, which are wireless way, the
external network to IP-based network technology,
by providing general packet wireless business,
based on GPRS communication network [25, 26].
The internal network adopts short distance and low
power ZigBee wireless communication technology.
The system combines the data of special series of
agricultural fields to collect and transmit the data
such as temperature and humidity, PH value, light
and soil nutrient in agricultural environment.

Experimental system and measurement
process. Construction of intelligent agricultural
greenhouses networking information system can
achieve agriculture from production to quality control and transport network management. Intelligent
agriculture greenhouses networking information
system mainly research temperature, chemistry and
other sensors on the whole process of monitoring
and data management of agricultural products

FIGURE 4
The architecture of Intelligent Agriculture in this paper
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The formula (1) for the simplest tracking filter
is the α -β filter.

Multi-sensor information fusion model. Device Modelling. As the greenhouse environment
control is the main object of temperature and humidity, and the temperature and humidity in different areas of the greenhouse are different, so the
sensor nodes arranged for the greenhouse diagonal
position set two temperature and humidity. For
light and CO2, Direct regulation, a basis for regulation of temperature and humidity is the middle of
the greenhouse in the middle of a light set and CO2
environmental information collection node. Conventional multi-sensor data fusion takes into account the spatial fusion of data belonging to different spatial sensors at the same time or time integration of data at different times for the same sensor.
However, in the greenhouse environment monitoring and control multi-sensor system, wireless network data acquisition and transmission process
interference will cause some of the sensor data loss
or error [27, 28]. If the temperature positively correlated with the light, it negatively correlated with
the humidity. Therefore, the multi-sensor data fusion should consider the interaction between the
parameters to achieve the data fusion between heterogeneous sensors.

X (t + 1) = φ (t ) X (t ) + Γ (t ) A(t )
x(t )

1 T 0 0

•

X (t ) =

x(t )
y (t )

φ (t ) =

Γ (t ) =

0 1 0 0
0 0 1 T

(3)

0 0 0 1

•

y (t )
T2 /2

(2)

T

0
0

0
0

T2 /2
T

 A(t ) =

a x (t )
a y (t )



(4)

X (T) is the state vector of the t moment,
which includes the position and velocity components x(t ), x(t ), y (t ), y(t ) , t+1 is the next observation time; T is the interval of the two observation.
a x (t ) and a y (t ) is the random acceleration with
covariance matrix Q (t ) [29-32]. Observation equation is as (5).

Y (t ) = M (t ) X (t ) + V (t )
Sensor 1
Sensor 2



and
fuse

Fuse signal
Test

Test result

Y (t ) =

Sensor n

Observed value 1
Observed value 2
Observed value n

(5)

Estimate
Estimate



Estimate

fuse

y m (t )

M (t ) =

1 0 0 1
0 0 0 0

V (t ) =

v x (t )

(6)

v y (t )

Y(t) is a measure of t moments, which includes the position parameter xm(t) and ym(t),V(t) is
a zero mean noise, and its covariance matrix is
R(t ) .
First, we assume that the solution of the t moments can express by the recursive form of (t-1)
moments. Here, assuming t-1 time as optimal detec-

result
result

xm (t )

Fuse
estimate

result

tion Xˆ (t − 1 | t − 1) , and its error covariance matrix
P(t-1|t-1) which is known, the signs Xˆ (t | s) in the
expression "∧" is a kind of estimate, the expression
means to Y(s) of the observation of estimation X(t).
There are six steps in the recursive algorithm [33].
Here is the prediction and covariance matrix.

FIGURE 5
The process of two level fusion by environmental
wireless measurement and control network
According to the three-layer structure system
of greenhouse environment monitoring, the fusion
process is shown in Figure 5. The node is at the
same time the sensor observations of the node layer
fusion, and then the convergence layer of the node
fusion results is using weighted least squares fusion
algorithm for heterogeneous sensor fusion by improving data accuracy.

Xˆ (t | t − 1) = φ (t − 1) Xˆ (t − 1 | t − 1)

(7)

P(t | t − 1) = φ (t − 1) P(t − 1 | t − 1)φ (t − 1) + Γ (t − 1)Q(t − 1)Γ (t − 1)
T

T

(8)
Calculate the predicted values and calculate
the filter gain matrix
(9)
Yˆ (t | t − 1) = M (t ) Xˆ (t | t − 1)
T
T
Δ(t ) = P(t | t − 1) M (t )[M (t ) P(t | t − 1) M (t ) + R(t )]−1

Kalman tracking filter. Dr. Kalman designs
Kalman filter, and it is the application of a wide
range of filters, which can make the minimum MSE.
In the XY coordinates, the state equation of object
has expressed as follows.

(10)
Calculate new smoothed estimates:
ˆ
X (t | t ) = Xˆ (t | t − 1) + Δ (t )[Y (t ) − Yˆ (t | t − 1)]

(11)

Calculate new covariance matrix:

x p (k + 1) = xs (k ) + Vs (k )T

P (t | t ) = [ I − Δ(t ) M (t )]P (t | t − 1)

(1)
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(a)

(b)
FIGURE 6
The Kalman filtering results

temperature parameters of the two nodes are not
fluctuating and the results of the filtering are smaller than those of the measured values [34]. For the
humidity filter results, the night greenhouse is in a
closed state, due to crop respiration, making the
greenhouse humidity close to 100%, while the humidity sensor in more than 98% humidity will be
data fluctuations, through Kalman filter, which can
achieve data smooth [35, 36].
The filtering result of the light intensity of
node 3 is shown in Fig. 6. At noon, the light intensity of the greenhouse has abruptly changed due to
the short time change of the outside illumination.
The data filtering can be realized by Kalman filter.

In short, the recursive algorithm from an estimated value Xˆ (t − 1 | t − 1) and its covariance matrix P (t − 1 | t − 1) helps to obtain a new observation Y (t ) and in the recursive algorithm in the six
volumes, you can get a new estimate Xˆ (t | t ) and
its covariance matrix P (t | t ) .

RESULTS AND DISCUSSION
Result of Kalman filter. In order to test the
fusion effect of the sensor nodes, the environmental
information of the temperature, humidity and light
intensity in the greenhouse was collected by three
nodes, and the collection time was from 10:00 to
22:00, The points were collected at intervals of 10
min, and 144 data were collected. Figure 6 shows
the temperature and humidity filtering results of
node 1 and node 2 respectively. It can be seen from
the filtering result that the measured values of the

Convergence layer node fusion results. In
order to test the fusion effect of convergence level,
the fusion effect test has selected from 7:00 to
12:00 in the range of temperature and humidity
change. Figure 7 shows the fusion values for temperature, humidity, and light intensity in the greenhouse using the weighted least squares algorithm.
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(a)

(b)

(c)
FIGURE 7
The test results after data fusion

side of the window to achieve indoor temperature
hot and humid, which located in the greenhouse on
the east side of the temperature and humidity node
values. The nodes have located in the greenhouse
on the west side of the temperature and humidity
behind 1 hour after the change, through the
weighted least squares fusion, temperature and humidity fusion values closer to the node 2, which
better reflect the greenhouse temperature and humidity changes. 10:00 after the greenhouse and

Since only one light sensor is set up in this
study, the fusion value of the illumination is the
measured value of the light according to the least
squares fusion algorithm in the fusion process. Prior to 10:00 am, the temperature and humidity fusion values were averaged [37]. Greenhouse at 9:00
am opened the side windows ventilation, mountain
in the experimental greenhouse is on the east side
of the open space. The west side of another greenhouse is the natural ventilation mainly by the east
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outdoor dynamic wet and heat balance, the temperature and humidity fusion value is the average.

CONCLUSION
Internet of Things is an important part of a
new generation, which extends and expands on an
Internet-based basis, but it extends new areas in the
client and extends between anything and things for
information exchange and communication. This
article applies the Internet of Things to agriculture,
and helps the peasants from the traditional farming
methods to the modern agriculture, and the hightech improves the efficiency of agricultural production. We study the intelligent agricultural and further establish a wireless network monitoring platform. The use of wireless network measurement
helps to obtain the best conditions for the growth of
various crops, which can provide a scientific basis
for accurate greenhouse regulation to improve the
crop growth environment in order to achieve increased production, improve quality, adjust the
growth cycle, and improve the purpose of economic
income. On the other hand, the system developed a
greenhouse system based on wireless network environment measurement, short-distance transmission
and long-distance transmission combined with
Zigbee network that based on the node of greenhouse environment collection. At the same time, the
two-layer information fusion method has adopted,
and the sensor node fusion has carried out by using
the Kalman filter method. The weighted least
squares method has used to fuse the nodes to realize
the information of the heterogeneous that can improve the accuracy of the sensor data acquisition.
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THE LONG-TERM CHANGES OF MAIN
SURFACE-DWELLING ARTHROPOD GROUPS WITH TIME
SINCE FIRE IN PINUS BRUTIA FORESTS OF
SOUTHWESTERN ANATOLIA
Burcin Yenisey Kaynas*
Mehmet Akif Ersoy University, Faculty of Science and Arts, Department of Biology, Burdur, Turkey

munities after fire. In the process termed the autosuccession, re-establishment of pre-fire species composition occurs very rapid [11, 18]. Recovery of plant
communities attracted much attention but relatively
few studies have examined post-fire responses of
higher order species [19].
The resilience of arthropod communities in relation to fire depends upon many factors such as regularity of disturbance, habitat preferences of arthropod groups [22]. In fire-induced ecosystems, arthropod communities adapted to certain fire regime and
developed high resiliency capability to fire [5, 7, 26].
It was revealed that changes in community structure
of arthropod groups caused by fire are minimal and
short-term [1, 16]. In the absence of fire or under late
fire conditions, reductions in abundance of these
groups were determined [4]. In Boreal ecosystems, it
was revealed that fire-adapted insects are threatened
depend upon decreasing fire [32]. Long-term response of arthropods to fire was associated substantially changes on habitat structure [8, 27]. For Mediterranean ecosystems, to draw a general model concerning response to fire at population or community
scale is very difficult, but on a regional scale, two
resiliency components, elasticity and inertia, along
with the mosaic pattern of the fires and the possibilities of local emigration and emigration result in relative stability of the animal communities [28]. At the
functional scale, greater stability is achieved by replacement of functionally similar species that dominate under different environmental conditions in the
heterogeneous parts of the region [21].
Surface-dwelling arthropods are frequently
used to evaluating short- and long-term effects of fire
[e.g. 3, 9, 12]. In this study, it was aimed to study
changes of certain surface-active arthropod groups
with successional gradient after fire in Pinus brutia
forests and microhabitat variables that affected to
these arthropod groups in this process.

ABSTRACT
Fire is one of the most important ecological factors in Mediterranean ecosystems. The effects of fire
on animal communities are generally considered in
terms of short- and long-term. This paper examined
the long-term changes of certain surface-active arthropod groups with successional gradient after fire
in Pinus brutia Ten. forests of southwestern Anatolia. Five sites burned in different years and a control
site unburned for at least 50 years were selected.
Sampling for arthropod groups was conducted in
four pit-fall traps in four transects in three replication
plots at every successional site and in two plots at the
control site. Microhabitat variables regarding structures of vegetation and litter layer were recorded and
associated with abundances of groups. As a result, it
was found that abundances of common arthropod
groups, spiders, springtails and cockroaches, displayed significant changes with successional gradient after fire. While abundances of spiders and
springtails had non-linear changes with time since
fire, cockroaches tended to increase towards the late
successional stages. The abundance of spiders was
found positively correlated cover of subshrub and
leaf and negatively correlated with cover of shrub.
Branch cover was the only microhabitat variable that
affected communities of springtail. Cockroaches was
positively correlated microhabitat attributes increased with successional gradient. These results
show that the characteristics of vegetation and litter
layer in the successional process had decisive role in
the community structure of these groups.
KEYWORDS:
Forest fires, Brutia pine, Mediterranean ecosystems,
Araneae, Collembola, Blattodea.

INTRODUCTION
MATERIALS AND METHODS

Fire has been one of the most crucial ecological
factors for many ecosystem types in the world. Mediterranean ecosystems, including Pinus brutia Ten.
forests, are recognized as resilient to fire as consequence of the high recovering ability of plant com-

The study was conducted in several P. brutia
forests located in the Marmaris region (36q50c N,
28q17c E) and its surrounding areas, which is situated
on the Mediterranean coast of southwestern Turkey.
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To test the statistical significance of any
changes in abundances of arthropod groups among
successional sites, analysis of variance (ANOVA)
was applied. Total counts during sampling were
used. In the ANOVA, abundances were expressed as
mean number of individuals per four traps in a transect. Logarithmic transformations were used when
the parametric test assumptions were not met in the
data. Totally six successional stages were compared
using means of abundances from transects at the replication sites. Linear and quadratic regression was
used to test change in abundance with successional
gradient. Correlation analysis was used to examine
interactions between microhabitat variables and arthropod groups.

The successional gradient consisted of five areas burned 3, 6, 9, 16, and 26 years previously and
an area unburned for at least 50 years. The samplings
were performed at three replication sites for every
successional site and at two for the unburned forests.

TABLE 1
The arthropod groups displayed changes depend
upon time since fire

Spiders
Cockroaches
Springtails

Model
Quadratic
Linear

R2
0.141
0.177

F
5.321
14.221

p
0.007
<0.0001

Quadratic

0.113

4.127

0.021

RESULTS
A total 1145 individuals from 7 surface-dwelling arthropod orders were evaluated in this study.
Among these groups, spiders (Araneae) (33.9%) was
found very abundant in compare with earwigs (Dermaptera), diplurans (Diplura), woodlices (Isopoda)
and scorpions (Scorpionidae) were represented very
few individuals in total.
In the study, it was found that evaluated all
common surface-dwelling groups, spiders, springtails (Collembola) and cockroaches (Blattodea), displayed significant changes depend on successional
gradient. Spiders and springtails were the orders had
non-linear changes with time since fire (Figure 1).
Both orders were abundant in middle successional
stages. Spiders was represented 876 individuals in all
sampling site. Its abundance was significantly higher
9 years after fire than earliest and oldest stages (F=
3.466; df= 5; p= 0.008) and had decreasing trend toward early and late successional stages (Table 1). Its
abundance positively correlated cover of subshrub
and leaf and negatively correlated with cover of
shrub (Table 2). Springtails were represented 199 individuals in all sites. Its abundance was the highest
16 years after fire and similar to spiders decreased
towards early and late stages. Branch cover was the
only microhabitat variable that correlated with the
abundance of springtail negatively (Table 2).
In total 55 individuals were caught belong to
cockroaches during sampling period. Its abundance
displayed raising trend with successional gradient

FIGURE 1
Changes in abundances of spiders, springtails
and cockroaches with time since fire.
In every successional sites, arthropods were
sampled with four pit-fall traps that were placed
along a transect at 10-m intervals. Four transects
were used at every replication site. Sampling was
carried out from March to October of 2006. At the
end of each sampling period insects caught in the pitfall traps were removed and brought to the laboratory
for preparation.
Microhabitat structure of the sites was analyzed
with the point quadrat technique [31]. Plant species
were identified, the height of plant at this point was
measured, and the surface characteristics were recorded.
Habitat variables measured for each site were
height and total cover of vegetation, plant species
richness, cover of plant functional types (tree, shrub
and subshrub) and cover of biotic and abiotic surface
components (soil, stone, and rock). Features of sampling area and details of sampling procedure were
described in [15].
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TABLE 2
Spearman rank correlation coefficients between arthropod groups and microhabitat variables
Spiders
Vegatation characteristics
Height
Cover
Stratification
Richness
Plant growth type
Tree
Shrub
Subshrub
Surface components
Biotic
Leaf
Branch
Needle
Abiotic
Soil
Stone
Rock

Cockroaches

Springtails

0.452***
0.342**
0.389**
0.463***
0.421***
0.248*

-0.244*
0.251*

0.262*
-0.313**
0.531***
-0.332**
-0.291**

* p<0.05, ** p<0.01, ***p< 0.0001
TABLE 3
Abundances of non-target groups in successional stages (mean of replication sites).

Diptera
Hemiptera
Homoptera
Non-formicine Hymenoptera

Time since fire
3
6
35
63
2.7
0.7
3.3
1.7
25.0
16.7

9
44
1.3
1.7
19.0

16
54
0.7
2.7
9.3

26
41.7
1.0
1.3
10.3

>50
64.5
7.5
1.0
8.5

that surface-active arthropod communities exhibited
changes depend upon successional gradient after
fire. To increase of number of individuals and species of certain arthropod groups such as wood-borers, species developing under bark of damaged trees,
species associated with fungi and certain soil and litter-dwelling groups and predators was reported in
many studies [25]. Post-fire habitat conditions and
increasing feeding resources were attracted many arthropod groups to burned area.
In contrast increasing trend, most arthropod
groups involved in this study such as spiders and
springtails, display non-linear changes with successional gradient. Non-linear fire effects in habitat
structure significantly affect some insect communities [19]. York stated that abundances of many arthropod groups including spiders, springtails decreased due to frequent fires and this decrease was
attributed to a reduction in the amount of litter and
associated moisture levels, and a simplification of
habitat structure [33].
Spiders has been known resilient to burning and
has rapid recovery capability [1, 4, 23, 24]. However,
responses of spiders to fire and habitat changes after
fire varied with habitat type and disturbance history
[e.g. 12, 20]. In a study performed in P. brutia forests
right after fire, spiders was found one of the few ar-

(Table 1, Figure 1) and it was caught in remarkable
high numbers in unburned site in comparison
younger successional sites (p<0.0001). As an expected result the abundance of this group was positively correlated microhabitat attributes increased
with successional gradient (Table 2).
Addition the surface-dwelling arthropod taxa,
the findings on non-target insect taxa such as Diptera, Hemiptera, Homoptera and non-formicine Hymenoptera were revealed in Table 3.

DISCUSSION
In many ecosystems of the world, invertebrate
species have adapted to past disturbance regimes created by fire. Fire has led to strong selective processes
not only among plants but also invertebrates [22].
High resilience capability with regards to arthropod
communities was reported in many studies carried
out in fire-induced ecosystems [1, 4]. A few studies
performed in Mediterranean basin to determine direct effects of fire on arthropod communities noted
similar results about rapid recovery process [e.g. 16].
In Mediterranean basin, post-fire age of stands
is known one of the most important factors that affect
the arthropod fauna [15, 30]. The results obtained
from this study are in agreement with this statement

8043

© by PSP

Volume 26 ± No. 12A/2017 pages 8041-8046

thropod groups affected negatively by fire [16]. Despite abundances of spiders was lowest in earliest
stage of succession and mature forest, site burned 9
years after fire supported more number of individuals. Cover of shrubs and subshrubs significantly affected its abundances. Subshrubs composed of
seeder species, Cistus salviifolius and Cistus creticus
which were re-colonized intensely after fire had high
cover 3, 6 and 9 years after fire and decreased towards later stages [17]. Jiménez-Valverde and Lobo
revealed that the herbaceous and subshrub cover
were significant variables for spider communities in
Mediterranean ecosystems [14].
Similar to spiders, springtails were found in
high numbers in middle stages of the succession.
Though known as a fire tolerant group [10, 29], it
was represented in low numbers in earlier stages.
Their abundances was found negatively correlated
woody component of litter layer. Structure and quality of litter significantly affect the communities of
microarthropods including springtails [2]. Litter contains different components; e.g. leaves, twigs and
other wood which will be inhabited by different species of springtails as an effect of different composition rates [13].
Cockroaches was the only group that displayed
increase with successional gradient. Its abundance
was found very high in unburned mature pine forests
by comparison with other successional stages. These
findings in accordance with the study performed by
.D\QDú [16] in P. brutia forests right after fire. In
that study it was stated that cockroaches completely
disappeared from the burned sites despite being
caught in unburned forests. Thus, it can be stated that
it takes a long time for recovery of cockroaches after
disappearance due to fire in P. brutia forests. Contrary to this, Abbott et al. indicated that changes in
community structure of cockroaches caused by fire
are minimal and short-term [1]. Arnold et al. similarly stated that distance from burn did not affect the
species richness and abundance of cockroaches but
both richness and abundance increased with bark and
litter cover and decreased at lower temperatures [6].
Dry habitat conditions and lack of litter cover after
fire in Mediterranean ecosystems may cause the
cockroaches to be unable to re-colonize in post-fire
areas.
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environmental problems for a long period of time
due to intensive industrialization. Large quantities of
toxic heavy metals like Cd, Pb, Cr, and Hg are released into ecosystems as contaminants after anthropogenic activities [1]. Whether the source is lithogenic or anthropogenic metals are persistent environmental contaminants [2]. The accumulation of
metals has become a serious cause for concern which
needs urgent consideration [3]. Heavy metal contamination has been studied by numerous researchers [411].
Determination of the metal content in sediment
is important for aquatic ecosystems, because sediment can provide extremely important information
about the environmental and geochemical pollution
status [12, 13]. The data obtained from the sediment
quantiles provided strong evidence of the spatiotemporal anthropogenic effect [14]. As a result, research of heavy metal accumulation in sediment has
been studied at both sea and fresh water sites [15,
16]. In addition, the sediment should be thought of
not only as an environment where the accumulation
of metals by deposition, but also a secondary pollutant source from where the metals enter the water or
food chain again. This leads changes in environmental conditions [17, 18]. This situation is a key factor
in the increased impact of heavy metal accumulation
in the sediment. Besides, the existence of very different creatures living in the sediment at the bottom
of the food chain, must not be forgotten. A large
number of these living beings store intense heavy
metal in their bodies once exposed to them. Consumption of these living beings, by creatures higher
up the food chain, enables these intense metals to be
easily passed up the food chain until they are eventually consumed by humans.
Lake Salda is known to be one of the deepest
lakes in Turkey, with a maximum depth of 184 m.
Due to its location, it was determined as an area for
natural protection in 1989, and a tourism centre in
2004 by the Culture and Tourism Ministries of Turkey. The lake water is rich in magnesium and is one
of two important high alkaline lakes, along with
Lake Van, also in Turkey. The magnesite deposits
located on the west side of the lake, were related to

ABSTRACT
In this study, contamination levels were found
for 8 different metals (Cu, Pb, Zn, Ni, Mn, Fe, Cd,
Cr) and metalloids (As) in sediment samples, coming from 9 different stations, through statistical analysis and sediment assessment at Lake Salda (Turkey). The correlation, cluster, factor and Mann Whitney-U analysis were used for evaluation of the results, and the values of all metals were compared
with the limit values of PEL (probable effect level),
ERM (effect range median), TEL (threshold effect
level), and ERL (effect range low). According to the
correlation, PCA and cluster analysis, highest correlation was determined as being between Cu-Mn, CuZn, Fe-Ni, Cr-Ni and Fe-Cr. The weakest relationships with other metals were identified as Pb and As.
Additionally, deep and shallow stations were compared and station-based anthropogenic effects were
demonstrated. The status of the sediments was considered separately for the studied elements. According to the results, contamination factor, enrichment
factor, geoaccumulation index, potential ecological
risk factor and quotient toxic unit showed up the
highest values for Ni. However, Pb results seemed
quite serious at several stations according to the results of the research. The pollution load index was
used to find out the baseline and ideal levels throughout the lake.

KEYWORDS:
Heavy metals, metalloid, pollution, sediment assessment
methods, Lake Salda

INTRODUCTION
Several of the metals (like Cu, Fe, and Zn) are
needed for the continuation of life, although a number of the metals (such as Pb, Cd and Hb) exhibit
toxic effects, even in low concentrations. Whether
they are essential or nonessential, all metals have a
toxic effect on every living thing over a certain
threshold. Accumulation of heavy metals in aquatic
environments has constituted one of the most serious
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“White Rock” which has been discovered on Mars
[19].
The aim of this study is to determine the current
metal situation, anthropogenic sourced metal
amount, toxic effect, and rate of potential risk posed
to the ecosystem of the current location. This will be
done using different statistical and sediment research
methods in Lake Salda, which an extremely important lake, not just in Turkey, but in the world.
This study will hopefully be the starting point for
continued research in the field.





!"  ! 

Alluvial Unit and Cretaceous Marmaris Peridotite
are dominant around the area of the lake. (Figure 2).
Marmaris Peridotite occurs as serpentinised ultramafic rocks in some parts but, harzburgite sections
are more widespread than any other rock type [20].
Besides, Late Triassic/Lias aged Dutdere Limestone
has appeared due to tectonic impact, this is another
important lithological unit of the study area. It is located in the south-eastern part of the lake. Dutdere
Limestone occurred as medium-thick bedded, locally massif, consisting of recrystallized limestone
algae in several areas, and was deposited in a shallow
carbonate shelf environment [21].

MATERIALS AND METHODS
Sediment assessment methods. Background
content, or pre-industrial reference values, which are
necessary for most of the sediment assessment methods, have been obtained from the literature. The data
chosen for this study was by Turekian and Wedepol
[22]. These are some of the most preferred for preindustrial reference values [17, 23, 24].
Contamination factor ( ) is one of the most
important sediment assessment methods. It is extremely simple and effective. It is also the starting
point for many further evaluations including the contamination for every metal to be done separately. It
was first used by [25]. The formula is as follows.
%
%
 &%
(1)
# 1

Study Area. Lake Salda is located in the Burdur sub-basin, in Yesilova district (Figure 1). It is
known to be one of the deepest lakes in Turkey, with
a maximum depth of 184 m. The lake water is highly
alkaline with pH values ranging between 8.90 to
9.05. The lake water is also rich in magnesium, and
is one of two important high alkaline lakes, as mentioned, along with Lake Van. The lake is 1139 meters above sea level and covers an area of almost 45
km2. The surrounding mountains, bedded ultramafic
and carbonate rocks, of Lake Salda, form a drainage
basin approximately 148 km2. The lake is fed by four
main streams, Zehra from the north, Karakova from
the west, Köpek from the south-west, and Kuruçay
stream from the southern side of the lake. Also, there
are many agricultural activities on the northeast of
the catchment area.
The geology of the area is mostly dominated by
ultramafic rocks and alluvial deposits. Quaternary

%

= Metal concentration in the sample

%
& = Pre-civilization reference value

FIGURE 1
Location Map with Sample Locations
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FIGURE 2
Geology Map of the Study Area

Degree of contamination (Cd) method determines the total of the contamination factors for metals [25]. The formula is as follows.
&
%
(2)
! 1 % #

("# = Metal concentration in reference environment (Earth’s crust)
& = Reference element (Fe) concentration in sample
("# = Reference element concentration in reference
environment
One element of high concentration on earth's
crust is used as a reference element. The high concentrated elements are effected less from anthropogenic additive relatively for this reason, Fe was chosen as the reference element in this study. There are
many studies in which Fe has been used as the reference element [29, 30].
One of the methods that is used for determining
levels of anthropogenic contamination, is the Geoaccumulation index (Igeo). The calculation is done as
follows [31].

%
# = Contamination factor

However, the degree of contamination is a difficult method to study, because it is not possible for
all metals to be studied in every situation. This issue
has been eliminated with the development of a formula by Abrahim and Parker [26]. The difference
between mCd from Cd is mCd, used to give an average value. The formula of modified degree of contamination (mCd) is as follows;



!

1

.
-*) ,

&
%
=
Contamination
factor
#

(3)

n= Total number of metals
The Pollution load index (PLI) method provides easy comparison of different locations in the
same or different studies, and was developed by
Tomlinson et al. [27]. The formula is as follows.
 1 2 # 0 # 0 #  0 #& 3&
(4)

$"'

1

.

0.

(6)

& = Metal concentration in the sediment

& = Background content of the metal

1.5= Constant for natural fluctuation
Potential Ecological Risk Factor ( ) is another method used to look at levels of contamination
caused by metals and the risk for the aquatic environment. It was first introduced by Hakanson [25].
The formula is as follow;

# = Contamination Factor
n= Total number of metals
Enrichment factor (EF) is another extremely
important method which helps in determining the anthropogenic sourced metal pollution [28]. The formula is as follow;
.  /+,
. /+,

1 

%
%
%
( =(  '
(% = Toxic response factor

(5)

% = Metal concentration in sample

& = Metal concentration in sample

' = Pre-civilization reference value
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of distribution. The test has a 95% level of significance. For the same reason, the Spearman Correlation Analysis was preferred in correlation analysis.
The correlation tests have a 95% and 99% level of
significance respectively. The extraction method for
Principle Component Analysis was carried out according to the Varimax, with Kaiser Normalization.
Cluster analysis was done using the Ward’s method,
on Euclidean distance intervals and the Z-score correction [36]. All statistics were collated using SPSS
v21.
Sampling and Element Analysis. Using a
floating platform (Figure 3a), sediment samples
were collected at shallow and deep points of the lake.
This was done using the gravity method (Figure 3b),
which is used for core logging on lakes. Samples
were taken at the deepest points. The deepest measurement was DS02 with a depth of 96 meters, and
was chosen for the possible extension of the main
fault that was located on the south-western side of
the lake.
The gravity corer is a general-purpose tool that
relies on its weight for penetration into the seabed.
In this study, a 20 kg weight was used for the core
sampler. The sediment that was in the first cm of the
core, was used for analysis. Surface sampling was
also done on the coastal sides of the lake, which was
almost 50 cm in depth, by hand from the aquatic environment (Table 1).

FIGURE 3
Floating Platform (A) and Core Sampler on
Field (B)

The sum of the toxic units (Σ TU s) is the sum
of the values obtained by proportioning metal
amounts determined using samples, and the PEL
(Probable Effect Level) value belongs to those metals [32, 33]. Quotient toxic unit is the percentage
type of the ratio the toxic unit value of every metal
to Σ TU value. They are frequently used [34, 35].
Statistical methods. The Mann Whitney-U
test has been used in order to keep sample numbers
to the number to a minimum, regardless of normality

TABLE 1
Basic Information for Sample Locations
Locations
SS01
SS02
SS03
SS04
SS05
DS01
DS02
DS03
DS04

X
740164
740144
740009
739714
733647
739392
740038
734975
738961

Y
4155772
4158764
4159788
4161318
4162215
4156021
4157335
4157915
4156947

Depth (m)
<0.5
<0.5
<0.5
<0.5
<0.5
36
96
22
48

TABLE 2
Reference Material for Sediment Samples
Name
Cu
Pb
As
Ni
Cr
Cd
Mn
Fe
V
Co
Zn

mg/kg
30
37.7
27.6
44.9
104
0.26
34600
67400
170
19.8
223

Calculate ppb
240
301.6
220.8
359.2
832
2.08
276800
539200
1360
158.4
1784

Measure ppb
214.63
300.8
300.2
400.8
772.2
2.668
177100
512400
1037
201.4
2800
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mg/kg
26.8
37.6
37.5
50.1
96.5
0.3
22137.5
64050.0
129.6
25.2
350.0

Recovery
89.4
99.7
136.0
111.6
92.8
128.3
64.0
95.0
76.3
127.1
157.0
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TABLE 3
Heavy Metal Concentrations of Sediment Samples and Limit Values
Cu
Pb
Zn
Ni
Mn
Fe
As
(ppm)
(ppm)
(ppm)
(ppm)
(ppm)
(ppm)
(ppm)
SS01
8.73
6.57
19.78
1691.54
550.25
44682.84
1.02
SS02
1.42
6.07
3.12
221.32
73.32
5692.02
1.48
SS03
1.64
2.17
5.72
454.22
173.58
12690.75
0.70
SS04
0.88
1.72
2.37
47.00
9.00
2579.96
1.24
SS05
3.21
5.36
18.11
548.33
304.70
19761.49
0.65
DS01
3.95
13.14
20.50
477.25
321.50
17568.75
1.61
DS02
2.81
383.11
11.48
234.91
202.59
11445.86
0.87
DS03
3.03
19.29
16.06
361.68
205.18
12618.28
2.30
DS04
5.81
196.92
31.06
442.61
413.67
19167.91
1.38
Max.
8.73
383.11
31.06
1691.54
550.25
44682.84
2.30
Min.
0.88
1.72
2.37
47.00
9.00
2579.96
0.65
Median
3.03
6.57
16.06
442.61
205.18
12690.75
1.24
PEL
197
91.3
315
36
17
ERM
390
110
270
50
85
TEL
35.7
35
123
18
5.90
ERL
70
35
120
30
33
Reference
45
20
95
68
850
47200
13
Tox.
5
5
1
5
1
10
SS: Shallow Sediment
DS: Deep Sediment
Bolt Character: Refers Maximum Value
Italic Character: Refer Minimum Value
PEL: Probable effect level [37]
ERM: Effect range median [38]
TEL: Threshold effect level [37]
ERL: Effect range low [38]
Reference: Distribution of the elements in the earth’s crust (shales) [22]
Tox: Toxic response factor [25, 39].
Locations

Cd
(ppm)
0.09
0.05
0.05
0.03
0.05
0.10
0.07
0.12
0.18
0.18
0.03
0.07
3.53
9
0.6
5
0.3
30

Cr
(ppm)
160.07
36.16
77.72
10.48
107.02
84.53
55.76
58.95
85.18
160.07
10.48
77.72
90
145
37.3
80
90
2

for samples analysis. Two devices were chosen to
complete analysis based on the reference material
(Table 2). The Perkin Elmer Atomic Absorption
Spectroscopy (Perkin Elmer F-AAS 400) was used
for the level 1ppm (mg/l) and the elements Iron (Fe),
Manganese (Mn) and Zink (Zn). The Perkin Elmer
Graphite Atomic Absorption Spectroscopy (Perkin
Elmer GF-AAS 600) was used for the level 1ppb
(μg/l) and the elements Copper (Cu), Lead (Pb),
Nickel (Ni), Cadmium (Cd), Chromium (Cr), Arsenic (As) and Vanadium (V). Repeatability standard
deviation value has been presented below as 5%. The
decomposition process of sediments has been done
using the same procedure, as standard sediment.
Background corrections, which were sourced by decomposition acid, have also been done.

The samples were analysed at the Research and
Application Centre for Environmental and Earth Sciences, Istanbul University. The 3051a microwave
extraction method (microwave assisted acid digestion of sediments, sludge, soils, and oils) was used
for microwave heating. Porcelain crucibles were
weighed, both empty and with sediment samples, on
precision scales with a sensitivity of 4 digits. Then,
the sediments in the porcelain crucibles were heated
with digit heat model drying and a sterilization oven
for 1.5 hours. After heating, they were weighed
again, and the dry unit weight was calculated. Dry
sediments were grinded using an agate mortar, 0.2 g
was weighed for each sample. The samples were put
into microwave tubes and mixed with 1.5 ml (1 unit)
nitric acid (HNO3) and 4.5 ml (3 unit) hydrochloric
acid (HCl). They were put into the Marsxpress
model microwave. The samples were dissolved with
acid in 3 different sets in the microwave system. The
sets were 300, 600, and 1200 watts, and 120, 150,
and 180 C with 100% performance and 15 minutes
for each, respectively. After 45 minutes, the samples
were taken out and put into the refrigerator to reduce
temperature. The tubes were opened carefully in the
fume cupboard in order to let the gas resulting from
the reaction out. Lastly, the samples were integrated
with water, up to 25 ml in sterilized tubes, to prepare

RESULTS AND DISCUSSIONS
Amounts for each element. All the results obtained for the studied elements have been given in
Table 3 as totals for Lake Salda. Table 3 also provides various limit values for the studied metal and
metalloid. Although Pb and Cr values have high concentrations at some stations, Ni amounts have been
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determined as over the limit values for all of the stations. Ni is the most common element, while evaluating the elements according to the limit values, Fe
is the most common and Cd is the least common element by amount. The other elements are under the
limit values except Pb, Cr and Ni.
PEL: "Represents the concentration above
which adverse effects are expected to occur frequently”, TEL: "Represents the concentration below
which adverse effects are expected to occur only
rarely” [37], ERM: "Represents the chemical concentration above which adverse effects would frequently occur”, ERL: "Represents the chemical concentration below where adverse effects would be
rarely observed” [38] are meaningful for the limit
values [40]. When Cr value was analysed on the basis of station, the highest value was observed in SS01
station. 160.07 mg/kg value is above all limit values
for this station (Table 3). However, the lowest
amount determined for Cr, which is 36.16 mg / kg
(SS02), remained below all of the values in Table 3.
The highest values of Pb were observed in
DS02 and DS04 stations which are located in the inner part of the lake. Also, the amount of Pb found in
the other interior stations of the lake, was more than
in the shore sections. Mann Whitney-U analysis also
supports this data, in which a comparison was made
between inner and coastal areas. According to the results, the Pb amount in the inner part of the lake is
more than in the coastal part (p<0.05). So, this supports the hypothesis about Pb entering the lake via
anthropogenic sources and also being deposited into
the lake. The other result that supports this case is
Cluster Analysis. According to the distance matrix
of the analysis (Proximity Matrix), Pb is the farthest
element in all studied elements, which also means
having a lesser relationship with the other elements
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(Table 4). This situation can be clearly seen in the
analysis of the dendrogram (Figure 4). It can also be
seen in the Principle Component Analysis (Figure
5). Pb can be observed as the farthest element from
the others, together with the Component and Rotated
Component Matrix results (Table 5). Including correlation analysis results Pb (Table 6), Cd can be seen
as the most related element to Pb for all analysis.
Also, as is related with Pb in factor analysis results,
the amount of As is far below the limit. However,
Pb-Cd relation is also an important result. Because,
like Pb, Cd is also one of the elements accumulated
as a result of anthropogenic activities, Cd amount is
more in the inner parts, like Pb, than the coastal parts
of the lake (p<0.05). In addition to these results,
there was not observed to be any element which has
a significant difference between inner parts and
coastal parts of the lake among the studied elements,
except for Cd and Pb (p>0.05).
Nickel forms several minerals and is strongly
enriched in ultramafic and mafic lithologies. Cr is
also enriched in ultramafic rocks up to as much as
1000–3000 mg/kg, along with elements such as Ni.
A large proportion of the Ni in stream sediment is
held in detrital silicate and oxide minerals that are
resistant to weathering. The range of Ni values in soil
vary from 0.2 to 450 mg/kg according to rock type
[41]. On the other hand, anthropogenic sources of
nickel could come from fertilisers, steel works, metal
plating and coinage, fuel combustion and detergents
[42]. In the presence of some organic complexing
agents, Ni is capable of forming neutral or negatively
charged complexes, making the metal highly mobile
in relation to other trace elements. Consequently, Ni
concentrations may be high in stream water contaminated by sewage and leachate from waste tips [43].

FIGURE 4
Dendrogram of Cluster Analysis
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FIGURE 5
Component Plot of Factor Analysis
TABLE 4
Cluster Analysis

Cu
Pb
Zn
Ni
Mn
Fe
As
Cd
Cr

Cu
.000
4.178
2.119
1.503
1.064
1.139
4.365
2.675
1.580

Pb
4.178
.000
3.877
4.804
4.207
4.580
4.728
3.620
4.590

Zn
2.119
3.877
.000
3.227
1.603
2.599
4.011
1.652
2.498

Ni
1.503
4.804
3.227
.000
1.844
.853
4.755
3.785
1.293

Mn
1.064
4.207
1.603
1.844
.000
1.111
4.562
2.644
1.126

Fe
1.139
4.580
2.599
.853
1.111
.000
4.761
3.421
.848

As
4.365
4.728
4.011
4.755
4.562
4.761
.000
3.142
4.910

Cd
2.675
3.620
1.652
3.785
2.644
3.421
3.142
.000
3.436

Cr
1.580
4.590
2.498
1.293
1.126
.848
4.910
3.436
.000

TABLE 5
Component and Rotated Component Matrix Results
Component (Component Matrixa)
1
2
3
Cu
.976
Pb
.544
-.766
Zn
.724
.475
-.201
Ni
.891
-.378
.130
Mn
.985
Fe
.961
-.244
As
-.124
.598
.752
Cd
.556
.786
.150
Cr
.937
-.284
a: 3 components extracted.
b: Rotation converged in 5 iterations.
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Component (Rotated Component Matrixb)
1
2
3
.939
.202
.190
-.135
.923
-.121
.585
.604
.288
.959
-.161
.947
.242
.130
.992
-.195
-.184
.932
.380
.517
.734
.973
-.109
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TABLE 6
Correlation Analysis

Cu
Pb
Zn
Ni
Mn
Fe
As
Cd
Cr

Cu
1.000
.606*
.970**
.834**
.989**
.897**
.178
.811**
.916**

Pb

Zn

Ni

Mn

Fe

As

Cd

Cr

1.000
.655*
.255
.600
.355
.336
.855**
.364

1.000
.764**
.945**
.827**
.245
.851**
.864**

1.000
.827**
.936**
-.173
.469
.945**

1.000
.927**
.118
.782**
.909**

1.000
-.145
.552
.945**

1.000
.533
-.109

1.000
.593

1.000

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

Relationships between the elements. Cu and
Mn elements show the highest correlation (Cu-Mn:
r=0.989) on the correlation analysis and component
matrix (Tables 5 and 6). There are other studies
where strong correlations between these elements
have been noted, but there are situations where the
correlation cannot be observed due to changes tin location [44]. The correlation between Cu and Zn follows this correlation (Cu-Zn: r=0.970). The same
case is also valid for the correlation between Cu and
Zn. While strong correlations are apparent between
these two elements [45], there are some cases where
the correlation couldn’t be observed [28]. Both Cu
and Zn can correlate with all studied elements, except As. These elements also have the strongest correlations, Mn with other elements, according to the
strongest relationship distance matrix. The elements
having the closest distances are Fe-Ni (0.853 euclidean distance) and Fe-Cr (0.848 euclidean distance)
(Table 4, Figures 4 and 5) and also, they have parallel results on the cluster analysis. The Elements As
and Pb have the weakest relationships with other elements for two analysis. As did not correlate with
any element in the correlation analysis. There is not
another element which correlated with any other element except As. Pb has its strongest correlation
with Cd which is not essential for maintaining life
(Pb-Cd: r=0.855). The other elements correlated
with Pb are Zn and Cu. However, the correlation between these two elements is relatively weak (Pb-Zn:
r=0.655, Pb-Cu: r= 0.606). Fe-Ni and Fe-Cr relationships are extremely strong as shown by the cluster
analysis (Fe-Ni: r=0.936, Fe-Cr: r=0.945). There are
some cases where such correlations have been observed, or different impacts on sediment from these
elements [46, 47, 48].

tried to be determined by the elements injected to the
porous medium artificially. Many ways are used in
the evaluation of sediment. Some methods reveal the
current status for each element, and some are aimed
at understanding the total effect of all studied elements.
Contamination Factor ( ), Degree of contamination (Cd) and Modified degree of contamination (mCd) and Pollution Load Index (PLI).
Both #% , and Cd, as well as mCd are frequently used
methods used for showing the status of existing ecosystems [13, 28, 49]. These methods, which are simple and very effective, can provide us with detailed
information about the status of available sediment.
%
# values are, in general, under 1 for the study
carried out (Table 7). This result means relatively
low contamination, according to the 4-way scale created by Hakanson [28]. However, especially Ni, reveals the profile as being highly contaminated for
many sites, unlike the general situation. The lowest
%
# value was obtained for Ni, at station SS04. Ni is
on the lowest level of the scale at this station. Pb has
reached the highest level on the scale, as Ni, at the
DS02 and DS04 stations. This is not a risky case, except for these 2 stations. Cr shows moderate contamination according to the scale at stations SS01 and
SS06. Other stations are clean in terms of Cr.
Cd is actually the total of #% values of all the
studied elements. This doesn’t reveal the current situation one by one, unlike the contamination factor.
Instead, it reveals the total current status of all the
elements for only one value. The values obtained by
Hakanson are evaluated on the 4-way scale [28]. Accordingly, if Lake Salda is evaluated on the basis of
station, the highest values are obtained for SS01 and
DS02. Considerable contamination was recorded at
these stations, which is the third step of the 4-way
scale. SS04 is the station where the lowest Cd value
has been recorded and low contamination found,
measuring only at the bottom step of the scale (Table
8).

Evaluation of the sediment. On the basis of
the sediment assessment methods, the central point
is to determine the amount of metal as injected to the
porous medium by anthropogenic effects. This basis
can be by comparing the metal amount of the existing sediment with the average of the pre-industrial
era, or earth's crust that belong to that era. In the next
step, the risk posed by ecologic and toxic effects are
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TABLE 7
Contamination Factors of the Sediment Samples

Cu
0.19
0.03
0.04
0.02
0.07
0.09
0.06
0.07
0.13

SS01
SS02
SS03
SS04
SS05
DS01
DS02
DS03
DS04

Pb
0.33
0.30
0.11
0.09
0.27
0.66
19.16
0.96
9.85

%
# <1

Contamination Factor
Zn
Ni
Mn
0.21
24.88
0.65
0.03
3.25
0.09
0.06
6.68
0.20
0.02
0.69
0.01
0.19
8.06
0.36
0.22
7.02
0.38
0.12
3.45
0.24
0.17
5.32
0.24
0.33
6.51
0.49

1≤ #% <3
moderate

respectively to low

3≤ #% >6
considerable

Fe
0.95
0.12
0.27
0.05
0.42
0.37
0.24
0.27
0.41

As
0.08
0.11
0.05
0.10
0.05
0.12
0.07
0.18
0.11

Cd
0.30
0.16
0.17
0.09
0.16
0.34
0.24
0.41
0.61

Cr
1.78
0.40
0.86
0.12
1.19
0.94
0.62
0.66
0.95

%
# ≥6

very high

TABLE 8
Sediment Methods, Reveal the Current Status through Total Metal Amount
SS01

SS02

SS03

SS04
SS05 DS01
DS02
DS03
Degree of contamination (Cd)
23.36
4.5
8.44
1.19
10.77 10.13
24.2
8.27
Cd≤8
8≤Cd≤16
16≤Cd≤32
Cd≥32
low
moderate
considerable
very high
Modified degree of contamination (mCd)
3.26
0.50
0.94
0.13
1.20
1.12
2.69
0.92
mCd < 1.5
1.5 ≤ mCd < 2 2 ≤ mCd < 4 4 ≤ mCd < 8 8 ≤ mCd < 16 16 ≤ mCd < 32
nil to very low low
moderate
high
very high
extremely high
Pollution Load Index (PLI)
0.59
0.16
0.21
0.06
0.33
0.43
0.40
0.38
0
1
>1
perfection
baseline
deterioration

DS04
19.37

2.15
mCd ≥ 32
ultra-high
0.68

Enrichment Factor (EF) and Geoaccumulation Index (Igeo). Both EF and Igeo are methods used
to identify the level of contamination in the environment separately from the base metal. EF is a method
which reveals the geochemical profile of different
areas and allows comparison of the profiles in these
areas [51]. For this reason, it has been used in many
studies that demonstrate the accumulation of sediment profiles [44, 52]. However, when assessing the
EF profile it has been seen that scales comprising a
different number of digits have been used for various
studies according to the literature [51, 52, 53]. The
highest value obtained for Pb was in DS02 station
during this study (Table 9). Pb almost doubled the
highest value, which took it almost to the level of
extremely high on the scale. Pb has also been determined as being at a very high level for station DS04.
No problem can be seen for Pb, except for at these
two stations. Pb levels on the other stations are observed at the bottom of the scale. Another important
element is Ni for the EF profile. Ni has been not
shown up to be high at all stations, different from Pb.
Ni is at level 3 or 4 for all stations according to the

mCd gives only one value for total current status of all elements as Cd. However, it relates the current situation to the number of elements, unlike Cd.
This method was developed by Abrahim and Parker,
designed as a 7-way scale [26]. Accordingly, 9 stations were studied at Lake Salda switches between
two scales, the bottom, nil, to very low contamination and the 3rd step is moderate contamination (Table 8).
PLI is a method starting from #% that reveals
the current situation based on all the general elements, and evaluates with a 3-way scale, it was developed by Tomlinson et al. [27]. However, there are
more detailed scales available [50]. Both scales, according to the recent literature, have been used in
former studies [28, 46]. The results for all stations
were determined on the first and second level, which
are ideal level and baseline on the study carried out.
Level 3 deterioration was not observed at any of the
stations (Table 8). SS04 was identified as the cleanest station according to the PLI. Stations SS01 and
DS04 were found to have relatively higher levels of
contamination compared with other stations.
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5-way scale. Cr is one other element which attracts
attention. Cr has been determined as moderate at all
stations (determined very close to the border of moderate but minimal only in station SS01). Other elements have been determined as minimal for all stations except these elements. EF also shows a table
similar to the Igeo (Table 10). The stations DS02 and
DS04, are located on the 5. and 4. places on the 7way scale for Pb, respectively, and these values are
the highest for Pb. The lowest level on the scales has
been determined for Pb at other stations. Unlike the
EF, Igeo has determined the situation of Ni at SS01 as
being at level 6, which was determined as the highest
for all the studied metals. 1, 2 and 4. levels have been
identified for the other stations in the scale. Any condition that would cause problems for other metals,
wasn't detected by Igeo. Although Ef and Igeo give parallel results in this study, the situation of EF is more
concerning according to Igeo.
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Unit. In this study, Potential Ecological Risk Factor
(Eir) was used to determine the effect on living beings and the ecosystem separately for all metals, not
anthropogenic sourced metal accumulation, which
was different to the other methods. It is one of the
methods used for sediment studies [45, 54].
Hakanson [25] determined a 5-step scale for evaluating the results. The method used for assessing the
total toxic effect formed by high risk metals, is the
potential ecological risk index. This index shows the
total for the metals; Hg, Cd, As, Pb, Cu, Cr, Zn.
However, the assessment of potential ecological risk
index was not done because Hg content was not to
be included in this study. According to the results,
Ni and Pb are the what need to be focused on (Table
11). Ni was found to be at step 3., a considerable
amount, at station SS01 and step 2., a moderate level,
at station SS05. On the other hand, Pb was determined as considerable at station DS02, and as moderate at station DS04. There wasn't observed to be an
urgent situation in terms of other metals, and all metals were determined as low for all situations.

Potential Ecological Risk Factor (Eir), Sum
of the toxic units (Σ TU s) and Quotient Toxic

TABLE 9
Enrichment Factor Values of Studied Heavy Metals

Cu
0.20
0.26
0.14
0.36
0.17
0.24
0.26
0.25
0.32

Pb
0.35
2.52
0.40
1.57
0.64
1.76
78.99
3.61
24.25
2≤EF<5
moderate

Zn
0.22
0.27
0.22
0.46
0.46
0.58
0.50
0.63
0.81

Reference element

SS01
SS02
SS03
SS04
SS05
DS01
DS02
DS03
DS04
EF<2
minimal

Enrichment factor (EF)
Ni
Mn
Fe
As
26.28
0.68
0.08
26.99
0.72
0.95
24.84
0.76
0.20
12.65
0.19
1.75
19.26
0.86
0.12
18.86
1.02
0.33
14.25
0.98
0.28
19.90
0.90
0.66
16.03
1.20
0.26
5≤EF<20
20≤EF<40
significant
very high

Cd
Cr
0.32
1.88
1.29
3.33
0.62
3.21
1.64
2.13
0.37
2.84
0.92
2.52
0.98
2.56
1.52
2.45
1.50
2.33
EF≥40
extremely high

TABLE 10
Geoacummulation Values (Igeo) of Studied Heavy Metals

Cu
Pb
SS01
-2.95
-2.19
SS02
-5.57
-2.30
SS03
-5.37
-3.79
SS04
-6.25
-4.13
SS05
-4.39
-2.49
DS01
-4.10
-1.19
DS02
-4.59
3.67
DS03
-4.48
-0.64
DS04
-3.54
2.71
Igeo≤0
0<Igeo<1
practically
uncontaminated
uncontaminated
to moderately

Geoaccumulation Index (Igeo)
Zn
Ni
Mn
Fe
-2.85
4.05
-1.21
-0.66
-5.51
1.12
-4.12
-3.64
-4.64
2.15
-2.88
-2.48
-5.91
-1.12
-7.15
-4.78
-2.98
2.43
-2.07
-1.84
-2.80
2.23
-1.99
-2.01
-3.63
1.20
-2.65
-2.63
-3.15
1.83
-2.64
-2.49
-2.20
2.12
-1.62
-1.89
1<Igeo<2
2<Igeo<3
3<Igeo<4
moderately
moderately
strongly
to strongly
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As
Cd
-4.25
-2.32
-3.72
-3.27
-4.81
-3.16
-3.97
-4.07
-4.90
-3.26
-3.60
-2.13
-4.49
-2.66
-3.08
-1.88
-3.82
-1.30
4<Igeo<5
strong
to extremely

Cr
0.25
-1.90
-0.80
-3.69
-0.34
-0.68
-1.28
-1.20
-0.66
Igeo≥5
extremely
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TABLE 11
Table of Potential Ecological Risk Factor (Eir) Values
Potential Ecological Risk Factor ( )
Cu
Pb
0.97
1.64
0.36
1.85
0.18
0.54
0.10
0.43
0.36
1.34
0.10
0.51
0.31
95.78
0.34
4.82
0.65
49.23
0.97
1.64
40≤Eri<80
moderate

Samples
SS01
SS02
SS03
SS04
SS05
DS01
DS02
DS03
DS04
Eri <40
Low

Zn
Ni
0.21
124.38
0.19
33.73
0.06
33.40
0.02
3.46
0.19
40.32
0.00
5.62
0.12
17.27
0.17
26.59
0.33
32.55
0.21
124.38
80≤Eri<160
considerable

Mn
Fe
0.65
0.39
0.20
0.01
0.36
0.02
0.24
0.24
0.49
0.65
160≤Eri<320
high

As
0.79
0.77
0.54
0.96
0.50
0.71
0.67
1.77
1.06
0.79

Cd
9.04
7.43
5.03
2.69
4.70
2.41
7.14
12.20
18.31
9.04
320≥Eri
very high

Cr
3.56
1.86
1.73
0.23
2.38
0.51
1.24
1.31
1.89
3.56

TABLE 12
Proportional Toxic Unit Values of the Elements

SS01
SS02
SS03
SS04
SS05
DS01
DS02
DS03
DS04

Cu
0.09%
0.11%
0.06%
0.29%
0.10%
0.14%
0.12%
0.14%
0.19%

Pb
0.15%
0.99%
0.17%
1.23%
0.35%
0.99%
36.61%
1.89%
13.77%

Zn
0.13%
0.15%
0.13%
0.49%
0.35%
0.45%
0.32%
0.46%
0.63%

Quotient Toxic Unit
Ni
Mn
95.83%
91.30%
92.87%
85.13%
91.73%
91.12%
56.92%
90.11%
78.51%

Σ TUs, has been used for evaluating the general
reliability of the stations, and toxic effects originating from metals have been shown using this method
(Table 12). According to the results, the highest
value for total level of toxic effects was found at station SS01. SS05, DS04, DS01 stations follow, respectively. In the study benefited from the Quotient
Toksik Unit, determining the ratios of total toxic effects of metals one by one. The results show the
highest rate was shown to be Ni. The impact of Ni
on toxic effect changes between from 95.8% and
56.92% (Table 12). Cr is another important element
in relation to the toxic effect. The ratio of Cr ranges
from 10.34% and 3.63%. Pb reaches higher ratios of
between 36.61% and 13.77% at stations DS02 and
DS04, respectively.

Fe As
0.12%
1.30%
0.30%
4.77%
0.23%
0.65%
0.45%
1.21%
0.52%

Cd
0.05%
0.20%
0.10%
0.50%
0.08%
0.20%
0.18%
0.31%
0.33%

Cr
3.63%
5.97%
6.36%
7.59%
7.16%
6.46%
5.41%
5.88%
6.04%

ΣTU
49.03
6.73
13.59
1.53
16.60
14.55
11.46
11.15
15.66

deposition and environmental pollution. The metal
accumulation was mostly found to be Pb and Ni elements at stations DS02, DS04 and SS01. DS02 and
DS04 seemed to be an extension of a fault, and SS01
is along the main stream that recharges the lake. Ni
amounts could come from the ultramafic rocks.
However, the high amounts of Pb are likely to be due
to the anthropogenic effects, although the lake is an
area of natural protection. There is strong evidence
to suggest Pb has accumulated in the lake through
movement. Ni has been determined as having the
highest risk for the lake. Along with the variation of
Ni amounts, it measures on the higher parts of the
scales used for all the studied stations: the metals
were studied using sediment assessment methods.
Lake Salda is an area of natural protection, and has
been for a long time. However, Ni is a common
metal for industrial use. Ni comes probably from the
dissolved antigorite minerals which are observed in
the study area and its near environ. Pb results are also
extremely important, these were taken in the deeper
parts of the lake with Ni at two stations. Cr is also an
element that should be evaluated based on the risk
range for the lake, and Cr is enriched by ultramafic
rocks, along with elements such as Ni, but there is an
ore site for Cr on the northern side of the lake, Cr is

CONCLUSIONS
The study carried out aimed to determine the
anthropogenic sourced metal accumulation in the environment and to understand the toxic effect of the
amounts of metal on the aquatic ecosystem by investigating metal quantities in the sediment of Lake
Salda. Also, it reveals the relationship between metal
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again another element that occurs in significant
quantities in rocks. That is out of question for any
risky situation for the other elements. The lake was
evaluated as both element and station base. So, the
results of 2 stations (SS01 and DS04) were concluded to be more critical than the others. SS01 is
one of the main streams that recharges the lake, and
is on the Yeşilova site. DS04 is the deepest sediment
that was collected (96 m depth) and is on the extension of the main fault.
To conclude, Lake Salda, nowadays, is regularly discussed throughout Turkey, because there are
plans to build a dam on the Düden brook, which
merges with Karakova stream in the western part and
is one of the main recharging surface waters for the
lake. So, there are several campaigns being introduced so people can understand the importance of
the lake. Although Lake Salda is one of the most important lakes in Turkey, and even the world, there are
few studies about it. As the study is new it will be of
importance for current works. Finally, it seems that
the lake, which is of great importance, could be at
risk of anthropogenic pollution from Pb and Ni elements, as shown in all of the results. The reasons
could be natural for other elements including Ni,
though Ni can be anthropogenic as revealed in the
results. However, industrial and agricultural activities in surrounding villages, also the belt highway,
which is located on the southern part of the lake,
could be reasons for the pollution, especially Pb.
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6FKRRORI0DWHULDOV6FLHQFHDQG(QJLQHHULQJ$QKXL8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\+XDLQDQ&KLQD

,QVWLWXWRGH0HWDOXUJLD8QLYHUVLGDG$XWRQRPDGH6DQ/XLV3RWRVL6DQ/XLV3RWRVL0H[LFR

RI LURQ WDLOLQJV &KHQ HW DO >@ UHVHDUFKHG WKH UH
PRYDORIFRSSHUDQGWXUELGLW\IURPVLPXODWHGPLFUR
HWFKFRSSHUZDVWHE\GLIIHUHQWPDJQHWLFVHHGVFRDJ
XODQWVGRVDJHVDQGIORFFXODQWGRVDJHV4LXHWDO>@
VWXGLHG WKH SUHSDUDWLRQ DQG DSSOLFDWLRQ RI
3$0007::HPXOVLRQXQGHUGLIIHUHQWSDUWLFOH
VL]HV UHDJHQW GRVDJHV JHODWLQ FRQFHQWUDWLRQV 3+
YDOXHVDQGYLVFRVLWLHV-LDHWDO>@H[SORUHGWKHHI
IHFW RI 3+ IORFFXODQW GRVDJHV DQG LQLWLDO FRQWDPL
QDQWFRQFHQWUDWLRQVRQWKH UHPRYDORI&X ϩ DQG
WHWUDF\FOLQH IURP ZDWHU +RZHYHU WKHVH DFKLHYH
PHQWV DUH GLIILFXOWO\ FRPPHUFLDOL]HG LQ WKH SODQWV
EHFDXVHRIWKHORZFRQWUROODELOLW\DQGKLJKFRPSOH[
LW\,QSUHVHQWZRUNDQDWWHPSWZDVPDGHWRVWXG\
WKHVHWWOHPHQWRIGLIIHUHQWVL]HIUDFWLRQRILURQWDLO
LQJVLQWHUPVRIVHWWOHYHORFLW\DQGVHGLPHQWFRQFHQ
WUDWLRQ

ABSTRACT
4XLFN VHWWOHPHQW RI LURQ WDLOLQJV LV QHFHVVDU\
IRUWKHSUHYHQWLRQRIHQYLURQPHQWDOSROOXWLRQPHDQ
ZKLOHKLJKFRQFHQWUDWLRQLVUHTXLUHGIRUWKHXWLOL]D
WLRQRIWKHVHGLPHQW7KHHIIHFWRIWKHIORFFXODQWRQ
WKHVHWWOHPHQWRILURQWDLOLQJVZLWKZKROHVL]Hϊ
ȝPDQGȝPZHUHUHVSHFWLYHO\UHVHDUFKHGLQWKH
WHUPVRIVHWWOHYHORFLW\DQGVHGLPHQWFRQFHQWUDWLRQ
7KHFRPSDULVRQRQWKHVHWWOHHIILFLHQFLHVRIGLIIHUHQW
VL]HIUDFWLRQDWWKHGRVHRIDQGPOH[SODLQHG
WKDWWKHIORFFXODQWUHIOHFWVPRUHLQIOXHQFHRQEULGJH
WKDQYLVFRVLW\DQGPRUHLQIOXHQFHRQXOWUDILQHSDUWL
FOHV WKDQ FRDUVH SDUWLFOHV 'LIIHUHQW VHWWOHPHQW
VFKHPHVZHUHFDOFXODWHGDQGFRPSDUHGWKHUHVXOWV
LQGLFDWHGWKDWSUHFODVVLILFDWLRQRIWKHLURQWDLOLQJVLV
HIIHFWLYHIRUVDYLQJIORFFXODQWDQGHQKDQFLQJWKHVHW
WOHHIILFLHQF\

EXPERIMENT
.(<:25'6
,URQWDLOLQJIORFFXODQWGRVHVHWWOHYHORFLW\VHGLPHQWFRQ
FHQWUDWLRQ

6DPSOHSUHSDUDWLRQ7KHLURQWDLOLQJVXVHGLQ
WKLVVWXG\ZDVVDPSOHGIURPDQLURQRUHFRQFHQWUDW
LQJ PLOO RI &KLQD7KH VL]H GLVWULEXWLRQ RI WKH LURQ
WDLOLQJVPL[HGZLWKZDWHULQWKHRULJLQDOVDPSOHZDV
DQDO\]HGDVVKRZQLQ)LJE\WKH:HWVLHYLQJDSSD
UDWXV 6)6Ϩ/DQGVN\6FLHQFHDQGWHFKQRORJ\&R
/WG &KLQD  DQG WKH /DVHU SDUWLFOH VL]H DQDO\]HU
6$/'6KLPDG]XFRUS-DSDQ 
$QLQLWLDOREVHUYDWLRQRI)LJVKRZVWKDWWKH
SDUWLFOH VL]HV GLVWULEXWH DV D VLPLODU SDUDEROD ZLWK
KLJK\LHOGDWWKHPLGGOHVL]HV7KHVHFWLRQRIȝP
LV GHHPHG WR VHWWOH GLIILFXOWO\ DQG LWV \LHOG RI WKLV
VDPSOHLVQHDUWR1XPHURXVUHVHDUFKRQWKH
FODVVLILFDWLRQRIPLQHUDOVVKRZVWKDWWKHVOXUU\LVUH
DOL]DEOHWREHFODVVLILHGDWȝP>@WKHUHIRUH
FRPSDUDWLYH VHWWOHPHQWV RI WKH VOXUU\ ZLWK ZKROH
VL]HDQGSUHFODVVLILHGDWȝPZHUHH[SORUHG
7KH VOXUU\ ZDV VWLUUHG FRQWLQXRXVO\ DQG XQL
IRUPO\IRUDVDPSOHZLWKWKHYROXPHRIPODQG
WKHVDPSOHZDVGULHGWRZHLJKWKHVROLGV7KHUHVXOW
VKRZVWKHZHLJKWRIWKHVROLGLQPORIVOXUU\LV
DERXWJWKDWLVWKHFRQFHQWUDWLRQLV
JO7KLVconcentration is known as tKHratio of the
mass of solids to volume of slurry (q)>@.

INTRODUCTION
/DUJH DPRXQWV RI LURQ WDLOLQJV LV JHQHUDWHG
IURP LURQ RUH FRQFHQWUDWLQJ PLOOV LQ &KLQD > @
ZKLFK LV XVXDOO\ FRQFHQWUDWHG LQ WDLOLQJ SRQGV IRU
ORQJWLPH VHWWOHPHQW > @ 7KHVH SURFHVVHV PD\
FDXVHHQYLURQPHQWDOSROOXWLRQDQGKLGGHQWURXEOHV
WKHUHIRUHWKHSODQWKDWEDFNILOOWKHJRDIZLWKWKHLURQ
WDLOLQJVLVSURSRVHG>±@+RZHYHUWKHLURQWDLOLQJV
DUHGLIILFXOWWRVHWWOHUDSLGO\>@PDQ\LQYHVWLJD
WLRQVZHUHFDUULHGRXWLQWKHSDVWWRVHOHFWWKHDSSUR
SULDWHIORFFXODQWV3DQGDHWDO>@XVHGZKHDWVWDUFK
DV D IORFFXODQW IRU WKH VHOHFWLYH IORFFXODWLRQ RI XO
WUDILQHV\QWKHWLFPL[WXUHVRIKHPDWLWHDQGNDROLQLWH
+XDQJ HW DO >@ UHVHDUFKHG WKH GLVSRVDO RI %D\HU
UHG PXG EDVHG RQ VHOHFWLYH IORFFXODWLRQ GHVOLPLQJ
SURFHVVE\XVLQJKXPLFVDVWKHIORFFXODQW1DQHWDO
>@ VWXGLHG WKH VHOHFWLRQ RI IORFFXODWLQJ DJHQW LQ
WDLOLQJVEDFNILOOHQJLQHHULQJSURMHFW%XWWKHPHWKRG
WKDW SUHFODVVLILFDWLRQ DQG WKHQ UHVSHFWLYHO\ VHWWOH
ZDVVFDUFHO\H[SORUHG/RWVRIUHVHDUFKHVZHUHFDU
ULHGRXWWRVHDUFKSURPLQHQWIDFWRUVRIWKHVHWWOHPHQW
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3DUWLFOHVL]HGLVWULEXWLRQRIWKHLURQWDLOLQJV
RSWLPDOIORFFXODQWGRVHZHUHGHWHUPLQHG$FFRUGLQJ
WRWKHVHWWOHYHORFLW\DFRUUHVSRQGLQJSDUWLFOHGLDP
HWHU 'D FDQEHHYDOXDWHGE\WKHHTXDWLRQRI Stokes.

5HDJHQWDQGYHVVHO0HDVXULQJJODVVF\OLQGHUV
ZLWKYROXPHRIPODQGKHLJKWRIPPZHUH
FKRVHIRUWKHH[SHULPHQWVDQGDSDSHUUXOHURI
PP ZDV SDVWHG RQ WKH F\OLQGHU IRU FOHDU PHDVXUH
PHQWRIWKHVHWWOHPHQW
3RO\DFU\ODPLGH ZLWK WKH PROHFXODU ZHLJKW RI
RQHPLOOLRQZDVVHOHFWHGDVWKHIORFFXODWLQJUHDJHQW
IRUSUHVHQWVWXG\7KHLQGXVWULDOZDWHUIURPWKHLURQ
RUH FRQFHQWUDWLQJ PLOO LV VDPSOHG IRU WKH H[SHUL
PHQWVDQGDIORFFXODQWZDVSUHSDUHGE\DGGLQJJ
RI SRO\DFU\ODPLGH LQWR  PO RI LQGXVWULDO ZDWHU
>@7KHFRQFHQWUDWLRQRIWKHIORFFXODQWLVFRQVWDQW
RI

ܦ ൌ ට

௩ఓ

 

ହସǤହఞሺଵିఒሻ ሺఋିఘሻ

ZKHUHȝLVWKHG\QDPLFYLVFRVLW\RIWKHLQGXVWULDOZD
WHUDWΥn is the concentration interference index
(n=5-0.7Re), ȤLVWKHVKDSHLQGH[RILURQWDLOLQJVį
LVWKHSDUWLFOHGHQVLW\ȡLVWKHLQGXVWULDOZDWHUGHQ
VLW\DQG Ȝis the ratio of the volume of solids to volume of liquid, it can be obtained from >@:

(3)
ߣൌ
ఋ
7KHYDOXHVRI'DZLWKGLIIHUHQWIORFFXODQWGRVH
DQGGLIIHUHQWVL]HUDQJHZHUHDQDO\]HGIRUPHDVXULQJ
WKHSURSHUWLHVRIDJJORPHUDWLRQ

0HWKRG'XULQJDOOWKHH[SHULPHQWVDSUHVR
OXWLRQFRQVLVWRIDFHUWDLQZHLJKWRIWKHLURQWDLOLQJV
VROLGV DQG D FHUWDLQ YROXPH RI WKH LQGXVWULDO ZDWHU
ZDV VWLUUHG XQLIRUPO\ LQ D JODVV EHDNHU RI  PO
WKHQLWZDVDGGHGLQWRWKHPHDVXULQJJODVVF\OLQGHU
ZLWKPOLQGXVWULDOZDWHULQLWWRSUHSDUHWKHGH
VLUHG VROLG FRQFHQWUDWLRQ RI VOXUU\ &DOFXODWH IURP
WKHVOXUU\FRQFHQWUDWLRQDQGWKHVL]HGLVWULEXWLRQWKH
ZHLJKWRIZKROHVL]HȝPDQGϊȝPUHVSHF
WLYHO\ZHUHJJDQGJLQWKHVOXUU\
RIPO
'HWHUPLQDWLRQRIWKHIORFFXODQWGRVHZDVGRQH
RQWKHEDVLFRIVRPHSUHYLRXVZRUNDQGIUHHVHWWOH
PHQWVZHUHVHOHFWLYHO\GRQHWRREVHUYHWKHVHWWOHYH
ORFLW\DQGFODULW\7KHIORFFXODQWZLWKDFHUWDLQGRVH
ZDVDGGHGLQWRWKHVOXUU\DQGWKHQWKHF\OLQGHUZDV
ZDJJOHG GUDVWLFDOO\ IRU HQVXULQJ WKH PL[LQJ XQL
IRUPLW\7KHSRVLWLRQRIWKHREYLRXVLQWHUIDFHRIWKH
ZDWHU DQG VROLGV ZDV UHFRUGHG ZLWK WLPH YDULDWLRQ
DQGWKHVHWWOHYHORFLW\ Y FDQEHFDOFXODWHGDV

 ݒൌ  
௧
ZKHUH/LVWKHGLVWDQFHIURPWKHIUHHVXUIDFHWRWKH
LQWHUIDFHDQGWLVWKHOHDVWWLPHIRUWKHGLVWDQFH
7KH YHORFLWLHV ZLWK GLIIHUHQW IORFFXODQW GRVH
DQGGLIIHUHQWVL]HUDQJHZHUHFRPSDUHGIRUDQDO\]
LQJ WKH RSWLPDO VHWWOHPHQW VFKHPH PHDQZKLOH WKH

RESULTS AND DISCUSSION
6HWWOHPHQWRILURQWDLOLQJVRIZKROHVL]H7KH
IORFFXODQWGRVHZDVVHWDV
DQG  PO LQ SHU  PO RI VOXUU\ PHDQZKLOH WKH
IUHH VHWWOHPHQW ZDV FDUULHG RXW 7KH UHVXOWV ZHUH
VKRZQLQ)LJDQG)LJ
)LJVKRZVWKHHIIHFWRIIORFFXODQWGRVHRQWKH
VHWWOHYHORFLW\DQGWLPH,Q)LJLWLVREVHUYHGWKDW
ZLWKDQLQLWLDOLQFUHDVHRIIORFFXODQWGRVHWKHVHWWOH
YHORFLW\LQFUHDVHVXSWRPKDQGWKHVHWWOHWLPH
GHFUHDVHVGRZQWRV:LWKDIXUWKHULQFUHDVHRI
IORFFXODQWGRVHWKHVHWWOHYHORFLW\VWDUWVWRGHFUHDVH
DQGWKHVHWWOHWLPHVWDUWVWRLQFUHDVH7KHVHWWOHYH
ORFLW\RIWKHIUHHVHWWOHPHQWLVDERXWPKDQG
WKHVHWWOHWLPHLVDERXWV
)URP)LJZLWKRXWWKHHIIHFWRIIORFFXODQWWKH
FRQFHQWUDWLRQ DQG YROXPH RI WKH VHGLPHQW UHVSHF
WLYHO\DUHJODQGPO8QGHUWKHHIIHFWRI
IORFFXODQWZLWKWKHGRVHLQFUHDVHWKHVHGLPHQWFRQ
FHQWUDWLRQWUHQGVWRLQFUHDVHDQGWKHPD[LPXPYDOXH
LVJOPHDQZKLOHWKHVHGLPHQWYROXPHWUHQGVWR
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GHFUHDVHDQGWKHPLQLPXPYDOXHLVPO7KHPLQ
LPXPVHGLPHQWFRQFHQWUDWLRQLVJODQGWKHPD[
LPXPVHGLPHQWYROXPHLVPOZKHQWKHIORFFXODQW
GRVHLVPO
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),*85(
(IIHFWRIIORFFXODQWGRVHRQFRQFHQWUDWLRQDQG
YROXPHRIVHGLPHQW

6HWWOHPHQW RI LURQWDLOLQJV RI ϊ ȝP 7KH
IORFFXODQWGRVHRIDQGZDVWDNHQ
IRU WKH VHWWOHPHQW RI ϊ ȝP PHDQZKLOH WKH IUHH
VHWWOHPHQWZDVFDUULHGRXW7KHUHVXOWVDUHVKRZQLQ
)LJDQG)LJ
$QDO\VLVRIWKHIUHHVHWWOHPHQWUHVXOWVVKRZQLQ
)LJ DQG )LJ VKRZHG WKDW WKH VHWWOH YHORFLW\ LV
PKDERXWWLPHVODUJHUWKDQWKHYDOXHRI
WKH ZKROH VL]H DQG WKH VHGLPHQW FRQFHQWUDWLRQ LV
 JO WKDW  WLPHV WKH QXPEHU IRU WKH ZKROH
VL]H
)URP)LJZLWKWKHLQLWLDOLQFUHDVHRIWKHIORF
FXODQW GRVH IURP  WR  WKH VHWWOH YHORFLW\ GH
FUHDVHVDQGWKHVHWWOHWLPHLQFUHDVHGLVWLQFWO\:LWK
WKH IXUWKHU LQFUHDVH RI WKH GRVH WKH VHWWOH YHORFLW\
VOLJKWO\LQFUHDVHVDQGWKHVHWWOHWLPHGHFUHDVHV7KH
PD[LPXPVHWWOHYHORFLW\LVDERXWPKPHDQ
ZKLOH WKH PLQLPXP VHWWOH WLPH RI  V ZLWK WKH
GRVHRIPO7KHYDULDWLRQVDERXWWKHFRQFHQWUD
WLRQ DQG YROXPH RI WKH VHGLPHQW DUH FRPSOH[ DV
VKRZQLQ)LJDQGWKHH[WUHPDVHYHUDOO\DSSHDUDW
WKHGRVHRIPODQGPO:LWKWKHGRVHRI

,W FDQ EH REWDLQHG IURP WKH DQDO\VLV RI )LJ
DQG)LJWKDWZLWKWKHIORFFXODQWGRVHRIPOWKH
VHWWOH YHORFLW\ LV WKH PD[LPXP EXW WKH VHGLPHQW
FRQFHQWUDWLRQ LV WKH PLQLPXP 5HJDUGOHVV RI WKH
GRVHLQFUHDVHRUGHFUHDVHIURPPOWKHYDULDWLRQ
WUHQGRIVHWWOHYHORFLW\DQGVHGLPHQWFRQFHQWUDWLRQLV
WKHVDPH7KHUHIRUHWKHGRVHRIVPDOOHUYDOXHVWKDQ
DUHVHOHFWHGIRUWKHIXUWKHUUHVHDUFKRQWKHVL]H
IUDFWLRQRIϊȝPDQGȝPDQGDQRSWLPDOVHW
WOHVFKHPHLVH[SHFWHG7KHUHVXOWVDOVRLQGLFDWHWKDW
XQGHUWKHHIIHFWRIWKHIORFFXODQWWKHEULGJHEHWZHHQ
SDUWLFOHV DSSHDUV DQG WKH IORF ZDV IRUPHG ZLWK D
ODUJH GLDPHWHU ZKLFK OHDGV WR ODUJHU VHWWOH YHORFLW\
EXWDOVRORZVHGLPHQWFRQFHQWUDWLRQ:KHQWKHIORF
FXODQW GRVH LV ODUJHU WKDQ WKH FULWLFDO YDOXH RI 
PRUHSDUWLFOHVDUHEULGJHGWKDWWKHVHGLPHQWFRQFHQ
WUDWLRQKLJKHUEXWWKHYLVFRVLW\RIWKHVOXUU\EHFRPHV
KLJKHUWKDWWKHUHVLVWDQFHRIWKHIORF PRWLRQKLJKHU
ZKLFKUHVXOWVLQVHWWOHYHORFLW\GHFUHDVH  
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ZKROH VL]H LW LQGLFDWHV WKDW WKH IORFFXODQW UHIOHFWV
PRUHLQIOXHQFHRQXOWUDILQHSDUWLFOHVWKDQFRDUVHSDU
WLFOHV

Settle velocity/(m/h)

Settle velocity

6HWWOHPHQW RI LURQ WDLOLQJV RI ȝP )URP
WKHHOHPHQWDU\NQRZOHGJHRIWKHPLQHUDOVSURSHUWLHV
LWLVXQGLVSXWHGWKDWZLWKRXWIORFFXODQWWKHVHWWOHPHQW
RI ȝP LV VR GLIILFXOW 7KXV WKH IORFFXODQW GRVH
ZDVVHWDVDQGIRUWKHVHWWOHPHQW
RIȝP7KHUHVXOWVDUHVKRZQLQ)LJDQG)LJ
$QREVHUYDWLRQRI)LJVKRZVWKDWZLWKWKHLQ
FUHDVHRIWKHGRVHIURPPOWRPOWKHEULGJLQJ
DFWLRQRIWKHIORFFXODQWSOD\VDFUXFLDOUROHLQWKHLQ
FUHDVHRIWKHVHWWOHYHORFLW\WKDWIURPPKWR
 PK:LWK WKH IXUWKHU GRVH LQFUHDVH WKH YLV
FRVLW\LQFUHDVHVZKLFKOHDGVWRDVOLJKWGHFUHDVHRI
WKHVHWWOHYHORFLW\
)LJVKRZVWKHYDULDWLRQRIWKHVHGLPHQWFRQ
FHQWUDWLRQ DQG VHGLPHQW YROXPH LQIOXHQFHG E\ WKH
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FHQWUDWLRQ VOLJKWO\ LQFUHDVHV DQG WKH VHGLPHQW YRO
XPH LV DOPRVW FRQVWDQW LW PD\ EH GXH WR PRUH XO
WUDILQH SDUWLFOHV DUH EULGJHG DQG IORFFXODWHG 7KH
ZHLJKWRIWKHVHGLPHQWLVLQFUHDVHGE\WKHXOWUDILQH
SDUWLFOHVEXWWKH YROXPHLVLQIOXHQFHGVFDUFHO\6R
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&RPSDULVRQRQWKHVHWWOHHIILFLHQF\RIGLIIHU
HQWVL]HIUDFWLRQZLWKWKHVDPHIORFFXODQWGRVH'D
FRQVLGHUVWKHSURSHUWLHVRIWKHSDUWLFOHVDQGWKHIOXLG
LVXVHGIRUHVWLPDWLQJWKHVHWWOHHIILFLHQF\PRUHRYHU
WKH H[SHULPHQWUHVXOWVRIIORFFXODQWGRVH RIPO
DQGPODUHVHOHFWHGIRUFRPSDULVRQEHFDXVHWKH
GRVHERWKZHUHGHVLJQHGIRUWKHWKUHHJURXSVH[SHU
LPHQW7KHFDOFXODWLRQUHVXOWVDUHVKRZQLQ)LJ
$VVKRZQLQ)LJZLWKWKHPRUHPOIORF
FXODQWWKH'DRIPOLVODUJHUWKDQRQHVRIPO
LWPHDQVWKDWWKHIORFFXODQWUHIOHFWVPRUHLQIOXHQFH
RQ EULGJH WKDQ YLVFRVLW\ 0RUHRYHU WKH 'D RI HDFK
VL]HIUDFWLRQLVVPDOOHUWKDQWKHDFWXDOVL]HLWPD\EH
GXH WR WKH HIIHFW RI WKH YLVFRVLW\$FFRUGLQJ WR WKH
GHFOLQHRIWKHGLIIHUHQFHEHWZHHQWKDWWZRGRVHWKH
VL]HIUDFWLRQFDQEHVRUWHGDVPPϊPPDQG
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&RPSDULVRQRQGLIIHUHQWVHWWOHVFKHPHV7KH
DYHUDJH VHWWOH YHORFLWLHV RI WKH VFKHPHV DUH FDOFX
ODWHGDQGVKRZQLQ)LJDQGWKHDYHUDJHVHGLPHQW
FRQFHQWUDWLRQV DUH VKRZQ LQ )LJ7KH OHJHQG LQ
WKHWZRILJXUHVUHSUHVHQWVWKHGRVHRIȝPIUDF
WLRQDQGWKHXQLWLVPO
$QREVHUYDWLRQRI)LJVKRZVWKDWILYHFXUYHV
DUHDOPRVWVWUDLJKWDQGSDUDOOHOLWGHPRQVWUDWHVWKDW
WKHHIIHFWRQWKHDYHUDJHVHWWOHYHORFLW\IURPWKHGRVH
RI  ȝPLVODUJHUWKDQRQH RI ϊȝP$UUDQJH
WKHGRVHRIȝPLQDFFRUGDQFHZLWKWKHGHFUHDV
LQJVHTXHQFHRIWKHDYHUDJHVHWWOHYHORFLW\DV
DQGDQGPRUHUHPDUNDEOHWKDWWKHYHORF
LWLHVRIWKHGRVHRIDQGDUHFORVH
7KH FXUYHV LQ )LJ DUH DOVR SDUDOOHO EXW QRW
VWUDLJKWLWLQGLFDWHVWKDWERWKȝPDQGϊȝP
LQIOXHQFHWKHDYHUDJHVHGLPHQWFRQFHQWUDWLRQRIWKH
VFKHPHVEXWWKHODZVRQWKHYDULDWLRQRIWKHDYHUDJH
VHGLPHQW FRQFHQWUDWLRQ LQIOXHQFHG E\ WKH GRVH RI
ȝPRIHYHU\GRVHRIϊȝPDUHWKHVDPH7KH
GHFUHDVLQJ VHTXHQFH RI WKH DYHUDJH VHGLPHQW FRQ
FHQWUDWLRQFDQEHVRUWHGZLWKWKHGRVHRIȝPWKDW
DQG
%DVHGRQWKHDQDO\VLVWKHVHWZRVHTXHQFHVDUH
GLIIHUHQW%XWRQO\ZKHQWKHGRVHRIȝPLV
POERWKODUJHDYHUDJH VHWWOHYHORFLW\DQGVHGLPHQW
FRQFHQWUDWLRQ FDQ VLPXOWDQHRXVO\ EH REWDLQHG DQG
ZKHQWKHGRVHRIϊȝPLVPODWWKHVDPHWLPH
WKH DYHUDJH VHGLPHQW FRQFHQWUDWLRQ LV WKH ODUJHVW
7KXVWZRVFKHPHV WKH  ȝPGRVH LVPODQG
WKHϊȝPGRVHUHVSHFWLYHO\DUHDQGPODUH
SURSRVHG WR FRPSDUH ZLWK WKH VHWWOHPHQW RI WKH
ZKROHVL]HDVVKRZQLQ)LJ7KHVFKHPHWKDW
POIORFFXODQWLQȝPDQGQRIORFFXODQWLQϊ
ȝP LV FDOOHG ZKROH VL]H   DQG RQH WKDW  PO
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0.4

18,10

0.2
0.5
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IORFFXODQWLQȝPDQGPOIORFFXODQWLQϊ
ȝPLVFDOOHGZKROHVL]H  
,W FDQ EH REYLRXVO\ REVHUYHG WKDW ERWK WKH
VFKHPH   DQG VFKHPH   DUH VXSHULRU WR WKH
ZKROHVL]H&RPSDUHGZLWKWKHZKROHVL]H  WKH
VHWWOHYHORFLW\DQGVHGLPHQWFRQFHQWUDWLRQRIVFKHPH
 UHVSHFWLYHO\LQFUHDVHE\WLPHVDQG
0RUHRYHUFRPSDUHG ZLWKWKH ZKROHVL]H  WKH
VHWWOHYHORFLW\DQGVHGLPHQWFRQFHQWUDWLRQRIVFKHPH
 UHVSHFWLYHO\LQFUHDVHE\WLPHVDQG
7KHFRPSDULVRQRQWKHVFKHPH  DQGVFKHPH  
VKRZVWKDWWKHLUYHORFLWLHVDUHDOPRVWHTXDOEXWWKH
FRQFHQWUDWLRQRIWKHVFKHPH  LVODUJHUWKDQWKDW
RIWKHVFKHPH  ZLWKWKHH[WUDPOIORFFXODQW
LQϊȝP0RUHLPSRUWDQWO\SUHFODVVLILFDWLRQRI
WKHLURQWDLOLQJVLVHIIHFWLYHIRUVDYLQJIORFFXODQWDQG
HQKDQFLQJWKHVHWWOHHIILFLHQF\

CONCLUSION
5HVHDUFK RQ WKH VHWWOHPHQWV RI GLIIHUHQW VL]H
IUDFWLRQ ZLWK SUHFODVVLILFDWLRQ RI WKH LURQ WDLOLQJV
ZDV FDUULHG RXW %DVHG RQ WKHVH LQYHVWLJDWLRQV ZH
FRPHWRWKHIROORZLQJFRQFOXVLRQV
 7KHVWXG\RIWKHHIIHFWRIIORFFXODQWGRVHRQ
WKHVHWWOHPHQWRIWKHLURQWDLOLQJVZLWKZKROHVL]HLQ
GLFDWHVWKDWWKH ODUJHVWVHWWOHYHORFLW\DQGVHGLPHQW
FRQFHQWUDWLRQUHVSHFWLYHO\DUHPKDQGJO
  5HVSHFWLYH VHWWOHPHQWV RI GLIIHUHQW VL]H
IUDFWLRQZHUHUHVHDUFKHG+HUHWKHUHVXOWVRIVHWWOH
YHORFLW\VKRZWKDWWKHFULWLFDOGRVHVRIϊȝPDQG
ȝPDUHPODQGWKHODUJHVWVHWWOHYHORFLW\UH
VSHFWLYHO\DUHDQGPK7KHUHVXOWVRI
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VHGLPHQW FRQFHQWUDWLRQ LQGLFDWH WKDW WKH FULWLFDO
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and Cd), cyanides, and organics [1]. There are different treatments to the different contaminants in the
electroplating wastewater, for example, heavy metals, cyanides, and acid or alkali ions are treated
mainly by physicochemical process [2-7], and COD
and nitrogen pollutants are treated mainly by biochemical process [8-9]. However, many heavy metals in the electroplating wastewater has high biological toxicity, which would cause serious impact to biological treatment unit and make the follow-up biochemical processing frequently collapse. Thus, there
are few studies to treat electroplating wastewater by
biochemical process. Lai RiKun used micro-electrolysis as the pretreatment to treat electroplating
wastewater, and after the A/O process the COD removal of the wastewater reached 75.08% [10]. Lu
DaoFeng used the treatment combined hydrolytic
acidification with improved A/O process for electroplating wastewater, in which process the mixture of
electroplating wastewater and domestic sewage with
1:3 ratio was treated in the biological treatment unit
in order to reduce the impact of toxic and hazardous
substances in the electroplating wastewater to the biological treatment system, and the removal rates of
COD and NH4+-N reached 83% and 98%, respectively [11].
Along with the implementation of the new ChiQHVH QDWLRQDO ³3ODWLQJ HPLVVLRQ VWDQGDUGV´ *%
21900-2008), the emission limits of biochemical Index in electroplating wastewater, such as COD,
NH4+-N, and TN, had been significantly improved[12], and it should be the main urgent problem
how to achieve standard discharge of electroplating
wastewater in the presence of heavy metals. Recently, membrane bioreactor (MBR) has been widely
applied to various types of wastewater treatment in
order to meet higher emission requirements [13-17],
which has a lot of advantages such as small occupation of land, high volume load, low sludge production, and high quality effluent. However, denitrification is inhibited in most MBR, which would influence the denitrification efficiency of the system. In
this study, as to the specific water quality characteristics of electroplating wastewater, hydrolytic acidification was used as pretreatment means of MBR; the
anoxic zone was set in MBR to reflux nitrification in
aerobic zone [18-19]; the influence of different concentrations of heavy metals represented by Cu2+ and

ABSTRACT
In this study, the hydrolysis- membrane bioreactor process (the HMBR process) was employed to
treat electroplating wastewater, and the influence of
the heavy metal impact represented by Cu2+ and Ni2+
with different concentrations on treatment efficiency
of the HMBR process and the variation of DOM and
microbial activity in water were mainly studied. The
results showed: under the impact of Cu2+ and Ni2+
with concentrations of 5 to 20 mg/L, the removal efficiencies of COD and NH4+-N in the HMBR process
were above 75% and 45%, respectively; nitrifying
bacteria had poor impact resistance to heavy metals;
the HMBR process could endure 20 mg/L Cu2+ and
Ni2+, but the maximum tolerance of the MBR process
was only 10 mg/L; the hydrolysis reactor could transform most of HPI in the sewage into HPO-A, thus
improving the biodegradability of refractory organics, and the content of aromatic compounds decreased significantly; along with the increase of the
concentration of Cu2+ and Ni2+, the SOUR value in
the MBR was declining, but the decrease of the
SOUR value in the HMBR process was much less
than the one in the MBR process, and the inhibition
rate of SOUR in the HMBR process was nearly 5%
lower than the one in the MBR process; because the
hydrolysis could reduce the toxicity of heavy metal,
the HMBR process had better microbial activity, less
EPS content, and lower effluent concentration than
the MBR process; the HMBR process could prevent
the formation of colloid substances and DOM on the
membrane surface efficiently, and had less cake
layer and slower membrane fouling rate.

KEYWORDS:
Electroplating Wastewater, Hydrolysis, MBR, Heavy
Metal

INTRODUCTION
Electroplating industry is one of the worst polluting industries in the world, and electroplating
wastewater has complicated composition, multiplicate toxicities, high concentrated pollution, and feeble biochemistry character, in which the main contaminants are heavy metals (such as Cu, Ni, Cr, Zn,
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TABLE 1
Water quality characteristics
Name
Value

COD(mg/L)
250~440

NH4+-N(mg/L)
30~40

TP(mg/L)
3.5~6.0

PH
6.4~7.6

Temperature(ć)
10~18

FIGURE 1
Schematic diagram of the lab-scale hydrolysis acidification-MBR reactor
1.Water tank; 2. Intake pump; 3. Hydrolysis reactor; 4. Hollow fiber membrane module; 5. Perforated
pipes; 6. Three-needle gauge; 7. Gas flowmeter; 8. Vacuum gauge; 9. Vacuum pump; 10. Aeration pump;
11.MBR
Ni2+ on electroplating wastewater treatment efficiency of hydrolysis-MBR process was studied; and
changes of DOM and microbial activity in water
were studied too, in order to provide technical support for the application of this combined process in
electroplating wastewater treatment.

of the hydrolysis reactor were 150 mm, 670 mm, and
11.8 L, respectively; `the size of the MBR was
L×B×H=400×200×250 mm, of which effective volume was 20 L. HRT of the hydrolysis reactor and the
MBR were 5 h and 9 h, respectively.
The mode of continuous water inlet and outlet
was employed in the hydrolysis reactor, and the residence time was controlled by an intake pump. The
mode of continuous water inflow and intermittent
water outlet was employed in the MBR, and the effluent was controlled by a three-needle gauge, which
kept influent flow rate less than effluent flow rate. A
hollow fiber membrane was directly immersed in the
wastHZDWHURIWKHUHDFWRUZLWKDQDSHUWXUHRIȝP
and a membrane area of 0.2 m2, which was made of
polyvinylidene fluoride (PVDF). Trans-membrane
pressure (TMP) was detected by a pressure sensor,
and when TMP reached 0.2 MPa, the membrane
module should be removed and cleaned. The hypoxia zone with an effective volume of 4 L was
added in the improved MBR. Micro-porous aeration
tubes were set up in the aerobic zone of MBR, in
which an aeration pump was applied for continuous
aeration, and aeration rate was controlled to 14
mL/min by a rotor flowmeter. Nitrification reflux
was achieved by a peristaltic pump, and the reflux
ratio was 150%.
The reference reactor was a single MBR, which
was denoted by MBR process. The reactor influent
of MBR process was the same as the influent of
HMBR process, and other operating parameters remained. The experimental period was 6 days, and after an experimental period domestic sewage was
used for pure culture to restore the microbial activity
of the system. When COD removal rate reached 85%
for two consecutive days, the restoring period ended,
and the next experimental period began.

MATERIALS AND METHODS
Experimental Water. During the start-up of
the reactor, domestic sewage from the 2nd campus of
Harbin Institute of Technology was used for domestication and cultivation of microorganisms, whose
water quality characteristics were shown in Table 1.
&RQVLGHULQJ WR[LFLW\ RI KHDY\ PHWDOV DQG ³3ODWLQJ
HPLVVLRQVWDQGDUGV´HOHFWURSODWLQJ wastewater was
simulated by adding heavy metals (Cu2+ and Ni2+),
surfactant commonly used in electroplating (sodium
dodecyl sulfonate), brightener (saccharin sodium),
and stabilizer (polyethylene glycol) into the domestic sewage. The concentrations of sodium dodecyl
sulfonate, saccharin sodium, and polyethylene glycol
in water were 2.5 mg/L, 1 mg/L, and 3.5 mg/L, respectively. The heavy metal impact experiment was
divided into 3 periods, and in different period the
concentrations of Cu2+ and Ni2+ were 5 mg/L,
10mg/L, and 20 mg/L, respectively.
Experimental Device. The hydrolysis-MBR
reactor (denoted by HMBR process) was composed
of a hydrolysis reactor and an MBR, which was
shown in Fig.1. Effective volumes of the hydrolysis
reactor and the MBR were 11.8 L and 20 L, respectively. Both reactors were made by PMMA: the diameter, the effective height, and the effective volume
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FIGURE 2
The concentrations of COD in influent, HMBR and MBR during different stages
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FIGURE 3
The concentrations of NH4+-N in influent, HMBR and MBR during different stages
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FIGURE 4
The COD and NH4+-N removal efficiency of HMBR and MBR processes in different stages
Analysis Method. COD and NH4+-N were detected by using Chinese national standard method;
MLSS and MLVSS were measured with gravimetric
method; by using resin fractionation experiment,
DOM was divided into 5 components, that were HPI,
HPO-A, TPI-A, HPO-N, and TPI-N, which would be
determined by a organic carbon analyzer (TOCVCPN, Shimadzu, Japan); UV254 was measured with
ultraviolet spectrophotometer (T6, Beijing Purkinje
General Instrument Co., Ltd.) under the wavelength

Seed Sludge. Seed sludges of the MBR and the
hydrolysis reactor were from the Aerobic Stage in A/
O Process and the sludge digestion workshop of a
wastewater treatment plant in Harbin, respectively.
At the start-up, the reactor run intermittently and
COD was monitored, and then after the stable running of the system continuous water inflow was employed. At last, sludge concentrations in the hydrolysis reactor and MBR was kept around 8000 mg/L
and 4500 mg/L, respectively.
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the MBR process decreased to below 70%.
In Fig.3, the influent NH4+-N was fluctuating
between 29.6 mg/L and 42 mg/L, and average values
of influent NH4+-N in three experimental periods
were 35.7 mg/L, 35.9 mg/L, and 36.5 mg/L, respectively. Under the same condition, in the MBR process average values of effluent NH4+-N were 15.9
mg/L, 19.6 mg/L, and 23.3 mg/L, and average NH4+N removal efficiencies were 55.3%, 46.2%, and
35.8%; in the HMBR process average values of effluent NH4+-N were 6.7 mg/L, 9.6 mg/L, and 11.5
mg/L, and average NH4+-N removal efficiencies
were 58.1%, 52.4%, and 52.3%. According to the
comparison between those results, along with the
prolonged operation and the increased heavy metal
impact, the NH4+-N removal ability of both processes declined, which indicated that the longer the
contact time between nitrifying bacteria and heavy
metal ions was, the greater the inhibitory effect was,
DQGQLWULI\LQJEDFWHULDGLGQ¶WKDYHHQRXJKDELOLW\WR
resist heavy metal impact. In the second experimental period (the concentration of Cu2+ and Ni2+
was 10 mg/L), the effluent quality deteriorated rapidly: the NH4+-N removal efficiency of the HMBR
and the MBR process was 50% and 40%, respectively. In the third experimental period (the concentration of Cu2+ and Ni2+ was 20 mg/L), when the concentration of heavy metals approached 20 mg/L, the
NH4+-N removal efficiency of the MBR process was
less than 20%, in which the system was going to
break down, but the HMBR process was still with the
NH4+-1 UHPRYDO HIILFLHQF\ RI  ,W¶V LQGLFDWHG
that the buffer action of the hydrolysis reactor in the
HMBR process could weaken the influence of heavy
metal on the microbe in the aerobic zone, which kept
better NH4+-N removal efficiency.

of 254 nm; EPS, polysaccharide, and protein of aerobic sludge were detected by means of ammonia extraction, sulfuric anthrone reaction, and Lowry
method, respectively; the microbial metabolism activity were determined by measuring the specific oxygen uptake rate (SOUR) (Oxi-3205SET1, TWT,
Germany); membrane module was observed by using scanning electron microscope (SEM) (Quanta
200, FEI, USA)

RESULTS AND DISCUSSION
The impact of heavy metal could depress the
microbial activity, and the ability of different microbe to tolerate heavy metal was different, which
could be affected by the heavy metal impact in different ways. The influence of Cu2+ and Ni2+ on the
HMBR process was investigated through pollutant
removal rate, microbial activity, organic matter conversion, and membrane fouling. The main experimental results are as follows.
Effect of the impact load of heavy metals on
treatment efficiency of COD and NH 4+-N. Under
different impact load of Cu2+ and Ni2+, the removal
efficiency of COD and NH4+-N in both HMBR and
MBR process was shown in Fig.2, Fig.3 and Fig.4.
In Fig.2, the influent COD was fluctuating between
260 mg/L and 426 mg/L, and average values of influent COD in three experimental periods were 301.0
mg/L, 323.0 mg/L, and 313.0 mg/L, respectively.
Under the same condition, in the MBR process average values of effluent COD were 37.7 mg/L, 65.5
mg/L, and 97.2 mg/L, and average COD removal efficiencies were 87.7%, 79.2%, and 68.9%; in the
HMBR process average values of effluent COD were
31.2 mg/L, 35.6 mg/L, and 73.3 mg/L, and average
COD removal efficiencies were 89.6%, 88.4%, and
76.3%. According to the comparison between those
results, in the first experimental period (the concentration of Cu2+ and Ni2+ was 5 mg/L) the difference
of COD removal efficiency between two processes
was little, because lower concentration of heavy metals had little effect on the microorganism, which
would be quickly adsorbed by the microorganism. In
the second experimental period (the concentration of
Cu2+ and Ni2+ was 10 mg/L), the COD removal efficiency of the MBR process decreased rapidly, but the
decrease amplitude of the COD removal efficiency
of the HMBR process was relatively small. In the
third experimental period (the concentration of Cu2+
and Ni2+ was 20 mg/L), the decrease amplitude of the
COD removal efficiency of the MBR process further
increased, and the difference of COD removal efficiency between two processes was enlarged. With
the increase of the concentration of Cu2+ and Ni2+,
the COD removal efficiency in the HMBR process
was above 75%, but the COD removal efficiency in

Effect of the impact load of heavy metals on
dissolved organic matter in the system. Dissolved
organic matter (DOM) comprises the following main
components: humic substances, fulvic acids, hydrophilic organic acids, and some trace substance, such
as carbohydrate and amino acids.
Recently, a lot of researchers holds that DOM
could flocculate or adsorb heavy metals by bonding
electrons, so DOM would play an important role in
the biological treatment process of heavy metal
wastewater. The change of DOM concentration in
the effluent of both HMBR and MBR process at the
beginning and end of the experiment was shown in
)LJ,W¶VVKRZQLQ)LJ D WKDW72&UHPRYDOHIIL
ciencies in the hydrolysis reactor and the MBR were
27.9% and 82.3%, respectively, which were coincident with COD removal efficiencies. The main components of TOC in the influent were HPI (29.0%),
HPO-A (28.1%), and HPO-N (31.2%), which added
up to 88.1%. Before the heavy metal impact (the concentration of Cu2+ and Ni2+ was 0 mg/L), the concentration of HPI in the hydrolysis reactor effluent
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(b) (QG㸦Cu2+ and Ni2+were 20mg/L㸧
(a) %HJLQQLQJ㸦Cu2+and Ni2+ were 0mg/L㸧
FIGURE 5
DOM in the effluent of HMBR and MBR processes
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FIGURE 6
UV254 in the effluent of HMBR and MBR processes
substance in the HMBR effluent, but there was
mainly hydrophilic substance in the MBR effluent.
Considering that surfactant, fixative and brightener
were all hydrophilic substances, the HMBR process
should be more suitable for the treatment of
wastewater containing more hydrophilic substances.
The change of UV254 in the effluent of both
HMBR and MBR process at the beginning and end
RIWKHH[SHULPHQWZDVVKRZQLQ)LJ,W¶VVKRZQLQ
Fig.6(a) that the main component of UV254 in the influent was HPO-N (53.4%), which indicated that aromatic organics in the influent were mainly from
HPO-N. 36.1% of UV254 in the influent was removed
in the hydrolysis reactor, which indicated that a part
of aromatic substances could be removed by the hydrolysis; but UV254 in the MBR effluent was 6.6%
higher than in the hydrolysis effluent, which indicated that aromatic substances could accumulate in
the MBR, and the degradation of UV254 in the
HMBR process was mainly in the hydrolysis reactor.
The main component of UV254 in the hydrolysis effluent was HPI (24.5%), and the hydrolysis process
had the best treatment effect on HPO-N, the removal
efficiency of which was 93.61%. The effluent situation after the heavy metal impact (the concentration
of Cu2+ and Ni2+ was 20 mg/L) was shown in Fig.6
E ,W¶VGLVFRYHUHGWKDWWKHDURPDWLFFRQWHQWLQ the

further increased, but concentrations of HPO-A and
HPO-N significantly reduced, both of which deFUHDVHG E\  ,W¶V GHPRQVWUDWHG WKDW +32-A
Ș   DQG +32-1 Ș   were preferentially degraded in the hydrolysis, because HPO-A
and HPO-N were hydrophobic and high molecular
weight, which could be easily used by hydrolytic
bacteria and were changed into hydrophilic small
molecule organic acids (such as acetic acid) by the
hydrolysis. The main component of DOM in the
MBR effluent was HPI (84.6%). After the heavy
metal impact (the concentration of Cu2+ and Ni2+ was
20 mg/L), the main component of DOM in the hydrolysis reactor was HPO-A (42.1%), and the HPI
content significantly decreased, which removal effiFLHQF\ZDV,W¶VLQGLFDWHGWKDWPRVWRI+3,LQ
the water was converted into HPO-A after the heavy
metal impact. Before the impact, the main components of MBR effluent were HPI, HPO-A, and TPIA, and the concentrations of HPO-N and TPI-N were
extremely low, which indicated that the biodegradation could effectively remove HPO-N and TPI-N.
The effluent TOC of the HMBR process was lower
the one of the MBR process, which was similar to
the COD removal; and the main component of the
MBR effluent was HPI (33.4%), but the main components of the HMBR effluent were HPO-A (32.4%)
and HPO-N (32.4%). There was mainly hydrophobic
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11.9%, and 27.18%, UHVSHFWLYHO\,W¶VLQGLFDWHGWKDW
the SOUR value of activated sludge in the MBR was
declining along with the increase of heavy metal concentration. As the impact load of heavy metals increased, the decreased value of SOUR in the HMBR
process was far less than that in the MBR process,
and all the inhibitory rates of the HMBR process in
the three experimental periods were almost 5% less
than that of the MBR process; and the SOUR value
of the HMBR process in the third experimental period (the concentration of Cu2+ and Ni2+ was 20
mg/L) was close to the SOUR value of the MBR process in the second experimental period (the concentration of Cu2+ and Ni2+ was 10 mg/L), which indicated that the HMBR process had a greater capability
for resistaQFH WR LPSDFW ORDGV ,W¶V SULQFLSDOO\ EH
cause the microbe in the hydrolysis reactor could adsorb some heavy metal ions, or be stimulated by
heavy metals and secrete a lot of EPS to chelate
heavy metals, which would decrease the concentration of heavy metal, relieve toxic effects of heavy
metals, and protect the microbe in the subsequent
aerobic unit as much as possible.

hydrolysis effluent after the impact significantly decreased, which could be due to the increase of microbial activity by the stimulation of heavy metals. The
main components of UV254 in the MBR effluent were
TPI-A, HPO-N, and TPI-N, whose content obvious
increased comparing with the hydrolysis reactor because of the transformation of HPI and TPI-A. It
should be recognized that the TPI-A content in the
MBR effluent was higher than the one in the influent,
which indicated that TPI-A had poor biodegradability and easily accumulated in the biological treatPHQWXQLW,W¶VZDVVKRZQLQ)LJ E WKDWDIWHUWKH
heavy metal impact the content of aromatic substances in the MBR effluent was almost twice as
much as that in the HMBR effluent, and the content
of aromatic substances in the HMBR effluent was
slightly lower than in the hydrolysis effluent, which
indicated that the aerobic treatment unit had poor degradability of aromatic substances.

SOUR˄mg O2/(g VSS·h)˅

Effect of the impact load of heavy metals on
the activity of aerobic sludge in the system. The
specific oxygen uptake rate (SOUR) was an important index to evaluate the microbial metabolism
activity of sludge, and change of system influent
characteristics and sludge characters would be
judged by observing the change of SOUR at different
time. The change of SOUR under the heavy metal
impact with different concentrations in both HMBR
and MBR process was shown in Fig.7.
,W¶V VKRZQ LQ )LJ WKDW GXULQJ WKUHH H[SHUL
mental periods, SOUR values in the MBR process
were 18.62 mgO2/(gVSS·h), 16.02 mgO2/(gVSS·h),
and 12.58 mgO2/(gVSS·h) with the inhibitory rate of
5.1%, 15.4%, and 35.22%, respectively; but SOUR
values in the HMBR process were 19.10
mgO2/(gVSS·h), 17.28 mgO2/(gVSS·h), and 14.01
mgO2/(gVSS·h) with the inhibitory rate of 4.4%,
24
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Effect of the impact load of heavy metals on
the EPS of aerobic sludge in the system. The extracellular polymer substances (EPS) was formed by
bacterial secretion, main components of which were
SURWHLQDQGSRO\VDFFKDULGH,QPDQ\VWXGLHVLW¶VVXJ
gested that heavy metal could stimulate the aerobic
microorganisms to secrete more EPS in order to reduce the toxicity of heavy metal [20,21], and EPS
was the key factor influencing the membrane fouling
in the MBR process. Polysaccharide was one of the
main components of sludge EPS, which would affect
the membrane fouling in the MBR process greatly.
Variation of the polysaccharide in the effluent before
and after the heavy metal impact was shown in Fig.8.

After MBR

Before HMBR

Cu2+ (10 mg/L)
Ni2+ (10 mg/L)

After HMBR

Cu2+ (20 mg/L)
Ni2+ (20 mg/L)

FIGURE 7
(IIHFWRIKHDY\PHWDOVRQDFWLYDWHGVOXGJH6285

8074

Volume 26 ± No. 12A/2017 pages 8069-8077

© by PSP

30

   

25



20



Polysaccharide˄mg/L˅

Polysaccharide˄mg/L˅

35

 

15
10
5
0
DOM

HPI

HPO-A

TPI-A

HPO-N

Fresenius Environmental Bulletin

20
18
16
14
12
10
8
6
4
2
0

TPI-N



 




DOM

HPI

HPO-A

TPI-A

HPO-N

TPI-N

δDε%HJLQQLQJ˄Cu and Ni were 0mg/L˅
δEε(QG˄Cu2+ and Ni2+were 20mg/L˅
FIGURE 8
Polysaccharide in the effluent of HMBR and MBR processes
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FIGURE 9
Soluble protein in the effluent of HMBR and MBR processes
,W¶VVKRZQin Fig.8 that polysaccharide mainly
distributed in HPO-A (22.2%), HPO-N (31.5%), and
TPI-N (24.1%). The concentration of polysaccharide
in the hydrolysis effluent achieved 30.72 mg/L,
which was nearly 6 times as much as that in the influent (the concentration of polysaccharide in the influent was 6.21 mg/L), since organic particles suspended in water were dissolved by the hydrolysis,
which caused the significant increase to the concentration of polysaccharide. After the heavy metal impact, the concentration of polysaccharide in the hydrolysis reactor was only 18.21 mg/L, because the
toxicity of heavy metal made the microbial activity
in the hydrolysis reactor decrease substantially,
thereby reducing the hydrolysis efficiency, and thus
the dissolution rate of polysaccharide slowed down.
Before the heavy metal impact, MBR had the high
removal effect on dissolved polysaccharide, and the
removal efficiency achieved 66.7%, but the concentration of polysaccharide in the MBR was 1.83 times
that in the influent. Because particles was transformed into a number of polysaccharides by the hydrolysis, which made the concentration of polysaccharide increase in the hydrolysis effluent. In the
MBR process, the content of polysaccharide from
high to low ranked as follows: TPI-A (45.5%) >
HPO-A and HPI > HPO-N and TPI-N, which indicated that MBR had better removal effect on neutral
organic compound. After the heavy metal impact
(the concentration of Cu2+ and Ni2+ was 20 mg/L)
comparing with the concentration of polysaccharide

in the MBR effluent, that in the HMBR effluent was
lower, because the heavy metal impact made the
sludge EPS in the MBR secrete more substances, and
in the HMBR process under the protection of the hydrolysis reactor the microorganism had higher activity and better removal capacity, which could remove
most of polysaccharides. In the MBR effluent HPOA and TPI-A were the main ingredients, but in the
HMBR effluent HPO-N and TPI-N were the main
ingredients, which indicated that the HMBR process
had a fine removal effect on both hydrophilic and
over-hydrophilic organics.
Protein was one of the main components of
EPS, too. The microbial activity in the sludge could
to some extent be determined by measuring the concentration of protein dissolved in water. Variation of
the protein in the effluent before and after the heavy
metal impact was shown in Fig.9.
,W¶VVKRZQLQ)LJWKDWGLVVROYHGSURWHLQLQWKH
influent distributed uniformly; HPO-A was the most
abundant (37.5%), TPI-N was the least (8.5%), and
other three components had similar contents (about
18%). After the influent went through the hydrolysis
reactor, the concentration of dissolved protein decreased 16.6 mg/L, because HPO-A, HPO-N, and
TPI-N were substantially dissolved, which indicated
that the hydrophobic protein was removed before the
hydrophilic protein in the hydrolysis reactor. After
the heavy metal impact (the concentration of Cu 2+
and Ni2+ was 20 mg/L), the concentration of protein
in the hydrolysis effluent significantly increased to
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secrete a lot of EPS to chelate heavy metals, which
reduced the heavy metal content and the bio-toxicity
of heavy metal, protected microbes in the following
aerobic unit, and demonstrated that the HMBR process displayed better resistance to impact load.
After the heavy metal impact, the hydrolysis reactor reduced the bio-toxicity of heavy metal because microorganisms secreted amounts of protein to
combine with heavy metal ions, which caused that
the protein concentration of the hydrolysis effluent
increased significantly, and the dissolution rate of
polysaccharide was slowed down by the decrease of
microbial activity. Because the hydrolysis could reduce the toxicity of heavy metal, the HMBR process
had better microbial activity, less EPS content, and
lower effluent concentration than the MBR process.
Comparing with the MBR process, the HMBR
process could prevent the formation of colloid substances and DOM on the membrane surface efficiently by buffer action of the hydrolysis reactor,
which could slow the formation of sludge cake layer
down. The HMBR process had less cake layer and
slower membrane fouling rate than the MBR process,
which could effectively extend the lifecycles of the
membrane module.

72.62 mg/L, which was 1.4 times that before the impact, because microorganisms secreted amounts of
protein to combine with heavy metal ions, which reduced the bio-toxicity of heavy metal. After the
heavy metal impact, HPI and HPO-A were the main
components in the hydrolysis reactor, and other three
components were with very low concentrations,
which indicated that after the impact neutral substances were removed first. Before the impact, HPI
had an extremely low concentration in the MBR,
most of which was degraded, but the concentration
of HPO was even higher than that in the hydrolysis
effluent. After the impact, the treatment efficiency of
the HMBR process was far higher than that of the
0%5SURFHVVEHFDXVHWKHK\GURO\VLVGLGQ¶WRQO\LQ
crease small molecule protein in water and the concentration of organic substrates, but also reduced the
toxicity of heavy metals, which kept microbial activity much higher in the HMBR process. Furthermore,
the protein in the HMBR process was mostly found
in HPO-N and TPI-N, but in the MBR process was
mostly found in HPI, which indicated that hydrophilic organic acids were preferentially degraded in
the HMBR process.

CONCLUSIONS
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VXFKDVVWHHOEDOODQGVDQGRQWKHDHURHQJLQHEODGHU
LVVWXGLHG2QHOHYHOURWRUEODGHLVFRQVLGHUHGDVD
UHVHDUFKREMHFWRQWKHEDVLVRIWKH.LQHPDWLFKDUG
HQLQJSODVWLFFRQVWLWXWLYHPRGHOXVLQJWKH$16<6
/6'<1$VRIWZDUH WRVLPXODWHWKHVKRFN IURP
HDFK RQH RI WHQ EDOOV DQG VDQGV RI GLIIHUHQW VL]HV
DQGVSHHGUHVSHFWLYHO\7KHLPSDFWRIWKHUHODWLYH
NLQHWLFHQHUJ\VL]HRIVWHHOEDOODQGVDQGVKRFNRQ
WKHVL]HDQGVKDSHRIVKRFNJDSDUHDQDO\]HGFDUH
IXOO\$ GHWDLOHG FRPSDULVRQ RQ WKH LPSDFW RI WKH
JDSLVPDGHWRRUEDOODQGLWVURXJKVL]HWKDWPD\
EH LQLWLDOO\ GHWHUPLQHG E\ FKDUDFWHULVWLF RI VKRFN
JDS7KHJDSFDQEHXVHGWRGHWHUPLQHZKHWKHUWKH
H[WHUQDOPDWHULDOLVVWHHORUJUDYHODQGWKHDSSUR[L
PDWHVL]HUDQJH

KEYWORDS:
6WHHO EDOO VDQG VKRFN WKH DHURHQJLQH EODGHU GDPDJH
.LQHPDWLFKDUGHQLQJSODVWLFFRQVWLWXWLYHPRGHO

INTRODUCTION
,WLVRIWHQVXEMHFWHGWRKLJKVSHHGDLULQWRWKH
HQJLQHZLWKRXWVLGHREMHFWV VXFKDVJUDYHOPHWDO
EORFNVHWF GDPDJHZKHQDHURHQJLQHEODGHVZRUN
WKLVIRUHLJQREMHFWLPSDFWGDPDJH )RUHLJQREMHFW
GDPDJH UHIHUUHGWRDV)2'ZKLFKLVHDV\WRSUR
GXFHHQYLURQPHQWDOSROOXWLRQZDVWHFDXVLQJSROOX
WLRQ WR WKH HQYLURQPHQW DQG WKH DLUFUDIW UHOHDVHV
PDQ\KLJKFRQFHQWUDWLRQVRISROOXWDQWVVXFKDVQL
WURJHQ R[LGHV OHVV WKDQ  PLFURQV LQ GLDPHWHU
ILQH SDUWLFOHV HWF FRQVWLWXWH D KDUP WR KXPDQ
KHDOWK7KHH[KDXVWJDVIURPWKHDLUFUDIWLVFRROHG
DQG VROLGLILHG WR IRUP ILQH SDUWLFOHV WKDW FDQ EH
VXFNHG LQWR WKH OXQJV RI WKH KXPDQ ERG\ DQG FDQ
HYHQ HQWHU WKH EORRG FLUFXODWLRQ IRUP R[LGDWLYH
VWUHVV LQ WKH EORRG YHVVHOV LQGXFH LQIODPPDWLRQ
FDXVHDWKHURVFOHURVLVRUREVWUXFWLRQRIDUWHU\7KHUH
DUH KHDUW DQG OXQJ GLVHDVH DVWKPD WKH FURZG LW
ZLOO OHDG WR RWKHU SK\VLFDO GHWHULRUDWLRQ RI WKHLU
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E 0  RU E 1 ZKLFKH[SUHVVHVKDUGHQLQJDQGLVR

WURSLFKDUGHQLQJUHVSHFWLYHO\
,QJHQHUDOWKHKDUGREMHFWVWKDWKLWWKHEODGHV
DUHWKHJUDYHORQWKHSDYHPHQWRIWKHDLUSRUWRUWKH
EDOO WKDW IDOOV RQ WKH UXQZD\ 7KH LPSDFW SURFHVV
WDNHV SODFH GXULQJ WKH WDNHRII DQG ODQGLQJ RI WKH
DLUSODQH7KHUHIRUHWKHVWDWHRIWKHVWXG\LVGHWHU
PLQHGDVWKHVWDWHRIWKHHQJLQH ZKHQWKHDLUFUDIW
WRRNRIIDQGODQGLQJQDPHO\WKHPD[LPXPDFFHO
HUDWLRQVWDWHRIWKHHQJLQHZKHQWKHEODGHURWDWLRQ
DQJOH RI UDG  V DQG WKH VWDWH FRUUHVSRQGV WR
WKHODUJHVWDLUIORZWKHHQJLQHVSHHGPD[LPXPWKH
UHODWLYHVSHHGRIIRUHLJQREMHFWVDQGOHDYHVWKHODUJ
HVW WKH VDPH VL]H PDWHULDO7KH JUHDWHVW GDPDJH
7KHUHIRUHWKHPD[LPXPDIWHUEXUQHUVWDWHRIWKHHQ
JLQHLVVHOHFWHGDVWKHUHVHDUFKVWDWHDQGWKHSUR
FHVVRILPSLQJLQJWKHEDOODQGVDQGVWRQHLQWRWKHDLU
LQOHWLVVLPXODWHG7KHGDPDJHFDXVHGE\WKHVDPH
SRVLWLRQDQGYHORFLW\RIWKHGLIIHUHQWUDGLXVDQGYH
ORFLW\LVFRPSDUHG7KHPRGHOLVVKRZQLQ)LJ
WKHOHQJWKRIWKHEODGHLVPPWKHOHDIGLV
WDQFHLVPPIURPWKHFHQWUDOD[LVDQGWKHDQ
JXODUYHORFLW\RIWKHEODGHLVUDGV7KHLP
SDFWSRLQWLVPPIURPWKHURRWRIWKHEODGH
PP IURPWKHFHQWHUSRLQWWKHUHODWLYHYH
ORFLW\ v z  RIWKHWDQJHQWLDOGLUHFWLRQLVPXOWLSOLHG
E\ WKH GLVWDQFH EHWZHHQ WKH LPSDFW SRLQW DQG WKH
FHQWUDO D[LV E\  P  V DQG WKH YHORFLW\ RI WKH
EODGHDORQJWKH[D[LVZLWKWKHSODQHLVPV
7KHEDOODQGVDQGDUHDORQJ[$[LVIRUZDUGVSHHG
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IRUHLJQREMHFWVGXHWRURWDWLRQFDXVHGE\WKHFHQ
WULIXJDOVWUHVVRQWKHLPSDFWRIWKHGDPDJHSURFHVV
PD\ KDYH DQ LPSDFW 7KHUHIRUH WKH LPSOLFLWH[
SOLFLW VHTXHQFH LV XVHG WR REWDLQ WKH LQLWLDO VWUHVV
SUHORDG RIWKHPRGHOXVLQJWKHLPSOLFLWVROYHUDQG
WKHQWKHLQLWLDOVWUHVVLVDGGHGWRWKHVWUXFWXUHEHIRUH
WKHH[SOLFLWG\QDPLFDQDO\VLV7KHLQLWLDOVWUHVVDI
IHFWV WKH G\QDPLF UHVSRQVH RI WKH DQDO\]HG VWUXF
WXUHZLOOEHLQFOXGHGLQWKHH[SOLFLWDQDO\VLV
,QWKHVLPXODWLRQSURFHVVDV\PPHWULFDOSHQ
DOW\IXQFWLRQFRQWDFWDOJRULWKPLVXVHGEHWZHHQWKH
EODGHDQGWKHVWHHOEDOORUEHWZHHQWKHVDQGDQGWKH
VDQGWRGHILQHWKHSRLQWWRVXUIDFHFRQWDFWDQGWKH
FRQWDFW VWLIIQHVV IDFWRU LV VHW WR  8VLQJ
62/,' XQLW RQ WKH OHDYHV WKH WLWDQLXP DOOR\
OHDYHV DQG VWHHO EDOO PRGHO JULG /HDI JULG HGJH
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&KLQDLVDERXWNJP>@WKHVL[WKGDWDWDQJHQW
PRGXOLDUHGHULYHGIURPWKHOLWHUDWXUH>@DQGWKH
VHYHQWK GDWD KDUGHQLQJ SDUDPHWHUV DQG WKH VWUDLQ
UDWHSDUDPHWHUVRIWLWDQLXPDOOR\V&DQG3DUHGH
ULYHGIURPWKHOLWHUDWXUH>@
,Q 7DEOH   VHSDUDWHO\ WKH GLIIHUHQW UDGLXV
DQGYHORFLW\RIWKHEDOODQGKLWWKHVDQGOHDYHVWKH
JDSFUHDWHGE\WKHGHSWKDQGZLGWKRIWKHWDEOHIRU
WKHY[DQGY]IRUWKHD[LDOYHORFLW\WDQJHQWLDOYHORF
LW\ WKH UHODWLYH YHORFLW\ LV YUUHVSHFWLYHO\ IRU
VWHHOEDOODQGVDQGLPSDFWLQJEODGHVSRVLWLYHVLGH
JDSPRUSKRORJ\DQGPRUSKRORJ\
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VDQGDFFRUGLQJWRWKHUDGLXVRIPPLQRUGHUWR
LQFUHDVHWKHWHQNLQGVRIVWHHOEDOOVDQGVDQGDVWKH
REMHFW WKH FDOFXODWLRQ RI WKH UHVSHFWLYH GLIIHUHQW
UHODWLYHD[LDOVSHHG
7DEOHLVFDOFXODWHGSDUDPHWHUVDQGPDWHULDO
SDUDPHWHUV 'DWD OLVWHG LQ WKH WDEOH E (10 9 ) 

V 0 (109 )  H f  DQG Q DUH IURP WKH OLWHUDWXUH >@
&RQVLGHULQJWKDWWKHPDVVGHQVLW\RIDOOR\VWHHOVLQ

7$%/(
&DOFXODWHVSDUDPHWHUVDQGPDWHULDOSDUDPHWHUV
3DUDPHWHU

E (10 9 )

V 0 (109 )

ɏ

Q

Hf

Et (109 )

Ⱦ

&

3

7LDOOR\
6WHHOEDOO
6DQG






















H














7$%/(
'DPDJHWRWKHEODGHVRIVWHHOEDOOVZLWKGLIIHUHQWUDGLLDQGYHORFLWLHV

1XPEHU

5DGLXV
P























$[LDO
UHODWLYH
VSHHGY[
PV











7DQJHQWLDO
VSHHGY]
PV

5HODWLYH
VSHHGYU
PV

'HSWK
'
PP

:LGWK
: PP

7KLFNQHVVK
PP

7KHVSHHGRI
WKHEDOODIWHU
LPSDFWYJ PV



































































7$%/(
'DPDJHWRWKHOHDYHVRIVDQGDWGLIIHUHQWUDGLLDQGVSHHGV

1XPEHU

5DGLXV
P























$[LDOUHO
DWLYH
VSHHGY[
PV











7DQJHQWLDO
VSHHGY]
PV

5HODWLYH
VSHHGYU
PV

'HSWK
'
PP

:LGWK
:
PP

7KLFNQHVVK
PP


























































7KHVSHHG
RIWKHEDOO
DIWHULPSDFW
YJ PV











Volume 26 ± No. 12A/2017 pages 8078-8083

© by PSP

Fresenius Environmental Bulletin

),*85(
1RVWHHOEDOOLPSDFWVLGHHIIHFWPDS

),*85(
1RVWHHOEDOOLPSDFWVLGHHIIHFWPDS

),*85(
1RVDQGLPSDFWVLGHHIIHFWPDS

),*85(
1R,PSDFWRIJUDYHOLPSLQJHPHQW

),*85(
5HODWLYHHQHUJ\DQGLPSDFWGHSWKRIEDOODQG
VDQGDQGJUDYHO'(FXUYH

),*85(
5HODWLYHHQHUJ\DQGLPSDFWZLGWKRIVWHHOEDOODQG
JUDYHO:(FXUYH

7$%/(
5DWLRRIGHSWKDQGZLGWKRIEDOODQGVDQGLPSDFWFUDWHUV
1XPEHU
6WHHOEDOO
':
*UDYHO
':































































© by PSP

Volume 26 ± No. 12A/2017 pages 8078-8083

Fresenius Environmental Bulletin

7$%/(
5DWLRRIEDOODQGVDQGFUDWHUZLGWKDQGRXWHUUDGLXV
1XPEHU
6WHHOEDOO ':
*UDYHO ':









































),*85(
7KHUHODWLYHHQHUJ\GLIIHUHQFHEHWZHHQEDOODQGVDQGDQGJUDYHODQGWKHGHSWKRILPSDFW'ǻ(FXUYH
RXWVLGHWKHPDWHULDO7KLVVKRZVWKHLPSDFWRIIRU
HLJQPDWHULDORQWKHVKDSHRIWKHSLW
,WFDQEHVHHQIURP7DEOHWKDWWKHZLGWK
RIWKHVWULNLQJEODGHJDSRIWKHEDOODQGWKHJUDYHO
LVJUHDWHUWKDQWKHUDGLXVRIWKHIRUHLJQREMHFWLWVHOI
DQGWKHLUUDWLR DQGUDGLXVDUHUHODWHGWRWKHUHOD
WLYHHQHUJ\)RUWKHEDOOZKHQWKHUDGLXVLVOHVVWKDQ
RUHTXDOWRPP RUHQHUJ\OHVVWKDQ- JUHDWHU
WKDQRUHTXDOWRUDGLXVJUHDWHUWKDQPP RUHQ
HUJ\JUHDWHUWKDQ- WKHUDWLRLVOHVVWKDQ)RU
JUDYHO ZKHQ WKH UDGLXV LV OHVV WKDQ PP HQHUJ\
OHVVWKDQ- OHVVWKDQGDPDJH

5(68/76$1'',6&866,21
7DEOHDQGVKRZWKHVL]HRIWKHIRUHLJQPDW
WHU WKH VSHHG RI LPSDFW GDPDJH KDYH DQ LPSDFW
7KHUHIRUHXVLQJWKHFRQFHSWRIUHODWLYHNLQHWLFHQ
HUJ\ > @ WKH EODGH LV XVHG DV WKH UHIHUHQFH
IUDPH WKH YHORFLW\ RI WKH LPSDFWRUUHODWLYH WR WKH
EODGH9UWKHNLQHWLFHQHUJ\RIWKHLPSDFWRUUHODWLYH


WRWKHEODGH 
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7KHGDWDIURP7DEOHVDQGDQG    DQG
)LJXUHVDQGVKRZWKHIROORZLQJ
 )RUPXODV     VKRZ WKH UHODWLYH NLQHWLF
HQHUJ\ RI GLIIHUHQW PDWHULDOV WKH LPSDFW RI WKH
GHSWKRIWKHLPSDFWRIWKHJDSDQGWKHZLGWKRIWKH
OHDYHVDQGZHFDQVHHWKDWZKHWKHULWLVVWHHORUVDQG
WKHGDPDJHGHJUHHRIWKHOHDYHVLQFUHDVHVH[SRQHQ
WLDOO\ZLWKWKHLQFUHDVHRIUHODWLYHNLQHWLFHQHUJ\
 )URP 7DEOH  ZKHQ WKH UDGLXV LV LQ WKH
UDQJHRIPP˘ U İPPWKHUHODWLRQVKLS'
˚:LVDOZD\VSUHVHQWIRUDOOWKHVWHHOEDOOVEXWWKH
UHODWLRQVKLS ' ˘: LV DOZD\V SUHVHQW IRU DOO WKH
VDQGVZLWKWKHVKDUSVKDSHRIWKHFUDWHU)RUWKHUD
GLXVRIOHVVWKDQPPRIVWHHOEDOOVDQGVDQGDF
FRUGLQJWRWKHGHSWKRIWKHWZRFUDWHUVDQGWKHZLGWK
RIWKHUDWLRFDQEHURXJKO\GHWHUPLQHWKHPDWHULDO

CONCLUSIONS
,Q WKLV SDSHU WKH HIIHFWV RI EDOO DQG VDQG DW
GLIIHUHQWVSHHGVDQGUDGLLRQWKHGDPDJHRIOHDYHV
ZHUH VWXGLHG E\ VLPXODWLQJ WKH LPSDFW RI IRUHLJQ
REMHFWVRQWKHGDPDJHRIWKHOHDYHV7KHUHODWLRQ
VKLSEHWZHHQWKHNLQHWLFHQHUJ\DQGWKHGHSWKDQG
ZLGWK RI WKH RSSRVHG EHDGV ZDV FRPSDUHG DQG
FRPSDUHG7KH\KLWWKHFKDUDFWHULVWLFVRIWKHJDS
7KHVLPXODWLRQUHVXOWVSURYLGHDUHIHUHQFHIRU
WKHVWXG\RIWKHGDPDJHODZRIWKHWLWDQLXPDOOR\
EODGHLPSDFWHGE\IRUHLJQREMHFWV,WLVVXLWDEOHIRU
WKH ILHOG PDLQWHQDQFH RI WKH HQJLQH PDLQWHQDQFH
DQGWKHH[WHUQDOILHOGWRUHGXFHWKHGDPDJHDQGUH
GXFHWKHGDPDJHRIWKHEODGH
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[10] 7UDQWHU 3+ *RXOG 3- DQG +DUULVRQ *)
  /DERUDWRU\ 6LPXODWLRQ DQG )LQLWH (OH
PHQW0RGXODWLRQRI$HURIRLO,PSDFW'DPDJH
3URFHHGLQJV RI WKH WK 1DWLRQDO 7XUELQH )D
WLJXH+LJK&\FOH)DWLJXH&RQIHUHQFH0RQWH
UH\&$86$
[11] 'Xy3/LX-'LQL'*ROVKDQ0DQG.RU
VXQVN\$0   (YDOXDWLRQ DQG DQDO\VLV
RIIRUDWHGGXHIRUIRUHLJQREMHFWGDPDJH0HFK
0DWHU
[12] /LX;<  7&WLWDQLXPDOOR\G\QDPLF
FRQVWLWXWLYH UHODWLRQVKLS 1DQMLQJ 8QLYHUVLW\
RI$HURQDXWLFVDQG$VWURQDXWLFV1DQMLQJ
[13] &KHQ0  7&WLWDQLXPDOOR\PHFKDQL
FDOSURSHUWLHVWHVWDQGG\QDPLFPDWHULDOPRGHO
1DQMLQJ 8QLYHUVLW\ RI$HURQDXWLFV DQG$VWUR
QDXWLFV1DQMLQJ
[14] +DOOTXLVW-2  /6'<1$WKHRU\PDQ
XDO/LYHUPRUH/LYHUPRUH6RIWZDUH7HFKQRO
RJ\&RUSRUDWLRQ
[15] =KDQJ=3=KDQJ-&KDL4/L&:DQG
:X ;/   9HORFLW\ (VWLPDWLRQ IRU WKH
,PSDFWRI)RUHLJQ2EMHFWDJDLQVWWKH$HURHQ
JLQH %ODGH -RXUQDO RI$LU )RUFH (QJLQHHULQJ
8QLYHUVLW\ 1DWXUDO6FLHQFH(GLWLRQ 
[16] 7KRPSVRQ655XVFKDX--DQG1LFKRODV7
  ,QIOXHQFH RI UHVLGXDO VWUHVVHV RQ KLJK
F\FOHIDWLJXHVWUHQJWKRI7L±$O±9VXEMHFWHG
WRIRUHLJQREMHFWGDPDJH,QWHUQDWLRQDO-RXUQDO
RI)DWLJXH
[17] <LQ'04LDQ/)/L %0DQG;X<'
 $QDO\VLVIRU(IIHFWVRI)RUHLJQ2EMHFW
6KDSHRQ7KH5HVLGXDO6WUHVV)LHOGRI(QJLQH
%ODGH -RXUQDO RI 0HFKDQLFDO 6WUHQJWK 
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RESEARCH ON THE REVERSE LOGISTICS MANAGEMENT
OF MEDICAL WASTE BASED ON THE RFID TECHNOLOGY
Hao Liu, Zhong Yao*
School of Economics and Management, Beihang University, No. 37 Xueyuan Road, Haidian District, Beijing, 100191, P. R. China

tion of RFID technology on the medical waste recycling and processing is analyzed based on the theory
of reverse logistics. This technology provides an alternative way to effectively solve the problems existing in current situation.

ABSTRACT
To deal with the traditional problems of medical waste in recycling, this paper, using the theory of
reverse logistics and RFID technology, designs a
medical waste management system model considering hospital receiving, logistics transportation, and
disposal plant receiving. Meanwhile, the economic
and social value of the model is evaluated from the
perspectives of hospital, disposal plant, regulators,
and the public; and the deficiencies of the current
study are also analyzed. The designed system model
provides a novel way to solve the current medical
waste management problems, and is able to improve
the management performance, to reduce the environmental pollution, then realize the effective and safe
medical waste management.

MATERIALS
At present, a number of scholars are studying the reverse logistics management of waste. Kinobe et.al. analyzed the supply chain network of
waste reverse logistics in the KITeezi dump in South
African in detail combining the collection, processing and distribution. In view of the low proportion of recycling and utilizing waste, they put forward the favorable development strategy for reverse
logistics [2]. Kilic et.al. analyzed the collection rates
of the reverse logistics system of electronic waste in
Turkey via a mixed integer linear programming
model in ten different scenes [3]. He et.al. proposed
the solution for the current problems of reverse logistics by analyzing the collection network and flow
of medical waste recycled by the third party disposal
company in China[4]. Rolewicz-Kalińska took Poland as an example to analyze the effects on the medical waste which some infects play on like legal requirements, organizational factors and economic aspects, etc.. Finally, they concluded that the effective
logistics is the key for the quality and safety of medical waste [5]. Based on artificial neural networks
and fuzzy logic, Efendigil et.al. applied the twophase model to helping that decision makers choose
the “most appropriate” third-party reverse logistics
provider [6].Abdulrahman et.al. put forward the reverse logistics realization model and the method to
recognize the reverse logistics obstacle with respect
to management, financial, policy and infrastructure
in the Chinese manufacturing industries [7]. Based
on Analytical Hierarchy Process (AHP) and Technique for Order Preference by Similarity to Ideal Solution (TOPSIS), Senthil et.al. proposed the method
of selection and evaluation of reverse logistics under
fuzzy environment [8]. Xia et.al. analyzed the remanufacturing logistics process based on closedloop supply chain management and proposed the
corresponding solution for the related questions [9].
Based on the case study of a medical product manu-

KEYWORDS:
RFID, Medical waste, Reverse logistics, Safety management

INTRODUCTION
Medical waste is a kind of waste produced by
medical organizations in medical treatment, prevention, health care, and other related activities. These
waste is usually directly or indirectly infectious,
toxic and hazardous [1]. Because of its toxicity,
harm, and infection, the medical waste has more influence on society and environment compared with
other waste [1].
For the medical waste which may cause the
spread of disease and environmental pollution, its recycling procedures and requirements are strict. The
traditional recycling mode of medical waste exists
some problems like unclear classification, difficulties in data collection, poor supervision, insufficient
consciousness of reusing the waste, profiteering purpose of medical waste, etc., which makes serious impact on the development of national medical and
health system and threats the natural environment
and people's health.
To solve the traditional medical waste recycling problems, this study proposes a management
model using the reverse logistics based on RFID
technology. Meanwhile, the novelty of the applica-
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facturer, Lee and Lam investigated how manufacturers identify the problem of reverse logistics and then
they designed the business process to enhance the efficiency of operations and market competencies
which can add their customers’ value [10].

distributors or consumers to recycle locations or
proper treatment plants and then plan, implement
and control them[21]. The logistics term of Chinese
national standard divided reverse logistics into two
major categories, namely, returned logistics and
waste material logistics. For reverse logistics, the
processed objects mainly include the unqualified
goods and packaging container for turnover use; for
waste material logistics, it focuses on the items that
have lost their original use value in economic activity [22].

The information technology, especially the
RFID technology and sensor technology, whose
development has brought great revolution for the
logistics supply chain management. By building
model and simulation, Nativi and Lee have confirmed that the RFID technology brings higher environmental and economic benefits in the real-time inventory monitoring and information sharing [11]. In
order to minimize the total reverse logistics cost and
improve the utilization rate of collection points,
based on the RFID technology, Lee and Chan used a
genetic algorithm to design the framework of reverse
logistics and optimize the collection points of waste
[12]. Asif used the RFID technology to reduce uncertainties in Reverse logistic supply chain (RLSC)
[13].Jayaraman et.al. have found that in the study of
reverse logistics supply-chain channels, the key a
company faces is to deal with the identification problem. By the RFID technology, we can reduce the
overall distribution costs for the organization [14].
Through the fuzzy cognitive maps and genetic algorithms, as well as the hybrid qualitative and quantitative approach, Trappey et.al. modeled and evaluated the performance of RFID-enabled reverse logistic operations [15]. Sarac et.al. analyzed the benefits the RFID technology brings in the supply chain
management by modeling, simulation, experiment,
case study, etc. [16]. Based on the RFID technology,
Poon et.al. developed the logistics resource management system (R-LRMS) and improved the management level of collection and sharing of data [17].
Alumur et.al. used a mixed-integer linear programming formulation to design a profit maximization
modeling framework for reverse logistics network[18]. Ustundag and Tanyas built the simulation
model to calculate the expected benefits that an integrated supply chain system brings based on the RFID
technology through performance improvement in efficiency, accuracy, visibility, and security level [19].

The RFID technology. The radio frequency
identification (RFID) technology is a kind of noncontact technology with automatic identification whose basic principle is to use the radio frequency signal and its spatial coupling and transmission characteristics to implement the automatic machine identification for the stationary or moving
items, it does the identification work without manual
intervention, so it can work in all kinds of bad environment [23]. The RFID system is mainly composed
of RFID electronic tag, RFID read-write device and
antenna these three parts.
The RFID electronic tag has the technology
characteristics like fast reading and writing, better
data safety, easy to use, all kinds of packaging forms,
etc.. It can not only adapt to various working environment and conditions, especially in the bad environment with oil, dust, radioactive and others, but
can also embed or attach to different types of products easily in different situation. The RFID electronic label has extensive application prospect in the
field of recycling and handling medical waste because of its technology characteristics.
In the current academic circles, the researches
on the two aspects, namely, the waste reverse logistics management and the application of RFID technology in the reverse logistics management, have
laid the foundation of theory and practice for the innovation research of RFID technology in the medical
waste reverse logistics.

METHODS

The reverse logistics. In 1992, the Stock
pointed out in the report that the reverse Logistics is
usually used in the waste recycling management and
hazardous substances in CLM (the Council of Logistics Management). From a general perspective, the
reverse logistics includes the reduction of waste
source, recycling, material substitution, material reuse and all aspects of waste disposal related to logistics activity [20]. In European, RevLog from reverse
logistics research group (The European Group On
Reverse Log is tics) thinks that Reverse logistics is a
process that collect the raw materials, semi-finished
products and finished goods from manufacturers,

Based on the RFID technology, this article constructs the system model from the hospital recycling,
logistics transportation and disposal plant receiving
these three aspects combining with the basic reverse
logistics theory. Then the business modules of system model are analyzed and evaluated in detail from
technical and economic perspectives to verify the validity of the model. By reforming the traditional
business process of medical waste and combining
the RFID technology to optimize it, we can effectively solve the problems existing in the recycling
process of traditional medical waste.
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FIGURE 1
The overall system model

concentration, classification, weighing and loading.
Logistics is mainly to solve the regulation of medical
waste in the process of transportation. Through the
application of RFID technology, it can implement
the whole process of medical waste from loading and
transport to the unloading at disposal plant as well as
the monitoring and management which can ensure
the transportation safety of the medical waste. The
treatment is mainly for the goods shipped from the
hospital medical waste storage according to the classification categories to the classification process in
the disposal plant.

RESULTS
The system model is mainly composed of hospital recycling, logistics transportation and disposal
plant receiving these three main links. Medical waste
management system based on RFID technology can
achieve the whole process of supervision from the
hospital to plant, then effectively guarantee that the
recycling and disposal of medical waste shall be carried out in accordance with the corresponding standard. At the same time, it can not only reduce the
spread of disease, environmental pollution and other
bad cases caused by poor regulation, but also enhance the oversight level of the industry. Without
doubt, it will bring new changes in the technology
and management mode.

The hospital receiving. In hospital, the waste
management center will collect the medical waste
from various departments on a regular basis, and
then which shall be classified and packaged in accordance with the classification standards. After
pasting the RFID electronic tag and weighing, the
RFID read-write device installed in the waste disposal area in hospital will automatically write the information into the RFID electronic tag on the package like the waste category, source, weight, etc.. At

(1) The overall design for the system model.
As shown in Figure 1, the RFID technology is applied to the recycling system, it is mainly divided
into hospital recycling, logistics transportation and
disposal plant receiving these three parts. Hospital
recovery is mainly to solve the waste problems like
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the same time, the data will be synchronously updated to the hospital waste management center. After
the check, the medical waste is loaded and transported.

writing data these three parts. Every day in the hospital each department produces different medical
waste and the cleaners will collect them to the waste
area, then complete the classification, packing and
weighing. The waste treatment plant regularly arrange vehicles to recycle waste after the business
processes such as writing the data of RFID electronic
tag and so on.

Logistics transportation. After loading, the
medical waste from different hospitals will be transported to waste treatment plants in accordance with
the scheduled program. Every transport vehicle is
equipped with RFID electronic tag which records the
specific information like category of the vehicle, the
unit, the lines, license, plate number, the driver, contact information, date, etc.. The detailed data is synchronized with waste management center and plant
to ensure its consistency. During the transporting,
through the global satellite positioning system
(GPS), the trajectories of vehicle can be real-timely
tracked to ensure the vehicle driving according to the
predetermined route.

The centralized classification. Hospital staffs
will regularly collect medical waste from each department into the concentration area, then classify
and package them according to the property like infectious, pathological injury, drugs and chemical.
After the classification and packaging, the medical
waste needs to be marked and pasted to the RFID
electronic tag. In addition, to ensure the transportation safety, the outer packing is designed into onetime destruction and unrecoverable.

The disposal plant receiving. When the truck
arrived at the disposal plant, the RFID reader laid in
the factory will automatically read the electronic tag
information of vehicle, and then match data to the
waste management system. Next, the truck is allowed into the factory to unload once it is confirmed.
Due to the disposal schedule, the disposal plant does
not ensure that the waste is processed immediately,
so it needs to be stored temporarily in accordance
with the category.
The RFID reader laid in the temporary storage
area will automatically read the information of RFID
electronic tag on the waste packaging and check the
data with the waste management system. After the
check, waste is allowed into the corresponding storage area and the data is automatically updated.

Weighing. The waste will be weighed by the
weighing system after a series of process like classification, packaging and pasting RFID electronic label, etc.. When the packaged waste goes through the
pressure sensor, the measured data will be sent to the
weight house system and the weight of the waste is
calculated, through the corresponding control procedures, the RFID read-write device decorated in the
area of weight house would automatically write the
weight data to the RFID electronic tag on the outer
packing. Thus, the weighing process is completed.
Writing data. After weighing, the related information of the waste needs to be recorded before
loading. With the RFID read-write device, the information will be written in the RFID electronic tag of
outer packing like city, region, hospitals, departments, types of waste, etc.. Then the data is uploaded
to the waste management center in hospital and the
synchronous update is completed automatically.

(2) The hospital recycling model. As shown
in Figure 2, the main recovery model in hospital is
divided into centralized classification, weighing and
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FIGURE 2
The hospital recycling model
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the waste packaging and interact the data with the
waste management center of hospital in the form of
wireless communication to ensure that the information of waste inside the car is consistent with the
outbound data of waste management center in hospital like the waste types, quantity, weight, etc.. The
Global Positioning System (GPS) can real-timely
track and replay the vehicle trajectory. Once there is
an emergency, the GPS can communicate with the
hospital and treatment plants to ensure the transportation safety of the waste.

(3) The model of logistics and transportation. As shown in Figure 3, the essence of logistics
and transportation is that manage the medical waste
from the hospital to plant. The transport link is segmented into three main parts including loading,
transport and unloading. Through the Global Positioning System (GPS) and RFID technology, the
medical waste data can be collected and controlled
easily.
Loading. According to the agreement of hospital and waste disposal plants, the plant arranges vehicles to recycle hospital waste regularly. After completing weighing and writing data, the waste waits
for loading. Before loading, according to the number
and type of waste, the waste management center assign vehicles for waste, and write the vehicle information into the RFID electronic tag on waste packaging. When loading, check the information again, if
there are no mistakes the loading is allowed. The
RFID read-write device decorated in the loading area
will automatically write the loading time to the RFID
electronic tag on the outer packing of waste, and the
data will be synchronously updated with the waste
management center.

Unloading. When the transportation vehicle arrives at plant area, the specially-assigned persons are
responsible for unloading. The RFID read-write device will automatically read the information of electronic tag on vehicle and check it with the database
of waste management center in hospital and the
plant. After the check, the waste is allowed to enter
the unloading process. In the unloadingprocess, the
waste packaging is inspected to confirm that no unpacking happens and the theft or replacement is prevented during the transportation.
(4) The receiving model in disposal plant. As
shown in Figure 4, as a result of the business process
in the disposal plant, it does not ensure that all waste
is processed immediately, for which can’t be immediately processed, it is temporarily stored according
to the category. The receiving model of treatment
mainly includes receiving, weighing, classified storage these three parts.

Transport. Every transport vehicle is equipped
with RFID electronic tag, which records the information like the vehicle category, license plate number, the receiving head, the driver, contact information, docking of the hospital, the route, etc.. The
information will be written by the RFID read-write
device of loading area and at the same time, the database will be synchronously updated with that between the hospital and treatment plant.
The RFID read-write device and the Global Positioning System (GPS) are equipped inside the
truck. The RFID read-write device will automatically read the information of RFID electronic tag on

Receive goods. After unloading, the plant personnel place the waste in the corresponding area according to the categories. The RFID read-write device decorated in the unloading zone will automatically read the electronic taginformation on waste
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The receiving model in disposal plant

namely, the hospital, the logistics transportation and
thedisposal plant. Among them, the hospital mainly
includes these links like the collection, classification,
packing, weighing, etc.. The disposal plant mainly
includes receiving, weighing, storage, classification
of processing, etc., and it can realize the reverse circulation from hospitals toplant through the logistics
transportation. The article evaluates the system
model from the four angles of hospital, disposal
plant, regulators and the public.

packing and check with the database of waste management center in hospital and the plant. After the
check, the process of unloading and receiving is
done.
Weighing. The disposal plant arranges the processing schedule according to their own processing
capacity and the time into the factory. The forklift
carries the waste to the conveyor belt of weighing
system in turn to determine the weight through
weighing. At the same time, the weight result will be
compared with the data center of plant and the
weight of RFID electronic tag on the outer packing.
Within the permitted error, the weighing is completed after the conformation.



The hospital. The application of RFID technology can realize the automatic and intelligent management of these four links including the collection
of medical waste, classification, packaging and
weighing to real-timely read, write and query the related information of medical waste like source, type,
quantity, quality, etc.. The intelligent weighing system can realize the automatic and intelligent management of weighing and data entry to avoid the
problems caused by artificial operation like low efficiency, inaccurate data, poor regulatory, etc.. The accurate and effective medical waste information reduces the economic loss caused by the wrong data.
If the information supervision is strong, problems
can be timely found out and then the related responsibility can be traced. 

The classification of storage. After the procedures of weighing and testing, the forklift handles
waste to the corresponding storage area according to
its type. The RFID read-write device decorated in the
waste storage area will automatically read the information of RFID electronic tag on the packaging of
waste and check it with the data of plant center. After
the confirmation, it is admitted into the storage area,
and automatically the data is updated. According to
the treatment schedule, the plant handles medical
waste from the storage area in accordance with the
corresponding processing method.



The disposal plant. The RFID read-write device decorated in the plant will automatically read
the information of RFID electronic tag on the packaging of waste and complete the business process of
medical waste quickly such as receiving, storing and
so on. The intelligent weighing system can weigh the

DISCUSSION
As shown in Figure 5, the system model with
the support of RFID technology constructs the recycling process of medical waste from three aspects,
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The evaluation model of reverse logistics
classification, transportation, storage, processing,
etc., which ensures the transport safety of the medical waste from hospitals to plants, avoid the theft of
medical waste and eliminate the circulation of reprocessed medical waste in the market. At the same
time, the construction of the system helps the medical waste to be dealt with in accordance with the corresponding processing standards and reduce the
harm to people's health caused by the improper handling such as environmental pollution, the spread of
disease and so on.

medical waste and check data to ensure the data consistency. The RFID technology can effectively solve
the problems caused by the manual operation like receiving, weighing, storage, inventory, sorting, etc..
Each link is processed automatically and intelligently in strict accordance with the corresponding
process to reduce the cost for enterprise. Meanwhile,
to a great extent, the accurate and effective data improves the work efficiency and economic benefits of
the enterprise.



The regulators. The management system of
medical waste based on RFID technology effectively
connects the hospital, logistics transportation and
waste disposal plants. Through the system, the government regulators can real-timely monitor the key
links of medical waste like collection, classification,
transportation, storage, processing, etc., which
changes the past poor situation caused by the poor
sharing of information and the shortage of monitoring data, and effectively avoid the environmental
pollution, the spread of disease and so on. Once
something wrong is found out, the source of problem
will be traced in a timely manner and the person with
the corresponding responsibility will take charge to
solve the problem from the source. 

CONCLUSION
The management model of reverse logistics for
medical waste using the RFID technology connects
hospitals and waste disposal plants through the logistics transportation, which changes the recycling
and process mode of hospital and plant and realizes
the automatic and intelligent management of medical
waste from production to handling. Through RFID
technology, the data of medical waste can be collected and monitored real-timely to ensure it processed in strict accordance with the relevant standards and procedures, which reduces the environmental pollution and the spread of disease caused by
wrong process and other problems. The application
of RFID technology will bring great change for recycling medical waste on the technology and management, which has the vital significance to improve



The public. The public are the indirect beneficiaries of the medical waste management system.
The application of RFID technology can monitor the
information of medical waste like the collection,
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the recycling management efficiency of medical
waste and enhance the management level of industry.
The disadvantages of this article mainly embody in the following three aspects: 1) The research
is limited to designing the system model and lack
corresponding simulation experiments to verify and
analyze the system model. 2) The data support is
poor to analyze the system model quantitatively. 3)
The system model is limited to the design stage and
the application effect can’t be evaluated from the
practical perspective.
The current deficiencies of this article are the
focus of future research. In the future research process, these three problems should be solved to realize
the better research and management of reverse logistics for the medical wastes.
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seriously affected from these developments [3].
Environmental risk can be defined as the probability of changes that will take place in the ecosystem to influence life. The understanding of what the
environmental risks, on the social scale, are among
the top factors that determine our way of life. Knowing the importance for people and the ecosystem,
general environmental quality description must be
taken as the basics of life. Since the beginning of
1960s there is an awareness for the dependent long
term effect of development and ecosystem protection. We see an increasing demand for the presence
of environmental factors in the decision mechanisms
of organizations in both developed and developing
countries [4]. Parallel to these progresses many organizations are working on developing their own environmental risk evaluation methodologies [5].
Environmental risk and the perception of environmental risk are perceived differently in different
societies [6].
Although there is no common scientific or social understanding about the perception of risk, all
ideas about risk have a common element: the difference between the real and the probable. If the difference between reality and probability is approved,
WKHQWKHFRQFHSWRI³ULVN´LVWKHSUREDELOLW\RIRFFXU
rence of a phenomenon, that is mostly undesirable
(negative impacts), as a result of the natural events
or human activities. The perceptions of risk differ
significantly among social and cultural groups [7].
The perception of risk in the general sense is the
analysis of individuDOV¶GHFLVLRQVDQGUHDFWLRQVWKDW
are the result of their evaluation of modern technologies and all types of activities with their own interpretation upon the questions directed to them [8].
It has been proven that incidences and personal
experiences are important factors in the perception
of risk [9-11]. It is reported that personal character
has an effect on the perception of risk and women
have a higher capability of risk perception then men
do [12, 13]. The media has an important role in risk
perception of humans. While the media manipulates
the general risk perception, personal judgements resist against the change coming from sources. Personal experiences have an important role in the perception of risk, as well [14].
In Turkey, earlier studies about the perception
of risk have been conducted on students [15-18]. The

ABSTRACT
Knowledge towards the understanding of environmental conscious and risks in Turkey is limited.
In this study the answers from 635 people from different cities are evaluated who are asked to fill forms
containing questions about environmental and social
topics between years 2006-2012. With these results
modern life concept and environmental risk perception of Turkish people are evaluated. First of all what
Turkish people consider as risk and their ranks in
their daily life is questioned. According to the findings in twenty-first century social factors have the
priority for Turkish people. Environmental priorities
are guided by the press. Turkish people would like to
see professionals in the management of environmental topics. According to the results only %22 of the
respondents were trained on civil defense topics. Nuclear energy is not accepted by the majority of the
population. Results indicate the need for a systemic
and extended education program towards the development of an environmental consciousness.
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INTRODUCTION
Environmental consciousness is a measure of a
SHUVRQ¶VDELOLW\WRXQGHUVWDQGWKHQDWXUHRIHQYLURQ
mental processes and problems [1]. In recent years,
comprehension of the importance of environmental
consciousness in the world, as well as the understanding about the environment, have increased in a
very short time as a result of tremendous developments in technologies in every field. As a result, the
number and the effectiveness of the non-governmental organizations in the environmental arena have
grown gradually [2]. As a result of rapid industrialization, the loss of a significant amount of soil and
natural resources, destruction of ecosystems, the production of various amounts of toxic chemicals, and
global warming have become important social problems. Not only natural resources, but also the social
responses of the people living in the urban areas have
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results showed that; terrorism 33,8%, unemployment
15,8%, poverty and inflation 13% alcohol-drug-cigarette usage %10,2, were among the top concerns.
Environmental risks; destruction of natural environment 8,8%, nuclear risk 5,2 % and risks from chemical compounds 1,8 % (Fig. 1). Relying on these results we can say that; although the environmental
risks do not have a priority in the daily lives of Turkish people there is a clear anxiety for the environmental destruction.

purpose of this study, is to understand and explain
what is known about environmental risks and their
sources in Turkey. The similar surveys have also
been done to understand how people consider environmental risks in other countries [19]. A concept
that an individual considers as a risk and the
knowledge accumulation about environmental topics
have been investigated by means of a questionnaire.
This study is a guide to the society for better understanding of environmental sensitivities and to determine the necessary methods to mitigate the environmental risks that may be faced in the future.

Categorization of the Risks. When the risks
are grouped for the natural disasters, changes in industries and technology or modern life, LW¶Vobserved
that risks from technological changes form a higher
concern (Fig. 2). An accident similar to Chernobyl
accident happened on April 26 1986 is also defined
as one of the high risk (at the rate of % 68,8) concerns. Nuclear wastes are thought to form higher risk
than nuclear power plants. Our reliance on energy is
increasing in Turkey and in the world parallel to the
progress in technology. Alternative solutions are
produced in accordance with this situation. In the
field study, the planned nuclear plant construction in
Sinop province has been asked to the participant too.
36% of the population accepts the presence of a nuclear power plant in Turkey. Majority of the population expects a serious accident (%72) at some point,
during economical life time of the reactor. On the
other hand, terrorism (%73) and drug usage (%69,7)
are predicted to form high risks as well for the society, compared to environmental risks. Among the attendants of questionnaire, environmental risks such
as lake, river, sea or air pollution and chemicals are
forming important risk groups for community. The
lack of information on particular topics has been the
outcome of this study. The subjects did not answer
the question about radon gas (30 % unanswered),
probably they GRQ¶WKDYHNQRZOHGJHabout ³UDGRQ´.
In addition, the question about genetic applications
is also unanswered in the rate of %24.

METHOD
The questions were devised into ten groups in
the questionnaire bearing the title "The Evaluation of
Environmental Risk in Turkey". The data collection
methodology was based on individual contact and
questionnaire filling over internet. The survey was
carried out between 2006-2012 years. The questionnaire was applied to a total of 635 individuals. The
findings of the questionnaire were assessed in the social sciences statistics program (SPSS 19). The correlations between answers were determined through
the application of Crosstab methods. The age distribution and educational levels of the subjects are
given in Table 1.
TABLE 1
Ages and education levels of survey participants.
Age Level
Frequency
18-25
238
26-35
234
36-45
99
46-55
44
>55
20
Education
Frequency
øOOLWHUDWH
6
Primary School
39
Middle School
31
High School
129
University
325
0DVWHU¶VGHJUHH
64
Doctorate
41
Total
635
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Percent
37.5
36.9
15.6
6.9
3
Percent
0.9
6.1
4.1
20.3
51.2
10.1
6.5
100

The Developing Technologies and Risk Perception Depending on The Access. Risk perceptions of the people change depending on the activities and technologic improvements in the world. AltKRXJKWKHUHLVQ¶WDQXFOHDUZDVWHDFWLYLW\LQTurkey,
the subjects have a great anxiety on the subject of
storage. Public have information and knowledge
about activities such as railway and airway transport
and water dams in Turkey and in the world for a long
time. In the same way, they have an experience and
knowledge about their effects and risk degrees. But
ambiguousness on new technologies and unknown
processes make people anxious.
Ship transportation through straits, petroleum
refineries, traffic accidents, natural gas distribution
lines, and biologic research laboratory create similar concern (%30), although the frequency of traffic
accidents is really high in Turkey (Fig. 3).

RESULTS AND DISCUSSION
Priority Between Environmental and Social
Risks. To see if there exists a discrimination between
social and environmental risk perception and evaluation, subjects were asked to rank different risks. The
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FIGURE 1
The TXHVWLRQ³Please make a priority list for the current questions asked to you in regard of
DQ[LHW\OHYHOV\RXIHHO"´

FIGURE 2
7KHTXHVWLRQ³(YDOXDWHWKHSUREOHPVJLYLQJRQWKHOLVWDFFRUGLQJWRWKHGHFUHDVHRIULVN
WKDWDUHDSSURSULDWHIRU\RX"´

Turkey prefer to see the professionals as the management authority (Fig. 5) for technology.
It can be concluded that the society is under informed about environmental events, mostly insufficient and incorrect, leads to anxiety against innovations and new technologies. There is a clear statement about industrial and nuclear power management strategies that the authorities must create a trust
in the society and clear communication mechanisms
must be established.

How Should The Technology be Managed.
According to the survey about the current management methods of the technologies and the future
methods that should be applied for the management
of these technologies which are thought to have risk
against human and environment; participants think
that the management should be in the hands of the
government while significant amount of the particiSDQWVVD\WKDWWKH\GRQ¶WKDYHDQ\LGHDDERXWWKHVXE
ject (Fig. 4). These results also show that people in

8095

© by PSP

Volume 26 ± No. 12A/2017 pages 8093-8099

Fresenius Environmental Bulletin

FIGURE 3
The question; ³In your opinion which industrial factors or technologLHVPD\OHDGWRDVHULRXVDFFLGHQW"´

FIGURE 4
7KHTXHVWLRQ³:KRLVJRYHUQLQJRUJDQL]DWLRQVWKDWDUHKDUPIXOWRGRHQYLURQPHQW"´

FIGURE 5
7KHTXHVWLRQ³,Q\RXURSLQLRQZKRVKRXOGJRYHUQWKHRUJDQL]DWLRQVWKDWDUHKDUPIXOWRGR
environment"´
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FIGURE 6
The questions in the questionnaire KDYH³<HV´DQG³1R´DQVZHUV

FIGURE 7
The question in the questionnaire LV³+DYH\RXparticipated civil defense RSHUDWLRQ"´

plants and the storage of nuclear waste. When the results of this study are compared to other studies, similar results have also been found [22-24].
A survey conducted in China, which analyzed
the success of the government in relation to informing society during environmental accidents, indicates that 7% of the population finds the government
successful while 54% of the population found the
government unsuccessful [20]. The current study indicates that as is the case in China, the relevant authorities failed to provide the population with accurate information about environmental issues. This
shows that as the population increases diffusion of
information into the society slows down, which may
be related to the number of people as well as the
change in the education level.
Due to the shortages iQ ³(QYLURQPHQW (GXFD
WLRQ´WKHFORVHVRFLDOFLUFOHLVHGXFDWLQJDQGLQIRUP
ing the individual and shaping his environment consciousness. For the people, the social risks and social
incidents are much more worrying than environmental risks. People do not have any agenda for the
things that they see none of their business and thinking that ³VRPHSHRSOHDUHWDNLQJFDUHRIWKHVHVLWXD
WLRQV´ they focus on their daily sustainable lives.

Another important result of the survey is that
only 22% of the subjects have taken civil protection
training (Fig. 7). This result may the foundation of
responses to this questionnaire. There is general need
to increase environmental health and safety training
of professionals and public in Turkey.
Environmental risk and the perception of environmental risk are perceived differently in different
societies [20]. A study conducted in Belgium and
France in 2004 indicated that while terrorism is considered as a risk (22%) for the French people, in Belgium, 34% of the society perceives terrorism as a
risk. Unemployment is a risk for 27% of the French
population, while it is perceived as a risk by 14% of
the population in Belgium. Destruction of the natural
environment has been perceived as a risk by 21% of
the population in France, while it is 30% for the population of Belgium [19]. When these conclusions are
compared to Turkey following percentages are
found: terrorism: 33.8%; unemployment: 15.8%; and
environmental risk and destruction of the natural environment: 8.8%.
The results of the current study indicate that
people have high risk concerns about nuclear power
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[11] Siegrist, M., Gutscher, H. (2006) Flooding
Risks: A Comparison of Lay PeopOH¶V 3HUFHS
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Risk Analysis. 26(4), 971±979.
[12] Andersson, H. (2011) Perception of Own Death
Risk: An Assessment of Road-traffic Mortality.
Risk Analysis. 31(7), 1069-82.
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[14] Wahlberg, A.F., Sjoberg, L. (2000) Risk perception and the media. Journal of Risk Research. 3,
31-50.
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JUHVL'L\DUEDNÕU.RQJUH.LWDEÕ. 421.
[16] g]GHPLU2<ÕOGÕ]$2FDNWDQ(6DUÕúHQg
 7ÕSIDNOWHVL|÷UHQFLOHULQLQoHYUHVRUXQ
ODUÕ NRQXVXQGDNL IDUNÕQGDOÕN YH GX\DUOÕOÕNODUÕ.
$QNDUD hQLYHUVLWHVL 7ÕS )DNOWHVL 0HFPXDVÕ.
57(3), 117-127.
[17] 7DOD\ø*QG]61$NSÕQDU1  2Q
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awareness of undergraduate students at Ankara
University Turkey. International journal of Environment and Pollution. 21(3), 293-308.
[18] Yücel, M., Uslu, C., Altunkasa, F., Güçray, S.S.,
Say, N. (2008) $GDQD¶GD KDONÕQ oHYUH GX\
DUOÕOÕ÷ÕQÕQVDSWDQPDVÕYHEXGX\DUOÕOÕ÷ÕDUWWÕUDEL
OHFHN|QOHPOHULQJHOLúWLULOPHVL. Adana Kent SoUXQODUÕ 6HPSR]\XPX 7002% <D\ÕQÕ. 363432.
[19] Carle, B., Charron, S., Milochevitch, A., Hardeman, F. (2004) An inquiry of options of the
French and Belgian populations as regards risk.
Journal of Hazardous Materials. 111(1-3), 2127.
[20] Zhang, L., He, G., Mol, A.P.J., Yong-long, L.
(2013) Public perceptions of environmental risk
in China. Journal of Risk Research. 16(2), 195209.
[21] Ho, J.C., Lee, C.T., Kao, S.F., Chen, R.Y., Ieong, M.C., Chang, H.L., Hsieh, W.H., Tzeng,
C.C., Lu, C.F., Lin, S.L., Chang, P.W. (2014)
Perceived environmental and health risks of nuclear energy in Taiwan after Fukushima nuclear
disaster. Environment International. 73, 295±
303.
[22] Hinman, G.W., Rosa, E.A., Kleinhesselink,
R.R., Lowinger, T.C. (1993) Perceptions of nuclear and other risks in Japan and the United
States. Risk Anal. 13, 449±455.
[23] Kanda, R., Tsuji, S., Yonehara, H. (2012) Perceived risk of nuclear power and other risks during the last 25 years in Japan. Health Phys. 102,
384±90.

67% of the participants are university graduators.
The existing anxieties of university graduators show
that there are shortages in information and environment education.
Considering the power of press in the information of the public, it will have an important place
to accommodate more education programs in the
shaping of social environment consciousness.

CONCLUSION
The current study demonstrates the perspective
of the Turkish society about the environmental and
social risks.
The survey study indicates that the respondents
of the survey consider social risks more important
than environmental risks.
Lack of knowledge on a specific topic is the
major risk enhancing issue.
Negative experience is also a significant barrier
to overcome for the risk perception.
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ing condition of coal seam groups. The coupling effect between the support and surrounding rocks by
treating the two as an organic whole is investigated
to solve this problem [1]. The petro physical parameters of the coal-bearing strata in Huainan coalfield
using crossplot technique and statistical analysis
method are researched [2]. He et al. thought that
deep mining was reflected as the harsh environment
of “three highs-disturbance”, 5 mechanical properties change characteristics, 4 aspects of mine transformation, and 6 disaster forms [3]. On the basis of
a large amount of field investigation, the theory of
that there was the stress shell composed of “highstress beam” in the surrounding rock space of stope
was put forward [4]. Ning pointed out that coal wall
was the mechanical model of stressed rod with
simply supported upper end and solidly supported
lower end and considered that the stopping position
of 0.35 times above the coal wall develops fracture
firstly, followed by the rib spalling of the whole coal
wall [5]. Fang thought that there was arc "sliding surface" in coal wall and the key for controlling the wall
stability was to control the "sliding surface" [6].
Wang proved that advancing acceleration was an effective measure for avoiding the coal wall caving [7].
Researchers around the world have conducted studies on this topic and got a series of achievements [813]. However, existing researches mainly concern
about the medium-thick and medium-hard single
coal seam using single technological means and have
no mature experiences to learn from. Therefore, in
accordance with the engineering conditions of 66207
working face in Xinzhuangzi Coal Mine, the surrounding rock stability of the fully mechanized coal
face of three-soft coal seam was regarded as a systematic project under coal seam group mining conditions. Moreover, based on the overall concurrent
coordination control needs of the surrounding rocks
in the stope, a time-space-method 3D control technology for the surrounding rocks in the stope with
large dip angle was put forward under the engineering background of the 66207 working face in Xinzhuangzi Coal Mine. The emphasis of this technology lies on the coordination and integration of vertical control technology.

ABSTRACT
Most of coal mines in east China are high gas
coal seams, so they are forced to adopt artillery mining. Taking the Xin zhuangzi coal mine as the engineering background, and using synthetical study
methods, the fully-mechanized mining method was
studied. The 66207 working face was arranged in the
low stress zone for the mining of the above 66208
working face, by internal misaligned arrangement
since mining design, thus, stress concentration
caused by subsection coal pillar was avoided. Above
the 7 coal seam 13m, it’s like two meters thick, was
cut by the technology of deep-hole presplit ting
blasting using water gel explosive. The long-range
and high tensile dynamic pressure impact was
avoided for preventing the state transiting of key
stratum. New hydraulic support and mining technology were designed, coal cutting and coal wall totally-enclosed in face guard with high pressure state.
Based on the test result of 66207 working face, injecting water technique combination between long
hole in the haulage roadway and tailgate in advance
and shallow hole in the coal wall in advance was proposed. The working face was mining successfully
with good safety and efficiency, realize the technological breakthrough of the three soft coal seam.

KEYWORDS:
Coal mines, working face, technological breakthrough, efficiency

INTRODUCTION
Coal is the main energy in China. The coal in
the eastern region plays a key supporting role for the
development of regional economy. The coal resource
amount of Huainan coalfield is in rich reserves and
accounts for 50% of the total in East China. With the
continuous expansion of coal mining scale, coal
mining difficulty gradually increases and results in a
series of problems. The outstanding one is the surrounding rock (coal) stability control under the min-

8100

#"

 $     





  !





FIGURE 1
Position in space of four working faces

FIGURE 2
Propagation rule of additional vertical stress coefficient on floor direction

the mined coal seam and the adjacent coal seams. In
case of coal pressure, these coal seams are in complex temporal and spatial relationships. The 66107
working face, which is neighbored with 66207 working face, has an elevation of -595 m~-693 m, strike
length of 350 m, inclination length of 215 m, average
thickness of 3.8 m, and average coal seam dip angle
of 23°. During the stopping process, this working
face saw violent rib spalling and roof caving, which
greatly affected the safe and efficient production of
working face. Comparing with the 66107 working
face, the mining on 66207 working face required
more complicated mining technology. Meanwhile,
natural false roof was formed on 66207 working face
due to the overall continuity damage during the stopping on 66208 working face. Moreover, the coal
seam on this working face was mainly composed of

MATERIALS AND METHODS
The engineering and geological conditions.
The 66207 working face has an elevation of -721m
~ -793 m, average thickness of coal 3.0 m, and a dip
angle of 27°-34°(30° on average). The coal in this
working face has an average coal point load strength
index of 0.19 MPa and moisture content of 2.46%.
Except the underlying B6 coal, the 66107 working
face and overlying B8 and B10 coals have been
mined on this working face. The spatial positions of
the four working faces are shown in Figure 1. Figure
2 presents the comprehensive columnar section.
Main Technological Problems. The mining
on coal seam group induces the superposition of the
com plex stress field and displacement field between
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soft coal. The soft coal was provided with extremely
low compressive strength, shearing strength, and cohesion and thus intensifies the wall caving degree of
66207 working face. The main technological problems encountered in the stopping of this working
face are indicated as follows:
(1) The pressure relief effect and protection
scope during mining the multiple protective layers of
coal seam group, and the reasonable temporal and
spatial distribution of the underlying coal seam stope.
(2) The determination on the large-dip-angle
three-soft coal seam support, support strength, and
reasonable working resistance, especially the way to
realize the whole time-space high-strength support
to coal wall and the whole-section control on natural
false roof.
(3) Water injection on coal seam is a main technique mean for preventing the rib spalling of coal
seam. However, the water penetration in coal is resulted from the coupling effect of internal and external factors and is subjected to the influences of artificially-controlled water injection process. Thus the
problems arises as how to reasonably determine the
water injection pressure, water flow, injection time,
and the allocation way of drill hole (length, space,
sealing way of drill hole etc.) .
(4) The implementation of the pressure relief
technology on the tight roof of highly gassy mine, as
well as the determination on the action mechanism,
explosive development, drill hole layout, and blasting parameters of deep-hole pre-splitting blasting.

dσ x =

2q1dξ

π

(x − ξ )2 y ⎫
⎪
[(x − ξ )2 + y 2 ]2 ⎪

⎪
(1)
⎪
⎬
π (x − ξ )2 + y 2 2 ⎪
⎪
2 q dξ ( x − ξ ) y 2 ⎪
dτ xy = 1
π (x − ξ )2 + y 2 2 ⎪⎭
Figure 3 shows the propagation law of additional vertical stress along the floor direction caused
by the mining by integration of Eq.(1) using Matlab
mathematics software. It is found that, the compressive stress on the floor ahead of coal wall presents a
"bulbs"-shaped propagation. Bordered by the original rock stress contour of floor, stress is concentrated
in the floor strata under the coal on both sides of the
working face, while pressure is relived in the strata
in the floor of the gob. Moreover, the original rock
stress contour refers to the curve deeply penetrating
into coal and obliquely extending along the strata in
the floor of working face. Additional vertical stress
decreases with the increase of buried depth and its
the peak attenuates by negative exponential law. The
stress concentration peaks in the range of 26 m away
from the coal seam floor and rapidly diffuses beyond
this range.
Figure 3-4 illustrate the simulation results of
maximum principal stress field and failure zone on
the dip section that is 10 m away from the back of
coal wall using the nonlinear 3D numerical calculation software FLAC3D, as the 66208 working face
is excavated for 200 m.
Being consistent with the theoretical calculation result, the working face layout in the plan proposed would result in the stress concentration on the
upper part of 66207 working face and the rib spalling,
roof leakage, fly waste accident subsequently. At the
same time, the large dip angle, high mining height,
and soft coal of the 66207 working face also intensify the spalling degree of coal wall of 66207 working face.
dσ y =

2q1dξ

[

[

RESULTS AND DISCUSSION
Time-Space-Method 3D Controlling Technology for Surrounding Rock. On the basis of the
technical conditions and mining geological conditions of coal seam, the location and layout of the
stope are determined reasonably. Moreover, the geometrical parameters of working face, such as the
layout, working face length, and mining height etc.,
are optimized to propose a new design plan.

y3

]

]

New plan. The airway of 66207 working face
is designed in the low-stress region under the protection of floor stress shell of 66208 working face by an
internal displacement of 10 m (see Figure 4). This
design to avoid the stress concentration zone formed
by the coal pillars in 8-groove section; the working
face length is controlled at about 150 m.
The roof of B8 coal, which is 12 m above the
B7 coal, are composed of the sandy mudstone of 7.3
m thick, B9 coal of 0.8 m thick, fine sandstone of 3m
thick, and the medium sandstone of 11.0 m thick
with favorable integrity and high strength. The sandy
mudstone, 9 coal, and fine sandstone above the B8
coal are prone to be broken into loose structure and
show slight influences on the mining on 66207 working face. However, since the overall continuous key
strata medium of medium sandstone before the excavating on working face 66208 is transformed into

Traditional plan. The airway of 66208 working face is externally alternated with that of 66207
working face. It is located in the gob of 66108 working face and is 10 m away from the crossheading of
66108 working face horizontally. The cut hole is 10
m in earlier phase and is increased to 170 m after
stoping of 130 m along the strike.
In accordance with elastic-plastic mechanics
theory, minor transverse stress load (being perpendicular to the spatial semi-infinite plane) applying on
homogeneous isotropic spatial semi-infinite plane is
defined as q1dξ . On arbitrary point Mx, yin the
floor strata, the stress induced by this load is expressed as:
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explosive height of 23.0 m. Each group was drilled
with three holes by space of 2 m(calculated by
Eq.(2)). Group space was smaller than the periodic
weighting layout. Meanwhile, to minimize the work
amount, the group space was set as 30 m finally. Figure 5~6 show the allocation of drill holes.

a quasi-continuous one, the mining disturbance of
66207 working face would change the quasi-continuous state into non continuous state. Such medium
state conversion would result in a large area of dynamic pressure impact on the coal on front of 66207
working face and the support in the stope, which develops as the hidden dangers of 66207 working face.
To realize the advance pre-splitting blasting of key
sandstone strata during the roof caving process,
deep-hole pre-splitting blasting is necessary.
Therefore, during the stoping process of 66208
working face, the highly gassy mine-orientated highenergy water-binder grain pre-splitting blasting technology was utilized in the transportation roadway by

E = Krb f

1
3

(2)

Where, K is adjustment coefficient and is set as
10~15 generally;

rb is the radius of drill hole; f

fers to the strata harness.

FIGURE 3
Cloud maps of principal stresses on dip section

FIGURE 4
Failure zone on dip section
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FIGURE 5
Layout of drill hole section

FIGURE 6
Layout of drill hole vertical view
the roadway; β is the angle between the drill hole
and the working face.
The physical properties improvement of coal
was studied according the experimental study in laboratory. The test is repeated for 68 times in total (17
× 4). The experiment used the intelligent controlling
direct shear apparatus at shear velocity of
0.1mm/min. Figure 7 shows the experiment process.
Figure 8 displays the shear strength and axial load
experimental results of coal and water under different preparation ratio conditions.

According to horizon relationship of the strata
in field, the drill hole parameter, explosive charge,
and hole-sealing length were calculated, as shown in
Table 1. The drill hole is sealed using yellow mud
and pneumatic sealing machine. The drill hold depth
is calculated according to the formula below:

Sb = (

s−d 2
2
) + [tan β ( s − b)] (3)
sin α

Where, S is the length of the working face; d is the
horizontal distance between drill hole bottom with
roadway; α is the angle between the drill hole and
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TABLE 1
Layout parameter of drill hole
position
Crossheading

No.
1
2

length/
m
80
36

Elevationangle/º
47
70

Radius /
mm
75
75

Explosive
length/m
68
26

Explosive
charge/kg
224.4
85.8

FIGURE 7
Intelligent controlling direct shear apparatus

FIGURE 8
Moisture content- shear strength curve

FIGURE 9
Water injection on 66207 working face
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seam occurrence conditions and optimizing the
structure to ensure parameter reasonability, reduce
the influences of adverse factors, and effectively improve the stability of hydraulic support. To achieve
this purpose, a new hydraulic support was designed.
The key parameters and structure were optimized as
follows: the working resistance was increased into
8,800 KN and the pillars were changed into solid
structure; the middle part of the support employed an
overall top beam with internal retractable beam; the
two-grade face guard structure under hydraulic control was applied. The first-grade face guard was 1100
mm long and the second-grade one was 700 mm. The
side guard plate of top beam was 650 mm on the rear
end; the jack of retractable beam had a stroke of
1,000 mm.
The coal cutter contains a roller with cutting
depth of 800 mm and a retractable beam jack with
stroke of 1,000 mm. It realizes the coal cutting of
roller under the support of the working resistance of
1-grade face guard. Meanwhile, 10# metal mesh (3.4
mm in diameter) was placed on the roof to strengthen
the roof management using capstan. During the placing, the retractable beams of corresponding support
were all knocked out (or reach to the coal wall).
Meanwhile, the face guard was retracted so that the
placed rhombic metal mesh can hang down to facilitate mesh connection; after the metal mesh placement, the face guards were knocked out after workers retreated to the safe position between the front
and rear pillars of the lateral support in the gob. The
overall whole-time support of the internal roof platecoal wall in the stope and the intrinsically personnel
safe production were realized. Figure 11 is the scene
of 66207 working face.

Laboratory test results show that: 66207 working face has extremely low natural moisture content
and is easy to lose water due to the weak water-holding capacity. The shear strength increases with the
increase of the moisture content in range of 0 ~
4.03%, while sharply reduces with the increase of
moisture content in a range of 4.03% ~ 12.7%. In the
range of 1.07% ~17.07%, the sensitivity of cohesion
to water is far higher than that of internal friction angle to moisture content.
According to the physical property variation
law of coal before and after water injection obtained
from the experiment, this study proposed an improved water injection technology, namely, injecting
water to the upper and lower roadways 5 m ahead of
coal wall through far and deep–drill holes under
static pressure and injecting water into coal wall
through shallow hole under dynamic pressure (Figure 9). Drilling parameters: the shallow drill holes
for the water injection on the working face are 8 m
in depth, 70 mm in diameter, and spaced by 4 ~5 m.
The water injection on the upper and lower roadways
was through the inclined crossheading drill holes in
space of 10 m abandoned in the exploration position
(or pumping area);injection time: the shallow drill
hole water injection on the working face was conducted in the maintenance time. Single-hole water
injection time should controlled in 45 min, or, the
water injection is terminated in the case of water
flowing out from the coal wall or adjacent drill holes;
water injection pressure was set as 1~3 MPa on the
coal wall of working face, while 35 MPa on the
drill holes in upper and lower roadways.
The design of the hydraulic support with large
dip angle and mining height lies in satisfying the coal

FIGURE 10
Graphics for the scene of 66207 working face
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FIGURE 11
Stress Distribution on the strike

the stope, this study proposed a key time-spacemethod 3D technology for controlling the surrounding rock in the stope, with the emphasis on the coordination and integration of vertical control technology.
(2) The design plan was indicated as follows:
the low-stress area under the protection of 66208
floor stress shell distributing in the airway by a displacement of 10 m was put forward from the design
origin of the mining area; then the key strata of the
overlying strata of the 66207 working face was presplit and blasted using water-binder grain. Moreover,
targeted stope support and mining technology were
designed. Finally, combining with the experimental
result on the physical properties of 66207 working
face, a mining technology was put forward, namely,
near-field short-time shallow-hole water injection on
the working face under dynamic pressure and longhole pre-water injection on the two advanced roadways under static pressure.
(3) New breakthrough was achieved on stopping technology for three-soft coal seam with large
dip angle. The technology has significant economic
benefits by accelerating the advancing speed on
66207 working face by 6 times without the use of
chemical filling materials. It provides a new study
idea for the surrounding rock stability control in the
three-soft coal seam stope with coal seam groups.

The advanced abutment pressure and the working resistance of hydraulic support on the working
face were observed in field to validate the application effect of the key time-space-method 3D surrounding rock control technology. Figure 10 shows
the observation results of advanced abutment pressure. Figure 11 shows the working resistance observation results on the hydraulic support in the middle
part of the stope as the mining advances to a range
of 90 m in March 3rd to March 18th. As shown, after
the comprehensive time-space-method 3D technical
measures were used to mine the 66207 working face,
the key overlying strata was transformed from the
quasi-continuous and periodic state into the noncontinuous state. Subsequently, they filled the gob
together with the underlying caved loose rock in time
without large area dynamic load impact on the support of the working face. Instead, the support was applied with a smooth pressure and did not show the
first weighting or periodic weighting phenomena.
After water injection, some hydrophilic and soluble
minerals in coal were dissolved. Meanwhile, a small
amount of hydrophilic minerals swelled by absorbing water and presented enhanced anti-deformation
capacity. Outwardly, the coal was softened and the
abutment pressure influence range was greatly reduced to 21 m only. The peak value of abutment
pressure was observed on the 9.6 m in front of the
coal wall with a bearing pressure coefficient of 1.5.
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(1) The surrounding rock stability of the fully
mechanized coal face of three-soft coal seam was
treated as system engineering under coal seam group
mining conditions. According to the overall coordination needs of the control on surrounding rocks in
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Studies on ghost fishing do not have a long history. Early studies on ghost fishing were conducted
on cage traps in the 1970s. [2-5]. The work related to
set nets, especially drift nets and pelagic gillnets, was
performed in the 1980s [6-8]. Recently, studies have
focused on the effective fishing time of lost gill and
trammel nets as well as the mortality rates they cause
based on underwater observations. The experiments
were performed under different fishery conditions,
such as different areas, depths, and bottom types. For
example, Kaiser et al. [9] studied the ghost fishing
effect of gill and trammel nets in Wales, England,
and Erzini et al. [10] studied the effect in Algarve,
Portugal. Santos et al. [11] tried to determine the
ghost fishing effect of a monofilament set net in Algarve, Portuguese. Sancho et al. [12] investigated the
ghost fishing effect of tangle nets used in monkfish
catching in northern Spain. Ayaz et al. [13] compared the ghost fishing effects of monofilament set
nets with those of the multifilament nets in İzmir
Bay, Turkey. Baeta et al. [14] compared the ghost
fishing effect of trammel nets for a rocky bottom versus a sandy bottom. In all studies, it has been reported that an effective fishing time and mortality
rate may change according to the area, depth, bottom
type, species composition and abundance, as well as
environmental factors, such as currents, waves, and
so on.
Fishing gear may be lost for a variety of reasons, such as bad weather conditions, conflicts with
other fishing gear, and vandalism [1]. The cause of
their loss may change according to the fishing type
and environmental conditions. For instance, long
line and pot fishing areas overlap in Iskenderun Bay.
Fishermen whose longline is attached in pots cut
their buoyant ropes or consider different locations.
This increases the pots losses [15], leading to increasing pot losses in this area. Trammel nets in sole
fishing and trawl fishing are used in the same area in
Iskenderun bay between October and November.
This condition commonly causes conflict between
the two types of fishing gear. Hence, sole trammel
net losses are observed in this area.
Iskenderun bay has richer fishery sources than
the other areas in the eastern Mediterranean [16]. For
this reason, there are 11 fishing ports in which each
type of fishery method, trawl, seine, set net, pot, and
longline, is used in this bay. Yumurtalik is a small

ABSTRACT
The ghost fishing effects of bottom trammel
nets, which drift on rocks in the bad weather conditions were investigated in regards of mortality of
commercially important and endangered species in
this study. Underwater experiments were performed
in Yumurtalik, Iskenderun Bay between June 2013
and October 2013. Two panel experimental nets
were used and data were gathered by underwater observation. During the study, 26 different species, belonging to 17 families, were caught in experimental
nets. Teleost and crustaceans formed 98% of the captured individuals. The 24-hour catch rate of the experimental nets showed a rapid decline in the first
few weeks and, by the 60th day, the decline was 80%.
Afterwards, the decline slowly continued. No individual was caught in experimental nets after the 105th
day. For this reason, the fishing life of the lost nets
was assumed to be day 105. In the region, the mortality numbers of teleosts and crustaceans caused by
bottom trammel nets lost by the entire fishing fleet
were identified as 1291 (100 kg) and 6102 (990 kg)
individuals, respectively. This mortality rate (0.55%
for fish) can be considered to be insignificant in all
fisheries, but the mortality rates of threatened species, such as Epinephelus marginatus and Chelonia
mydas, were found to be noteworthy.

KEYWORDS:
Lost net, ghost fishing, Iskenderun Bay, Epinephelus marginatus, Chelonia mydas

INTRODUCTION
Lost or abandoned fishing gear may continue to
function in water and contribute to the mortality of
marine organisms. This phenomenon is defined as
“ghost fishing” [1]. All types of fishing gear may be
lost during fishing activity, but not all have ghost
fishing effects. Active fishing gear, such as trawls
and seines, lose their fishing function after they are
lost. However, passive fishing gear, such as gillnets,
trammel nets and pots, may continue to be used in
fishing. Therefore, these types of fishing gear are the
main concern of ghost fishing.
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but important fishery port. Ceyhan, which is an important river in Turkey, pours into this area, and there
are many lagoons that have a slowly increasing
depth. Sandy and muddy bottom structures are common in this area. However, there are some rocky
fields in these areas. This region is also important for
some threated species. For example, it is crucial for
breeding and nesting of Chlonia mydas [17, 18]. In
addition, Epinephelus marginatus is common on
rocky habitat. These two species classified as endangered in the Red List of Threatened Species.
Fishery activity is performed around rocky
fields which local fishermen call “Pistas, Abdulkerim, Orman kayası vs”. More than 40 fishing boats,
which are smaller than 10 m, catch using a set net
around them. Usually, trammel nets that are used to
catch species belonging to sparids and serranids are
set around and among these rocks. However, trammel nets set near rocks may be lost by drifting and
tangling with rocks due to bad weather conditions
[19]. Fishermen usually try to find lost nets and retrieve them. However, they are not always successful. It has been observed that the number of lost nets
may increase by up to 40% after severe and unexpected storms, indicating that there is a risk of ghost
fishing in the area.
In this study, the loss of trammel nets, which
were set around rocks, was simulated; then, the ghost

fishing effect was investigated by direct observation.
Additionally, commercial fishing was simulated
with control nets, which have the same characteristics as the lost nets. Hence, lost nets were compared
to control nets in terms of different parameters, such
as the species composition and catch ratio.

MATERIALS AND METHODS
Surveys were performed in Yumurtalik, Iskenderun Bay (Figure 1). Seven panel trammel nets
were used in this study. The technical features of
these trammel nets are similar to those used by fishermen. These nets were constructed of monofilament
nylon; the inner mesh size was 64 mm, and outer
mesh size was 240 mm. Each panel was approximately 100 m long and 2.4 m high.
The cause of loss is generally bad weather in
the region. Nets drifting in the storm are attached
rocks. To imitate this, two panel nets were drifted for
two minutes by boat and attached to the rocks. These
rocks were at a depth between 9 and 11 meters. After
this operation, two lost nets covered one side of two
rock masses with approximately 25 m of sandy bottom between them. After 24 hours of deployment of

FIGURE 1
Study area
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FIGURE 2
Measurement and marking of marine organisms in the underwater observation

the lost net, the first underwater observation was performed on 20.06.2012 and last was on 17.10.2012
(120 days after deployment). During this period, 25
underwater observations were conducted.
To determine the 24-h catch rate, the nets were
monitored at 15-day intervals. Three underwater observations were performed for every fifteen-day period. Marine organisms that were entangled during
the 15-day period were tagged with plastic tags one
day before the first observation. After 24 hours, two
scientific divers examined the two lost nets from beginning to end. Organisms entangled during this 24hour period were recorded, and their lengths were
measured and tagged by the diver (Figure 2). Entangled organisms were not removed from the nets. The
24-h catch rate of one panel net was determined by
using the following formula:

and “ & ” were the 24 h catches in numbers and
weight (g) respectively at the day t after deployment.
“$ ” and “ $ ” were the intercepts, “” was the rate
of decrease.
To evaluate the catching efficiency, five control
nets with the same characteristics as the experimental nets were set near the experimental nets on
same day as the underwater observation. The efficiency of the experimental nets was calculated by the
formula:
Efficiency= Experimental nets catches/Control nets
catches
The effective lost net number was calculated by
the formula !# ' (!#  !# ). In this equation,
!# is the number of total effective lost nets; !# is
the mean of lost nets for one fishing boat; and !# is
the number of fishing boats that lost a net during the
season in which this study performed. It was accepted that half of the total lost nets continued to be
used in fishing (α=0.5). The number of fishing boats
that lost nets was determined by talking to the fishery
cooperative. Changes in the physical condition of the
lost net were visually monitored and recorded with
underwater photography.

In this equation:
% ' 24 h catch rate of experimental nets,
 'Number of species observed in each period,
 ' Number of underwater observations in
each period,
 ' Number of panel,

RESULTS

Nijk : number of individuals belonging to species i, observed on the panel k. during the sampling
period j.
The weight of organisms entangled in the lost
nets was calculated via length-weight relationship
( ' " ). The length-weight relationships of
many species were calculated from individuals that
were caught in control nets; because few of the same
species were caught, the length-weight relationships
were taken from the literature.
In order to model the rate of decay of catch
quantity and estimate the total catch in the lifetime
of the gear exponential decay models were fitted to
the pooled daily catch data in numbers (& '
  %& ) and in weight ( & ' $  %& ). Where “& ”

During the surveys, two panels of experimental
nets and five panels of control nets caught a total 26
species belonging to 17 families and 4 groups. Twohundred-forty individuals were caught in the experimental nets, consisting of 53 teleosts, 183 crustaceans, 1 batoidae and 3 reptilia, and 1220 individuals
were caught in the control nets, consisting of 127 teleosts, 1062 crustaceans, 30 batoidae and 1 reptilia.
Approximately 98% of the total catch in both the experimental and control nets consisted of teleosts and
crustaceans. The number and weight of the individuals caught in one experimental and control net panel
are given Table 1. The length-weight relationship
used to calculate the weight of the captured experimental nets is given in Table 2.
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TABLE 1
Mean number and weight (g) of individuals caught in one panel (100 m) net

Teleost
Clupeidae
Sardinella maderensis
Clupeidae sp.
Engraulidae
Engraulis encrasicolus

Experimental Net
n
w
26.5
3575.969
1.5
10.685
1.5
10.685
2.5
2.5

10.28
10.28

2.5
2.5
0.5

366.139
366.139
356

0.5
1.5
1.5

356
1522.82
1522.82

11
7
1
3

930.97
689.475
141.49
100.005

0.5
0.5
6.5
0.5
1.5
1.5

10.63
10.63
368.445
9.325
104.185
34.25

0.5
2.5
91.5
71.5
27
44.5

14.135
206.55
6640.18
4617.84
1812.22
2805.62

20
20

2022.34
2022.34

0.5
0.5
0.5

180.63
180.63
180.63

1.5
1.5
1.5
120

10396.779

Holocentridae
Sargocentrum rubrum
Labridae
Sympodus tinca
Mugilidae
Liza aurata
Mugilidae sp
Sciaenidae
Umbrina cirrosa
Scombridae
Scomber japonicus
Serraniidae
Epinephelus marginatus
Mycteroperca rubra
Serranus scriba
Serraniidae sp.
Siganidae
Siganus rivulatus
Sparidae
Diplodus annularis
Diplodus sargus
Diplodus vulgaris
Lithognathus mormyrus
Oblada melanura
Sparus aurata
Crustacea
Portunidae
Callinectes sapidus
Carcinus mediterraneus
Portunus pelagicus
Xanthidae
Atergatis roseus
Squillidae
Erugosquilla massavensis
Batoidea
Dasyatidae
Dasyatis pastinaca
Rajidae
Rostroraja alba
Torpedinidae
Torpedo torpedo
Reptilia
Cheloniidae
Chelonia mydas
Total
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Control Net
n
W
25.4
2659.91
1.2
33.636
0.8
23.662
0.4
9.974
3.8
23.144
3.8
23.144
0.8
65.268
0.8
65.268

0.8
0.2
0.6
2.2
2.2
0.2
0.2
3.6
3

287.82
91.456
196.364
667.224
667.224
5.022
5.022
337.08
316.458

0.4
0.2
3.2
3.2
9.6

12.768
7.854
340.026
340.026
900.69

2.2
1
0.8

142.902
52.412
74.418

5.6
212.4
195.6
126.6
61.2
7.8
10.2
10.2
6.6
6.6
6
5.2
5.2
0.4
0.4
0.4
0.4
0.2
0.2
0.2
244

630.958
24900.456
23334.72
17986.804
3850.768
1497.148
1450.956
1450.956
114.78
114.78
1749.016
1515.81
1515.81
202.076
202.076
31.13
31.13

29309.382
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TABLE 2
Length-weight relationship of species caught in experimental nets (*: calculated from the data obtained
from our different studies in the same area; **: Karakulak et al. [20]; and ***Özvarol and Gökoğlu [21])

Groups/Family

Min.

Max.

Epinephelus marginatus
Mycteroperca rubra***
Serranus scriba**
Siganus rivulatus*
Diplodus annularis*
Diplodus sargus*
Diplodus vulgaris*
Oblada melanura*
Sparus aurata*

119
169
248
76
16
74
311
127
113
42
26
10
131

10.80
6.00
10.00
13.50
11.00
30.20
10.20
7.00
6.40
11.20
10.50
17.50
8.90

30.70
11.50
26.80
50.00
24.30
78.00
21.3
17.00
21.60
25.90
19.10
23.40
23.60

0.007
0.012
0.011
0.014
0.023
0.008
0.007
0.014
0.013
0.009
0.017
0.004
0.012

3.022
2.677
3.046
2.894
2.837
3.142
3.244
2.882
3.098
3.223
2.930
3.420
3.034

0.033
0.053
0.032
0.038
0.102
0.029
0.035
0.071
0.041
0.053
0.095
0.294
0.025

0.987
0.939
0.974
0.998
0.983
0.989
0.965
0.930
0.981
0.989
0.979
0.944
0.991

Callinectes sapidus
Carcinus mediterraneus

490
237

4.30
2.10

8.30
5.70

0.710
0.430

2.875
3.175

0.042
0,063

0.905
0.914

Atergatis roseus

48

4.20

7.20

0.890

2.816

0.124

0.918

Dasyatis pastinaca*

23

24.50

59.50

0.003

3.129

0.141

0.959

Sardinella maderensis*

Engraulidae
Labridae
Sciaenidae

Engraulis encrasicolus*
Sympodus tinca**
Umbrina cirrosa*

Serraniidae

Crustacea
Portunidae

Length–weight relationship
parameters
a
b
SE (b)
r2

n
Teleost
Clupeidae

Siganidae
Sparidae

Length Range

Species

Xanthidae
Batoidea
Dasyatidae

Therefore, the first day catch efficiency of the experimental nets was 92%. However, the catch rate gap
of these nets increased with time. The catching efficiencies on the 30th, 60th and 90th days were observed
to be 52%, 31% and 5%, respectively. The catching
efficiency of the experimental nets for teleosts was
different from that for all groups. The catch rate of
the experimental nets on the 1st, 15th, 45th and 60th
days were higher than in the control nets. Hence, the
catching efficiency of these days was higher (100%).
However, the catch rates of the control nets on the
75th, 90th and 105th days were dramatically higher
than the experimental nets, and the catching efficiencies on these days were determined to be 46%, 9%
and 0% (no individuals were observed on the 105th
day in experimental nets), respectively. The catching
efficiency of the experimental nets for crustaceans
was similar for all groups (1st: 90%; 15th: 65%; 45th:
60%; 60th: 57%, 75th: 20%, 90th: 9% and 105th: 0%).
During the surveys, four species were only
found in the experimental nets (Sympodus tinca,
Mycteroperca rubra, Diplodus annularis, and
Oblada melanura), eight species were only found in
the control nets (Sargocentrum rubrum, Liza aurata,
Scomber japonicus, Lithognathus mormyrus, Portunus pelagicus, Rostroraja alba) and another 14 species were caught in both the experimental and control nets. The % values of teleosts and crustaceans
caught in the experimental and control nets are given
in Figure 4. According to this figure, while some teleost families, such as Serraniidae (experimental:

The decrease in the 24-h catch rate of the experimental nets for teleosts was very rapid during the
first 45 days, with a slow decline between the 45th
and 105th days. The changes in the control net were
irregular for the first 60 days and then rapidly increased (Figure 3a). The 24-h catch rate of the experimental nets for crustaceans decreased by approximately 40% in the first 30 days, but there was a mild
rise at the 45th day; the decline continued after this
day. The changes in the 24-h catch rate for the control net were similar to those in the experimental nets
(Figure 3b). When all groups were considered together, the 24-h catch rate of the experimental nets
rapidly decreased in the first 60 days (80%) and then
gradually decreased (Figure 3c). After the 105th day,
no individuals were caught in the experimental nets.
Therefore, the fishing life of the experimental nets
was accepted as 105 days. The change in the 24-h
catch rate of the lost nets as a number and weight
were fitted via exponential functions & '
  &    '  
& '
  &    '   According to this function, the number and weight of entangled individuals
in the one panel experimental net were estimated to
be 309.22 (teleost: 57.88, crustacean: 251.34) and
48968.22 g (teleost:4519.59, crustacean: 44448.63),
respectively.
With all groups considered together, the catch
rate of the control nets was higher than the experimental nets during the surveys. However, the initial
catch rate of these nets was very similar (Figure 3c).
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in the experimental nets (experimental: 21.86%;
control: 4.80%), Callinectes sapidus was caught
more often in the control nets (experimental:
29.51%; control: 59.60%). Portunus pelagicus and
Erugosquilla massavensis were only found in the
control nets.

41.51%; control: 14.29%) and Labridae (experimental: 9.43%; control: 0%), were caught more in
the experimental nets, some families, such as Sparidae (experimental: 24.53%; control: 38.10%) and Siganidae (experimental: 1.89%; control: 12.70%),
were observed more often the control nets (Figure
4a.). A similar situation was observed for the crustaceans. While Atergatis roseus was caught more often
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FIGURE 3
The changes in the 24-h catch rate of the experimental and control nets for teleosts (a),
crustaceans (b) and all groups (c)
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FIGURE 4
Percent of teleosts (a) and crustaceans (b) in the control and experimental nets
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FIGURE 5
Time-dependent changes in the physical evolution of nets. a: 15th day after deployment; b: 30th day after
deployment; c: rendered with the background; d: other fishing gear attached to the experimental net.
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Particulate matter and detritus very rapidly accumulated on the experimental nets after deployment, which quickly increased the visibility of the
nets. Figures 5a and 5b show the status of the experimental nets on the 15th and 30th days after deployment, respectively. Over time, the parts of the net
that contacted the rocks and captured the marine organisms (especially crabs) formed large holes and
tears. Additionally, nets that came into contact with
the rock blended into the background (Figure 5c),
and different fishing gear parts, such as the line, lead,
and net, were attached to the experimental nets (Figure 5d).
In the fishery season in which this study was
performed, 8 fishing boats were lost their trammel
nets in the region. In an earlier study, the mean number of lost nets for one fishing boat was 5.58±0.86
panels [19]. Therefore, the number of total effective
lost nets was determined as 22 panels in the noted
area.

fisheries [11, 25] The results obtained in this study
are in agreement with those of previous studies. Considerable particulate matter and detritus very rapidly
accumulated on the experimental nets, and damage
was observed over time. The 24-h catch rates decreased by 80% in the first 8 weeks. The catching
efficiency of the experimental nets was 92% on the
first day, 31% on the sixtieth day, and decreased to
5% on the ninetieth day.
The total mortality of teleosts and crustaceans
were determined to be 1291 (100 kg) individuals and
6102 individuals (990 kg), respectively, for all fishing fleets. According to the this result, mortality rate
of fish was 0.55% caused by lost trammel nets. These
mortality rate are not significant in respect of the total fishery landing of area (records of the fisheries
cooperative: fish landing was 18t.). However, the
mortality rates of Epinephelus marginatus and Chelonia mydas were remarkable. According to our calculations, approximately 350 Epinephelus marginatus individuals (26% of the total teleost mortality in
lost nets) and 35 Chelonia mydas died due to lost
nets in one fishery season. These species are classified as endangered in the Red List of Threatened
Species (IUCN) and catching them is prohibited by
Turkish fishery legislation. These data show that a
lost net could pose a risk to threatened species in this
area.
The difference in the species diversity and
catch rate for lost nets that tangle in rocks compared
to control nets is expected. Baeta et al. [14] reported
that all species caught in sole trammel nets that were
lost on the rocky bottom could be considered to be
by-catch. Our results show that the experimental nets
were more effective on Serraniidae (experimental:
41.51%; control: 14.29%), Labridae (experimental:
9.43%; control: 0%), and Atergatis roseus (experimental: 21.86%; control: 4.80%) and were distributed in the rocky area more than control nets.
The catch rate of the Sparidae family in the experimental nets was below that of the control nets
(experimental: 24.53%; control: 38.10%). The species belonging to this family are generally reef-associated. For this reason, the catch rate of this family
in the experimental nets that tangled in the rocks was
expected to be higher. In underwater observations, it
was observed that the species belonging to this family comfortably wandered around the lost net because they could easily pass through the holes and
tears in the net.
In previous studies, it was reported that the teleost and crustacean catch rates in lost nets differed
over time [9,10,14]. It was mentioned that in lost
nets, initially the catch rate of teleosts was higher
than that of crustaceans. However the catch rate of
crustaceans was higher than that of teleosts with
time. This change was explained by two reasons.
First, decomposed individuals caught in the nets attract scavenger crustaceans and trap them in the nets.
Second, the height of the nets (effective fishing area)

DISCUSSION AND CONCLUSION
The effect of lost fishing gear on marine organisms depends on the following three parameters:
how much fishing gear was lost, how much time they
could be used for fishing after their loss and the diversity and abundance of species in the region where
the fishing gear was lost. There is no precise
knowledge about how much fishing gear is lost
worldwide. For this reason, it is difficult to predict
the effect of lost nets on marine organisms worldwide. However, some studies have been performed
in specific areas [22, 23] and one study was performed in Yumurtalik [19].
The amount of time that fishing gear is lost, especially bottom gill and trammel nets, affects fishing
and is considered to be associated with the depth at
which it was lost. In general, bottom gill and trammel nets are lost at greater depths have an increased
fishing time compared to those lost at a shallow
depth [1,24]. In the studies performed on bottom gill
and trammel nets at a shallow depth, the physical
evolution of these nets over time was similar [911,14]. Researchers have reported that particulate
matter and detritus very rapidly accumulate on lost
nets as well as that the visibility of the nets increases
and net height steeply decreases with the load of accumulated matter and weight of marine organisms
caught. This physical evolution of lost nets was revealed by light penetration and consequent biofouling and weather conditions, and bottom currents
have a stronger influence at relatively shallow
depths. It was mentioned that the 24-h catch rate and
catching efficiency of lost nets steeply decreased in
earlier weeks; then, they gradually declined. In light
of these results, some researchers have mentioned
that the rate of mortality caused by lost nets at a shallow depth is negligible in the setting of commercial
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decreased over time. It was reported that while this
case decreased the possibility of teleosts being
caught, it did not affect the catching of crustaceans
because they were caught near the lead line. However, our findings show that the catch rate of crustaceans is higher than that of teleosts during our surveys. This observation could be due to the species
composition, abundance and season. Our individual
observations demonstrated that the abundance of
crustaceans is very high, even if there are no quantitative data in this area. Additionally, the water temperature was higher in the period in which this study
was performed and the crustaceans were active.
Therefore, these factors may have increased the
catch rate of crustaceans in lost nets.
Similar trends were generally observed in various parameters, such as the physical evolution of lost
nets, 24-hour catch rate and catching efficiency, in
studies conducted in shallow water. The results obtained in this study are also in parallel with those of
previous studies with respect to these parameters.
However, the risks of lost nets should be evaluated
by considering the characteristics of the area, such as
the species composition and abundance. As in this
study, lost nets can affect endangered species, even
if the number of lost nets and fishing life of lost nets
are limited. Hence, marine life may be affected more
than expected.
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compound[10,11]. It was moderately mobile due to
its greater water solubility, which could cause the
widespread contamination in soil and aquatic environment[12]. Therefore, in the process of microbial
degradation of organic pollutants, not only need to
focus on the number of parent pollutants, but also
must pay attention to intermediate metabolites.
At present, a lot of attention has been given to
the residue and pollution of triclopyr. However,
there are only a very few studies on the degradation
of triclopyr by microorganism. No reports on isolation of the triclopyr degrading bacterium have been
published[13]. In this study, Bacillus cereus TR-13,
a strain that could degrade triclopyr was isolated, its
degradation potential and the application for environment protection were studied. The strain TR-13
could hydrolyze triclopyr to TCP, but could not degrade TCP as the sole carbon source for its growth.
Some TCP degrading bacteria had been isolated previously. Li et al. isolated a highly efficient TCP degrading bacterium Ralstonia sp. T6 [14]. Lu et al.
isolated Cupriavidus sp. DT-1, which could hydrolyze TCP utterly[15]. Therefore, the combined applications of the strain TR-13 and TCP degrading bacteria was considered an effective means for degrading triclopyr.

ABSTRACT
A strain TR-13 capable of highly degrading
triclopyr was isolated from soil. The strain TR-13
was identified as Bacillus cereus based on 16S rRNA
and analysis of morphology, physiological and biochemical characters. The optimal pH value and temperature were 7.0-7.5 and 30-35ć. The 7d degradation rate of 100 mg/L triclopyr by strain TR-13 could
reach about 98.5% in inorganic salt medium. The
strain TR-13 could hydrolyze triclopyr to 3,5,6-trichloro-2-pyridinol(TCP) ,but could not degrade TCP
as the sole carbon source for its growth. The combined applications of the strain TR-13 and the strain
CM-Z6 was considered an effective means for degrading triclopyr, because the strain CM-Z6 could
degrade TCP. The degradation rate of triclopyr
(100mg/L) by the strain TR-13 and the strain CM-Z6
could reach about 99% in 6d. In addition, the strain
TR-13 could tolerate 800 mg/L of triclopyr and
showed a high tolerance to triclopyr.
KEYWORDS˖
˖
Triclopyr, Biodegradation, Bacillus cereus

INTRODUCTION
MATERIALS AND METHODS
Triclopyr (3,5,6-trichloro-2-pyridyloxyacetic
acid) was a selective systemic herbicide used for
control of woody and broadleaf plants along rightsof-way, in forests, on industrial lands and on grasslands [1,2]. The triclopyr residue in soil or water
might bring some trouble to sensitive crops, soil microbes, aquatic systems and public health [3-5].
Therefore, triclopyr degradation and environmental
fate were paid close attention. Photolysis and microbial degradation were considered the most important
way of triclopyr degradation, especially microbial
degradation [6-8]. The most common degradation
pathway of triclopyr involves formation of 3,5,6-trichloro-2-pyridinol (TCP), TCP was a primary metabolite of triclopyr[9]. Particularly, TCP was a
charged molecule at neutral pH and more leachable
into groundwater and surface water than the parent

Chemicals and Media. Chemicals: triclopyr
(99.8%) was purchased from Dow Chemical Company. All other chemicals used were of analytical
grade and commercially available.
Culture media. (1). Inorganic salt medium:
(NH4)2SO4 0.1 g, MgSO4·7H2O 0.2 g, K2HPO4 0.1g,
CaSO4 0.05 g, FeSO4·7H2O 0.01 g, water 1 L, pH
7.0. (2). Isolation medium: inorganic salt medium
containing triclopyr (100 mg/L) was used to isolate
triclopyr degrading bacteria. (3). Enrichment medium: peptone10 g, yeast extract powder 5 g, beef
extract powder 3 g, sodium chloride 5 g, water 1 L,
pH7.0.
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tested. 5% strain CM-Z6 inoculum was inoculated in
inorganic salt culture medium containing 100mg/L
triclopyr, and then place it in the shaker (120rpm, 30
đ). The concentration of triclopyr was determined
regularly.

Isolation and identification of triclopyr degrading bacteria. The soil sample was collected
from forest in Jurong City, China, in which triclopyr
and triclopyr-butoxyethyl ester have been used for
more than 5 years. 5.0 g soil sample was placed in
100ml isolation medium for shaking culture at 30ć
(120 rpm). The concentration of the residual
triclopyr was determined every 24h [16,17]. 5ml culture solution with 3d degradation rate >70% was
transferred to enrichment medium containing same
concentration of triclopyr, and continuously transferred for more than 5 times. After the degradation
effect was verified again, the above enrichment medium was coated on inorganic salt culture plate containing triclopyr for inverted culture at 30ć. The eugonic bacterial colonies were selected and repeatedly
streaked on the culture plate to obtain the pure culture. The new isolates were identified by using
16SrRNA sequence analysis. At the same time, the
optimum pH and temperature of the strain TR-13
were tested.

Tolerance of the strain TR-13 on triclopyr.
The concentration of triclopyr in the inorganic salt
medium was adjusted respectively to 50mg/L,
100mg/L, 200mg/L, 400 mg/L and 800 mg/L. Then
the strain TR-13 was inoculated respectively for
shaking cultivation at 30ć. OD600 was determined
regularly, so as to evaluate the tolerance of strain
TR-13 on triclopyr.

RESULTS AND DISCUSSION
Identification and characterization of
triclopyr degrading bacteria. A bacterium capable
of utilizing triclopyr as the sole carbon source was
isolated from the forest soil, named TR-13. The
strain TR-13 was gram-positive, facultative aerobes,
spore-forming, rod-shaped, 0.8-1.0×3.0-3.5 um in
size. It formed white, smooth, non-pigmented colonies on the nutrient agar plate. The thallus could
move. The optimum growth was at 30-35ć and pH
7.0-7.5. It was positive for catalase, starch hydrolysis
and VP test, but negative for gelatin liquefaction and
indole test (Kaynar et al.2008; Ersoy et al.2008).
Blastn of 16S rRNA sequence indicated that strain
TR-13 showed nearly 99% similarity with 16S
rRNA sequence of Bacillus cereus (The strain TR13: GenBank accession number KY649624). The
identification result was consistent with that of BiologTM microorganisms identification system.

Degradation of triclopyr by strain TR-13. Inoculums of triclopyr degrading bacteria were prepared in advance [18]. 5% strain TR-13 inoculum
was inoculated in inorganic salt culture medium containing 100mg/L triclopyr, and then place it in the
shaker (120rpm, 30 ć ). The concentration of
triclopyr and TCP were determined every 24h
[19,20].
Degradation of TCP by strain TR-13. The inorganic salt culture medium containing 20mg/L TCP
was inoculated with 5% strain TR-13 inoculum, and
then place it in the shaker (120rpm, 30ć). The concentration of TCP was determined regularly.

Degradation of triclopyr and TCP by the
strain TR-13. The results in Fig. 1 showed that the
triclopyr could be rapidly degraded by the strain TR13. The degradation rate of triclopyr (100mg/L) by
the strain TR-13 could reach about 98.5% in 7d. The
degradation law of triclopyr under the experimental
conditions accorded with the first order kinetic
model (C=C0·e-kt ³W´ZDVWKHGHJUDGDWLRQWLPH³N´
was the degradation rate constant, ³&0´ ZDV LQLWLDO
concentration. C=100e-0.4152t, R2=0.9984, half
life=1.83d. At the same time, it was found that TCP
concentration continued to increase in the degradation process of triclopyr. In addition, TCP could not
be degraded by the strain TR-13(Fig. 2). These results suggested that the strain TR-13 could not completely degrade triclopyr into CO2 and H2O. If the
strain TR-13 was used for the degradation of
triclopyr, it was necessary to consider degradation of
TCP. It was believed that the combination of the
strain TR-13 and a TCP degrading bacterium may be
an effective means.

Degradation of triclopyr by combining
strain TR-13 and strain CM-Z6. The strain CMZ6 was a chlorpyrifos-methyl degrading bacterium
deposited in our laboratory. It was identified as
Pseudomonas syringae according to 16S analytical
method (GenBank accession number KY038875).
The strain CM-Z6 could effectively degrade TCP,
and could degrade chlorpyrifos-methyl into CO2 and
H2O completely. Because the strain TR-13 could not
degrade TCP, the combined applications of the strain
TR-13 and the strain CM-Z6 was considered an effective means for degrading triclopyr.
3% strain TR-13 inoculum and 5% strain CMZ6 inoculum were inoculated simultaneously in inorganic salt culture medium containing 100mg/L
triclopyr, and then place it in the shaker (120rpm, 30
đ). The concentration of triclopyr and TCP were determined every 24h
Degradation of triclopyr by strain CM-Z6.
In order to find out whether both strains have played
a role in the combined degradation process, the ability of the strain CM-Z6 to degrade triclopyr was
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CM-Z6. Degradation of TCP could help to reduce
feedback suppression, and promote degradation of
triclopyr.

Degradation of triclopyr by combining
strain TR-13 and strain CM-Z6. Because the strain
TR-13 could not degrade TCP, the combined applications of the strain TR-13 and TCP degrading bacteria was considered an effective means for degrading triclopyr. The results in Fig. 3 showed that the
triclopyr could be rapidly degraded by the strain TR13 and the strain CM-Z6 (the strain CM-Z6 could
degrade TCP). The degradation rate of triclopyr
(100mg/L) by the strain TR-13 and the strain CM-Z6
could reach about 99% in 6d. The fitted equation was
C=100e-0.4911t, R2=0.9926, half life=1.62d. These
data indicated that the degradation rate was faster
when combined with the strain TR-13 and the strain
CM-Z6. Because the results in Fig. 4 showed that the
strain CM-Z6 could not degrade triclopyr alone, the
increase in degradation rate was considered to be the
result of the combined action of the two strains. So it
was speculated that the strain TR-13 first degrades
triclopyr into TCP, then TCP was degraded by strain

Tolerance of the strain TR-13 on triclopyr.
OD600 did not change significantly (P>0.05) when
the concentration of triclopyr was increased from
50mg/L to 200mg/L. But OD600 would decrease
gradually if triclopyr concentration increased to
400mg/L or 800mg/L (Fig.5). The results showed
that the growth of the strain TR-13 had been inhibited by 400mg/L triclopyr (or more), but it was still
growing. Therefore, it was preliminarily considered
that the strain TR-13 could tolerate at least 800mg/L
triclopyr under the experimental conditions. Although the strain TR-13 would be significantly inhibited by 800mg/L triclopyr, it still could effectively
degrade triclopyr (because the triclopyr was used as
the sole carbon source in the study.).
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[9] Fox, A.M., Haller, W.T., Getsinger, K.D. and
Petty, D.G. (2002) Dissipation of triclopyr herbicide applied in Lake Minnetonka, MN concurrently with Rhodamine WT dye. Pest Management Science. 58(7), 677-686.
[10] Manclu´s, J.J., Montoya, A. (1995) Development of immunoassays for the analysis of
chlorpyrifos and its major metabolite 3,5,6-trichloro-2-pyridinol in the aquatic environment.
Anal. Chim. Acta. 311, 341-348.
[11] Suvarchala, G., Philip, G.H. (2016) Toxicity of
3,5,6-trichloro-2-pyridinol tested at multiple
stages of zebrafish (Danio rerio) development.
Environmental Science and Pollution Research.
23(15), 15515-15523.
[12] Yang, L., Zhao, Y. and Zhang, B. (2005) Isolation and characterization of a chlorpyrifos and
3,5,6-trichloro-2-pyridinol degrading bacterium. FEMS Microbiol. Lett. 251, 67-73.
[13] Petty, D.G, Getsinger, K.D, Woodburn, K.B.A
(2003) Review of the Aquatic Environmental
Fate of Triclopyr and its Major Metabolites.
Journal of Aquatic Plant Management. 41(2),
69-75.

According to the existing results, it was inferred that:
ķThe strain TR-13 had good tolerance on triclopyr.
ĸHigh concentration of triclopyr would inhibit the
growth of the strain TR-13. ĹThe strain TR-13 had
a strong degradation ability to triclopyr, which could
be used in a wider range of triclopyr concentrations.
ĺIt was possible that the strain TR-13 was used in
the bioremediation of triclopyr pollution. The degradation ability of the strain TR-13 might be closely
related with the long-term use of triclopyr in forest
soil. Generally, soil microorganism that continuously encounter the artificially synthesized compound might induce the ability to degrade the compound [23, 24].

CONCLUSION
In this study, Bacillus cereus TR-13 was isolated from soil, which could degrade triclopyr. The
optimal pH value and temperature of strain TR-13
were 7.0-7.5 and 30-35ć. The strain TR-13 also had
high tolerance to triclopyr. It could tolerate at least
800mg/L triclopyr under the experimental conditions. The degradation rate of triclopyr (100mg/L) by
the strain TR-13 could reach about 98.5% in 7d, but
TCP could not be degraded by the strain TR-13.The
strain TR-13 could not completely degrade triclopyr
into CO2 and H2O. Because the strain CM-Z6 could
degrade TCP, the combined applications of the strain
TR-13 and the strain CM-Z6 was considered an effective means for degrading triclopyr. The degradation rate of triclopyr (100mg/L) by the strain TR-13
and the strain CM-Z6 could reach about 99% in 6d.
So it was speculated that the strain TR-13 first degrades triclopyr into TCP, then TCP was degraded
by strain CM-Z6. Degradation of TCP could promote degradation of triclopyr.
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ABSTRACT

to the maximum (no matter tensile strength or
compressive strength), it will lead to borehole instability [1]. At the same time, when drilling fluid
invades stratum, it will lead to increase of stratum
pore pressure and reduction of rock strength, which
will further increase instability of well wall [2].
In development of shale gas, if horizontal-section horizontal well is drilled by taking instable bedding-formation shale as target layer, its own
specificity exists and stress distributed secondarily
around horizontal well has great difference from
vertical well; in addition, because stress environment of shale reservoir stratum is complex and
bedding/crack is well developed, it intensifies risk
of collapse and instability of well wall. For example,
for the first horizontal well of shale in China
(W201-H1 Well), although oil-based anti-collapse
drilling fluid system is adopted and drilling fluid
density is increased gradually, collapse of the main
shale-section well wall is still very serious. In order
to solve the instability problem of bedding formation stratum, a large amount of researches have
been carried out at home and abroad and fruitful
achievements have been got [3]. Foreign Chenevert
et al. has researched influence of bedding on well
wall stability by adopting single weak-surface
strength and anisotropy theory and domestic Chen
Mian et al. has researched relationship between
wellbore stability and bedding based on single
weak strength theory and linear elasticity well wall
stability model and Lu et al. has researched the influence of bedding surface occurrence on strength
weakening of bedding surface [4]. However, aiming
at well wall stability problem of bedding-formation
horizontal shale well borehole, systematic and profound research is not carried out, because stress
condition and borehole track, etc. in horizontal well
and regular well has relatively special characteristics with influence of factors, such as shale stratum
bedding formation occurrence and bedding formation strength weakening, etc., well wall collapse
and instability of bedding-formation shale-gas horizontal well are more complex, while confirmation
for borehole direction cannot be guided effectively

Aiming at Posidonia shale well wall stability
analysis problem in certain domestic oil filed, the
Paper carries out test analysis by utilizing stress
distribution and it is shown by experiment that: (1)
when composite surface surfactant coordinates with
water-based drilling fluid, it can effectively impede
and postpone transmission of shale pore pressure
and reduce shale permeability to increase shale well
wall stability; (2) mechanical analysis model of
horizontal well wall stability with bedding surface
shale gas reservoirs has been established based on
well wall stability pore elastic mechanics and single-structure surface strength theory and the model
has considered the influence of shale layer bedding
surface occurrence (direction and dip angle) and
influence of weakening of bedding surface strength
based on classic pore elasticity well wall stability
model and the model can effectively guide optical
design of horizontal well borehole drilling direction
and drilling fluid density; (3) well wall structure
type is an important factor to influence well wall
stability and advantageous shale structure is a main
factor to influence single well wall stability in practical drilling. Foresaid experiment result has certain
guidance meaning for practical drilling process.

KEYWORDS:
Stress distribution, Posidonia shale, well wall stability

INTRODUCTION
Instability of well wall is worldwide technical
difficult problem in drilling work and also is one of
core problems for safe and efficient drilling. After
borehole is formed after stratum is drilled, drilling
fluid column pressure has replaced support provided by drilled stratum and original stress balance has
been destroyed, which will lead to redistribution of
stress in rock around borehole. If stress that is redistributed exceeds maximal load that rock can bear
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cylindrical coordinates of borehole, MPa; (r ,θ , z )
is borehole cylindrical coordinate system; pm is

because understanding on mechanism of collapse
and instability of horizontal well wall under influence of bedding is not sufficient [5-14].
Therefore, the author researches the influence
of crustal stress direction, borehole track and shale
bedding formation occurrence on stability of well
wall and analyzes the influence of reduction of
bedding-formation strength for invading of drilling
fluid on well wall collapse simultaneously, analyzes
living examples and verifies correction of methods
in this paper to guide drilling direction of shale-gas
horizontal well borehole and optimal design of
drilling fluid density by taking bedding-formation
horizontal shale well as research object.

fluid column pressure of drilling liquid, MPa;
p ( r , t ) is

bility coefficient; when well wall does not permeate,

δ =0; when well wall permeates, δ =1;

σv

σh

is vadose effect coefficient, which can be represented as:
⎡ a (1 − 2v ) ⎤
−φ ⎥
⎣ 1− v
⎦

ξ =δ ⎢

ψ

⎧σ i = σ r = pm − δφ ⎡⎣ pm − p ( r , t ) ⎤⎦
⎪
⎨
(σ θ + σ z ) ± 1 σ − σ 2 + 4τ 2
( θ z)
⎪σ j ,k =
θz
2
2
⎩

is axial direction

of borehole (included angle of borehole axis and
maximal horizontal stress direction, (°)).
For any shale-gas horizontal well section, it is
supposed that hole deviation angle is 90°, so borehole track is mainly influenced by borehole direction. Therefore, surrounding rock stress condition
of well wall is mainly controlled by azimuth angles
relevant to angles, such as crustal stress direction,
borehole direction, bedding surface occurrence (direction and dip angle), etc.; because azimuth angles
herein include crustal stress direction, borehole
direction, bedding surface direction and their logical relationship is not favorable for later analysis,
especially extremely complex analysis on drilling
direction description of well along crustal stress,
borehole direction is defined simply as included
angle (relative azimuth angle) of azimuth angle
ψ H of borehole under ground coordinate system
and azimuth angle of maximal horizontal crustal
stress; therefore, azimuth angle of crustal stress is
not involved when analyzing surrounding rock
stress of horizontal well wall, which can simplifies
calculation procedure. Then, distribution model of
surrounding rock stress of horizontal well wall:
⎧σ = p − δφ ⎡⎣ p − p ( r , t ) ⎤⎦
(1)
⎪
r

m

Where: σ i , σ j and σ k are respectively 3
main stresses on well wall, MPa. After ranking for
the 3 main stresses, main stresses under
three-direction stress condition are obtained as σ 1 ,
σ 2 and σ 3 . In formula (3), after ranking of 3
main stresses, calculation model of maximal and
minimal main stress of shale-gas horizontal well
wall can be obtained and collapse pressure can be
obtained by combining with bedding-formation
weak-surface stratum strength judgment principle.
Included angle γ of maximal main stress and hole
axis is:
2τ θ z
1
(4)
γ = arctan
2
σθ − σ z

m

σ r , σθ , σ z

and

τθ

z

(3)

FIGURE 1
Coordinate Relationship of Horizontal Well Wall
Stress of Bedding Surface Shale

⎪σ θ = ⎡⎣1 + 2 cos ( 2θ ) cos 2 ψ ⎤⎦ σ H + ⎡⎣1 + 2 cos ( 2θ ) sin 2 ψ ⎤⎦ σ H
⎪
⎪⎪
+ (1 − 2 cos ( 2θ ) ) σ v + (ξ − 1) pm − ξ p ( r , t )
⎨
2
2
2
2
⎪σ z = ( sin ψ + 2v cos ( 2θ ) cos ψ ) σ h + ( cos ψ + 2v cos ( 2θ ) sin ψ ) σ H
⎪
-2v cos ( 2θ ) σ v + ξ ⎣⎡ pm − p ( r , t ) ⎦⎤
⎪
⎪
⎪⎩τ θ z = sin ( 2ψ ) cos θ (σ H − σ h )

Where,

(2)

According to stress condition analysis, 3 main
stresses in well wall can be obtained as:

is minimal horizontal stress, MPa;

is vertical stress, MPa;

θ

is well
perigon (°); v is Poisson's ratio; a is effective
stress coefficient; φ is stratum pore degree, %; ξ

Stress distribution model of shale-gas horizontal well wall. Fig. 1 is coordinate relationship of
horizontal well wall stress of bedding formation
shale. In the figure, (N, E, Z) is ground rectangular
coordinate system; σ H is maximal horizontal
stress, MPa;

stratum pore pressure, MPa; δ is permea-

are respec-

tively well wall stress component under circular
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the same time, Young modulus also has anisotropy,
Exy Ez = n ≈ 1.7 . Poisson's ratio is vzy = n ⋅ v yz ,
where, v yz is Poisson's ratio in adverse load direction and is precondition of horizontal isotropic elasticity. It is estimated that shear modulus of normal
bedding of oil shale is: Gz = Exy (1 + n + 2nvzy ) .
Along shear modulus, namely, symmetry plane, it
can be calculated as: Gxy = Exy ( 2 + 2vxy ) . Physical
and mechanical parameters are respectively provided in Table 1 and Table 2.

MATERIALS AND METHODS
Experiment test. Test material. Test sample
is collected from Posidonia shale core sample
products in certain domestic oil field. The sample is
located in Jurassic Period shale bedding and is
1800m underground and is lifted to the ground by
crustal movement. After searching 41~51m shale
core depth, the position is located in carbonate rock
stratum and has mature oil shale 0.88 % vitrinite
reflectance Ro. Porosity measured by mercury intrusion method is about 1%. Samples from dark
grey to black display that it has superior bedding
and gray band with maximal thickness 1mm is embedded parallel melnikovite slice.

Sample preparation. Under drying condition,
cylindrical sample is drilled along plane direction
of core material bedding ( α = 90o − β ),
α ∈ ⎡⎣30o ,86o ⎤⎦ , as shown in Fig. 1. Diameter of
sample is 40mm and length is 80mm, which is parallel to end face and precision is < 20μ m . In the
end, drill hole with 8mm diameter is drilled in sample by solid carbon drill. In preparation process of
hollow cylinder on wall, dust and drilling cuttings
are cleared with large-power vacuum cleaner. Specific dimension is provided in Table 3.

TABLE 1
Test for Physical Parameters of Posidonia
Shale Reservoir
Maturity
Porosity (%)
Average porosity radius (nm)
Calcite content (wt%)
Clay content (wt%)
Quartz content (wt%)
Iron pyrite (wt%)
Total organic carbon (wt%)
Water content (wt%)

0.88
1.1 ± 0.3
<4.1
47.3 ± 0.5
27.8 ± 1.6
17.2 ± 0.4
5.3 ± 0.2
5.8 ± 0.3
~1

TABLE 2
Uniaxial Compressive Strength (UCS) and
Elastic Property
E xya

v xy
Gxy
UCS xy

UCS45
n

17.3 GPa
0.18
8.9 GPa
75 ± 7 MPa
60 ± 10 MPa
1.66

E za
v zy

Gz
UCS z
v yz

FIGURE 2
Sample Products

10.4 GPa
0.30
5.5 GPa
115 ± 7 MPa
0.17

RESULTS AND DISCUSSION
Expansibility. Mixing bentonite and quartz
sand by 1: 2 on site and weighing15g in total and
pressed under 8MPa pressure for 30min, collected
shale sample is utilized (diameter 25mm and length
16mm). In ZNP-1 swelling amount tester, water-based drilling fluid and water-based drilling
fluid with composite surfactant contact respectively
with shale sample and swelling amount data are
read, as shown in Fig. 3.

Compressive strength parallel to bedding
(UCS) is about 35%, which is lower than compressive strength of vertical bedding (z axis direction)
and is significantly lower than compressive strength
of diagonal bedding (45°direction), about 48%. At

TABLE 3
Estimation for Well Wall Collapse by Sample Dimension, Loading Rate and Critical Balance Pressure
Sample
names
PN1
PN2
PN3
PN4
PN5
PN6
PN7
PN8

b (mm)

l(mm)

a (mm)

α(o)

40
50
50
40
40
40
40
40

80
80
80
80
80
80
80
80

6
10
8
8
8
8
8
8

0
0
0
86.4 ± 0.4
78.4 ± 0.9
73.3 ± 2.8
63.0 ± 0.5
53.6 ± 1.1

Rate
(MPa/min)
1
0.5
0.5
2
1
1
1
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PAE ( MPa )

138
130
49
-

Pamp ( MPa )

170
53
62
62
82
88

Pvp ( MPa )

160
144
54
61
62
79
88

PE ( MPa )

159
144
52
59
53
76
86

P* ( MPa )

157± 10
140 ± 4
151 ± 5
52 ± 2
61 ± 2
59 ± 8
79 ± 3
87 ± 5
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FIGURE 3
Influence of Composite Surfactant on Shale
Swelling Amount after Contact with
Water-based Drilling Fluid
Shale pressure transmission experiment.
Pressure transmission experiment can be used to
evaluate interaction between drilling fluid and shale.
For the same shale, under the same experiment
condition, the slower the upstream pressure transmits to downstream pressure, the stronger the suppression capability of drilling liquid to shale and
shale tends to be stable. Because shale sample
amount is relatively large, Posidonia shale core is
adopted here.
It is shown from X diffraction analysis results
that it contains 70% quartz, 15% feldspar, 5% chlorite, 5% illite and 5% calcite, with relatively fragile
lithological characters. Pressure transmission experiment is carried out by utilizing HKY3 shale
pressure transmission experiment device by using
different fluids and shale cores to evaluate influence
of composite surfactant on shale well wall stability.
Experiment conditions are as follows: confining pressure is 3.5MPa, upstream pressure is controlled in 2.3MPa and return pressure is 2.6 MPa
and data are recorded every 1 min and shale core
length is 2cm and diameter is 2.5cm and pressure
transmission experiment curve and calculated shale
permeability result are shown in Fig.4.

FIGURE 5
Influence of Bedding Surface Occurrence
on Collapse Instability Principle
Influence of bedding surface occurrence.
Fig.5 shows influence principle of borehole track
and bedding surface under 3 kinds of conditions: 0°,
45° and 90°bedding surface direction. Stability area
with minimal equal yield density (collapse density
in brief) of collapse pressure is the best; stability in
area with maximal collapse density is the worst. It
can be seen from Fig.5 that: well wall collapse
pressure is closely related to borehole axis direction,
bedding surface direction, dip angle of bedding
surface and well wall collapse density can reach
0.45 g/cm3 under different conditions; collapse
pressure distributes relatively gently when bedding
surface direction is 0° and collapse density difference is 0.25 g/cm3 in different drilling directions
and dip angles of bedding surface; collapse pressure
distribution degree increases when bedding surface
direction is 45° and collapse density difference is
0.39 g/cm3 in different drilling directions and dip
angles of bedding surface; collapse pressure distribution difference is maximal when bedding surface

FIGURE 4
Pressure Transmission Experiment Result for
Different Fluids Contacting with Shale
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FIGURE 6
Relationship between Collapse Pressure and Hole Diameter by Log Presentation Forecast

direction is 90° and collapse density difference is
0.45 g/cm3 in different drilling directions and dip
angles of bedding surface; for different borehole
axis direction and tip angle of bedding surface, with
change of bedding surface direction, risk of well
wall collapse and instability presents increase trend
on the whole; at the same time, collapse instability
risk difference increases gradually; stability for
drilling in borehole along minimal horizontal main
stress direction when tip angle of bedding surface is
45° and bedding surface direction is 90°.

CONCLUSIONS
This paper researches influence of crustal
stress direction, borehole track and shale bedding
surface on well wall stability; at the same time, analyzes influence of bedding surface strength reduction by invasion of drilling fluid on well wall collapse; analyzes living example and verifies correction of methods in this paper to guide optical design
of drilling direction of shale-gas horizontal borehole and drilling fluid density by taking test samples (collected from certain domestic oil field Posidonia shale core sample product) as research object and by taking horizontal well of bedding-surface shale as research object.

Influence of bedding surface occurrence. In
practical work, it is more general that there is no
coring photo; at that time, it is very effective to
obtain GSI quantitative characterization value of
shale structure by utilizing log presentation and
then to obtain collapse pressure and realize well
wall stability evaluation. Taking Posidonia for example, drill with diameter of 215.9 mm is used for
the well during the second section in fresh water
with drilling density of 1.02 g/cm3. GSI value is
obtained by utilizing log presentation (foresaid
formula is adopted for GSI by log presentation) and
collapse pressure is calculated and relationship between collapse pressure and dimension of borehole
diameter is shown in Fig.6. Collapse pressure by
utilizing log presentation and borehole change trend
are relatively identical and percent of contact area
reaches 75%, which demonstrates that the method
is effective. It can be known from equal yield density of collapse pressure drilling fluid and borehole
that the well is normal or it has slight hole enlargement and well wall stability is favorable.
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wastewater, in order to improve the rate of oil, petrochemical achieve oily wastewater treatment
reaches back to the standard.

ABSTRACT
Through experimental research methods, analysis of microelectrolysis and Fenton oxidation
method of combining the depth of the petrochemical
oily wastewater treatment effect, summarised in the
microelectrolysis and Fenton oxidation combined
mode processing optimum parameters petrochemical and oily wastewater indicators, with a view to
achieve water reuse standards.

EXPERIMENTAL
Test water samples and materials. Water samples were collected from the Daqing Petrochemical
Plant oil refining process and the untreated
wastewater before oil content was measured at 20 ~
30.0 mg/l range, pH range of 6.8 to 7.9, water temperature range is 18.0 ~ 20.0oC. Experimental material comprising: a particle size of 1.0 mm ~ 3.0 mm
scrap cast iron, activated carbon (specific surface
area of 1400 m2/g, a pore volume of 90%) particle
size 3.0 ~ 5.0 mm, 1.0 ~ 2.0 mm diameter copper
shavings (Purchased from USA), a concentration of
30.0% hydrogen peroxide, the concentration of the
standard sodium hydroxide solution.
Laboratory equipment and instruments. Laboratory equipment and instrument configuration include: microelectrolysis reaction column, Fenton reagent, a homemade laboratory sedimentation tanks,
UV-vis. spectrophotometer (UV-2700, Shimadzu,
Japan), pH detection meter (HACH, USA), electric
mixer (Qingdao, China).
Experimental methods. Microelectrolysis test
methods are: activated carbon, copper scrap and
scrap iron pretreatment, according to a certain proportion of concentrated mass loaded microelectrolysis plexiglass column, and detection precision pH
meter (PHS-3C) pH in water samples changes in the
value of strict control, adjust the pH value of the parameter with dilute hydrochloric acid. After a certain
time the reaction water samples taken adequate
amount of oil, and oil removal rate effect is calculated.
Fenton oxidation process for the experiment:
After the micro-electrolysis reaction effluent is
transferred to Fenton reagent reactor, according to a
certain proportion of hydrogen peroxide is added, after 200 rev/min conditions of constant agitation, sodium hydroxide solution was adjusted to pH 9.0, after sufficient precipitation amount of oily supernatant was measured.

KEYWORDS:
petrochemical oily wastewater, depth treatment, reuse.

INTRODUCTION
With industrial development, increasing the
amount of oil used, but due to various technical and
management development lags behind other reasons
are not perfect makes a lot of oil into the water, forming pollution. Oily wastewater sources are very
broad; the oil in the oil industry, oil refining, oil storage, transportation and petrochemical industries in
the production process will generate a lot of oily
wastewaters [1-5]. Oily wastewater pollution is
mainly manifested in the following aspects: (1) affecting drinking water and groundwater resources,
endangering aquatic resources; (2) endangering human health; (3) atmospheric pollution; (4) affecting
crop production; (5) destructing the natural landscape, and even probably because of coalescence of
the oil burner safety issues arising. Given oily
wastewater pollution China provides the maximum
allowable emission of oily wastewater concentration
of 10 mg/l. Therefore, oily wastewater treatment is
urgently needed in today’s field of environmental
engineering problems [6-10].
Such conventional wastewater treatment methods for large oil to coagulation, adsorption-based,
but in varying degrees on the presence of complex
structure, poor treatment effect problems [11-15]. In
this study, that is, attempts to apply the micro electrolysis and Fenton oxidation method of combining
the petrochemical depth treatment of oily
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as factor A, liquid to solid ratio - B, and residence
time - C in orthogonal experiments. The experimental results are shown in Table 2.
From Table 2, it is seen that in the ternary microelectrolysis orthogonal reaction, A is greater than
C, C is greater than the factor B, in other words, the
relevant factors orthogonal reaction of iron - copper
- carbon microelectrolysis treatment effect ternary is
ranked as follows: petrochemical oily wastewater
liquid to solid ratio <reaction time <pH. From K
point of view, in order to achieve the best experimental conditions, optimum solution for pH (4), residence time (5), of liquid to solid ratio (4), that is,
treatment of wastewater in the oil and petrochemical
to ensure that after the depth of treated wastewater
reuse standards reached, water pH should be 5.0, liquid-solid ratio should be 2: 1, reaction time consuming should be 75 min, the best process parameters is
fixed.
Fenton oxidation results. The results of the effect of the added amount of hydrogen peroxide on oil
removal are shown in Table 3.

RESULTS AND DISCUSSION
Iron - copper - carbon microelectrolysis experiments ternary 40.0 g of the total mass are fixed, pH
is 4.0, the reaction time is 1 h, impact of iron copper
- carbon at different mass ratio scheme on petrochemical oily wastewater treatment via univariate
analysis mode is studied. Specific results are shown
in Table 1.
TABLE 1
Impact of iron - copper - carbon at different
mass ratio on petrochemical oily wastewater
treatment
Mass ratio
Oil removal (%)

2:1:0
32.50

2:0:1
40.50

2:1:1
56.50

2:2:1
48.50

2:3:1
43.50

From Table 1, it is seen that the different iron copper - carbon mass ratio has a significant impact
on the petrochemical wastewater treatment. Oil removal significantly increased after adding a certain
proportion of copper. Meanwhile, optimum value of
treatment efficiency reached to 56.50% under a variety of experimental mass ratio of programs, then the
corresponding iron - copper - carbon mass ratio is 2:
1: 1. Therefore, subsequent experiments used iron copper - carbon mass ratio 2: 1: 1.

TABLE 3
Effect of the added amount of hydrogen
peroxide on the oil removal

TABLE 2
Iron - copper - carbon microelectrolysis ternary
orthogonal reaction results
pH
2.0
2.0
2.0
2.0
2.0
3.0
3.0
3.0
3.0
3.0
4.0
4.0
4.0
4.0
4.0
5.0
5.0
5.0
5.0
5.0
6.0
6.0
6.0
6.0
6.0
K1
K2
K3
K4
K5

Liquid-solid
ratio
5:1
4:1
3:1
2:1
1:1
5:1
4:1
3:1
2:1
1:1
5:1
4:1
3:1
2:1
1:1
5:1
4:1
3:1
2:1
1:1
5:1
4:1
3:1
2:1
1:1
72.81
80.29
77.93
80.39
78.09

Residence time
(min)
15.0
30.0
45.0
60.0
75.0
15.0
30.0
45.0
60.0
75.0
15.0
30.0
45.0
60.0
75.0
15.0
30.0
45.0
60.0
75.0
15.0
30.0
45.0
60.0
75.0
79.02
76.95
76.40
79.30
77.80

Hydrogen
peroxide
added (ml/l)

0.4

0.6

0.8

1.0

1.2

1.4

Oil removal
(%)

70.
00

78.0
0

81.00

89.00

73.00

32.00

The data in Table 3 show that when hydrogen
peroxide is added at a concentration < 1.0 ml/l will
increases oil removal by Fenton oxidation treatment.
When hydrogen peroxide is added as 1.0 ml/l, the oil
removal reaches the highest value, i. e. 89.00% after
Fenton oxidation. When hydrogen peroxide is added
in an amount > 1.0 ml/l, the hydrogen peroxide is
added in an amount would rise by Fenton oxidation
efficiency of wastewater treatment Petrochemical
Oil declined. The impact mechanism comprising: at
Fenton oxidation treatment of petrochemical
wastewater, when hydrogen peroxide is too low in
volume, increasing the amount of hydrogen peroxide
can be added to make the number of OH radical Petrochemical oily wastewater systems continues to increase, improve oxidative degradation response effect, in order to promote the petrochemical oily
wastewater residual small molecules dissolved and
emulsified oil cost oil is oxidized, thereby enabling
the waste oil is increased. However, when hydrogen
peroxide is added in an amount up to 1.0 ml/l or
more, Petrochemical Oil Wastewater hydrogen peroxide in excess of the state, leading to water and oxygen automatically decompose and can cause Petrochemical Oil Wastewater Fe2+ oxidation reaction
and the formation of Fe3+ resulting OH radical production is suppressed, reducing the efficiency of the

Oil removal
(%)
74.00
70.00
71.50
74.00
74.50
77.50
79.50
81.50
86.00
77.50
80.50
80.90
79.20
74.30
75.00
83.50
82.50
76.10
79.30
80.80
79.50
72.50
73.80
83.50
81.50
74.81
75.12
79.05
80.20
80.35

Iron - copper - carbon microelectrolysis ternary
orthogonal reaction. The acid-base reaction is fixed
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petrochemical oily wastewater. Thus, according to
the data in Table 3 Fenton Oxidation optimum
amount of hydrogen peroxide determined to 1.0 ml /
L.
Effect of pH on oil removal. The optimum
amount of hydrogen peroxide was added over a link
identified in 1.0 ml/l as the standard response time
consuming constant 40 min, adjusted by means of
dilute hydrochloric acid ternary microelectrolysis effluent pH optimum conditions were 2.0, 3.0, 4.0, 5.0,
6.0, and effect of different pH on petrochemical oily
wastewater treatment is shown in Table 4.
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TABLE 4
Effect of different pH on petrochemical oily
wastewater treatment
pH
Oil
(%)

removal

2.0
30.0
0

3.0
52.0
0

4.0
85.0
0

5.0
89.5
0

6.0
63.0
0

In Table 4, for pH < 5.0, increasing pH increased processing efficiency, but when pH > 5.0,
the oil removal efficiency significantly decreased. It
is shown that optimum pH should be 5.0 in Fenton
oxidation reaction.

CONCLUSIONS
This study was conducted study experimentally
the petrochemical oily wastewater treatment and reuse of the relevant circumstances, study data showed
that: (1) by micro-electrolysis technology applications can significantly reduce petrochemical oily
wastewater oil content, this reaction Fe - copper carbon micro electrolysis reaction ternary optimum
mass ratio of 2: 1: 1, based on orthogonal experiment
results obtained: In order to ensure that after the
depth of treated wastewater reuse standards reached,
water pH should be 5.0, liquid-solid ratio should be
2: 1, the reaction should be consuming 75 min, the
best process parameters required; (2) after the oil and
petrochemical waste water ternary micro electrolysis, Fenton oxidation method should be applied for
further processing. Univariate results show: during
Fenton oxidation, hydrogen peroxide optimum
amount of 1.0 ml / L, pH optimum of 5.0, at a reaction time of 40 min conditions can be achieved in
line with the standard processing requirements back.
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and SO2, which can contaminate the air we breathe
and contribute to high health-risk levels [5-6]. Particulate Matter (PM) of natural and anthropogenic
origin dominates the health effects of air pollution in
addition to its effects on the energy balance of the
Earth- atmosphere system [3]. There are two separate standards exist for particulate matter, namely
PM10, which refers to particles with aerodynamic
diameter < 10 µm, and PM2.5, which refers to particles with aerodynamic diameter < 2.5 µm [7]
Population growth leads to urban area expansion, which in turn reduces per-capita Green Space
(GS) area, initiating a number of environmental and
ecosystem issues. The most simple and efficient approach with which to balance these deleterious effects on the environment is GS development. Urban
green spaces are artificial versions of GS land use
types, with critical contributions to urban sustainability [8-9]. Expansion and planning of such spaces
can contribute to formulation of simultaneous adaptation and mitigation strategies [10]. Adaptation
strategy consists of regulating urban land use, water
management, public health, and social education to
construct sustainable policies at a socio-economic
level, while mitigation strategy controls pollutant
emissions from industrial, residential, commercial,
and transportation activities. These problem-solving
strategies are especially efficient together: adaptation and mitigation can be combined in specific cases
like tree planting and GS management [1, 11]. In
general, air pollution mitigation is one of the most
valuable advantages of urban GS, which are also referred to as the ‘lungs’ of urban areas [12-13]. The
advantages of these areas include air and noise pollution reduction, water and soil protection, air temperature balance, and promotion of sustainable ecosystem for animal species, all of which justify creation of balanced social and environmental systems in
urban areas. Appropriate planning and expansion
with respect to adaptation and mitigation strategies
is necessary if sustainable urban development is
sought [14-15].
Several studies were done by some researchers
on air pollution and land use changes which are challenging issues these days. Seker et al. (2008) used

ABSTRACT
Rapid expansion of cities and mega-cities often
affects the surrounding environment, reducing environmental sustainability and leading to other negative effects. To achieve a sustainable urban environment, it is critical that green spaces expand in harmony with urban expansion in a rational manner,
compensating for losses in the environment due to
urban growth. In this study, land use maps including
6 classes of green space, urban areas, roads, river,
agriculture lands, and barren land were produced using maximum likelihood algorithm for 2010 and
2016 and the landscape metrics were analyzed using
FRAGSTATS software. Then, a partial least square
(PLS) model was applied to assess the effects of
changes in the pattern of green space on air pollution.
The model results indicate that reduction in the area
of large green space patches promote air pollution,
suggesting that there is a direct relation between increases in the area of large green space patches and
air pollution reduction.

KEYWORDS:
Urban expansion, air pollution, landscape metrics, Landsat
TM images

INTRODUCTION
Air quality has become a major challenge for
mega-cities worldwide during recent decades and is
a major issue concerning authorities in large cities
and mega-cities, requiring serious amelioration
measures [1-2]. Increase in industry and urbanization decreases the quality of air and is threatening
human health in many ways. Air pollution has been
estimated to be the cause of approximately two million premature deaths worldwide per year [3].
Air pollution often exceeds acceptable limits
and is especially problematic in industrial mega-cities, where pollution is tied directly to the economy
and the environment [4]. Major pollutants emitted by
transportation and industry include CO2, CO, NO2,
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The structure of this article consists of 4 below
sections. Sec. 1 describes pervious findings; Sec. 2
presents the study design, including methodology
and variable determination; Sec. 3 presents analysis
of changes in GS patterns; and Sec. 4 describes the
effect of GS on air pollution.

Landsat satellite images analyze the coastal changes
occurred in Kilyos - Karaburun region, Turkey as a
result of open mining activities. Surface and spatial
profiles achieved through multi-temporal remotely
sensed data belonging to 1984, 1992 and 2001 [16].
Sakellaris et al. (2017) used air quality measurements in two buildings, an office building and a
small plastic craft industry, both located in a semiindustrial area of Athens. The monitoring campaign
lasted for three days during September 2014 and included Volatile Organic Compounds (VOC) and
PM10 measurements [17]. Sarigiannis et al. (2017)
developed an efficient method for the determination
and quantification of 19 PAH compounds in the atmosphere of the Thessaloniki region in Greece. Air
samples were collected in two sampling sites in the
area of Thessaloniki between January and mid-April
of 2013, an urban background site and a traffic site.
Results showed that the concentrations in samples
from the two monitoring stations showed variations
both in PM fractions and PAH compounds. PAHs
concentrations were higher in the urban background
station, due to the increase in biomass combustion
[18].
An attempt is made in this study to prepare land
use maps of the study area during a 6-year period and
assess land use changes, analyzing the changes in GS
through spatial changes and landscape metrics and
identifying the effect of urban GS on air pollutant
mitigation using the partial least squares (PLS)
model.

MATERIALS AND METHODS
The study area. Isfahan is located in the center
of Iran (33.38 N, 51.39 W) at an elevation 1550-1650
m and is Iran's third largest city after Tehran and
Mashhad. The city of Isfahan had a population of
5,120,850 in the 2015 [19]. The city has 14 urban
districts. This Isfahan mega-city is surrounded by the
cities Khomeini Shahr and Najaf Abad to the west,
Sofeh Mountain to the south, and Sepahan Shahr and
Shahin Shahr to the North in addition to the Segzi
fields. This mega city is ranked second in air pollution nationwide and is subject to a number of socioeconomic and health problems. It is surrounded by
industrial centers large and small, which constitute
the main pollutant sources. In order to accomplish
effective air pollution reduction measures, more serious studies with a focus on the contribution of urban GS to protection of the urban ecosystem and
land use efficiency are necessary [20-21].

FIGURE 1
The geographic location of Isfahan City
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TABLE 1
Description of land use categories
Land use categories
Urban
River
Road
Barren
Farmland
Landscape

Description
Residential, industrial, commercial, in construction
Zayandeh Rood River
Freeways, Blvds., Aves., Streets, Alleys, etc.
Zones with few or no plants
Zones with landscape, like small urban agricultural lands
Any landscape along the river banks, and parks
TABLE 2
The metrics applied in this study

Metrics
Largest patch index
Percentage of landscape
Number of patches
Patch density

Symbol
LPI
PLAND
NP
PD

Land use classification. To diagnose changes
in landscape patterns, land uses maps are prepared
from Landsat TM Images from 2010 to 2016. In this
supervised classification, for each phenomenon, a
number of levels or regions are selected as sample or
training sites to be applied in upcoming classifications. Here the maximum likelihood method is
adopted as it is more accurate than its supervised
counterparts [22]. In this method, supervised classification is applied to the false-color composite images from the TM bands during the experiment period. The six land use categories are tabulated in Table 1.

Unit
Percent
Percent
NO Unit
Meter/ha

Assessing the effect of green spaces on air
pollution. The partial least square (PLS) model.
The regressive PLS model is adopted herein to assess
correlations between congestion, GS pattern formation, land use structural change patterns, and air
pollution concentration reduction. PLS consists of
the inner model, which describes correlations among
latent variables, and the outer model, which describes correlations between latent and observed variables.
This model is capable of simultaneously accepting and assessing the reflective and formative
structure, and is appropriate for analyzing small
amounts of data, lost data, small sample data sizes,
and independent co-linear variables. The sample size
in this study is very small. The reflective analytic
mode includes a series of latent and dependent variables for which correlations are assessed through the
PLS mode. Adoption of the PLS model is appropriate for the objectives here, since the subject samples
are quite small [1, 23].

Quantifying landscape metrics and assessments of landscape pattern changes. Landscape
metrics are measured at patch, class, and landscape
levels at different scales. The landscape ecology emphasizes the interaction between spatial pattern, ecological process, and scale, and focuses on the structure, function, change, and management of landscape [1]. To study GS, some categorical indexes are
not considered and applied in a direct manner. The
‘patch’ is the basic unit applied for assessing GS, and
all indexes are obtained based on patch statistical
data. In this study, the PD, NP, and LPI metrics are
applied in describing the combination and spatial
distribution of constituent elements at landscape
level and the three NP, PLAND, and LPI metrics are
applied at the class level, consistent with related literature (Table 2) [22].
Quantification of landscape metrics for a sixyear period is made at both the landscape and class
levels using FRAGSTATS software. This software
contains a spatial pattern analysis program designed
to compute different landscape metrics from land use
maps [22].

Definitions of the latent and observed variables. Latent variables include the size and number of
largest GS patches and particulate matter (PM), CO,
NO2, and SO2 pollutant concentrations. Observed
variables are obtained through measurement of the
latent variables’ rate of change and consist of
changes in land use, fragmentation, largest patch
size, and changes in pollution concentrations, which
are in turn, obtained through the landscape metrics
indices for the study period (Table 3).
1) Changes in landscape and land use consist
of three latent or computed variables:
a) Change of landscape
b) Change of fragmentation
c) Changes of largest patch percentage
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2) The pollutant emission pattern change rate
within the experiment period consists of only one latent variable which is the change in air pollution
emissions.
The analysis of both latent and observed variables, their rate effects, and the manner in which they
introduce pollution to the urban GS are tabulated in
Table 3. This table contains two sections: 1) changes
in urban GS and other land uses, and 2) changes in
air pollution rates.

for 2016. The use of multi-temporal images reduced
possible errors and smoothed the results [24].
Changes in area allocated to a given land use are calculated for the study period according to the obtained
efficiency plans (Tables 4 and 5).
Land use changes between 2010 and 2016.
Within this period, the land use maps obtained from
TM images are analyzed to reveal land use changes.
According to these maps, the highest number of
changes occurred in barren regions (that is, new
landscapes), which constitute about 5% of the total
and 10% of the urban barren region in the northern
section. In the same period a 5% convergence of urban-agriculture land into urban expansion is evident.
In general, land use change affects mostly urban agriculture and barren land. It is noteworthy that the
river dimensions have remained constant.

RESULTS AND DISCUSSION
Preparation of land use maps and accuracy
assessment. After selecting the best training samples, the land use plans are executed through supervised classification implementation with regard to
the six categories, where the maximum likelihood
method is adopted on TM image bounds for the determined period (Figures. 2 and 3). To determine the
accuracy of the classification, the false color composite images and GPS are applied; the accuracy percentages are 93.94% for the year 2010 and 92.08%

Quantifying landscape metrics. The findings
so far indicate that, due to population growth and an
increase in city dwelling, man-made patches have increased in this period. This population growth and an
increase in city dwelling have reduced the ideal land
percentage.

TABLE 3
PLS model variables
Landscape

Latent Variable

Change of green space

Change in landscape

Observed Variable
Change in PLAND

Change in fragmentation
Change in largest patch percentage
Change of air pollution
Change in air pollution emission

Change in NP
Change in PD
Change in LPI
Change in SO2 emissions
Change in NO2 emissions
Change in CO emissions
Change in PM10 emission

Overall kappa: 93.94%

Mountain

Agricultural
land

Green space

Barren land

0
26
0
0
0
0
0
26
0.0000

0
0
27
0
0
0
0
27
0.0000

66
0
0
4458
27
0
9
4560
0.0224

2
0
0
0
175
16
0
193
0.0933

4
0
0
0
76
448
0
528
0.1515

0
0
0
0
0
0
244
244
0.0000

Overall accuracy: 96.37%

8138

3247
66
27
4495
280
507
253
8875

Commission
error

River

3175
40
0
37
2
43
0
3297
0.0370

Sum

Road

City
Road
River
Mountain
Agricultural Land
Green space
Barren land
Sum
Commission error

City

Land use
classes

TABLE 4
Land use classification error matrix for 2010

0.0222
0.6061
0.000
0.0082
0.3750
0.1164
0.0356
0.0356
0.0363
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FIGURE 2
Land use map for 2010
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FIGURE 3
Land use map for 2016
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Sum

Commission
error

71
0
2
0
0
0
0
0
0
3253
0
5
0
311
117
29
54
559
118
0
0
3471
365
683
0.0628 0.01479 0.1816
0.0628 0.01479 0.1816
Overall accuracy: 94.35%

Barren land

0
0
32
0
0
0
0
32
0.0000
0.0000

Green space

1
50
0
0
0
0
0
51
0.0196
0.0196

Agricultural
Land

River

1268
8
0
12
0
6
10
1304
0.0276
0.0276

Mountain

Road

City
Road
River
Mountain
Agricultural Land
Green space
Barren land
Sum
Commission error
Commission error
Overall kappa: 92.08%

City

Land use
classes

TABLE 5
Land use classification error matrix for 2016

0
2
0
32
0
0
2326
2360
0.0144
0.0144

1342
60
32
3302
428
648
2454
8266
-

0.0551
0.1667
0.000
0.0148
0.2734
0.1373
0.0552
0.0356
0.0565
0.0565

TABLE 6
Results of calculated landscape metrics

LPI
36
17

Landscape metrics
PD
22
28

NP
45877
69231

Year
2010
2016

The effect of landscape on air pollution. Assessment of the PLS. (a) The Outer Model. The
reliability of this model allows the inner path to be
assessed. To verify outer model reliability, both the
composite reliability (CR) and the average variance
extracted (AVE) are assessed. The CR of all variables should be greater than 0.7 (CR>0.7); researchers
prescribe a 0.5 or higher AVE for all variables
(AVE>0.5) [26].
The findings here indicate CR values of 0.761.0 and AVE values of 0.62-1.0 for all latent variables, meeting the established standards and indicating good data quality (Table 8). All changes in landscape latent variables have direct, significant effects
on changes in air pollutant concentrations (including
CO2, CO, NO2, and SO2), with either reduction or
increase in the size of the biggest patch. Fragmentedpatch data indicate indirect effects on pollution reduction, while largest-patch data indicate a direct effect on pollution reduction.

Landscape-level analysis. In this analysis, the
whole span is considered a coherent ecology. As observed in Table 6, the patch volume metric and patch
number have increased during the study period, and
the biggest patch index matrix is reduced by 19%.
The fragment concentration metric is applied as the
patching index.
Class-level analysis. The PLAND reveals land
use percentages at the class level and the combined
landscape ecology percentage in general. Time variation can be applied to this matrix to achieve a general picture of changes in landscape ecology in a
given study area [25]. In this study, the percentage
of green space, man-made space, and road construction have increased during the study period; in 2010
barren land comprises the highest land use percentage, while urban and GS dominate in 2016.
Agricultural land use was reduced from
12.18% in 2010 to 9.65% in 2016. Man-made
patches increased from 10.35% in 2010 to 14.90% in
2016, and barren land decreased due to urban development in the same period. The results obtained
from the analysis are presented in Figures 4 and 5.
The number of patches has increased in all categories. The increase in man-made patches indicates
landscape ecology deterioration.
The results obtained from the analyses run on
the urban coverage indicate that the change of spatial
pattern, do reduce environment quality and introduce
a number of problems including an increase in air
pollution.

(b) The Inner Model. The necessary criteria
for evaluating the structural model - coefficient of
determination (R2) and the paths of variable - are innate. In PLS model output, R2 values of 33.67, 0.0,
and 0.19 describe significant, medium, and weak
states, respectively. The coefficient volume fluctuated within -1 and +1 in the standard state; higher
effectiveness is indicated by values closer to either
bound [26]. The coefficients of determination between latent GS variables and air pollution are tabulated in Table 8; these findings reveal that all
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FIGURE 4
Values of PLAND during the study period

FIGURE 5
Comparison of the number of different patches
TABLE 7
Outer model assessment
Landscape
Change in green space
Change in air pollution

Latent variables
Change in fragmentation
Change in landscape
Change in largest patch percentage
Change in air pollution emission

CR
0.764
1.000
1.000
0.973

Average
0.624
1.000
1.000
0.900

TABLE 8
Path coefficient experimental results in the inner model.
Variables
change in fragmentation
change in landscape
change in largest patch percentage

Change in air pollution emission
0.475
-0.821
-0.427
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FIGURE 6
PLS model outcome

changes in latent GS variables have significant effects on pollutant emission. These findings are similar to those revealed in the outer model.

The total effect of changes in largest patch percentage on air pollution emission is -0.427, influenced by
the direct effect.
The “change in fragmentation” latent variable:
the fragmentation of GS affects air quality in a positive manner. The total effect on changes in air pollution emission is 0.475.
In general, it can be stated that air pollution is
a major destructive force in urban settings, but can
be confronted through one of the simplest and most
common resolution patterns: an increase in urban GS
area of any kind, shape, or form. Diagnosing changes
in GS area and analyzing the effects thereof is necessary for determining air pollution rates in urban
settings. In this study, land use plans were developed
followed by analysis of green space structural pattern changes using landscape metrics. The consequences of these changes regarding air pollution
concentrations are assessed using the PLS model.
The results obtained are as follows:
1. A reduction in urban landscape area is indicated by increases in city dwelling and GS structural pattern changes.
2. The assessments of landscape metrics during this study period indicate more fragmentation
and reduction in the biggest green space patch. Due
to changes in landscape area, GS configuration has
become simpler while that of the larger patches has
become more complex. Increases in the number and
concentration patches and reductions in size of the

Analysis of results. The effect of changes in
landscape and land uses categories on air pollution reduction. During this study period, area devoted to GS is decreased due to urban expansion,
which has, together with increased fragmentation
rate, led to a decrease in the largest patch size. This
size change is considered to be a latent variable because of its negative effect on air pollution. As mentioned previously, the coefficient volume fluctuates
within -1 and +1 in the standard state, where higher
effectiveness is indicated by values closer to either
bound. Thus, changes in landscape lead to changes
in green space; that is, reduction in GS has a direct
negative effect on air quality.
According to Figure 6, this study has verified
the effects (direct, indirect, and total) of latent variables through PLS analysis. The effects of the latent
variables are as follows:
The “change in landscape” latent variable: the
number and area of GS changes affects changes in
air pollution emission in a negative manner. The total effect of green space on air pollution change is 0.821, derived from the direct effect.
The “change in largest patch percentage” latent
variable: changes in GS area and the largest patch
percentage affect air quality in a negative manner.

8143

&%

# ' !   







 !#!$ "#"


largest patches indicate disintegration of the landscape ecology. The same phenomenon is observed
and addressed by Liu and Shen [1].
3. The results obtained using the PLS model
reveal that changes in urban GS structural patterns
have significant effects on air pollution. For example, a reduction in air pollution is experienced when
the biggest patches grow in size in urban settings and
when GS concentration is distributed in an appropriate manner. A decrease in the size of the largest
patches due to a reduction in ecologically interconnected GS networks has a negative effect on air pollutants.
Increases in urban space and fragmented landscapes have negative effects on air pollution. Land
use change due to human activities, urban area expansion, and lack of environmental restrictions have
caused the development of fragmented landscapes,
which in turn reduce the ability of landscapes to reduce pollution.

ACKNOWLEDGEMENTS
The authors would like to thank the assistance
and support of Islamic Azad University, Isfahan
branch for funding this major research project.

REFERENCES
[1] Liu, H.L. and Shen, Y.S. (2014) The Impact of
Green Space Changes on Air Pollution and Microclimates. Sustainability. 6, 8828-8854.
[2] Jayasooriya, V.M., Muthukumaran, S. and
Perera, B.J.C. (2017) Green infrastructure practices for improvement of urban air quality. Urban Forestry & Urban Greening. 21, 34-47.
[3] Ozelkan, E., Karaman, M., Mostamandy, S.,
Avci, Z., Toros, H. (2015) Derivation of PM10
levels using OBRA on Landsat 5 TM images: a
case study in Izmir, Turkey. Fresen. Environ.
Bull. 24, 1585-1596.
[4] Janhall, S. (2015) Review on urban vegetation
and particle air pollution - Deposition and dispersion. Atmospheric Environment. 105, 130137.
[5] Tallis, M., Taylor, G., Sinnett, D. and FreerSmith, P. (2011) Estimating the removal of atmospheric particulate pollution by the urban
tree canopy of London, under current and future
environments. Landscape and Urban Planning.
103, 129–138.
[6] Elbir, T., Kara, M., Simsi, S., Eren, T. and
Ozdemir, S. (2010) Development of a GISbased decision support system for urban air
quality management in the city of Istanbul. Science of the Total Environment. 26, 547-566.
[7] Kocak, E., Kilavuz, S.A., Imamoglu, I., Tuncel,
G. (2017) PM2.5 bound organic molecular
marker speciation methods and observations
from daily measurements in Ankara, Turkey.
Fresen. Environ. Bull. 26, 263-272.
[8] Bencheikh, H. and Rchid, A. (2012) The effects
of green spaces (Palme trees) on the microclimate in arides zones, case study: Ghardaia, Algeria. Energy Procedia. 18, 10-20.
[9] De Ridder, K., Adamec, V., Banuelos, A.,
Bruse, M., Burger, M., Damsgaard, O., Dufek,
J., Hirsch, J., Lefebre, F., Perez-Lacorzana,
J.M., Thierry, A. and Weber, C. (2011) An integrated methodology to assess the benefits of urban green space. Science of the Total Environment. 335, 489-495.
[10]Senanayake, I.P., Welivitiya, W.D.D.P. and
Nadeeka, P.M. (2011) Urban green spaces analysis for development planning in Colombo, Sri
Lanka, utilizing THEOS satellite imagery-A remote sensing and GIS approach. Urban Forestry
& Urban Greening. 12, 307- 314.

CONCLUSIONS
Air pollution is a major destructive force in urban settings, but can be confronted through one of
the simplest and most common resolution patterns:
an increase in urban GS area of any kind, shape, or
form. The expansion of large cities and mega cities,
particularly in in underdeveloped countries, intensifies the negative aspects of urban development, including, most notably, air pollution. Unsustainable
urban development changes in land use patterns, and
specifically green space, are assessed in this study,
using the PLS model to determine the effects of
green space changes on air pollution reduction. The
spatial changes in green space and other land uses
for the purpose of urban development have reduced
environmental quality by increasing air pollution.
Diagnosing changes in GS area and analyzing the effects thereof is necessary for determining air pollution rates in urban settings. Findings indicate that the
size of the largest GS patches has decreased due to
urban expansion, and this fragmentation ratio reveals
an increase in GS degradation and air pollution increase. Through the PLS model, it is revealed that
when the size of the largest green space patches becomes larger, air pollutant concentrations reduce,
and an increase in the number of GS patches promotes pollutant emission rate reduction. Accordingly, as the number and area of parks, orchards,
woods, and other protected natural landscapes in the
city increase, the negative effects of air pollution will
decrease.

8144

&%

# ' !   







 !#!$ "#"


[22]Bihamta Tousi, N., Soffianian, A. and Fakheran,
S. (2013) Quantifying landscape pattern
changes using landscape metrics in Isfahan city,
Iran. Planning and Environmental Management
Conference. Tehran University, Iran, 1-8.
[23]Abdi, H. (2010) Partial least squares regression
and projection on latent structure regression
(PLS Regression). Computational statistics.
2(1), 97-106.
[24]Wicki, A. and Parlow, E. (2017) Attribution of
local climate zones using a multi-temporal land
use/land cover classification scheme. J. Appl.
Remote Sens. 11(2), 1-16.
[25]Yousefi, A. and Salehi, A. (2010) Ecological
analysis of green space in Birjand based on landscape metrics. Geographic space Journal.
14(46), 71-87.
[26]Amani, J., Khazri, H., Mahmodi, H. (2012) Introduction of modeling structural equations using partial least squares. Geographic space Journal. 1(1), 41-54.

[11]Han, L., Zhou, W., Li, W. and Li, L. (2014) Impact of urbanization level on urban air quality:
A case of fine particles (PM2.5) in Chinese cities. Environmental Pollution. 194, 163–170.
[12]Dadvand, P., Rivas, I., Basagaña, X., AlvarezPedrerol, M., Su, J., Pascual, M., Amato, F., Jerret, M., Querol, X., Sunyer, J. and Nieuwenhuijsen M.J. (2015) The association between greenness and traffic-related air pollution
at schools. Science of the Total Environment.
523, 59-63.
[13]Ramdhoni, S., Badriyah Rushayati, S. and Budi
Prasetyo, L. (2012) Open green space development priority based on distribution of air temperature change in capital city of Indonesia, Jakarta. Procedia Environmental Sciences. 33,
204-213.
[14]Mavroidis, I. and Ilia, M. (2012) Trends of NOx,
NO2 and O3 concentrations at three different
types of air quality monitoring stations in Athens, Greece. Atmospheric Environment. 63,
135-147.
[15]Sezlmi, W., Weber, C., Riviere, E., Blond, N.,
Lotfi, M. and Nowak, D. (2012) Air pollution
removal by trees in public green spaces in Strasbourg city, France. Urban Forestry & Urban
Greening. 17, 192–201.
[16]Seker, D.Z., Kaya, S., Alkan, R.M., Tanik, A.,
Saroglu, E. (2008) 3D coastal erosion analysis
of Kilyos - Karaburun region using multi-temporal satellite image data. Fresen. Environ. Bull.
17, 1977-1982.
[17]Sakellaris, I.A., Tolis, E., Saraga, D.E., Bartzis,
J.G. (2017) VOCS, PAHS and ions measurements in an office environment in the vicinity of
a small industry. Fresen. Environ. Bull. 26, 292300.
[18]Sarigiannis, D., Nikolaki, S., Zikopoulos, D.,
Kermenidou, M. (2017) Determination of 19
PAHS in air samples using gas chromatography
–mass spectrometry. Fresen. Environ. Bull. 26,
338-344.
[19]Hosseiniebalam, F. and Ghaffarpasand, O.
(2015) The effects of emission sources and meteorological factors on sulphur dioxide concentration of Great Isfahan, Iran. Atmospheric Environment. 100, 94-101.
[20]Norouzi, A. and Mohammadi, Z. (2014) Zoning
of air pollution by using GIS software and air
quality index in Isfahan city of Iran. Proceedings of the first National Conference on Environment in Payam Noor University. Isfahan,
Iran, 10-16.
[21]Atai, H. and Hashemi-Nasab, A. (2014) Evaluation and classification of air pollution using
GIS in Isfahan city, Iran. Proceedings of the first
National Conference on Environment in Payam
Noor University. Isfahan, Iran, 1-9.

Received:
Accepted:

24.07.2017
02.10.2017

CORRESPONDING AUTHOR
Mozhgan Ahmadi Nadoushan
Department of Environmental Science,
Isfahan (Khorasgan) Branch,
Islamic Azad University,
Isfahan – Iran
E-mail: m.ahmadi@khuisf.ac.ir
m.ahmadi1984@gmail.com

8145

&%

# ' ! 

  





 !#!$ "#"



EFFICIENCY OF PHEROMONE WATER TRAPS AND LIFE
CYCLE OF TUTA ABSOLUTA (LEPIDOPTERA:
GELECHIIDAE) IN DIYARBAKIR PROVINCE, TURKEY
Yunus Bayram1, Mehmet Duman2, Musa Buyuk3, Cetin Mutlu4,*
1

General Directorate of Food and Control, Ankara, Turkey
2
Plant Protection Research Institute, Diyarbakir, Turkey
3
Agricultural Vocational School of Dicle University, Diyarbakir, Turkey
4
Abant Izzet Baysal University, Faculty of Agriculture and Natural Sciences, Department of Plant Protection, Bolu, Turkey

the world in terms of tomato production after China,
India and USA [5]. In Diyarbakır province, tomato
production has increased in recent years after the development of irrigation facilities and provision of
state subsidies to farmers. Tomato production is curtailed by many serious pests and diseases [1].
The South American tomato leaf miner, Tuta
absoluta (Meyrick), is a micro lepidopteran moth belonging to the Gelechiidae family and is considered
one of the most devastating tomato pests. It is originated in South America has spread to other European
countries and Mediterranean basin after first identification in Spain in 2006 [6, 15, 34]. The pest has a
high reproductive potential and the larvae of T. absoluta feed voraciously on all parts of tomato plants
except the root. The crop losses may increase from
80% to 100% in greenhouses and open field tomato
crops [24]. Chemical control is difficult because the
larvae live inside leaves, fruits and stems.
Tuta absoluta is a new pest for Turkey and the
pest was found first in open tomato fields of Urla,
İzmir in 2009 [20] and later in greenhouses of
Kumluca, Antalya in 2010 [14]. Then the pest was
spread very quickly and became the main pest of
open fields tomato crops and greenhouses due to its
high mobility and reproduction. After the establishment of tomato leaf miner in Turkey, studies on regarding distribution, population dynamics and some
management aspects of T.absoluta were studied [10,
12, 21, 17, 19, 22, 32, 35, 25, 28, 30, 7].
Chemical agents are used as the primary means
to control the pest in Southeast Anatolia Region as
well as other parts of Turkey. However, intensive use
of pesticides affects negatively environment and human health as well as natural enemies and causes
pest resistance [23]. Regardless of this intensive use
of different pesticides, high level of damage was recorded on tomatoes [27]. It is necessary to study biology, seasonal distribution as well as other effective
and sustainable solutions to be able to control T. absoluta because it is a new harmful pest in Turkey.
The objective of this study was to determine the
life cycle of the pest, its temporal distribution within
the life span of the crop and to evaluation of biotech-

ABSTRACT
The first detection of Tomato leaf miner, [(Tuta
absoluta) (Meyrick, 1917) (Lepidoptera: Gelechiidae)] in Turkey was in 2009 and it rapidly spread
and became the major pest in the areas where tomato
is cultivated, including Southeastern Anatolia Region of Turkey. The aim of this study was to investigate the infestation status, life cycle and efficiency
of pheromone water traps of Tomato leaf miner in
Diyarbakır province, Turkey.
The studies were conducted in farmers’ fields
and Diyarbakır Plant Protection Research Institute
trial field between 2011-2013 years. Tomato leaf
miners were subjected to trials in cages and the pheromone water traps were used for biotechnical control
at open tomato fields. The infestation rate of T. absoluta was low in seedling stage and during ripening
period of fruit and the infestation rate reached up to
100% and continued until the harvest in both years
in the Central and Bismil districts of Diyarbakır. The
pheromone water traps were not sufficient to control
T. absoluta in spite of a large number of males
caught. Adults of T. absoluta flying were recorded
during at the end of March (8-12 °C and 62-75% relative humidity). Five generations were determined
for T. absoluta with an average of 40 days for each
generation and it was affected by extremely high
temperatures and low humidity conditions.
KEYWORDS:
Tomato leaf miner, Tuta absoluta, infestation rate, life cycle, biotechnical control

INTRODUCTION
Tomato is one of the most produced and consumed products, and it plays a vital role in the global
trade of agricultural products [2]. In Turkey, tomato
is grown both in open fields and greenhouses in different regions, which are suitable in terms of climate.
It can be consumed as fresh, dried, canned, frozen,
pickled and as ketchup [4]. Turkey produces 7.2 %
of the world’s tomato and it is ranked 4th country in
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nical control method in reducing T. absoluta populations and leaf and fruit damage.

After capturing of the first adults flying in
sticky traps, trials were established as 6 traps /0.1 ha.
Circular plastic containers (50 cm diameter) were
used as traps and pheromone capsules were attached
to the top of the middle of the plastic containers fastened with wires from both sides. The containers
were filled with water and a thin layer of oil was
added onto the surface of the water to avoid males to
escape. The traps were each 30 m apart. Adults in the
traps were counted and recorded weekly. Pheromone
capsules were replaced every 6 weeks, pheromone
water traps were cleaned and refilled with water, and
drops of oil were added. During the first year of the
studies in both districts no pesticides were used. The
second year, growers applied the pesticide once in
order to decrease the damage when the economic
damage level had exceeded in both locations.
Voliam Targo SC (45 g/l Chlorantraniliprole + 18 g/l
Abamectin 80ml/100 liter of water) was used in August in both locations.

MATERIALS AND METHODS
Area of study and materials. This study was
conducted at Central district (Ekinciler village (38°
08' 48,6" N and 39° 58' 55,4" E) and Bismil district
(37° 50' 44.8" N and 40° 41' 08.8" E) of Diyarbakır
province. The main materials of this study; tomato
plants, tomato leaf miner, Delta-type pheromone
traps (Russel IPM Tuta absoluta-500 PH-937-1RR
Qlure-Tua 0.5 mg E3Z8Z11-14Ac+0.024 mg E3Z814Ac), blue color circular plastic water traps
(54x17x15 cm), large cages (2x2x2 m) which was
covered with thin muslin (40x70 mesh), small cages
(100x70x70 cm), various branch muslin cages in different sizes (20x20 mesh, 5x5 cm and 10x10 cm),
tomato planted pots (20x15 cm), plastic containers
(30x50x10 cm), hand lenses, a stereo-binocular microscope.

The Life cycle of Tuta absoluta. To determine
the life cycle of T. absoluta, a stock culture has been
established in a room under controlled climatic conditions (25 ± 1ºC temperature, 60 ± 5 % humidity, 16
Light:8 Dark) at the Plant Protection Research Institute in Diyarbakır province, and grown periodically
on tomato seedlings that planted in pots to sustain
foliage source for different stages of the pest. The
larvae and pupae of leaf miners were collected from
tomato fields and released on tomato seedlings and
transferred into lattices to obtain adults. Recently
emerged adults were given water with 15% sugar
sprayed on seedlings (Patricia and Sánchez, 2006).
The badly damaged seedlings were replaced
with new ones. The study of the biology of T. absoluta was initiated with the first catch by the traps,
which were used to monitor the population in the
field. Adults of T. absoluta, which were obtained
from stock culture, were used to follow biological
parameters of the pest from egg laying until the
emergence of adults. An sucking tube was used to
collect 20 pairs of adults (♂+♀) and the adults were
released as five pairs in each lattice. The lattices
were checked and tomato plants were examined
daily to determine egg laying, first larval emergence
stage the time of pupation and adulthood stage. The
length of generation and the number of generations
per year were also determined.
To complete life cycle of T. absoluta regardless
of entering diapause during the winter seasons of December 2012 and November 2013, approximately 11.5 kg of soil was removed from 5-7 cm depth with
some plant remains from different points of lattices
and was brought to the laboratory. The soil samples
were spread into plastic containers and covered with
polyethylene bags to capture and ensure the date of
adult emergence. During the study, weather data has
been taken from Regional Meteorological Directorate of Diyarbakır province (Figure 3).

Infestation level of Tuta absoluta on different
growth stages of tomato plants. Studies to determine the infestation level of T. absoluta on different
stages of tomato, samples were conducted weekly in
two tomato fields (each selected field has an area of
at least 0.3 ha) in Central and Bismil districts of Diyarbakır province during 2011 and 2012 by counting
and recording infestation on leaves and fruits. The
studies was initiated on 23 May, 12 June in 2011 and
2012, respectively and finished on 12 September, 18
September in 2011 and 2012, respectively in both
districts (Central and Bismil).
The sampling method was totally randomized;
20 tomato plants were selected from each field from
which three leaves (apical, middle and bottom) were
cut. The leaves (total 60 for each field) were examined for the presence of different leaf miner stages
and recorded weekly. Starting at the beginning of
fruiting period, at least one fruit of randomly selected 20 tomato plants was examined for the presence of mining or existence of larvae until at the end
of harvesting, The infestation level of tomato plants
by T. absoluta was determined by using the number
of infested leaves and fruits to the total number of
examined leaves and fruits.
Efficiency of pheromone water traps on tomato fields of Tuta absoluta. Adults of T. absoluta
were observed weekly on the same tomato cultivated
fields and during the period as mentioned above in
2011 -2012 years. Before establishing trial, it was
necessary for monitoring of the population of T. absoluta by setting up sticky traps during transplantation of tomato seedlings in fields at a rate of 1
trap/0,1 ha which were hanged on the top of seedlings (15-20 cm above the plants by using an iron
rod).
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second peak point (the highest) was detected on 5th
September as 105 adults/trap/week in both locations.
Then the number of adults decreased as 87
adults/trap/week, which was recorded on 12th September (Figure 2). In the field of Bismil District, four
peak points were detected. The first one was on 11th
July as 78 adults/trap/week, the second one was on
25th July as 168 adults/trap/week, third one was on
15th August as 271 adults/trap/week and the last one
was on 29th August which was the highest peak
point among all as 311 adults/trap/week (Figure 2).
On the second year, during the sampling period
of Ekinciler village, the population of T. absoluta increased continuously. The first peak point of T. absoluta was detected on 7th August as 235
adults/trap/week, the second one was detected on
21st August as 256 adults/trap/week, the third one
was detected on 4th September as 303
adults/trap/week, while the fourth (the highest) one
was detected on 18th September as 307
adults/trap/week (Figure 2). In Bismil district, the
first peak point was detected on 17th July 36
adults/trap/week, the second one was detected on 7th
August 134 adults/trap/week and the third one was
detected on 28th August 165 adults/trap/week and
the fourth one was detected on 4th September 200
adults/trap/week.

RESULTS
The weekly infestation rates of Tuta absoluta
on tomato plants and fruits are shown in Figure 1.
According to the results, the infestation level
was 25% in the first days of July, while it was 70%
in the Mid-August of 2011 in both locations. The infestation level reached 100% on 29th August 2011 in
Bismil district and 80% in the village of Ekinciler
and the infestation rates increased up to 100% until
the end of harvest (Figure 1). On the second year, the
results from both locations showed that the infestation level varied between 30 to 35% at the end of
July, while it increased 65-70% on the first week of
August and reached 100% on 28th August and continued the same trend until the end of harvest (Figure
1). The average number of T. absoluta adults obtained from traps (Figure 2) and the level of infestation on leaves and fruits were similar as in Figure 1.
The population fluctuation of T. absoluta,
which was observed weekly by using pheromone
traps counting in tomato fields in Central and Bismil
districts of Diyarbakır in 2011-2012 are shown in
Figure 2.
The first peak point of the pest population was
detected on 18th July as 34 adults/trap/week and the

FIGURE 1
The infestation rate of Tuta absoluta on tomato plants and fruits in Central and
Bismil districts of Diyarbakır in 2011-2012
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FIGURE 2
The weekly average numbers of Tuta absoluta adults in tomato fields in
Central and Bismil districts of Diyarbakır in 2011-2012

FIGURE 3
The temperatures and humidity in Diyarbakır province in 2011- 2013
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TABLE 1
Duration of each biological stage, of Tuta absoluta in Diyarbakır province in 2012-2013

Biological
stages
Egg date*
Number of
days
Larva
dates
Number of
days
Pupa dates
Number of
days
Adult exit
Number of
days
Generation
time (days)

2012
3.
4.
Gen.
Gen.
02.07.
03.08.

1.
Gen.
13.04.

2.
Gen.
30.05.

5

5

4

18.04.

04.06.

06.07.

2013
3.
4.
Gen.
Gen.
25.06.
28.07.

5.
Gen.
07.09

6.
Gen.
12.10.

1.
Gen.
09.04.

2.
Gen.
21.05.

4

7

4

4

5

4

07.08.

14.09.

16.10.

13.04.

26.05.

29.06.

5.
Gen.
03.09

6.
Gen.
21.10.

5

8

12

02.08.

11.09

02.11.

24

13

14

14

15

32

21

14

15

16

15

23

12.05.

17.06.

20.07.

21.08.

29.09.

17.11.

04.05.

09.06.

14.07.

18.08.

26.09

25.11.

11

9

10

12

10

-

12

11

10

9

19

-

23.05.

26.06.

30.07.

02.09.

09.10.

-

16.05.

20.06.

24.07.

27.08.

15.10.

-

7

6

4

5

3

-

5

5

4

7

6

-

47

35

32

35

35

-

42

35

33

37

48

-

*Elapsed time from egg to egg regarded as one generation.

In 2012 the first adults were observed in the
trial fields on 3rd April (Average temperature was 11
ºC and relative humidity was 62%), while in 2013
they were detected on 7th April (the average temperature was 18 ºC and relative humidity was 57%). The
findings obtained regarding the lifecycle of Tomato
leaf miner are indicated in Table 1. The climatic data
of Diyarbakır for 2012-2013 has been given in Figure 3.
The duration of biological stage of T.absoluta
has shown in Table 1.
In 2012, 5 generations (from egg to egg) were
obtained. The shortest duration of a generation was
32 days, which was observed in third generation,
while the longest was 47 days in the first generation.
Adult individuals emerged until 9th October when
the 5th generation was completed. The development
period of the eggs was 4-7 days, while the development period for larvae was 13-32 days, the development period for pupae was 9-12 days and the length
of adult emergence was 3-7 days (Table 1). The last
generation from egg to pupae lasted 32 days (16th
October) due to decrease of temperature. After this
date, even though the trial was controlled until 28th
November, no adult emergence occurred. In addition, for possibility of obtaining adults or monitoring
the diapause period of the pest, the remaining plant
parts and soil were brought to the laboratory on 28th
November and 6 adult individuals emerged after 10
days. As shown in, the remaining plant parts and soil
samples were brought to the laboratory after the second year of the study and it was found out that the
pest overwinters as pupa in the soil.
According to the results of the second year
study (2013), the first adults were transferred to the
cages on 7th April and the first eggs were collected
on 9th April 2013. The shortest duration of a generation was 33 days in the third generation (30.4 ºC,
18.5% average humidity) and the longest was 48

days in fifth generation (20.5 ºC, 25.6% average humidity). Depending on the average temperature and
relative humidity, the duration from egg to larva varied between 4-12 days, while the duration varied between 14-23 days from larva to pupa, between 9-19
days from pupa to adult and the emergence of adults
lasted 4-7 days. But in the last generation, after 21st
October 2013 the decrease of temperature (14ºC, 26
% humidity) changed, duration of transformation
from larva stage to pupa stage occurred in 23 days
(2nd November - 25th November) (Table 1).

DISCUSSION AND CONCLUSION
This study was conducted to evaluate the efficiency of pheromone water traps on Tuta absoluta
and its life cycle on tomato fields. It is clear that the
ratio of infestation obtained from this study was very
high on tomato plants in both locations. Similarly
[19] results displayed that the infestation rate of T.
absoluta on tomato plants in greenhouses was low at
the beginning of May, but this rate increased gradually at the end of May or at the beginning of June and
the damaged fruit rate increased simultaneously until
the highest rate as 38.4%. This study’s results agree
with [26], the damage of T. absoluta on tomato
leaves and fruits increased towards the end of tomato
growth due to increased temperature.
According to the climatic conditions of Diyarbakır, it is well understood that there is a close relationship between population increase and temperature. As low temperatures constitute limiting factors
for T. absoluta survival [28], Diyarbakır which has
hot climate condition will contribute positive effects
to the tomato leaf miner population. Considering that
“Economic Damage Threshold” for T. absoluta is
3% infestation of leaves and fruits according to
available literature [3], therefore, climatic conditions
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(temperature and humidity) should be taken into
consideration for effective and sustainable control of
the pest and for decision making with a strategic plan
about necessary control methods.
According to the results of the biotechnical
control in this study, the study revealed that the pest
has four peak points. In the seedling period there was
low infestation, then the infestation rate increases
rapidly and reaches 100% in the period of fruit formation (the period of fruit set) until the end of harvest. Although the pesticide was applied in both
fields, the number of male individuals collected from
the traps was very high (Figure 2), the outcomes indicated that only biotechnical control itself was not
sufficient for controlling T. absoluta and infestation
rate increases continuously. Some previous studies
verify results derived from this study [8, 16, 11, 37].
That is why, in the event that in a tomato fields
where no control measures applied, this can cause an
infestation source for the adherent tomato fields.
Only biotechnical control itself is considered insufficient for the control of highly infested areas. Because there are many environmental factors, the pest
cannot be controlled in wide areas. When these factors are in favor of the pest and the necessary
measures are not taken, the pest can cause high damage, so in order to have an effective and successful
pest management, biotechnical control as a method
should be integrated with the other control methods
(biological control, cultural methods and chemical
control).
Comparing the studies carried out for 2 years
on determining the biological criteria, the development durations of second, third and fourth generations were close to each other, the third generation
(32-33 days) developed in the shortest time but the
development durations of first and fifth generations
were different (47 days for first generation in 2012,
48 days for fifth generation in 2013). The same results as the first year study were obtained on the second year for 5 generations and shifted to the pupa
stage before completing the sixth generation. It is
well known that the temperature and humidity dependent development an insect is a fundamental feature of its life history. In this study, one of the main
factors affecting the emergence of adults from overwintered pupa is temperature. Since the number of
individuals in the population of first generation affects potential occurrence of the later generations,
the winter weather conditions with very low temperatures could restrict the activity of the pest throughout the year. By the higher population density and
the higher infestation rate of the pest in spring and
summer, the higher damage could be observed in all
parts of the plant. However, since extremely high
temperatures are observed in whole July and in the
first half of August, an obvious stagnancy or decrease is observed in the activity of the pest. According to the results of two years, stagnation and lower
activity of pest population have been observed at 40

°C or over 40 °C. Due to the beginning of temperature decrease in the second half of August in
nighttime, the pest becomes active again and since
these days coincide with the occurrence of fruit development stage of tomato production, the damage
caused by the pest increases rapidly. The infestation
rate of the pest in leaves and fruits was 85 % in the
village of Ekinciler in Central District of Diyarbakır
and 90% at Bismil district (Figure 1). Then all of the
leaves of the plants dried rapidly and became dysfunctional. Consequently, the climatic conditions in
spring and autumn are crucial for the development of
the pest and population and effectiveness of other
generations decrease when control measures are applied for the first generation. In order to cut down the
effectiveness of the last generation at the end of harvesting (autumn season), the remaining plants with
overwintering of the pest in fields should be destroyed by plowing. According to recent findings,
there is a direct relation between the biology of T.absoluta and temperature, humidity; climatic and environmental conditions are very much influential on
the population; infestation, reproductive capacity
and the number of generations of the pest [32, 13, 9,
18].
As a result, the climatic conditions of Diyarbakır province, the first adult individuals of T. absoluta
were observed active flying at temperatures between
8-12 °C and 62-75 % humidity. T. absoluta produces
5 generations from beginning of March until entering into diapause due to winter conditions of the region that some time below zero, snowy and extreme
cold conditions. The shortest development time of a
generation was 32 days. The durations of generations
changed among generations depending on temperature and humidity. The pest overwinters as a pupa
during winter. Extreme temperatures and low humidity affects the development from egg to adult
stage of the pest. According to the biotechnical control study results, it was determined that in tomato
production fields, mass trapping by pheromone traps
was insufficient, although pesticides were applied
the damage caused by the pest still continued, 4 peak
points were detected on pheromone traps and the infestation of plants and fruits reached 80-100 % towards the end of harvest. Regarding this high-risk
the pest which has recently been introduced to Turkey, more comprehensive measures should be implemented within the framework of integrated pest
management, giving priority to biological control
methods and cultural methods that are more environmentally friendly. Moreover, for a sustainable and
effective control strategy, climatic conditions, pest
bio-ecology, infestation rate and period, and IPM
control plan should be taken into consideration.
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and the proportion of the total wind generators capacity in the power system have been increasing,
how to improve the control performance of the wind
generator to address the wind volatility and operating environment variety is more important. To design the advanced control strategy for DFIG is considerable focused.
The decoupling control technique is developed
based on the traditional PID controller and this technique is widely used due to its’ good reliability and
simplicity. At present, the decoupling control technique for the active power and reactive power proposed in [4] has been widely used to design the controller of DFIG [5–7]. Though the PID controllers
are widely adopted in many fields and successfully
used in the power system, the parameters of the PID
controllers are usually tuned with the approximately
model linearized at the operating point. In this situation, the excellent dynamic control performance may
not be maintained beyond the linear operating range
of the DFIG, especially in the case of large disturbances in the power systems. Hence, in order to enhance the control performance, new methods used to
design the controllers for the DFIG are proposed in
references, such as fuzzy control [8, 9], adaptive
control [10], nonlinear control [11, 12], Backstepping based control [13], and so on. However, because the parameters of the DFIG are affected by the
operating environment and the prediction of the operating point is difficult to solve, the accurate model
of the DFID is difficult to build for controller design.
Therefore, the controllers designed with the hypothetically accurate model may not achieve to the excepted control performance in the practice.
With the rapid growth of computer technology,
the model-based control strategy is introduced [14].
Such control strategy is frequently named as model
predictive control (MPC) [15] and it is getting more
and more interesting because the constraints on the
states and control inputs can be systematically taken
into account while operating the process optimally.
MPC is based on the system behavior prediction
from a priori model and selects the optimal control
strategy according to the selective cost function.
From the 70s of the last century when MPC is firstly
invented [16], it becomes one of the key advanced
control techniques and at present is widely and successfully used in practice [17-19].

ABSTRACT
In this paper, a model predictive control (MPC)
design method for the wind turbine (WT) with doubly fed induction generator (DFIG) is proposed. The
WT with DFIG is represented by a third-order model
where electromagnetic transients of the stator are neglected. Then the nonlinear model is linearized by
using the Taylor series, which is considered as the
predictive model. At the same time, in order to reduce the calculation cost of control strategy, the linear quadratic regulator (LQR) design method is introduced to design the optimal control for the linearized system. And the model mismatch is solved by
using feedback of model prediction error. To illustrate the effectiveness of the model predictive controller proposed, simulations on the New England
39-bus power system is performed. Compared to the
conventional linear quadratic regulator, the proposed
MPC can improve the transient stability of the power
systems and enhance the system damping.

KEYWORDS:
model predictive control, doubly fed induction generator,
transient stability, wind power generation, power system

INTRODUCTION
With the shortage of electric energy and environmental problems become more and more serious,
the use of wind energy as an important renewable
clean alternative energy sources has a very important
significance, which can reduce the cost and environmental pollution [1, 2]. Because of the with its low
cost, small capacity of the rotor excitation converter,
strong wind energy capture ability, and flexible control characteristics, doubly fed induction generator
(DFIG) has been widely used in modern large scale
wind farm [3]. However, wind is characterized with
randomness and volatility, and the operating environment has a certain influence to parameters of the
wind generator (such as reactance). With the growing integration of wind generators into power grids,
the operation and control technology of the wind
generator has been widely concerned. Especially
when both the capacity of a single wind generator
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FIGURE 1
Equivalent circuit of DFIG
'
'
⎧
⎪ Ed = − rs ids + X s iqs + Vds (2)
⎨ '
'
⎪
⎩ Eq = − rs iqs − X s ids + Vqs

Recently the method of model predictive control is introduced to power system coordination control [20-22], excitation system control [23], power
electronic equipment control [24], transient stability
[25], and so on.
In this paper, a model predictive control
method for a WT with DFIG will be investigated in
the transient stability control of power systems
where the electromechanical dynamics of DFIG are
considered. Transient stability control performance
of the nonlinear control will be examined.
The paper is arranged as follows. In Section 2,
a third-order model of the WT with DFIG for stability studies is presented at first. A model predictive
control design method using linear control theory is
introduced in Section 3. Considering the model error,
the model predictive control design method is applied to the control of the WT with DFIG where the
WT with DFIG is integrated into the power system.
In Section 4, simulations are performed on the New
England 39-bus power system to verify the effectiveness of the proposed MPC controller for the WT with
DFIG in the transient stability control, while conclusions are drawn in Section 5.

Active and Reactive Power Equations:
⎧⎪ Ps = − Ed' ids − Eq' iqs (3)
⎨
'
'
⎪⎩ Qs = Ed iqs − Eqids

where sis the rotor slip. H is the total inertia constant
of the turbine and the generator. Ps is the output active power of the stator of the DFIG. Pm is the mechanical power of the WT. Lss is the stator self-inductance. Lrr is the rotor self-inductance. Lm is the
mutual inductance. ws=1-wr is the synchronous angle
speed, and wr is the DFIG angle speed. Xs is the stator
reactance. xs is the stator leakage reactance. xr is the
rotor leakage reactance. Xd’ is the stator transient reactance. Ed’ and Eq’ are the d and q axis voltages behind the transient reactance, respectively. Td0’ is the
rotor circuit time constant. ids and iqs are the d and q
axis stator currents, respectively. vds and vqs are the d
and q axis stator terminal voltages, respectively. vdr
and vqr are the d and q axis rotor voltages, respectively. Qs is the reactive power of the stator of the
DFIG. Equation (1) shows the third-order DFIG
model and the voltage equations and the flux linkage
equations of the DFIG are based on the motor convention. In the case of transient stability studies, it is
common to reduce the fifth-order model to such a
third-order model [17], [18]. From equation (1), the
model of the WT with DFIG is a system with two
inputs in the reference frame. The inputs are vdr and
vqr, respectively. And

MATERIALS AND METHODS
Model of WT with DFIG. The WT system
consists of a drive train and DFIG. The drivetrain of
the WT system is represented with a one-mass model
[18], while the DFIG is modeled by a second order
model where the electromagnetic transients of the
stator are neglected [19–22].
The equivalent circuit of DFIG is shown in Fig.
1. Hence, the model of the WT with DFIG used in
this paper is a third-order model as follows.
Dynamic Equations:
⎧
(1)
ds
= Ps − Pm
⎪2 H
dt
⎪
'
⎪⎪ dE q
= − sω s E d' + ω s
⎨
⎪ dt
⎪ dE '
⎪ d = − sω s E q' + ω s
⎪⎩ dt

⎧ X s = ωs Lss = xs + X m
(4)
⎪ '
2
⎨ X s = ωs ( Lss − Lm / Lrr )
⎪T ' = L / R
rr
r
⎩ 0

Model Predictive Control for the WT with
DFIG. In order to simplify the introduction, without
loss of generality, equation (1) is linearized near a
chosen operating point using the first-order Taylor’s
series approximation and it can be written as follow.

Lm
1
Vdr − ' [ E q' − ( X s − X s' )ids ]
Lrr
T0

⎧ x (t ) = Ax (t ) + Bu(t ) (5)
⎨
⎩ y (t ) = Cx (t )

Lm
1
Vqr − ' [ E d' − ( X s − X s' )iqs ]
Lrr
T0

Voltage Equations:
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where

x = [Δω r

y = [Δωr
u = [Vdr

ΔE d'

ΔPs

ΔE q' ]T

racy of the approximate linearized model is acceptable only when the system is operating near the point
chosen during design. Under large disturbances, the
system operating point may be far away from the design point chosen. In this situation, the conventional
linear quadratic regulator(13) may be greatly weakened in terms of large disturbance transient stability
control. In order to reduce the influence caused by
the simplified model, feedback is used to correct the
optimal control law(13). The error caused by the
simplified model is below.
e(t ) = y (t ) − yˆ (t ) (15)

(6)

ΔVs ] (7)
T

Vqr ]T (8)

⎡0
⎤
ids 0
iqs 0
⎢
⎥ (9)
A = ⎢ω s E q' 0 (1 − ω r 0 )ω s − 1 / T0'
⎥
⎢
⎥
'
'
− (1 − ω r 0 )ω s ⎦
⎣ω s E d 0 − 1 / T0
0
⎡ 0
⎤
⎢
⎥ (10)
B = ⎢ωs Lm / Lrr
0
⎥
⎢⎣ 0
− ωs Lm / Lrr ⎥⎦

⎡1
⎢
C = ⎢0
⎢
⎢⎣0

0
− i ds 0
∂V s ∂E d'

Where y are the practical outputs, and ŷ are the
predictive outputs by using the simplified model (5).
Then, the optimal control law(13) can be corrected
as follow.
Δu * (t ) = −Q2−1 BT P[ x(t ) + HC −1e(t )](16)
Where H is the correction matrix with constant elements. The model predictive control law is determined by the linear quadratic regulator and the feedback correction of the model error, so robust control
performance can be guaranteed at any point where
the system would operate.

⎤
0
⎥
⎥ (11)
− i qs 0
⎥
∂V s ∂E q' ⎥⎦

The process of the MPC control is the optimization of the control selection process. In this paper,
a cost function is defined in terms of the output variables and the control variables, and the cost function
used is below.
∞
J = ( yT Q1 y + uT Q2u )dt (12)

∫

0

where Q1 and Q2 are diagonal weighting matrices.
According to the linear quadratic regulator
(LQR) method in the linear control theory [19], the
optimal control law of the system shown in (5) can
be obtained as follows.
Δu* (t ) = −Q2−1BT Px(t ) (13)
where the matrix P can be solved by equation
(14).
− PA − AT P + PBQ2−1 BT P − C T Q1C = 0 (14)
Equation (13) is the conventional linear quadratic regulator. In the conventional linear control design method, the model of the nonlinear system is
linearized near a chosen operating point using the
first-order Taylor’s series approximation. The accu-

G

RESULTS AND DISCUSSION
To analyze the proposed model predictive control presented above, the simulation was applied to
the New England 39-bus power system shown in Fig.
2 to verify the effectiveness and control performances of the model predictive controller in improving the transient stability, the system damping and
the fault ride-through capability of the WT with
DFIG. The proposed model predictive control law,
as given in (16), was implemented in MATLAB
while the parameters of the WT with DFIG a given
in Table 1.
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TABLE 1
Parameters of the WT with DFIG
Rs (p.u.)
0.00706

Ls (p.u.)
0.171

Lm (p.u.)
2.9

Rr (p.u.)
0.005

Lr (p.u.)
0.156

H (s)
0.2

1.2

LQR
MPC

Active power (p.u.)

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0

0.5

1

1.5

2

2.5

3

t(s)
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FIGURE 3
Dynamics of the WT with DFIG without parameter disturbance
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predictive controller is little. Comparing to linear
quadratic regulator, the control strategy proposed by
this paper can reduce the effect brought by the model
errors because the feedback of model prediction error is introduced.

The wind farm is connected to bus 36, and the
wind farm active power is 1.0 p.u.. To make the comparison more accurately, the conventional linear
quadratic regulator was applied to the WT with
DFIG. The weight matrix in the cost function is the
same as that of the model predictive controller.
A three phase ground fault with the ground resistance of 0.005 p.u. was applied at bus 36 at t=0.2
s, and the fault was cleared at t=0.25 s. Under this
disturbance, the simulations were carried out to compare the damping of the WT with DFIG using the
conventional linear quadratic regulator and the
model predictive controller. The dynamics of the angle speed, active power, terminal voltage, reactive
power of the WT with DFIG using the conventional
linear quadratic regulator and the model predictive
controller are illustrated in Fig. 3. It can be seen that
applying the model predictive control, the system is
stable and the damping of the WT system has been
improved. The oscillations of the terminal voltage
decayed very quickly after the fault was cleared.
During the transient process, the maximum active power of the WT with DFIG is about 1.1 p.u.,
but the magnitude by using model predictive controller is smaller than that by using conventional linear
quadratic regulator. The oscillations of the active
power with the proposed model predictive controller
decayed at 1.5 s, while the oscillations of the active
power with the conventional linear quadratic regulator decayed at almost 2.0 s. The maximum angle
speed of the WT with DFIG with the model predictive controller is nearly 1.02 p.u., while the maximum angle speed of the WT with DFIG using the
linear quadratic regulator is larger than 1.02 p.u.. The
oscillations of the angle speed with the model predictive controller decayed at 1.5 s, while the oscillations of the angle speed with the linear quadratic regulator decayed at almost 2.0 s. This reveals that the
WT with DFIG using the conventional linear quadratic regulator may lead to a worse transient stability
problem of the power system. The trajectories of the
voltage magnitude and the reactive power are similar
when the two strategies are used, but the partial enlarged figure shows that the maximum deviation and
the oscillation duration with the model predictive
controller is less than those with linear quadratic regulator.
Moreover, the model parameters of the WT
with DFIG always changes due to the actual operation situation. In order to test the robust performance
of the proposed control strategy, 5% disturbance is
added to the original wind velocity and parameter Ls.
When the studied model is deferent from the actual
model, the active power dynamics of the WT with
DFIG are shown in Fig. 4.
Three situations are tested and the results are
shown in Fig. 4. It can be seen that the performance
by using model predictive controller is also better
than that by using linear quadratic regulator. The
model mismatch impact the performance of model

CONCLUSIONS
In this paper a model predictive controller for
WT with DFIG has been proposed, where the linear
quadratic regulator (LQR) method is used and the
model prediction error is considered. The calculation
cost of control strategy is reduced much by using the
linear quadratic regulator (LQR) method. And the
model mismatch is solved by introducing the feedback of model prediction error. Therefore, robust
control performance can be guaranteed at any point
where the system would operate by using the proposed model predictive control. The dynamic simulation results on the New England 39-bus power system have shown that the damping and the maximum
deviation have been improved using the proposed
model predictive controller. The transient stability
control benefit with the model predictive control is
significant.
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began to be reflected in Turkey. According to data
from 2012, organic production is carried out on approximately 703,000 ha by 55,000 producers, and the
number of organic agriculture product types has increased to 204 [8- 23]. Organic agriculture in Turkey,
compared to the European Union, is relatively new.
However, because of factors such as climate, land
and water resources; product variety; and the high
percentage of the population that works in agriculture, Turkey has a favourable position for organic
agriculture [24].
Currently, environmentally conscious consumers, whose numbers are increasing day by day, are
moving to the consumption of organic products because of their desire for healthy living, healthy soil
and clean water. This new and modern understanding directs connoisseurs of the organic philosophy
[19- 20]. Every day, people observe that organic products are important both for their health and the health of the people around them; hence, they want to
consume high-quality products for a healthier life for
both their families and themselves [1]. Consumers
who are concerned about such topics as healthy nutrition and safe food supply exhibit an especially positive attitude towards organic products [15].
However, the organic product market cannot achieve
a sufficient quantity and variety because it faces
some constraints and problems from the marketing
point of view [14]. While manufacturers have difficulty finding a market for the products that they grow
with great effort and expense, consumers complain
about both the high prices of the products and lack
of easy access to them [9-21].
To gain a better understanding of Turkish people’s attitudes towards organic products and, as a
result, to determine the demand for them will reveal
the possibilities of marketing these products domestically. Therefore, this study examines the factors
that affect the habits, attitudes towards the consumption of organic products, and buying behaviours of
the consumers who use organic products. For this
purpose, the factors affecting the habits, attitudes,
and purchasing behaviour in the consumption of organic products of families living in Bursa and İstanbul have been determined by statistical methods.

ABSTRACT
Organic agriculture, which is one of the prominent environmentally friendly alternative agriculture
systems, aims to repair the environment’s deteriorating balance with entirely natural methods and by
using equity. Today, environmentally conscious
consumers, whose numbers are increasing significantly every day, are turning to consumption of organic products for healthy living and clean land and
water. Thus, the healthy and natural nutrition concept that entered our daily lives with the development of organic agriculture has increased in importance. This study aims to determine the organic product consumption trends of consumers and examine
the marketing characteristics of organic producers.
Therefore, data were collected from 240 consumers
using questionnaires in the organic product markets
in İstanbul and Bursa provinces. The data analyses
show that there are slight differences between the
preferences of female and male consumers, and most
consumers of organic products are middle-aged and
older with higher education and income levels. In organic product marketing, it is necessary to improve
the product quality, regulate the marketplaces and
decrease the marketing margins in favour of consumers.

KEYWORDS:
Organic, consumer trends, consumption, Marmara Region,
Turkey.

INTRODUCTION
Since World War II, rapid industrialization based on new technologies and scientific innovations
has occurred along with a free market-dominated
globalized economy [13]. Arguments about the origin and the development of the organic movement
are not competitive with this process but rather
complementary. In fact, the idea of ecologic use of
natural resources dates back to before the common
era [11]. Organic agriculture, which developed in
different countries and in different dimensions starting from the 1930s, reached a commercial dimension in the 1980s, and in 1985-86 this development
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TABLE 1
Demographic Characteristics of Survey Participants
Personal Characteristics

Frequency

%

Sexuality
Female
Male
Age
Less than 18
18-29
30-39
40-49
50-59
60 and above
Educational Attainment
Primary school
Secondary school
High school
University
Graduate and above
Income
0-200 Euro
201-400 Euro
401-800 Euro
801-1600 Euro
1601 Euro and above

137
103
Frequency
1
44
95
61
27
12
Frequency
5
10
53
136
36
Frequency
21
17
47
96
59

57
43
%
0.4
18
40
25,4
11,2
5
%
2
4
22
57
15
%
9
7
20
40
24

Average
1,43

Standard
Deviation
0,50

Standard
Error
0,03

3,44

1,08

0,07

4,78

0,83

0,05

3,65

1,18

0,08

(W statistics) test [19]. The chi-square test was used
to test whether the relationships between variables
were statistically significant [16- 5].

MATERIALS AND METHODS
In this study, questionnaires were used as a data
collection method. The survey questions were created in the light of the information obtained from a
literature review. Some of the questions prepared for
the survey are based on related research [15-2-12- 6]
while others were created by the researchers based
on the purpose of the study, the subject content and
the characteristics of the main group in which the
survey would be carried out.
The main target of the research is consumers
who use organic products in Turkey. Due to the low
consumption of organic products in Turkey, it can be
said that the target group is limited. For this reason,
based on an intentional sampling approach, the surveys were carried out in stores that offer organic products and open-air markets in İstanbul, where organic product markets concentrate, and in Bursa, which
has shown development in organic product markets
in recent years. The research was carried out with a
5% significance level, and the sample size was 240
consumers. The sample size was determined using
proportional distribution based on the neighbourhood and household size in the 40 counties in İstanbul and 17 counties in Bursa where the survey was
carried out. The number of consumers who participated in the survey was determined by the optimum
sample size formula [7- 3-22]:
n= Nt2 pq / d2 (N-1) + t2 pq
Field research was conducted between February and June 2013. Primarily, the descriptive statistics of the data were researched. Normality tests of
each question were analysed using the Shapiro-Wilk

RESULTS AND DISCUSSION
This study aimed to determine organic product
consumption trends in the Marmara region. For this
purpose, 240 consumers were surveyed using a questionnaire. Based on the data normality test (W test),
it was determined that the data were normally distributed. Of the participants, 57% are women, and 43%
are men. Most of the participants are under 40 years
old, and their education level is mostly university. In
terms of income, 24% have an income of 1601 Euro
or less, 40% have an income between 801 and 1600
Euro, and 24% have an income of more than 1600
Euro (Table 1).
The preferences of organic product consumers
by gender are presented in Table 2. Chi-square tests
show that gender has an effect on consumption. Organic product consumption is concentrated in the last
five years (75.42%), and 18.98% of the consumers
surveyed have used organic products for more than
years. Female consumers have consumed organic
products for a longer time than male consumers.
There are no significant differences in the length of
the consumption period between male and female
consumers.
The trust factor for organic products is very
high (62.92%). In addition, 32.91% of the consumers
are uncertain or find organic products partially
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trustworthy. The results show the importance of informing consumers about this issue. Producers and
marketers should closely analyse why organic product consumption is not increasing. The type of packaging is very important in organic product marketing. Consumers’ increasing awareness also affects
organic product consumption. In packaging organic
products, paper is preferred (72.50%). Male consumers prefer glass packaging. Other types of packaging are not highly preferred by consumers (Table
2).

In the chi-square (x^2) analysis conducted to
determine the diversity between consumers’ income
level and the frequency of consumption of organic
products, diversity was found at (x^(2 )= 536.75,
p<0,01) the 1% level. Thus, income level affects the
frequency of consumption. When the consumption
frequency of organic products was analysed based
on consumer income, the consumption of organic
products increased as income increased (Table 3).

TABLE 2
Consumption characteristics of consumers of organic products by gender

Consumption history (year)
0
1-5
6-10
11-20
21-+
Trustworty in organic products
Yes
No
Partially
Packing type preference
Plastic
Paper
Glass
Other
Does the Difference in Price Should be
No
Yes
I have no idea
Purchase of site preferences
Supermarket
Neighborhood market
Greengrocer
Organic product sales point

Female
Number

%

4
107
17
3
6
  = 124,85

Male
Number

%

Total
Number

%

2,92
9
78,10
74
14
12,41
2,19
3
4,38
3
p < 0,01

8,74
71,85
13,59
2,91
2,91

13
181
31
6
9

5,42
75,42
12,92
2,50
3,74

87
63,50
64
4
2,92
6
46
33,58
33
p < 0,01
  = 146,33

62,14
5,83
32,03

151
10
79

62,92
4,17
32,91

12
102
20
3
  = 98,67

8,76
4
74,45
72
14,60
23
2,19
4
p < 0,01

3,88
69,91
22,33
3,88

16
174
43
7

6,67
72,58
17,92
2,91

47
85
5
  = 71,17

34,31
19
62,04
75
3,65
9
p < 0,01

18,45
72,82
8,73

66
160
14

27,50
66,67
5,83

17
68
9
43
  = 18,09

12,41
9
49,63
47
6,57
6
31,39
41
p < 0,01

8,74
45,63
5,82
39,81

26
115
15
84

10,83
47,92
6,25
35,00

TABLE 3
Consumption frequency of organic products based on consumers’ income
Income
Status
(Euro)
0-200
201-400
401-800
801-1600
1601-+
  = 536.75

Non-consumer
Num%
ber
1
0,12
4
0,44
4
0,44
p < 0.01

Weekly
Number

%

Monthly
Number

%

Yearly
Number

%

18
16
44
81
53

8,49
7,55
20,75
38,21
25,00

1
1
3
10
2

5,88
5,88
17,65
58,83
11,76

1
1
-

50,00
50,00
-
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TABLE 4
Shopping days of organic product consumers
Days
Number
%

Monday
43
17,92

Tuesday
37
15,42

Wednesday
56
23,33

Thursday
24
10,00

The frequency of weekly consumption is also
valid for the lower-income groups. We may say that
the group with an income of 801-1600 Euro consumes the most organic products every week, once a
month and once a year (38,21%, 58,83% and
50,0%). The highest-income group, in contrast to the
expectations, has a lower level of organic product
purchasing. When the shopping days of organic product consumers were examined (Table 4), it was found that weekends predominate. Many of the consumers stated that they may shop for food several days
a week instead of only one day. While 55,83% of the
consumers mentioned that they prefer to shop on Saturday, 59,58% mentioned Sunday, and approximately half mentioned that they may buy organic products on weekdays. This situation proves that opening an organic products market only on certain days
of the week is not sufficient; permanent sales outlets
must be established. The main factors that the studied consumers consider important in buying organic products are presented in Table 5.

Saturday
134
55,83

Sunday
143
59,58

The first preference for the consumers in shopping outlets for organic products is neighbourhood
markets (47.92%); the second is specialty shops
(35.0%). Supermarkets and grocery stores were also
preferred, albeit at lower rates. Some consumers stated that they shop at more than one type of place. In
the ranking of importance, no differences were found
between male and female consumers.
When the knowledge of the consumers about
the definition of organic products was examined,
79.17% defined organic products as products for
which synthetic pesticides and fertilizers are not
used; 11.25% defined them as products for which
hormones are not used. Only 3.75% defined organic
products as certified products, which shows that consumers do not have accurate and adequate information about organic products. Thus, equipping consumers with accurate information emerges as an urgent
need in terms of market growth for producers and
marketers.
The preferences of consumers for more frequent use of organic products, in order of importance,
are sales appeal, lower prices, higher durability,
more sales areas and tastier products. While prices
stand out as an important factor in this context, it can
be seen that consumers also found other factors important.
Of the organic product consumers surveyed,
55.42% stated that their information sources were
media and the Internet. While some consumers stated that they do not seek information about the subject, 14% stated that they use printed publications as
information sources. Because lack of information
among the general population appears to be a problem, there is a need for widespread, accurate information presented under public control.

TABLE 5
Important factors for consumers in buying
organic products
Factors
Freshness
Cheapness
Hygiene
Brand
Taste and flavor
Packing type
Expiration date
Quality
Other

Friday
39
16,25

%
92,50
49,58
47,08
39,17
38,75
38,75
38,33
37,50
13,33

Generally, consumers stated that they consider
more than one factor important. The most important
factors are freshness of the products (92.50%),
cheapness of the products (49.58%) and hygiene of
the products (47.08%). Other factors that affect consumers’ preferences are brand choices (39.17%) and
quality (37.50%). These results show that by implementing developed methods in organic product marketing, the market volume can be increased.
Of the consumers surveyed, 66.67% expressed
a positive opinion about the price difference between
traditional and organic products. Thus, it can be said
that as long as organic products meet certain quality
specifications, selling them at a higher price is acceptable to consumers. Female consumers have a
more positive approach to the price differences than
male consumers (34.31%).

CONCLUSION
At the beginning of the organic movement in
the 1920s, the marketing of organic products occurred in small and often private networks between farmers and consumers. Organic production has evolved, and organic products have become a part of mainstream agricultural markets. It can be said that the
organic movement is now on the threshold of changing from a niche to a mass market. It is argued that
it is now becoming an increasingly visible element
of the major food retailer chains [18] . Mainstream
agricultural producers, manufacturers and supermarket chains have entered the organic market. Recent
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developments in the market structure will inevitably
lead to an organic market that increasingly resembles
the conventional food industry [10].
Consumers are increasingly conscious about
organic products. Studies have been conducted to investigate why more and more consumers prefer organic products. Consumer preferences related to
work are less common. Mclver, in a study conducted
in 2004, emphasized that consumers use organic products because they are healthy for themselves and
the environment and because they do not have pesticide residues. Sarıkaya, in a study conducted in
2001, noted that consumers turn to organic products
in a reaction against environmental pollution that
they have observed [12]
Currently, for healthy nutrition purposes and as
an alternative food source, the consumption of organic products is increasing in importance [4].
However, in spite of support (assistance), both production and consumption show slow growth. Among
the reasons for this, the slow growth of the market
and marketing problems are prominent. This research, in order to shed some light (solutions) on marketing problems, aimed to investigate the main factors.
In order to determine trends for consumption of
organic products in the Marmara region, a questionnaire was administered to consumers via face-to-face
interaction. The results showed that the consumers
lacked knowledge about organic products. Because
of this, first, consumers must be informed about the
certification of organic products. Consumer demands must be taken into consideration for diversification of production. It is important to build special
bazaar areas for these products. Excessively high prices decrease the demand and consumption. Government support is needed to reduce the production
costs. In addition, because there is a lack of marketing services, specific marketing techniques must be
applied so that organic product manufacturers and
marketers can be informed about this issue.

REFERENCES
[1] Akbaba, U., Şahin, Y. and Türkez, H. (2011)
Comparison Of Element Contents In Hazelnuts
Grown Under Organic And Conventional Farming Regimes For Human Nutrition And Health. Fresen. Environ. Bull. 20(7), 1660-1665.
[2] Akdoğan, Ş.M., Güllü, K. and Babayiğit, S.
(2005) Tüketicilerin Süpermarketleri Algılamalarına Yönelik Bir Çalışma. Sosyal Bilimler
Enstitüsü Dergisi. Kayseri. 19(2), 37-70.
[3] Arıkan, R. (2004) Araştırma teknikleri ve rapor
hazırlama. Ankara: Asil Yayın.
[4] Baran, F.B., Oğuz, H.İ. and Gökdoğan, O.
(2017) Determination Of Energy Input-Output
Analysis In Organic Strawberry Production,
Fresen. Environ. Bull. 26(3), 2076-2081.

8164

$#

! %      





!"  ! 


[22]Vural, H. (2012) Tarım ve Gıda Ekonomisi İstatistiği, Uludağ Üniversitesi Ziraat Fakültesi
Ders Notları No:107, Bursa, 115.
[23]Vural H. and Turhan, Ş. (2013) Ekolojik-Organik Tarımda Hayvancılık, Ekolojik Hayvansal
Ürünlerin Ekonomisi, Pazarlaması, Bursa.
ISBN: 978-605-4798-46-9, s.343-363.
[24]Vural, H., Turhan, Ş., Ak, İ. and Erdal, B.
(2013) Tüketicilerin Organik Ürün Tüketim
Eğilimlerinin Belirlenmesi, Türkiye II. Organik
Hayvancılık Kongresi, 24-26 Ekim 2013 Bursa.

Received:
Accepted:

27.07.2017
03.10.2017

CORRESPONDING AUTHOR
Sule Turhan
Uludag University,
Faculty of Agriculture,
Department of Agricultural Economics,
TR 16059 Bursa – Turkey
e-mail:sbudak@uludag.edu.tr

8165

$#

! %   

  





!"  ! 





EXPERIMENTAL STUDY ON THE MECHANICAL
PROPERTIES OF ROCK SLOPE COLLAPSE
Qian Zhang, Weigang Zhao*, Yang Gao, Xinzhi Li, Yifang Li, Xiaoran He
Shijiazhuang Tiedao University, Shijiazhuang, 050043, China

model experiment gets more and more attention because of its unique advantages: it can better simulate
the actual project implementation process, external
load action, time effect, etc. It can reflect the evolution of the slope rock mass’s gradual deformation
and destruction process. Meanwhile we can use the
results to verify the theoretical analysis and numerical simulation results. Since the 1970s, slope geological mechanical model experiment has gotten rapid
development in our country. Many scholar have
gained a lot of satisfactory experimental results by
using slope model experiment method. Xiu-wen Hu
[10] studied the stability of the slope under the effect
of four factors and the failure mechanism of instability in the Zhaoshuling of the three gorges reservoir
though a small-scale physical model test; Wenkai
Feng, et al. [11] studied on the instability mechanism
of bedding slope and the possible deformation and
failure process, using the method of bottom friction
to analyze a layered slope, pointed out the typical
failure mode of stratified side slop with gently inclined bedding; Jun Feng et al. [12] carried out the
model test of layered slope in YuHuaiXian, slope excavation of relaxation zone was discussed. In order
to study the stability of the bedding rock slope excavation characteristics under the condition of different
strata dip angle, Congxin Chen [13] using the model
test study, pointed out that the smaller formation dip
Angle was, the greater the intensity of structural
plane were, and the rock slope became more stable.
The above achievements have promoted the research
of layered slope stability problems.

ABSTRACT
The distinct geological and environmental
characteristics in the Sichuan-Chongqing region of
China are as follows: the crustal movements are very
active; the terrain is steep and rugged, and the rainfall is abundant and strong; many bedding steep rock
slopes exist in Sichuan-Chongqing region with relatively common failure mode of sliding - bending failure. The structural characteristics and failure modes
of bedding steep slope were summarized based on
the collection and analysis for destruction characteristic of slope instability in this paper, and the typical
failure modes of bedding steep rock slope in seismic
area considering seismic effect were proposed combined with the geological and environmental characteristics of Sichuan-Chongqing region. Then, the
mechanical characteristics and deformation failure
mechanism of bedding steep slope were studied by
the geological mechanics model test for bending failure mechanism and control method of bedding steep
slope. With the development of test bench composed
by high strength composite steel structure and the
adoption of servo hydraulic loading system and optical fiber grating real-time information monitoring
system, deformation and mechanical characteristics
were studied under different conditions of slide mass
thickness and loading.

KEYWORDS:
bedding steep rock slope, bending failure, seismic effect,
mechanics model test

EXPERIMENTAL

INTRODUCTION

Summarize the failure modes of SichuanChongqing Region. Southwest China’s Sichuan
Chongqing region of crustal movement is active,
steep rugged terrain, abundant rainfall and great
strength, there are many Bedding High Rock slope.
The geological characteristics of the environment
lead to the original stress field and strain field of rock
slope should not stop internal change, the slope will
gradually appear in different forms and the size of
the slide and collapse, even in certain conditions
evolve into a more serious loss of stability. The most
common failure mode in this area is the sliding bending failure, which also is the focus of this paper.

In the previous study, bedding steep rock slope
was known as stable. In recent years, with continuous research, engineers gradually found that more
and more collapse type of slope failure examples are
appeared represented by southwest areas in china.
Many scholars studied the bending landslide and
failure mechanism by the way of traditional mechanics theory, the model experiment, the nonlinear theory, etc [1-9]. But till now systematic and mature
analysis method have not formed.
In a series of research methods, the physical
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Based on the previous research results and the
cause of the disaster caused by the failure mode of
the bedding failure, it can be divided into three types,
namely, gravity instability, pressure instability and
excavation unloading [14].

the tension fissure which mainly parallel to the sliding surface. It’s lower side rock mass doesn’t appear
free face, resulting in integral slide tendency gets impede; rock stratum around slope toe happens upheaval or bending deflection together with interbedded crack. Finally it develop into sheared and distorted destroy of slope rock mass. The whole evolution process of bedding rock slope deformation can
be roughly divided into four stages. The contents are
as follows:

Gravity type failure loss stability: along the fissure structural plane layer on top of the slope the
most exposed, vulnerable to rainfall or vegetation
root erosion, the effect of slowly to the slope internal
development, the structure of interlayer fissure gradually through the slope leading to the development
of the main structural plane slip surface. At the same
time, the method to crack rock slope will slide body
is divided into several parts, the lower part of the
sliding experience by gravity load of the upper sliding body, and the bending deformation, with the sustained effect of load that ultimately lead to buckling
failure.

(1) The stress adjustment stage: when the slope
rock mass under the influence of gravity, stack or excavation disturbance, rock mass will appear effect of
unloading towards direction of free-face, leading to
slope surface displacement and deformation and the
emergence of the parallel to the surface tension tectonic strata cranny. Along with the continuously go
deep into the effect of excavation unloading, tension
crack develops slowly down, there will be a slippery
slope block off, destroying the integrity of rock near
the slope toe, making the strength of the rock mass
falling fast.

The characteristics of the failure of pressure instability are as follows: because the top of the bedding slope is usually covered with a relatively loose
and large gap of the accumulation body, with the
weathering of transport and accumulation and erosion of precipitation. The load on the bedding rock
gradually become larger, resulting in the upper part
of the layered rock slope along the level of creep deformation occurred, causing extrusion effect on rock
slope, caused by buckling failure, finally the failure
along with extrusion and cause the slope failure.

(2) Shearing faulting stage: sliding surface of
the bedding steep rock slope majority appears in soft
rock strata or weak intensity structural surface. After
the stress field of last stage redistributes, side slope
appears stress concentration in lower-middle part,
meanwhile with the effect of rainfall and other external forces, the rock mass strength gradually reduced.
When the shear stress of rock mass in the slip surface
part is more than the actual shear strength, rock mass
damage. If plastic area expands unceasingly, the upper sliding will slide and deform, accompanied by
faulting and deformation caused by cracking.

The characteristics of the excavation unloading
damage type: the excavation slope Angle usually is
that the slope angle and dip angle are equal. The
main control structure tend not to be exposed on the
cut slope. Slip surface decline blocked at the foot of
the slope, which makes rock mass around slope toe
get larger extrusion force. At the same time, because
the excavation effect weakens the carrying capacity
at the foot, it cannot withstand the sliding force from
the upper slope. Unloading effect and weathering are
obvious, which makes the slope front appear relaxation phenomenon, resulting in the slope instability.

(3) Squeeze and bending stage: After cracking
cracks appear, groundwater continuous infiltration,
then in the back of the sliding mass become instability and it extruding compressive resistance, causing
cracks on both sides of the sliding mass, and continuously extending makes the upper basic run-through
slip plane. Resistance and smooth section upward
bulge deformation due to compression, and has tension cracks in front of the slope. With the further development of slope deformation, tension crack extend slowly to the penetration, the front cut exports
appear in succession, but the resistance of sliding
surface is not completely through.

Through the analysis of rock slope instability
we can know that the buckling deformation of bedding steep rock slope will first appear in the top of
the bedding slipping area. Because of the continuing
role of external factors, the sliding body gravity
stress perpendicular to the direction of tectonic rock
formation component decreases, causing the overlying rock mass creep deformation along the tectonic
rock surface, meanwhile it results a ripping faulting
and deformation of the slope. With the continuous
development of slope rock mass slip, slip plane occur cut through along the direction of tectonic rock
formation, thus squeezing effects of the lower slope
body. Lower pressure zone rock mass gotten the
pressure along the direction of the slip plane is the
maximum principal stress, while it’s vertical force is
the minimum principal stress. Both of them produce

(4) Bending failure stage: When the slope deformation intensified, the front cut export extend
continuously and inter-permeation slope landslide
on either side of the border, the slope is in a state of
instability and failure of the whole. Slip band of rock
mass strength weakened gradually with the increase
of sliding distance to the residual strength, at the
same time, the sliding resistance also gradually decreases, and the slope sliding mass by uniform slip
into acceleration slip.
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For the bedding rock slope stability problem,
considering the complexity of its own internal structure and its mechanical characteristics, in traditional
analysis process of mathematical methods (such as
limit equilibrium method), often on the basis of numerous engineering experience, the different slope
failure mode is given many of the hypothetical conditions making it simplify. Abstract mechanics
model may have big difference with the actual engineering. Among all kinds of analysis method, model
test analytic method can largely simulate the actual
working conditions of slope engineering similar, so
it is widely applied at home and abroad in recent
years, as a new trend of development of slope stability study. Model test method based on classical mechanics theory, use limited space and time, in the laboratory of large complex simulation of rock (soil)
mass model, based on the similarity theory and dimensional theory, through direct solution, get the
rock (soil) mass data such as strain, stress, displacement and failure mode and mutual relations, with a
strong visual and reliability [14].
Therefore, carrying out the model test of bedding rock slope, not only for the bedding rock slope
deformation and failure mechanism of research, but
also for the slope engineering construction, monitoring and strengthening of provide effective guidance.

tegrity. Two set of sample to make use of water drilling coring operation. Triangle compression test according to the relevant provisions of the relevant
specification with a diameter of 50 mm and 100 mm
cylindrical block, the Brazilian splitting test with a
diameter of 50 mm, 50 mm height of cylindrical
block, part of the sample is shown in figure 1.According to the model test procedures, remove dust
and other particles on the surface of the specimen after clean, put it in the sink, water injection to the first
block, a quarter of the high and intervals of two hours
of water injection in order to block high 1/2 and 3/4
high, after 6 hours block was completely submerged.
To block completely immersed in the water and free
water absorption after 48 hours, forced to saturation.

FIGURE 1
Preparation of the sample

The determination of the basic mechanical
parameters and selection of similar material.
(1) The basis of measurement process. This mechanical model test on the basis of soil test method
and rock testing procedures as the main basis of
highway construction. Measurement of slope rock
mass of the elastic modulus, bulk density, Poisson's
ratio, compressive strength, tensile strength, internal
friction Angle and cohesive force of mechanical parameters.
(2) Block processing and saturation. ChengLan
line D1K191 + 225 sample taken from the project,
 group sample taken from the bedrock region, 
group sample taken from area of the landslide mass
and lithology are the phyllite of Jurassic-bonobo
group in the Triassic system of, bedrock rock hard,
weak weathering, weak joint fissure development,
integrity is better; The soft rock of the landslide mass
and weathering, joint fissure development, poor in-

FIGURE 2
Triaxial compression test and brazilian
splitting test
(3)Triaxial compression test and Brazilian
splitting test. Conventional triaxial test with 5 MPa,
10 MPa, 15 MPa, 20 MPa and confining pressure
load of 25 MPa. Brazilian split test adopts a continuous load method, loading speed is 0.12 mm/s, until
the specimen. As shown in Figure 2.
The basic mechanical parameters of test were
conducted five sample test. Test results are shown in
Table 1.

TABLE 1
The test results of phyllite basic mechanical parameters

material
Irock
sample
IIrock
sample

Unit weight
γ/(KN·m-3)

Elasticity modulus
E/GPa

Poisson ratio
μ

Compressive
strengthσc/MPa

Strength’s extension
σt /MPa

Cohesive
forceC/MP
a

Internal friction angle/°

26.04

5.5

0.29

40.4

4.5

15

38

25.5

3.5

0.31

14

1.3

7.8

36.3
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solution in order, at last we stir them fully;
We put the mixed fully similar material into
steel mold with certain pressure in order to make it
quickly compaction;
We remove the steel die down and take out
the briquette which has been pressing forming block,
at last we label on the surface used to group;
We dry the briquette at room temperature for
three to four days later. In this way, the briquette of
similar material has finished. When making block
using double open steel mould ,we can produce
block size for Ф50m×l00mm.
(3)The determination of similar materials distribution ratio
The change rule of material property with
different proportion
Through the array test block, such as elastic
modulus and compressive strength test, finally by
matching test, we can rock similar material and similar basic mechanical parameters value and proportion, as shown in Table 2 to Table 3.

FIGURE 3
Basic components of similar materials
Similar material preparation.
(1) Bedrock selection of raw materials. This experiment based on similar projects on site conditions,
empirical research was carried out by a large number
of similar material proportion, eventually developed
the vaseline and as cementing agent. For cement
strength regulator, with fine sand barite powder and
talcum powder as the aggregate new similar material. Through proportioning, respectively used to
simulate the actual engineering of bedrock and sliding body. At the same time, choose to find sand, talcum powder and silicon oil according to a certain
proportion of fissure filling materials in the sliding
surface of similar materials. Developed of two similar materials of good work-ability. Physical and
chemical performance is stable, guarantee the similarity model test. In order to further reveal the suitable high steep slope instability mechanics have laid
a solid foundation. The element of the similar material as shown in Figure 3.
(2)Preparation process of similar material
Preparation process of the slope similar material can be divided into the following steps: we stir
fine sand ,barite power, talcum powder and cement
which have weighed in accordance with the provisions evenly, then we add silicone oil and Vaseline

The high steep slope model test system. The
model test system is made up by high strength steel
structure test bench, servo hydraulic loading system
and monitoring system of real-time information. The
system has high strength, easy to assemble and the
advantages of high degree of visualization, at the
same time it can be realized in the process of test record and all the information real-time monitoring.
Test mainly studied the mechanical characteristics of
the slope deformation and stability characteristics in
different load cases.
Three-dimensional sectional model test
bench. This article through the analysis of the results, in combination with the practical situation of
slope engineering, select appropriate section, designs the multifunctional high steep slope physical
model test bench.

TABLE 2
Comparison of mechanical parameters of prototype and similar material
Compressive
strength

Strength of extension

38
35

c /MPa
40.4
0.88

4500
85.5

36.3
34.4

14
0.41

1300
29.1

material

Unit weight
γ /(KN·m-3)

Elastic
modulus
E/MPa

Poisson’s ration
μ

Cohesive
force
C/kPa

Frictional angle/°

bedrock
Similar material

26.4
25.4

5500
113

0.29
0.31

1500
29.3

Sliding rock
Similar material

25.5
25.1

3.5
25

0.31
0.3

780
15.7

σ

σ t /kPa

TABLE 3
Similar material composition and proportion
Fine sand

Blanc fixe

vaseline

Silicone oil

Talcum powder

cement

Rock similar material

1

0.1

0.1

0.1

0.06

0.04

Slip mass similar material

0.8

0.06

0.66

0.66

0.1

0.02
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basic characteristics of fiber grating can be expressed as a reflective optical filter. When an incident light into the grating, fiber Bragg grating will
reflect specific wavelengths of light. If caused by
outside conditions change grating axial or lateral
strain, it will lead to changes in the center of the fiber
Bragg grating wavelength. By monitoring the
change of the center wavelength, we can estimate the
changes of the surrounding environment. Fiber
Bragg grating displacement sensor and strain sensor
is relatively commonly used fiber Bragg grating sensor.
(2) Grating ruler multi-point displacement meter test system. The test system consists of the following parts: the measuring point, casing, wire rope,
positioning frame, grating ruler, a heavy hammer,
signal conversion system and data acquisition system. Its main advantages are high sensitivity, strong
stability and weak influence, not easy to damage and
convenient embedding and real-time display of displacement, etc. Grating ruler is measuring element,
including indicating grating and the grating scale.
We can measure the moire stripe to express
scaleplate raster and the relative displacement of the
grating.
(3) Resistance monitoring system. This system
is made up of XL2101G static resistance strain gauge,
brick of resistive strain components and pressure box
components. Among them, the static resistance
strain is mainly used for the connection and monitoring of bridge and half bridge. The size of resistive
strain brick element and fiber bragg grating is same.
This test uses three-way resistance strain gauge,
which is bonded on the surface of a resistive strain
brick. It also connects with inner diameter of 1.2mm.
The pressure cell’s boundary dimension is
Φ17*7mm. Measurement range is 0~1.00Mpa.

This
test-bed’s
overall
size:
2.5m
(length)×1.7m(wide)×2m(high). This model test apparatus is made up of high-strength alloy steel and
stalinite. Its advantages include strength and stiffness are larger; good impact resistance and corrosion
resistance ability are strong; visualization operation
can be achieved. Using high strength bolt and the
flange, top beam, side beam and bottom beam can be
connected together. Reaction wall made up of the
long beam connected on the side of the beam. Meanwhile its bottom connects with baseboard of model.
The entire model device is reasonable load and attractive appearance. Meanwhile it can ensure the
whole stiffness and strength, which improving the
accuracy of the test, as shown in figure 4.



FIGURE 4
Overall view of model framework

Model test design.
Test scheme.
(1)The selection of model test of similar scale.
The prototype of the test is bedding steep rock
slope’s instability process from chengdu in sichuan
province to chuanzhusi of the lanzhou railway. According to the test schedule, find the geometric similarity scale model test is 1:50.
(2) The manufacturing flow of slope model. To
meet the requirements of the model test is scientific.
In the making process of the slope model, using "dry
compaction method". It’s concrete steps : scaling
preparation materials in accordance with the provisions→mixing it well with mixer -paving material
layered from top to the bottom within the test bed→
pressing the material artificially layer-by-layer then
making it dry → Between the material and the bedrock sliding body laying talcum powder as a straight
line of slope slip plane, according to the regulations
of the design scheme in the layered slope parts embedded measuring element → In addition to places
of element place to continue using artificial method

FIGURE 5

High pressure loading system
Uniform gradient loading system. High-pressure loading system made up of jack and pressing
plate which connects with it, through coordinated
control of the hydraulic oil cylinder pressure, which
can realize the slope with uniform load, high pressure loading system is shown in figure 5.
Digital intelligent hydraulic automatic control
system is composed of hydraulic control cabinet,
high pressure oil pipe and pressure in composition.
In the process of loading, if reach the set pressure
value, the device will automatically stop the pressure.
When the system pressure value is lower than the set
pressure value, the device will automatically fill
pressure, thus realize automatic pressure maintaining.
Multivariate information monitoring system.
(1) Fiber Bragg grating monitoring system. The
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upper slope model hydraulic loading system. Load
per level, waiting for the displacement, stress and
strain after stability, to the next level load (see Figure
7), monitoring the change of the data of the landslide
mass. Monitoring position as shown in Figure 8.

step by step a ramming material filling after the completion of the additional load to the end - model system.
Monitoring program and its measuring
point embedding. In order to understand the slope’s
multivariate information under the deformation process [15]. The mainly monitor content is slope’s
stress, strain and displacement change under the
stress. In addition, in order to study the different
thickness of the sliding body condition, the changes
of the displacement of the slope buckling critical
load and buckling, this test sets respectively the sliding body thickness is 15 cm, 20 cm and 25 cm, meanwhile, we should analysis the monitoring data under
different thickness. Each slide body thickness, each
monitoring section were set up. We must arrange all
kinds of monitor element in each monitoring section,
including the displacement, strain and stress box
components. Top-down adjacent element spacing is
5 cm. Each measuring point arrangement is shown in
Figure 6.

(a)

profile

(b) Plan
FIGURE 8
Arrangement of measuring points with slide
mass thickness of 15cm
Displacemet/mm
0

FIGURE 6

0

1

2

3

4

5

10

Monitoring sections and component layout
depth/cm

20

Monitoring device is mainly made up of fiber
Bragg grating sensor and resistive sensor. The embedding process of the model’s monitor element can
be summarized as the following steps. Enact monitoring scheme→ensure the location of monitoring
point→slotting and hole digging→back-fill materials→segmented compaction→lead to sidewall
wires.

4kN/m
3kN/m
2kN/m
1kN/m

30

40

50

(a) Monitoring data of displacement
Displacement/mm

0

0

1

2

3

4

FIGURE 7
Diagram of Model loading

Depth/cm

10



20

30

40

4kN/m
3kN/m
2kN/m
1kN/m

50

(b) Monitoring data of displacement
FIGURE 9
Curves of deep displacements

RESULTS AND DISCUSSION
Data processing and analysis. Filling the first
set of test models of slope sliding body thickness is
15 cm. The upper slope gets gradation loading by the
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The curve shows: As the load grows, partial
pressure of the landslide mass increases. Because
with the sliding surface sliding of the landslide mass
and slide body bottom rock mass by the traction effect, pressure also will increase. The part near the
sliding surface, the pressure increases, the more obvious. This kind of phenomenon in the late loading
becomes not obvious, is due to the collapse of the
landslide mass bending deformation, related to the
sliding surface from step by step. At the same time,
the sliding body internal pressure not harmonious
phenomenon also appears. This shows that the sliding body collapse occurred flexor leads to uneven
distribution of inner stress of the landslide mass.
(3) The strain analysis. Along the depth direction of the slope strain values of measuring points is
shown in Figure 11.

(1) Deep displacement. Along the depth direction of the slope of each measuring point displacement value as shown in Figure 9.
Deep displacement curve shows: the sliding
body deep displacement of the high load level mutations and irregular fluctuations in displacement
value. Slope surface uplift has been observed at this
time, and accompanied by crack shows that layered
buckling stage of sliding body. Record the pressure
value is the critical load. Continue to monitor the displacement with the change of pressure until the crack
appears as you can see obviously. Slope top load increase gradually, the displacement of the apparent
increase. On the sliding surface of deep rock mass
displacement curve mutations, and displacement of
sliding body itself is continuous. Little change of
deep rock mass displacement, high and steep slope
of deep bedrock is often in a relatively stable state.
The main research object of high and steep slope instability is the shallow rock mass. The shallow rock
mass under the top load produce large changes in
mechanical properties. The top load increase to level
4, with sliding collapse bend occur at the bottom of
the landslide mass and accompanied by crack. I row
(above) the displacement variation is greater than the
variations in the displacement of row II (below).
(2) Pressure distribution. Along the depth direction of the slope of each measuring point pressure
value is shown in Figure 10.
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(a) Pressure monitoring data

(b) The strain monitoring data
FIGURE 11
Curves of strain
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The curve shows: Near the sliding surface, the
bigger the strain, and the degree of loading at high
load level increases. This shows the direction along
the slip surface sliding of the landslide mass. The
load level is high, the sliding body strain deformation not harmonious phenomenon in a significant
increase in overall and at the same time. Thus we
prove that under the condition of high load, slope is
relatively easy to collapse bend failure happens.
When the thickness of the slip body fixed value
respectively for 20 cm and 25 cm, deep displacement, stress distribution and strain data changes as
shown in figure 12 -17 respectively.
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(b) Pressure monitoring data
FIGURE 10
Curves of stresses
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level of loading conditions, the displacement value
of the same location as the sliding body decreases
with the increase of thickness. With the increase of
thickness of sliding body, slide body can withstand
the load level will gradually increase.
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FIGURE 12
Curves of deep displacements with slide mass
thickness of 20cm
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FIGURE 14
Curves of stresses with slide mass
thickness of 20cm

(a)The strain monitoring data
0

40

50

5

16kN/m
14kN/m
12kN/m
8kN/m
6kN/m
4kN/m
2kN/m

50

30

20

20

40

20

40

10

30

10

10

50

0

0

6

20
16kN/m
14kN/m
12kN/m
8kN/m
6kN/m
4kN/m
2kN/m

30
40
50

10

(a) The strain monitoring data

30

40

50

16kN/m
14kN/m
12kN/m
8kN/m
6kN/m
4kN/m
2kN/m

0

0

10

20

Pressure/kPa
30 40 50

60

70

80

10
Depth
/cm


Depth/cm

20

(b)The strain monitoring data
FIGURE 13
Curves of deep displacements with slide mass
thickness of 25cm
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FIGURE 15
Curves of stresses with slide mass thickness of
25cm

Deep displacement curve shows: The different
thicknesses of the sliding body case of deep displacement direction are basically identical. At the same
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As seen in the strain change curve, the different
thickness of the sliding body case increase with
depth, the direction of the strain curve rough approximation. At the same level of loading conditions, the
same location with strain value increase with the increase of the thickness of the landslide mass. With
the increase of thickness of sliding body, slide body
can withstand the load level will gradually increase.
When loading the level reached a certain degree, II
(below) the strain change gradually over I row
(above) the strain variation.

The stress curve shows: Under the condition of
different thickness of slide body, the stress curve
with depth increasing trend. At the same level of
loading conditions, the stress value of the same location with the increase of thickness of the sliding body
and appear a little increase. With the increase of
thickness of sliding body, slide body can withstand
the load level will gradually increase. When loading
the level reached a certain degree, II (below) the
stress change gradually over I row (above) the stress
variation.
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In this paper a high steep slope along ChengLan
railway - was taken as the main research object. For
the analysis of instability and failure of slope -- suitable structure characteristics and failure modes of
high steep slope were summarized. Combining with
the characteristics of the geological environment,
along the typical high steep slope failure mode under
the effect of earthquake region was put forward in
consideration. Then, through suitable high steep
slope collapse bend failure mechanism and mechanical model test. the stress characteristics and suitable
high steep rock slope deformation failure mechanism
were studied. Based on similarity theory, the threedimensional high strength composite steel structure
is developed with servo hydraulic loading system
and the optical fiber grating real-time information
monitoring system. It reveals the different thickness
and loading conditions of the landslide mass along
the high steep slope deformation and stress characteristics.The experimental results could provide reference for similar projects slop protection.
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Curves of strain with slide mass thickness
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RESERVOIR CHARACTERISTICS AND PORE STRUCTURE
CLASSIFICATIONS OF CHANG 6 MEMBER OF YANCHANG
FORMATION OF TRIASSIC IN JIYUAN OILFIELD OF
ORDOS BASIN, CHINA
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sedimentation, diagenesis, physical properties, pore
genesis and water flooding characteristics in Chang
6 member [2-4]. They believed that the target zone
shows the listing characteristics: this zone is low porosity and ultra-low permeability; it was mainly affected by provenance from northeast and northwest;
oil and gas mainly accumulated in subaquatic distributary channels in delta fronts; diagenetic evolution stage was from late diagenesis phase A period
to early diagenesis phase B period; feldspar dissolution pore and interparticle pore are the main pore
types; water flooding efficiency is low. Currently,
very few researches have analyzed from micro-perspective the influence that the pore structure has on
moveable fluid characteristics [5-8]. In this paper,
casting thin-section, scanning electron microscope,
conventional mercury injection and nuclear magnetic resonance have been used to analyze pore
structure and moveable fluid characteristics, and to
discuss the effects that the pore structure parameters
have on moveable fluid, thus to summarize the effects the pore structure characteristics have on moveable fluid.

ABSTRACT
Methods such as conventional physical property, casting thin-section, scanning electron microscope (SEM), conventional mercury injection, nuclear magnetic resonance (NMR), etc. are used to analyze the classification of the microscopic pore
structure and its influence on moveable fluid saturation in Chang 6 member of Yachang formation in Jiyuan area. The research shows that the accumulation
space in this area are mainly primary interparticle
pores followed by feldspar dissolution pore. According to capillary pressure curve and its corresponding
parameters, the reservoir pore structure is classified
into four types: Type , ,  and  corresponding to different accumulation spaces, and the accumulation properties and permeability ability of these
four types are turning worse from type  to . It is
tested from NMR that the distribution of T2 spectrum
is analogous to the distribution of the mercury saturation of its corresponding pore throat radius; the T2
value is positively correlated with pore throat radius;
pore throat radius is the main factor affecting the
moveable fluid saturation; moveable fluid distribution is positively correlated with permeability which
is the direct parameter characterizing the permeability ability of different pore structures.

MATERIALS AND METHODS
Reservoir Petrological Characteristics. According to SY/T5368-2000 industry standard, sandstone types in Chang 6 member are mainly gray-dark
gray arkose and a few fine arkose (Fig. 2). After analyzed the casting materials from samples, it is found
that the average volume fraction of terrigenous clast
is 78.1%, and that of quartz, feldspar and debris are
31.2%, 38.0% and 8.9% respectively; and that the
feldspar is mainly plagioclase and the debris is
mainly metamorphic debris (Fig. 3). According to
microscopic identification, interstitial materials are
mainly clay minerals, carbonate rocks and siliceous
rocks; carbonates are mainly ferruginous calcite with
a volume fraction of 4.3%; volume fraction of siliceous rocks is 1.13%.

KEYWORDS:
Jiyuan Area, Chang 6 member, Microscopic Pore Structure, Moveable Fluid Saturation, Pore Throat Radius, Permeability

INTRODUCTION
Jiyuan area is located at the centre of Tianhuan
depression tectonic zone in Ordos Basin, in which
Chang 6 member of Yanchang formation of Triassic
is the main section for oil and gas exploration and
development of Chang Qing oil field [1] (Fig. 1).
Previous researchers have studied the provenance,
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FIGURE 1
Tectonic location and Synthetical Stratum Histogram of Jiyuan Oilfield in Ordos basin China

FIGURE 2
Characters and Types of Chang 6 Member in Jiyuan Oilfield

FIGURE 3
Clastic Rock Composition of Chang 6 Member in Jiyuan Oilfield
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(a) Residual Interparticle Pore, L66 Well, 2394.6 m, Casting Thin Film; (b) Feldspar Dissolution Pore, H148 Well, 2640.74
m, Scanning Electron Microscope; (c) Rock Debris Dissolution Pore, L66 Well, 2394.6, Casting Thin Film; (d) Kaolin Intercrystal Pore, G63 Well, 2531.44 m, Scanning Electron Microscope; (e) Illite Intercrystal Pore, G46 Well, 2459.8 m, Scanning
Electron Microscope; (f) Micro Fractures, H129 Well, 2359.9 m, Scanning Electron Microscope.

FIGURE 4
Photographs of Casting Thin Sections and SEM of Chang 6 Member in Jiyuan Oilfield
X-ray diffraction showed that interstitial matter
volume fraction is relatively high in Chang 6 member in Jiyuan area with a big range of 1.5-35%, and
the average fraction is 13.31%. The volume fraction
of cements, a range of 1.0-35.0% and an average of
13.10%, is much higher than that of matrix. Among
the cements, ferruginous calcite makes up 4.3%, kaolinite 3.45% and chlorite 3.89%. Besides of these
minerals, small amount of reticular clay, feldspar,
pyrite, siderite, etc. are also found among cements.
Matrix volume fraction is low, the average of which
is 2.29%. The diameters of clastic grains are mainly
between 0.06-0.25mm. These grains are mainly subangular and medium sorting. Grain contact type is
mainly point-line; contact and cementation types are
mainly pore cementation and thin film cementation
(Fig. 4).

the dominate type filled mainly with autogenetic cement minerals and matrix. Pore coordination degree
is medium-low, and the connectivity degree is medium (Fig. 4). Accumulation properties and permeability ability are directly affected by reservoir pore
distribution characteristics and the materials filling
in pores [9,10].
Pore Structure Types and Characteristics.
Pore structure is a microphysical property that directly shows reservoir quality, and its evaluation
characteristics affect the permeability of oil and gas
[11-15]. Currently, variances of methods and basis
have been used to study and classify reservoir pore
structures [16,17]. In this paper, 32 samples from target zone have been under mercury injection experiment, and mercury injection parameters and their
corresponding capillary pressure cures have been
used to study pore structures. As a result, pores in
research area have been classified into four types:
Type and  (Table 1, Fig. 5).
Type  is mainly micro-medium throat of
which capillary pressure curve usually tends to be at
the left bottom of a diagram. The part of the curve of
which value is less than SHg-50 is relatively gentle and
displacement pressure is low (0.21-0.10 MPa) (Table
1, Fig. 5b); the values of mainstream pore throat radius mostly locate between 0.15-3.45 μm and its
skewness is slightly bold (0.12-0.26); sorting coefficient of pore throat radius is 2.1-3.7 and its average
is 2.5; the maximum mercury saturation locates between 85.0-94.0%, and its average is 91.6% (Table
1, Fig. 5a). Pores are mainly residual interparticle
pores and feldspar dissolution pore etc. Chlorite and

RESULTS AND DISCUSSION
Microscopic Pore Structure Characteristics
of Reservoir. Accumulation Space Types. Analysis from sandstone scanning electron microscope and
casting thin film shows that pore types in target zone
are mainly interparticle and dissolution pores transformed by compaction, cementation and dissolution
progresses. Intercrystal pore and diagenetic fracture
are not developed in this area, of which the total facial porosity is low with 3.81%; primary interparticle
facial porosity is 2.3% and feldspar dissolution facial
porosity is 1.22%. Pores appear mainly in types of
combination. Dissolved pore-interparticle pore takes
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TABLE 1
Different Structure Parameters of Mercury Injection of Chang 6 Member in Jiyuan Oilfield
Types



Parameters
Physical
Property

Conventional
Mercury
Injection

Porosity
%
Permeability
10-3μm2
Displacement
pressure (MPa)
Mainstream
Throat Radius
(μm)
Maximum
Mercury Saturation (%)
Sorting Coefficient
throat Skewness

Pore Types
Sample Amount







Range

Average

Range

Average

Range

Average

Range

Average

10.2-16.7

13.25

8.2-16.5

11.62

7.5-15.1

10.87

<11.0

7.65

0.18-2.3

0.92

0.09-1.3

0.47

0.07-1.0

0.25

<0.1

0.07

0.21-1.0

0.52

0.512.84

1.19

0.955.72

3.06

>2.5

5.12

0.15-3.54

0.46

0.071.24

0.15

0.040.61

0.08

<0.3

0.05

85.0-94.0

91.6

70.091.0

85.3

60.088.0

75.2

<85.0

69.7

2.1-3. 7

2.5

0.1-2.8

2.07

0.1-3.2

1.2

0.06-3.6

1.0

0.12—0.26
Residual
Pore,
Feldspar
Pore
5

-0.15—0.16
Interparticle
Dissolution

-0.41—0.07

Residual Interparticle
Pore, Dissolution Pore,
Intercrystal Pore, Mold
Pore
15

Dissolution Pore, Intercrystal Micropore,
A few Interparticle Pore
9

-0.61— -0.10
Matrix Micropore, Intercrystal Pore,
Very few Diagenetic
Fracture
3

FIGURE 5
The Characteristic Parameters of Capillary Pressure Curves of Chang 6 Member in Jiyuan Oilfield
kaolinite are the main clay types in this pore (Table
1, Fig 5c-1). This type of pore is the highest in accumulation property and permearbility ability among
the four types and it usually locates at underwater
distributary channel with thick sand body (the center
of a channel).
Type  is mainly micro-fine throat. The capillary pressure curve of this one is similar to that of

type  but displacement pressure (0.51-2.84 MPa)
is higher (Table 1, Fig. 5b). Mainstream pore throat
radius are mostly between 0.07-1.24 μm; its skewness (-0.15-0.16) shows normal distribution and sorting coefficient is 0.1-2.8 of which the average is 2.07.
The maximum mercury saturation is slightly high
with a value of 70.0-91.0%, and the average is 85.3%
(Table 1, Fig. 5a). Because of the increased levels of
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and permeability ability but development level is
low; and the structures of type  and  are the most
common while type  is considered to be invalid
reservoir.

mechanical compaction and cementation degree,
compared to type, primary interparticle pore in
this pore type decreased while secondary dissolution
pore, mold pore and intercrystal pore are developed
(Table 1, Fig. 5c-2). This type has good accumulation property and permeability ability and usually locates at underwater distributary channel or at both
sides of a channel connected to the centre.
Type  is mainly micro throat. Its capillary
pressure curve tends to be at the right top of a diagram. The curve part whose value is less than SHg-50
waves a lot. Displacement pressure (0.96-5.72 MPa)
is higher than that of the above two types (Table 1,
Fig. 5b). Mainstream pore throat radius is mostly between 0.04-0.61μm and skewness is gentle (-0.410.07); its sorting coefficient is between 0.10-3.2 and
the average is 1.2; the maximum mercury saturation
is lower than previous two types and its values are
between 66.0%-88.0% with an average of 75.2%
(Table 1, Fig.5a). Again, mechanical compaction
and cementation degree increased compared to type
, while losing primary interparticle pore at a high
level. Dissolution and intercrystal pores are relatively developed. Interparticle facial porosity is
slightly lower than dissolution facial porosity (Table
1, Fig. 5c-3). Compared to type  and , single
sand body of this type is thinner, and both sand layer
and sand pore structure of this type are obviously
heterogeneous. Accumulation property and permeability ability of this type are medium and worse than
that of type  and . This type of pore locates
mainly at the top, bottom and boundary of a sand
body of underwater distributary channel and at thin
fluvial sands.
Type  is mainly adsorbent-micro throat. Capillary pressure curve of this one is close to the right
top of a diagram and barely has plateau. The part of
the curve of which value is less than SHg-50 increases
smoothly and the displacement pressure (> 2.5 MPa)
is the highest among these four types (Table 1, Fig.
5b); mainstream pore throat radius is less than 0.3
μm and skewness is gentle (-0.61-0.10). Sorting coefficient is between 0.06-3.6 with an average of 1.0;
the maximum mercury saturation is 50.0-85.0% with
an average of 69.7% (Table 1, Fig. 5a). This type is
relatively strong in compaction and carbonate cementation; illite is the main cementation clay mineral and it contains relatively high amount of mica
and matrix. Primary interparticle pore is almost lost
while matrix micro pore and intercrystal micro pore
are developed. Feldspar dissolution pore is slightly
developed (Table 1, Fig. 5c-4). This type of pore is
the lowest in accumulation property and permeability ability. It usually develops at the boundary of a
distributary channel connected to interdistributary
estuary or at estuary micro phases such as interdistributary estuary.
In conclusion, in Chang 6 member, pore structure of type  is the best in accumulation property

The Influence on Moveable Fluid Saturation
of Microscopic Pore Structure. Studies on Moveable Fluid Saturation Using Nuclear Magnetic
Resonance (NMR). Based on the classifications of
pore structures, NMR is used to test sandstone samples from research area. With references from previous research results moveable fluid saturation and T2
parameters are used to qualitatively and quantitatively evaluate accumulation property and structure
characteristics of microscopic pore [18]. For Chang
6 member of Jiyuan area, it is seen from NMR that
the T2 spectrogram shows three different shapes:
high left peak with low right peak, low left peak with
high right peak and single peak( Fig. 6a).
Three typical samples are selected for analysis
from NMR test. Table 2 and Figure 6a show that the
moveable fluid saturation tested from the sample of
Well H172 is 63.52% of which T2 spectrogram shape
is low left peak with high right peak with main peak
locating at the right of T2 cut off value. These features indicate that interparticle pore developed better
than dissolution and intercrystal pores; that throat radius is high; and that pore throat is good in connectivity but is medium in sorting. The moveable fluid
saturation of the sample from Well H179 is 40.8%.
T2 spectrogram shape of this type is high left peak
with low right peak and the main peak locates at the
left of T2 cut off value. These features indicate that
secondary pore facial porosity is higher than that of
interparticle pore; that feldspar is the highest in facial
porosity; and that the amount of intercrystal pore has
obviously increased. Compared to the previous sample, throat radius of this one is smaller both in its
value and amount, and pore throat connectivity is
worse. Sorting feature enhanced by micro pore is
better. Moveable fluid saturation of Well H133 sample is 21.84% with a single peak T2 spectrogram of
which peak point locates at the right of T2 cut off
value indicating that pore structure of sample is relatively homogeneous with only micro pore and part
of dissolution pore. Interparticle pore is not developed. Valid throat radius decreased both in value and
amount. Pore throat connectivity is poor but the pore
structure sorting dominated by micro pore has enhanced.
Combining analysis from both Figs. 5 and 6, it
is concluded that moveable fluid is mainly distributed in large pores connected by valid throat; while
throat and micro pores contain less moveable and
thus mainly belong to irreducible fluid. The changes
of T2 value corresponded to moveable fluid is analogical to that of pore throat radius tested from mercury injection, and the shape of T2 spectrogram is analogical to that of the distribution and saturation of
corresponding mercury injection.
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FIGURE 6
Movable Fluid Saturation of NMR and Parameters of Pores Structure of Chang 6 Member in
Jiyuan Oilfield
TABLE 2
Parameters of Micro- pore Structure Characteristics of Different Moveable Fluid Distribution
Experimental parameters
From NMR
/m
/%
/mD
Pcd /Mpa
CS
R50/μm
Smax/%
Sm/%
φi /%
H172
2322.20
12.5
0.62
0.57
2.41
0.13
89.82
63.52
7.67
H179
24.67.65
12.22
0.28
1.46
2.32
0.045
85.71
40.87
4.99
H203
2561.92
11.51
0.27
1.72
2.22
0.042
84.58
26.19
3.01
H133
2338.09
10.19
0.07
2.91
1.88
0.009
76.75
21.84
2.22
(H-depth, φ-porosity, k-permeability, Pcd-displacement pressure, CS-sorting coefficient, R50-Median Radius, Smax-Maximum Mercury Saturation, We-Mercury Withdrawal Efficiency, Sm-Moveable Fluid Saturation, φi-Moveable Fluid Porosity)
Well NO.

H

φ

K

Pore Structure parameters

TABLE 3
Correlation between Moveable Fluid Saturation of NMR and Parameters of Micro Pore Throat
Structure from Data of Constant-Speed Mercury Injection in Chang 6 Reservoir
Parameters

Correlations with Moveable Fluid Saturation
Correlation Function
Correlation Type

R2

Physical Property

Porosity/%
Permeability/10-3μm2

Sm= 0.0328φ2.8123
Sm = 80.131x + 14.689

Positive
Positive

0.2959
0.8073

High

Displacement Pressure/MPa

Sm = 43.072Pcd-0.695

Pressure
Mercury
Injection

Sorting Coefficient
Maximum Mercury Saturation/%
Medium Radius/μm

Negative

0.7114

1.8602CS

Positive

0.7518

0.056Smax

Positive
Positive

0.4680
0.7742

Sm= 0.5573e

Sm= 0.284e
Sm= 20.172e9.1567R50

After analyzing and comparing distributions of
T2 spectrogram tested from Well H172 and Well
H133 samples and of pore throat radius of these samples (Fig. 6), it is concluded that the pore throat radius corresponded to T2 cut off value is approximately 0.1μm, which is accordance with the conclusion saying that 0.1μm is the lower limit of pore
throat radius through which fluid can move in nature
state [19]. For the samples from Well H172, the mercury saturation of pore throat of which radius is
higher than 0.1 μm is 61.31%, providing more than
90.71% of the whole permeability ability of these
samples. And for the samples from Well H133, the
mercury saturation of those pore throat of which radius is higher than 0.1μm is 14.87%, providing more
than 78.55% of the whole permeability ability. It is

indicated that moveable fluid saturation mainly locates in effectively connected pore throat spaces.
Valid throat radius value and its distribution characteristics are the dominant factors affecting the moveable fluid saturation and distribution characteristics.
The Influence on Moveable Fluid Saturation
of Pore Structure Parameters. By comparing and
analyzing the relations between parameters of micro
pore structure and NMR moveable fluid saturation
(Table 3), it is found that moveable fluid saturation
is positively correlated with median radius, sorting
coefficient and maximum mercury saturation; and
that correlation coefficient, R2, are 0.7742, 0.7518,
and 0.468, respectively; however, moveable fluid
saturation is negatively correlated with displacement
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pressure and correlation coefficient R2 is 0.7114.
Thus, it is deduced that the higher the sorting coefficient the higher the value and amount of pore throat
radius, and the higher the validly connected pore
throat volume, also, the higher the moveable fluid
saturation in reservoir. Besides that, it is also found
that moveable fluid saturation is positively correlated with physical property, and the correlation with
permeability (R2=8073) is much higher than that
with porosity (R2=2959). From the analysis above, it
is found that the permeability is mainly provided by
the throat in the pore net; throat radius is the key parameter for the evaluation of moveable fluid saturation in reservoir; throat radius value can be used to
directly represent T2 value from NMR (Fig. 6). For
the development of tight reservoir, high permeable
zones should be chosen preferentially or acidizing
and fracturing may be applied to increase the value
and amount of throat radius, thus to increase the permeability and moveable fluid saturation for the purpose of the improvement of ultimate oil recovery.

the value and amount of throat radius, thus to increase the permeability and moveable fluid saturation for the purpose of the improvement of ultimate
oil recovery.
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ABSTRACT

INTRODUCTION

The present work demonstrates an application
of the heterogeneous Fenton process in the degradation of aqueous solutions of Reactive Blue 4 (RB4)
synthetic dye using Fe-loaded bentonite (Fe-Bt) as a
catalyst. Characterizations of the Fe-Bt catalyst were
performed using XRD, multipoint BET, BJH model,
N2 adsorption, FT-IR and SEM/EDS analysis. Effects of the operation conditions (catalyst loading,
H2O2 concentration and pH) on decolourization efficiency are discussed with a selection of optimum parameters through response surface analysis. In terms
of both decolourization efficiency (98.3%) and stability of the catalyst, optimum conditions for this
Fenton process are pH = 3, minimum applied Fe-Bt
load of 0.15 g L–1 and initial H2O2 of 3 mM. Samples
obtained under optimum conditions described above
were analysed to evaluate total organic carbon content within mineralization efficiency, toxicity, as
well as ion concentrations (Cl–, NO3–, NO2–, SO42–).
Organic degradation compounds of RB4 dye were
detected by GC/MS. Acute toxicity was determined
using an inhibitory test on bioluminescent bacterium
Vibrio fischeri. According to the results, a Fentonlike process with Fe-Bt could be proposed as an appropriate process for decolourization with the possibility of multiple reuse of the catalyst (reuse of the
catalyst was successful after the fifth run) but with
an incomplete mineralization of the RB4 resulting in
the generation of highly toxic effluent. This drawback of the applied process requires extended reaction time or combination with other methods to remove degradation products.

One of the major sources of water pollution is
known to be the textile industry, and the quantity of
wastewater from this industry has been increasing
along with the growing demand for textile products.
The wastewater contains organic dyes and their
breakdown products, which may have toxic and/or
mutagenic effects on life. The release of textile industry wastewater into the environment can cause serious health and environmental problems [1, 2].
The types of dyes used in the textile industry
differ depending on the fabrics produced [3]. Reactive dyes are mainly used for dyeing cellulose fibres
such as cotton and viscose [4, 5] but they are also
increasingly gaining importance for wool [6] and
polyamide [7]. Reactive dyes represent an increasing
market share because they are used to dye cotton
fibres, which make up about half of the world’s fibre
consumption [8] and account for 36% of overall dye
consumption in the world.
Poor dye fixation has been a long-standing
problem with reactive dyes [9]. Consequently, a significant amount of unfixed dyes through the second
step (fabric washing) of the dying process may be released in wastewater. These wastewaters must be
treated to meet the specifications for discharge or for
recycling in the process [10].
Because both unfixed reactive dyes and their
hydrolysed forms are readily soluble, they are difficult to eliminate in conventional biological
wastewater treatment plants. The synthetic origin
and complex aromatic structure of these agents make
them more recalcitrant to biodegradation [11]. However, several other physical and chemical methods
and hybrid techniques have been developed for removal of reactive dyes from wastewaters, including
adsorption, membrane filtration, ion exchange,
chemical oxidation, electrocoagulation, coagulation,
photocatalysis and combinations of methods [12–
25].
The Fenton process, from a group of advanced

KEYWORDS:
decolourization, catalyst, Reactive Blue 4, heterogeneous
Fenton process
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oxidation processes, is one of the most studied and
reported processes intended for the removal of organic dyes during the last decade. Investigations
have focused on the use of Fenton-like processes and
the synthesis of highly active and stable solid catalysts [26–28]. Various supports for iron ions such as
activated carbon fibres [29], nafion [30] and silica
[31] have been used as heterogeneous Fenton catalysts. Compared with the mentioned novel catalyst
supports, the use of clay as a carrier of iron and other
metal species is particularly stressed because it is a
natural, abundant, inexpensive and accessible material [32–35].
In addition to the development of suitable catalysts, possible by-product formation during heterogeneous Fenton oxidation process of dye is still a top
priority concern as they represent a source of secondary pollution [36]. Besides that, monitoring of the
degradation products and their toxicity is essential
for adjusting the reaction time and conditions to
avoid the release of intermediates of higher toxicity
than the original dye [37].
In cases when it is possible to choose more than
one method for pollutants’ removal in terms of their
effectiveness, the cost of wastewater treatment has
an important role. Overall, the costs of wastewater
treatment include the benefits in terms of protecting
human health and the recipient of wastewater and operating costs. The cost of the Fenton-like process,
among other things, depends on the nature of the
wastewater, dosage of H2O2, as well as of the source,
modification, activity and stability of the catalyst
[38]. These factors are considered in the optimization of the selected treatment process.
The objective of the present study was to apply
and evaluate the effectiveness of the heterogeneous
Fenton process for the degradation of Reactive Blue
4 (RB4) synthetic aqueous solution. To carry out the
process in a cost-effective manner, impregnated clay
mineral bentonite with Fe polycations was used as
catalyst support. To reduce the time of synthesis, the
impregnation procedure was improved with ultrasound. The research included 1) preparation and
characterization of the catalyst, 2) evaluation of the
effects of main operation conditions (catalyst loading, H2O2 concentration and pH) on decolourization;
3) selection of optimum parameters based on the results of the response surface analysis; 4) investigation of the possibility of the catalyst reuse and 5) assessment of mineralization, toxicity and degradation
products of RB4 dye after Fenton treatment performed under the optimal conditions for decolourization.

capacity (CEC) was found to be 0.90 mequiv g–1.
RB4 as model pollutant, H2O2 solution (30%, w/w),
H2SO4, NaOH, Na2CO3, Fe(NO)3•9H2O, NaCl and
bovine liver catalase were purchased from SigmaAldrich Company. All chemicals used were analytical grade and used without further purification. All
solutions were prepared with deionized water.

MATERIALS AND METHODS

Catalytic activity of impregnated bentonite
in the Fenton process. The experiments were conducted on a jar test apparatus (FC6S Velp Scientific,
Italy), where reactive mixtures with 0.25 L volumes
were continually mixed in 1 L laboratory cups, at 150

Preparation of bentonite catalyst. Treatment
with Fe polycations was carried out by adapting the
method reported by Iurascu et al. [33]. Before use,
bentonite was washed several times with deionized
water and dried in an oven at 100 °C for 12 h. A suspension of bentonite was prepared by adding 1 g of
the clay to 50 mL of deionized H2O under vigorous
stirring for 30 min. In the meantime, Na2CO3 was
added slowly in powder form into a vigorously
stirred 0.2 mol L–1 solution of Fe(NO3)3•9H2O with
simultaneous application of ultrasound for 10 min,
for achieving a mole ratio of 1:1 for [Na+]/[Fe3+]. The
obtained solution was added very slowly to a suspension of bentonite in deionized water and the suspension was again subjected to ultrasonic irradiation for
10 min. The ratio Fe3+/clay was 3 mmol g–1. The resulting suspension was kept under stirring at room
temperature for 12 h and then centrifuged and
washed three times with deionized water. The material was then heated at 350 °C for 2 h. The sample
was labelled Fe-Bt.
Characterization of prepared catalysts. The
synthesized catalyst sample was analysed using different conventional techniques. Structural analysis
was performed using 77 K N2 adsorption–desorption
isotherms by Autosorb iQ Surface Area Analyser
(Quantachrome Instruments, USA). Samples were
outgassed at 120 °C for 2 h before running isotherms.
The multipoint BET (Brunauer–Emmett–Teller)
method was used to determine the specific surface
area. Mesopore volumes were derived from desorption isotherms using the BJH (Barrett–Joyner–
Halenda) model and micropore volumes were calculated using the t-test method. X-ray diffraction
(XRD) patterns of the sample were measured with a
Rigaku MiniFlex II desktop X-ray diffractometer
with Cu Kα radiation and recorded in the 2θ = 6–80°
range (5°/min scan rate). FT-IR spectra were recorded on a NEXUS 670 (Nicolet, USA) in the 450–
4000 cm–1 range. External morphology and surface
elemental compositions were determined by scanning electron microscopy (SEM) (TM3030, Hitachi
High-Technologies, Japan) and energy dispersive
spectrometry (EDS) (Brucker Quantax 70 X-ray detector system, Brucker Nano, GmbH Germany).

Materials. The catalyst support was Na+-exchanged bentonite clay Claris-p70 (Bento product,
Sipovo, Bosnia and Herzegovina). Cation exchange
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550 atomic mass units. Sample preparation and extraction was performed with hexane and methylene
chloride according to the EPA 3510C. The manufacturer’s original method was used for monitoring pesticides and 926 hormone-active substances in the
prepared extract. Deconvolution software (Software
Deconvolution Reporting-DRS) was used for evaluation and identification (Automated Mass Spectral
Deconvolution and Identification System-AMDIS).
In addition, identification of compounds was performed using the NIST and AMDIS libraries of mass
spectra, all identified compounds are those recognized with a probability of >70%.
Afterwards, effluent toxicity was determined
using an inhibitory test on bioluminescent bacteria
Vibrio fischeri (NRRL B-11177) with a LUMIStox
300 instrument (Dr Lange GmbH, Germany), LUMISsoft IV software and according to the ISO
11348-1:2008 standard. The inhibitory effect (Ht)
was measured in water samples, during 30-minute
exposure to bacteria at 15 °C, and expressed in %. In
addition, it is important to note that the sample after
the Fenton process was treated with catalase solution
(0.1 g L–1) to scavenge the remains of H2O2 in solution [42]. Sample toxicity was calculated according
to equation (3) with regard to non-contaminated control (2% solution of NaCl):
(3)
100·(Ict - It) / It = Ht (%)
where Ict was the luminescence of the control
sample and It was the luminescence of the Fenton
process effluent.

rpm.
The experiments were performed in the following manner: first, the appropriate catalyst dosage
(0.15–0.7 g L–1) was added to the model dye solution
(RB4 concentration 50 mg L–1), which was followed
by pH adjustment to the desired value (2.5–4), and
the addition of the required amount of H2O2 (3.0–15
mM). Each experiment lasted 120 min. Samples
were centrifuged at 10000 rpm for 5 min. This was
followed by separation of the catalyst from the solution and its recovery for reuse.
Decolourization was monitored by absorbance
(A) at λmax = 594.78 nm (UV/vis spectrophotometer,
Shimadzu, Japan). The analysis of iron in solution
was done by atomic absorption, using a Perkin Elmer
Analyst 700.
The efficiency of dye decolourization was obtained by the application of the following formula:
(1)
100·(A0 - A) / A0= dye removal (%)
where the A value was measured after a certain
reaction time and A0 is the initial absorbance.
Response surface analysis. In this study, response surface analysis was used for the optimization of the Fenton reaction catalysed by Fe-Bt. The
effects of the three independent variables on the response are presented by the response surfaces. Numerical results and statistical analysis were obtained
by using the software package Mathematica 8.0. The
relationship between operating variables (H2O2 concentration, catalyst loading and pH) and the
decolourization efficiency is described by a secondorder polynomial model, so the experimental data
are fitted with a quadratic polynomial function [39–
41].

RESULTS AND DISCUSSION
Characterization of the catalyst. Textural
characteristics of the original Bt as a catalyst support
and impregnated bentonite (Fe-Bt) derived from N2
adsorption–desorption isotherms are presented in
Table 1. It can be seen that the surface area of the
prepared material increased after impregnation. The
effect of increasing surface area of modified clay has
been observed by numerous authors [33, 43–45].
This phenomenon can be explained by the reduction
of medium and large mesopores when inserting iron
in bentonite, which causes a significant increase in
surface area, which is also confirmed by the average
pore size and pore volume of Fe-Bt. Namely, metal
particles that penetrate larger pores lead to a decrease
in average pore size and simultaneous increase in the
pore volume. Besides that, addition of Na2CO3 at the
catalyst synthesis stage is also capable of increasing
both the surface area and pore volume [46].
The results of the FT-IR analysis are presented
in Fig. 1. The spectrum of Bt revealed the characteristic absorptions. The band at 3625 cm–1 is due to the
–OH stretching band for Al–OH. The interlamellar
water molecules in the bentonite structure are resolved in the band at a wavenumber of 3443 cm–1.

Mineralization and effluent toxicity. The aliquots after Fenton treatment performed under optimum conditions for decolourization were filtered
through a 0.45 µm pore size membrane filter and immediately analysed for total organic carbon (TOC)
content, evaluation of degradation products and
overall toxicity.
TOC removal was followed by LiquiTOC II
(Elementar, Germany), wherein the following formula is used:
100·(TOC0 - TOC) / TOC0= TOC removal (%) (2)
where TOC value was measured after 120 min
and TOC0 is the initial value of Fe-Bt in deionized
water at pH value 3.
Determination of ions (Cl–, NO3–, NO2– and
2–
SO4 ) was conducted on Dionex ICS-3000, which
was connected to the computer software Chromeleon
6.8 Chromatography Management Software.
Qualitative gas chromatography/mass spectrometry (GC/MS) analysis was included for determination of non-polar and semi-polar compounds in
the effluent. The analysis was carried out in SCAN
mode on the GC/MS, Agilent 7890A/5975C instrument, wherein the scanned ions were in the range 35–
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The wavenumber of 1638 cm–1 indicates the presence of adsorbed water in the first co-ordination
sphere of the interlayer space [47]. The most intense
peak at 1039 cm–1 is attributed to the Si–O stretching
(in-plane) vibration for layered silicates. The bands
at 915 and 876 cm–1 are attributed to AlAlOH and
AlFeOH bending vibrations [48, 49].
For the Fe-Bt sample, reduced intensity peaks
were observed that are due to the stretching vibration
of the hydroxyl group linked to metal cations and
water molecules and the cause may be the removal
of hydroxyl groups in the calcination step [45, 47].
In addition, because of calcination, the peak detected
at 1431 cm–1 in the Bt sample disappeared [50, 51].
However, no peaks due to Fe oxides or oxy-hydroxides were observed in the spectra.
The XRD was used for the investigation of the
structural changes of Fe-Bt. Fig. 2 shows the XRD

patterns of Bt and after loading with Fe. The diffractions at 2θ angle 6.8°, 19.8° and 61.9° are characteristic of clay mineral montmorillonite, while peaks
originating from non-clay components (quartz, Q)
are observed at 26.6 (2θ) [45, 52, 53]. After bentonite modification, the montmorillonite pattern at
6.8 (2θ) was no longer visible. However, on the FeBt diffraction pattern, there are no additional peaks
that would indicate the presence of the oxides or oxyhydroxides of iron, indicating that the various
forms of metal oxides are finely dispersed in the particulate clay in a form of a very small crystallite size,
thus not detected by XRD [52]. It is assumed that ultrasound applied in the phase of catalyst preparation
has contributed to this occurrence due to its ability to
produce non-agglomerated, crystalline particles in
unique reaction conditions [54].

TABLE 1
Textural characteristics of original and prepared bentonite
Parameter
Sample

BET (m2/g)

Bt
Fe-Bt

97.30
180.198

Micropore t-test
(cm3/g)
0.029
0.028

BJH method mesopore
(cm3/g)
0.092
0.068

Total pore volume
(cm3/g)
0.040
0.071

FIGURE 1
FT-IR spectra of Bt and Fe-Bt
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FIGURE 2
XRD diffractograms of Bt and Fe-Bt

A)

B)
FIGURE 3
SEM/EDS analysis of a) Bt, b) Fe-Bt
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model is appropriate. In addition, high values of R2
and adjusted R2 express a high correlation between
the experimental data and data obtained from the
model.

Fig. 3 shows the morphology of the Bt and FeBt samples. The structure of clay before impregnation is layered (Fig. 3a), with thin and thick slices
that occur in the form of crystals with a fluffy appearance and pores of different sizes and shapes. After modification, there is an obvious increase in the
number of pores and reduction in their radius (Fig.
3b). In addition, the presence of tiny iron aggregates
can be observed. EDS analysis shows that O, Si, Al,
Na, Mg and Ca are constitutive elements of Bt, with
the most predominant being O, Si and Al, which are
included in the composition of the clay layers. The
impregnation process resulted in the replacement of
the interlayer Na, Mg and Ca with Fe ions.
TABLE 2
Estimated regression coefficients
Term
1
x1
x2
x3
x1 x2
x1 x3
x2 x3
x1 2
x2 2
x3 2

Estimate
–187.879
–2.204
–108.299
236.191
2.691
0.244
17.644
–0.011
21.773
–45.631

SE
39.812
1.610
35.136
23.530
0.920
0.341
7.664
0.060
27.174
3.553

t Stat
–4.719
–1.369
–3.082
10.038
2.924
0.716
2.302
–0.182
0.801
–12.845

FIGURE 4
A comparison between the predicted values of
decolourization efficiency and the experimental
data

P Value
1.718 × 10–5
0.177
0.003
5.995 × 10–14
0.005
0.477
0.025
0.856
0.426
4.743 × 10–13

The interaction effects of the operating variables on the response were studied using response surface 3-D plots. The results indicate that the greatest
impact on dye decolourization is the pH of the solution (Fig. 5a and 5b). The highest per cent of dye removal, 99.1% and 98.3% were obtained at pH ≤ 3.
With increasing pH, there was a sharp decrease in the
RB4 decolourization because of hydrolysis and precipitation processes of Fe(III) on the surface of the
catalyst and a lower rate of HO• formation [52, 54–
56]. In addition, as is evident from Fig. 4a, the RB4
removal rate is slightly decreased when H2O2 concentration increases from the minimum applied (3
mM). Higher H2O2 concentrations lead to scavenging of •OH [57–59], which results in a series of chain
radical–radical or H2O2–radical reactions.
Fig. 5c shows the decolourization efficiency as
a function of catalyst loading and H2O2 concentration at initial pH 2.5. Decolourization can occur
through adsorption, catalytic reaction or both processes. To determine the influence of the adsorption
processes on dye removal, experiments without
H2O2 were carried out. Bt as a catalyst support has a
low decolourization capacity (7.4%) in contrast to
the Fe-Bt (23.6%) within 120 min of reaction. The
reason for that is probably the larger surface area and
pore volume of Fe-Bt (Table 1) [44].
The highest efficiency of RB4 removal is
achieved at a minimum amount of added catalyst
(0.15 g L–1) and minimum initial concentration of
H2O2 (3 mM). This is probably due to the good dispersion of a very small amount of Fe-Bt catalyst in
the reaction medium making available all active sites
on the catalyst for the adsorption and degradation of
dye molecules [60]. Another reason for the limiting
addition of catalyst above the optimum range might
be consumption of •OH generated by the excess catalyst.

TABLE 3
ANOVA (quadratic model)
DF
Model
Error
Total

9
54
63

Sum
of
Squares
61977.30
2726.02
64703.30

Mean
Square
6886.36
50.48

F
Value
136.41

P
Value
0.00

Optimization of the Fenton reaction. The relationship between operating variables (H2O2 concentration, catalyst loading and pH) and the decolourization efficiency is described by a second-order
polynomial model, so the experimental data were fitted with a quadratic polynomial function, where Y is
the percentage of decolourization efficiency and x1,
x2, x3 are values of the H2O2 concentration, catalyst
loading and pH, respectively (eq. 4):
Y=-187.879-2.20356 x1-0.0109948 x12-108.299
x2+2.69051 x1x2+21.7729 x22+236.191 x3+0.244366
(4)
x1x3+17.6441 x2x3-45.6312 x32
The adequacy and statistical significance of this
quadratic model were analysed by analysis of variance (ANOVA) given in Tables 2 and 3.
High values of the coefficient of determination
R2 = 0.957869 and adjusted R2 = 0.950847 and P
value 0 indicate the statistical significance of the regression equation (3) and imply that this quadratic
model fitted the experimental data well.
Diagnostic plots such as predicted versus actual
values of decolourization efficiency, presented in
Fig. 4, confirm the good agreement between actual
and predicted values and point out that the quadratic
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c)

FIGURE 5
Effect of catalyst loading, H2O2 concentration and pH on decolourization efficiency:
a) catalyst loading = 0.15 g L–1; b) [H2O2] = 3 mM; c) pH = 2.5
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FIGURE 6
Effect of catalyst loading, H2O2 concentration and pH on iron leaching: a) catalyst
loading=0.15 g L–1; b) [H2O2] = 3 mM; c) pH = 2.5

Stability and reusability of the catalyst.
Leaching tests of iron species from Fe-Bt catalyst
during Fenton degradation of RB4 were performed
to determine the stability of the catalyst. Fig. 6 shows
the iron concentration dissolved in the aqueous solution after 120 min of reaction under different process
conditions.
It is clear that dissolution of iron is more significant at pH 2.5 and with higher catalyst load (Fig. 6a
and 6b). With the addition of 0.7 g L–1 of the catalyst
in the solution, measured iron content was even 17.9
mg L–1 at the end of the reaction. Fig 6c illustrates
the effect of initial H2O2 concentration and catalyst
load upon Fe leaching. The change of Fe content in
the reaction solution with the catalyst concentration
up to 0.3 g L–1 is almost negligible for all initial H2O2
concentration. However, at higher concentrations of
Fe-Bt and H2O2, leaching of Fe is increased. Therefore, it can be concluded that leaching of catalyst active species proceeds by a more complex mechanism
than through a simple dissolution mediated by the
acidic nature of aqueous solutions [61]. On the other

hand, the leaching levels of metal are less than or
equal to 0.3 ppm at pH > 2.5, which is an allowed
value by national legislation for wastewater discharge into recipients [62]. In this condition, the concentration of dissolved iron in the solution is below
5% concerning the initial iron content in the catalyst.
Although the highest percentage of
decolourization was achieved at pH 2.5, the stability
of Fe-Bt was considered for the definition of the
treatment optimum conditions. So, further experiments were done at the following conditions: pH =
3, minimum applied Fe-Bt load (0.15 g L–1) and initial H2O2 (3 mM).
Possibility of catalyst reuse. The Fe-Bt catalyst was used for RB4 degradation in five consecutive runs. Between each run, the catalyst was separated from the solution by filtration, washed with
deionized water, dried for 24 h at 100 °C and calcinated at 350 °C for 2 h. As seen in Fig. 7, catalytic
activity slowly decreases to 92% after the fifth run.
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FIGURE 7
The decolourization efficiency and iron leaching after five successive runs






 

 










 



 






























 

















 



FIGURE 8
Mineralization of RB4: a) chloride, nitrate and sulfate ion concentrations; b) TOC removal efficiency

The content of leached iron is significantly
lower and remains almost the same after the second
cycle, and even decreases after the fifth run. Alwash
et al. [63] have found the reason for this in the influence of the calcination step on material after each reuse run. Namely, calcination will enhance the stability of the remaining ions on the surface of the catalyst, thus reducing the leaching of Fe(III) from the
surface of the catalyst and in this way maintaining
the activity of the catalyst. Based on these results, the
catalyst could be successfully reused five times.

reaction was 66.4% and then increased gradually until the end of the reaction time, as shown in Fig. 8b
(72%). Complete mineralization of the dye was not
achieved, although UV-vis spectra (Fig. 9) indicated
that almost no RB4 was present in the solution after
30 min of the Fenton process. This difference is due
to the formation of persistent intermediate compounds, which are difficult to degrade.
SO42– and Cl– ions have a slightly rising trend
in the solution from the beginning and onwards over
time of the reaction (Fig. 8a). However, this trend of
sulfate and chloride ion concentration in water solution indicates that desulfurization and dechlorination
were not early stages of RB4 degradation. In contrast
to that, nitrate ion concentration rapidly increased after 15 min of the beginning of the experiment and

Assessment of RB4 mineralization, degradation products and ion concentrations. The percentage of mineralization (TOC removal) after 15 min

8192

%$

" &      







 " #!"!


Fenton oxidation. The results are presented in Figure
10, and as can be seen, the dye solution had a 13.21%
and used catalyst in deionized water 25.58% inhibitory effect of the V. fischeri bacterium. After the Fenton process, the obtained toxicity value of the effluent rose to 97.41%. In their study, Lopez-Lopez et al.
[68] have concluded that the toxicity of the effluent
increases with the addition of H2O2, as an oxidant.
Najjar et al. [69] evaluated acute toxicity of tyrosol
solution after the heterogeneous Fenton process,
where after 120 min of reaction comes the formation
of phenolic by-products, which cause high inhibition
effect, and as the reaction proceeded the toxicity decreased. A significant toxicity value in the sample after the Fenton process can be related to the results of
GC/MS analysis, where the main detected compounds were phenolic, cyclic and polycyclic hydrocarbons, long-chain hydrocarbons and compounds
containing Cl and N atoms [66, 70, 71].

remained almost stable to the end of reaction, which
refers to the entire cleavage of the substituted triazine
group [64]. Nitrite ion was not detected.
UV-vis absorption spectra of the dye solution
were recorded to investigate the structural change of
RB4 during reaction. Fig. 9 shows a comparison of
the UV-vis spectra of the initial dye solutions and after the Fenton oxidation process with Fe-Bt. For the
initial dye solution, absorption peaks at 594.78 nm,
370 nm and 296 nm are noted as characteristic of the
anthraquinone group and the peak at 256 nm, which
can be attributed to the aromatic structure of the dye
and chlorotriazine group. As can be observed, peak
intensities at all wavelengths significantly decrease
after 30 min reaction time, extending anthraquinone
and aromatic fragmentation of RB4 dye.
Intermediate organic degradation compounds
of RB4 dye detected by GC/MS are summarized in
Table 4.
The change in the RB4 structure is evident and
the main identified compounds belong to the following groups: phenols, linear hydrocarbons, chlorinated hydrocarbons, organic acids, cyclic hydrocarbons, organic nitrogen compounds, phthalates and
polycyclic aromatic hydrocarbons. Some of the compounds were detected by Gözmen et al. [65] (proposed reaction pathway A) after oxidative degradation of RB4 dye by wet air oxidation and wet peroxide oxidation, and these results confirm the authors’
conclusions that hydrogen peroxide radicals attack
the N-positions of RB4 molecules. Triazine groups
were not identified after 120 min, which is consistent
with the earlier assumption of their degradation at the
beginning of the reaction.

CONCLUSION
The present work reports the efficiency of the
heterogeneous Fenton process in degradation of RB4
synthetic aqueous solutions using the clay mineral
bentonite impregnated with Fe polycations as a
catalyst (Fe-Bt). It has been shown that use of Fenton
chemistry in combination with Fe-Bt increased the
decolourization of RB4 significantly. The advanced
Fenton oxidation process is favoured under acidic
condition and sensitive to the solution pH and the
catalyst concentration, but an increase in H2O2 concentration decreases the extent of RB4
decolourization. The catalyst reusability study confirmed that the percentage of decolourization is still
significant after the fifth run. However, the analysis
of mineralization and also evaluation of the level of
acute toxicity on the Vibrio fischeri bacterium indicated there has not been a complete degradation of
RB4 dye, which may be the result of the short reaction time.

Acute toxicity of effluent. An examination of
the environmental impact of the Fenton process effluent can be performed by using bioluminescence
inhibition assays. In this work, V. fischeri was used
as a high sensitivity, fast (up to 30 minutes) and lowcost indicator of acute toxicity [66, 67]. The tests of
inhibitory effect were conducted in the following
water samples, (1) RB4 solution (50 mg L–1), (2) FeBt in deionized water at pH 3 and (3) effluent after

TABLE 4
GC/MS analyses of main degradation products
Retention time (min)
6.5
8.2
8.8
12.1
14.7
19.6
20.1
21.0
23.7

Intermediate
Phenol, m-tert-butylTetrachloroethylene
Benzoic acid, p-tert-butylBenzene, 1,3-diethylPyridine, 5-ethenyl-2-methylDibutyl phthalate
9,10-Anthracenedione
Tridecane
Dodecane
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C10H14O
C2Cl4
C11H14O2
C10H14
C 8H 9N
C16H22O4
C14H8O2
C13H28
C12H26
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FIGURE 9
UV-vis spectra of an RB4 dye solution during reaction
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FIGURE 10
Inhibitory effect of different test solutions on V. fischeri bacterium
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tion facilities, residential oil burning, waste incineration, city construction and demolition activities and
the re-suspension of surrounding contaminated soils
[3, 4], and these dusts make a significant contribution to metal pollution in the urban environment. Because of a lack of bioavailability, biodegradability
and persistence, heavy metals could accumulate and
be enriched in urban environment. A previous study
found that the contamination contents (e.g., heavy
metals and other toxic trace elements) of road/street
dusts are generally higher than those in other media
(e.g. soils) [5]. Moreover, heavy metals in street
dusts could easily enter human bodies through dust
ingestion, inhalation and dermal contact under dynamic conditions such as wind, traffic and other human activities [6, 7].
Elevated levels of heavy metals are ubiquitous
in urban settings as the result of a wide range of human activities, especially from industrial sources [8].
As a consequence, adverse effects on human health
may occur in urban environments, particularly in
metropolitan cities where urbanization, industrialization and rapid population growth have been taking
place on an unprecedented scale. Although numerous studies on heavy metal contamination of street
dusts have been performed in developed countries
[9-11], only limited information is available for developing countries, especially for China. Over the
last three decades, urbanization and industrialization
have taken place at an unprecedented pace in China.
Urban environmental pollution has become a very
important issue for environmental researchers [1214]. Chengdu, one of the most crowded cities in the
world, has experienced a rapid urbanization and industrialization in the last decades. The rapid growth
of industry, population and vehicle exerts a heavy
pressure on its urban environment. The main goals
of this study were to 1) determine and compare the
concentrations of the heavy metals in urban street
dusts collected from different functional areas in the
city of Chengdu 2) investigate the differences between geo-chemical background values and metal
levels, and 3) to evaluate and assess heavy meals pollution in street dusts using the Geo-accumulation
(Igeo) and Ecological risk (RI) indices as a tool for
urban sanitation decision-making.

ABSTRACT
Street dusts of different functional areas from
Chengdu, SW China are analyzed for Cu, Pb, Zn, Mn,
Co, Ni, Cr and Cd. The results show that, in comparison with the background values of Chengdu and
Chinese soils, the mean concentrations of all heavy
metals are all higher than their corresponding background values of Chengdu soil and Chinese soil except Co and the street dusts from seven functional
areas have different cumulative characteristics.
Meanwhile, the value of Igeo, PI, IPI and RI are calculated. The results indicate that the order of Igeo is
Cd>Pb>Cu>Zn>Ni>Cr>Mn>Co and the Igeo of
heavy metals in the dust from TD and ID is higher
than in other functional areas. The high Igeo for Cu,
Pb, Zn, Ni and Cd in street dusts indicate that there
is a moderate or strong Cu, Pb, Zn, Ni and Cd pollution. Igeo for Mn, Co and Cr are less than 0, indicating
that the urban environment was scarcely contaminated by Mn, Co and Cr. The assessment results of
PI also support Cu, Pb, Zn, Ni and Cd in street dusts
presented serious pollution, and IPI indicates heavy
metals of street dust polluted seriously. the RI values
of heavy metals indicate the heavy metals of street
dusts are considerable ecological risk or very high
ecological risk and Cu, Pb and Cd are the main contributors to the potential ecological risk, especially
Cd.

KEYWORDS:
Street dust, Heavy metals, Contamination assessment.

INTRODUCTION
Street dust, particles deposited on a road, originates from the interaction of solid, liquid and gaseous materials produced from different sources [1].
The components and quantity of street dust are also
potential pollution indicators for urban environment
[2]. Street dusts receives various heavy metal inputs
from a variety of mobile or stationary sources, such
as vehicular traffic, industrial plants, power genera-

8199

$#

!%   

 





!"  ! 



FIGURE 1
Location sketch of sampling sites

ation as TD, S19-S24), Pixian county modern industrial port of destination and Shuangliu airport industrial park (industrial district, abbreviation as ID, S25S30), Shahepu residential district and A loop section
of East residential district (residential district, abbreviation as RD, S31-S36), and Sandaoyan town and
Youai town (peri-urban district, abbreviation as PD,
S37-S42) . Forty-two samples were collected on
pavements next to roads at periods when no rain had
occurred during the previous week in Chengdu. At
every sampling site, more than 300 g of street dust
composite sample was collected by sweeping using
polyethylene brush and tray from three to five points
of road/pavement edges within the scope of 10-20m2.
All the samples were stored in the sealed polyethylene bags, labeled and then transported to the laboratory. The samples were air-dried in the laboratory
for 2 weeks. Dried samples were grinded by a porcelain mill and then passed through a 100-mesh sieve
before analyzing. Sequential extraction was performed using a three-stage modified procedure recommended by BCR which has been used for several
studies [14-16]. Detailed locations of sampling sites
are shown in Figure 1.

MATERIALS AND METHODS
Study area. Chengdu (30°05′-31°26′N,
102°54′-104°53′E), the capital of Sichuan province,
is located in the southwest of China. Geomorphologically, it is high to the northwest and low to the
southeast, not far from the western slopes of the
Longmen Mountains. With a typical continental
monsoon climate of northern temperate zone, there
are four distinct seasons in Chengdu. The average
temperature ranges from 5 °C in winter to 26 °C in
summer. The average annual precipitation is 918 mm.
Rainfall mainly concentrated from July to August.
The least rainfall concentrated from December to
March. In the present study, street dust samples were
collected from various areas with different land uses
(educational district, commercial district, scenic
parks, traffic pivotal district, industrial district, residential district, and peri-urban district).
Sampling and analytical procedures. Although there was no strict functional classification in
urban areas in Chengdu, forty-two samples were collected at different districts with different land use:
Xihua university and Southwest Jiaotong University
(educational district, abbreviation as ED, S1-S6),
Chunxi road and Babaoroad commercial center district (commercial district, abbreviation as CD, S7S12), Du Fu Thatched Cottage and Temple of Marquis scenic districts (scenic parks, abbreviation as SP,
S13-S18), Chengdu north railway station and Xinnanmen bus station (traffic pivotal district, abbrevi-

Pollution assessment methodology of heavy
metals in street dusts. Ecological risk (RI) [17] and
geo-accumulation (Igeo) [18] indices are applied,
which are established methodologies to assess the
impact of heavy metals on the environment [19-21].
Igeo [18] is calculated as follows:
(1)
Igeo=Log2[Cn/(1.5×Bn)]
where Cn represents the measured concentration of
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the element n and Bn is the geochemical background
value of the element in fossil argillaceous sediment
(average shale). In the study, Bn is the background
content of element n in Chinese soil [22]. The constant 1.5 is introduced to minimize the effect of possible variations in the background values which may
be attributed to lithologic variations in the sediments.
The following classification is given for geo-accumulation index [18]: <0= practically unpolluted, 01= unpolluted to moderately polluted, 1-2= moderately polluted, 2-3= moderately to strongly polluted,
3-4= strongly polluted, 4-5= strongly to extremely
polluted and >5 = extremely polluted.
Pollution index (PI) and integrated pollution
index (IPI) are also commonly used to assess the environment quality [23]. The PI is defined as the ratio
of element concentration in the study to the background content of the corresponding element of Chinese soil [22]. The PI of each element is calculated
and classified as either low (PI ≤ 1), middle (1 < PI
≤ 3) or high (PI > 3). The IPI of all measured elements for each sample is defined as the mean value
of the element’s PI, and is then classified as low (IPI
≤ 1), middle (1 < IPI ≤ 2) or high (IPI > 2) [23].
The method of determining ecological risks of
heavy metals originally introduced by Hakanson [17]
has recently been used in dust contamination studies
[24]. Hence, the potential ecological risk index
(PERI) is calculated to assess the degree of metal
pollution in Chengdu street dusts as follows:
(2)
RI=∑Eri; Eri=Tri×Cfi; Cfi=Cs/Cn
Where Cfi corresponds to the pollution factor for
each metal; Cs and Cn are heavy metal sample and
background concentrations, respectively; Eri is the
ecological risk of each element and RI shows the
ecological risk of multiple elements. Hakanson [17]
defined Tri as a “toxic-response factor” for a given
substance and demonstrated this value for Cu, Pb, Zn,
Mn, Co, Ni, Cr, Cd to be 5, 5, 1, 1, 5, 5, 2, 30, respectively. The following terminologies are used to
describe risk levels: Cfi <1, clean; 1Cfi < 3, Low
pollution; 3Cfi < 6, moderate pollution; 6Cfi < 9,
high pollution; Cfi≥ 9, very high pollution. Eri < 40,
low potential ecological risk; 40Eri < 80, moderate potential ecological risk; 80Eri < 160, considerable potential ecological risk; 160Eri < 320,
high potential ecological risk; Eri≥ 320, very high
potential ecological risk. RI<150, low ecological risk;
150RI < 300, moderate ecological risk; 300RI <
600, considerable ecological risk; RI≥ 600, very high
ecological risk.

as the background value of Chengdu soil [25] and
Chinese soil [22] are shown in Table 1. It can be seen
from Table 1, the mean concentrations of Cu, Pb, Zn,
Mn, Co, Ni, Cr and Cd are all higher than their corresponding background values of Chengdu soil and
Chinese soil except Co, which are 8.7, 14.3, 6.4, 2.3,
0.7, 3.0, 1.4, 15.6 times the background value of
Chengdu soil and 10.9, 12.7, 6.9, 1.1, 0.8, 3.0, 1.6,
25.7 times the background value of Chinese soil, respectively. And their maximums are respectively
41.0, 61.5, 22.1, 8.7, 2.7, 18.7, 6.3, 112.6 times the
background value of Chengdu soil and 51.5, 54.6,
23.8, 4.0, 2.7, 19.0, 7.1, 185.7 times the background
value of Chinese soil. Whereas, contents of Cr and
Co in this study are approximately the same as their
background values, which indicates that Cr and Co
may had mainly a natural source, while the other elements may come mainly from anthropogenic
sources [2].
Table 1 shows that the analyzed metals presented diverse variation characteristics in street dust
of seven functional areas. The mean concentrations
of Cu, Pb, Zn, Mn in the dust from CD, TD and ID
are higher than which from ED, RD and PD. The
mean contents of Co, Ni, Cr, Cd in the dust from TD
and ID are all higher than from other five functional
areas. The order of the mean concentrations of the
studied metals in street dust divided by the background value of Chengdu soil are various in seven
functional areas, which is in the order of
Pb>Cu>Zn>Cd>Ni>Mn>Cr>Co in ED and RD,
Pb>Cu>Zn>Cd>Mn>Ni>Cr>Co in CD and PD,
Pb>Cu>Cd>Zn>Mn>Ni>Cr>Co in CD in SP,
Cd>Pb>Cu> Zn>Ni>Mn>Cr>Co in TD and ID.
These results indicate that the street dusts from seven
functional areas have different cumulative characteristics, which likely intimate the diversity of the anthropogenic activities and effects in seven functional
areas of Chengdu.
The descriptive statistic results of heavy metal
concentrations investigated in the studied samples
are presented in Table 1. Table 1 shows the concentrations of Cu, Pb, Zn, Mn, Ni, Cr and Cd in street
dusts of Chengdu are higher than the background
values of Chinese soils [22]. The arithmetic mean of
Cu, Pb, Zn, Mn, Co, Ni, Cr and Cd in street dusts is
246.47, 329.89, 511.16, 620.26, 9.57, 80.55, 97.16
and 2.5mg/kg, respectively. The geometric means of
most studied metals are less than their arithmetic
means, which are 196.10, 275.43, 465.56, 579.15,
8.04, 66.99, 85.59 and 1.30 mg/kg, respectively for
Cu, Pb, Zn, Mn, Co, Ni, Cr and Cd. Table 1 also
showed that CV value of Cu, Pb, Zn, Mn, Co, Ni, Cr
and Cd is 81.1%, 69.8%, 51.4%, 49.3%, 64.1%,
92.7%, 76.8% and 141.8%, respectively. Otherwise,
CV value of almost all heavy metal is more than 50%
except Mn (49.3%), indicating significant heterogeneous distribution of heavy metal contents in street
dusts corresponding to anthropogenic origins.

RESULTS AND DISCUSSION
Heavy metal Concentrations in the street
dusts of Chengdu. The concentrations of heavy
metals in the street dust samples of Chengdu, as well
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TABLE 1
Heavy metal concentrations (mg/kg) in street dust collected from Chengdu city
(Chengdu B=background values in soil of Chengdu; China B= background values in soil of China;
GM=geometric mean; CV= coefficients of variation)
Element

Cu

Pb

Minimum
Maximum
Mean
S.D.
CV (%)
GM
Median

73.29
248.23
149.43
61.65
41.3
138.54
154.01

130.51
255.71
174.57
47.63
27.3
169.64
160.58

Minimum
Maximum
Mean
S.D.
CV(%)
GM
Median

206.20
351.59
257.45
59.17
23.0
252.21
235.55

217.48
574.85
363.76
130.09
35.8
345.18
353.35

Minimum
Maximum
Mean
S.D.
CV (%)
GM
Median

60.53
277.88
157.39
79.27
50.4
139.48
155.48

155.47
301.76
201.95
52.51
26.0
197.05
193.77

Minimum
Maximum
Mean
S.D.
CV (%)
GM
Median

187.18
1164.30
442.91
369.21
83.4
356.11
309.85

387.24
1420.75
653.20
381.17
58.4
590.54
524.63

Minimum
Maximum
Mean
S.D.
CV (%)
GM
Median

232.85
824.60
404.73
215.49
53.2
369.12
337.36

372.05
604.75
495.21
100.87
20.4
486.46
497.05

Minimum
Maximum
Mean
S.D.
CV (%)
GM
Median

50.88
270.32
179.40
88.57
49.4
154.14
206.26

197.24
314.21
255.30
50.77
19.9
251.05
255.58

Minimum
Maximum
Mean
S.D.
CV (%)
GM
Median

31.04
258.41
133.96
74.54
55.6
112.94
138.72

62.70
284.68
165.22
85.81
51.9
144.51
164.53

Minimum
Maximum
Mean
S.D.
CV (%)
GM
Median
Chengdu B [22]
China B [19]

31.04
1164.30
246.47
199.90
81.1
196.10
207.51
28.4
22.6

62.70
1420.75
329.89
230.26
69.8
275.43
274.33
23.1
26

Zn
Mn
ED (n=6)
207.99
313.55
548.26
654.73
409.36
444.04
119.24
121.80
29.1
27.4
391.87
431.24
405.34
420.73
CD (n=6)
320.81
619.55
708.35
853.18
503.14
710.82
143.23
80.15
28.5
11.3
486.00
707.23
483.14
707.98
SP (n=6)
214.50
343.68
634.14
698.20
382.75
554.50
144.54
133.01
37.8
24.0
361.61
539.41
364.13
590.59
TD (n=6)
542.21
556.48
1763.07
769.49
839.75
670.56
465.14
85.09
55.4
12.7
763.98
665.98
687.37
674.77
ID (n=6)
423.93
594.27
940.81
2347.05
687.31
951.41
187.91
688.16
27.3
72.3
664.61
823.65
699.93
667.48
RD (n=6)
322.39
512.52
518.07
675.01
421.76
594.49
75.55
62.70
17.9
10.5
416.13
591.74
405.28
585.10
PD (n=6)
242.31
329.53
485.73
510.29
334.05
416.01
85.21
82.29
25.5
19.8
325.80
409.24
319.65
403.85
Chengdu City (n=42)
207.99
313.55
1763.07
2347.05
511.16
620.26
262.86
306.08
51.4
49.3
465.56
579.15
424.32
596.32
79.7
271
74.2
583
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Co

Ni

Cr

Cd

3.49
6.78
4.96
1.32
26.6
4.82
4.94

32.54
59.82
45.07
10.65
23.6
44.02
44.50

66.72
81.30
73.00
6.35
8.7
72.77
71.32

0.20
1.17
0.62
0.40
64.6
0.51
0.51

6.32
11.47
9.41
1.76
18.8
9.25
9.64

51.15
72.64
62.68
8.34
13.3
62.20
64.12

79.40
93.62
86.22
5.24
6.1
86.09
85.68

0.78
1.12
0.92
0.13
14.2
0.91
0.87

2.59
9.34
5.35
2.43
45.4
4.89
5.46

44.92
54.64
50.33
3.48
6.9
50.23
50.69

65.47
81.24
73.43
6.80
9.3
73.17
73.92

0.54
1.12
0.83
0.23
27.2
0.81
0.82

7.72
20.88
12.95
4.72
36.4
12.29
12.17

89.63
510.38
177.28
164.25
92.6
141.14
113.32

87.30
435.92
154.86
138.01
89.1
125.90
101.81

3.26
18.02
6.59
5.67
86.0
5.38
4.41

13.75
34.85
19.45
7.76
39.9
18.47
16.51

94.33
140.75
115.63
17.65
15.3
114.50
117.04

84.92
402.73
148.19
125.18
84.5
122.65
97.40

4.21
12.93
6.88
3.11
45.3
6.42
5.97

7.94
13.49
10.35
1.99
19.2
10.20
10.47

68.31
95.74
76.82
10.13
13.2
76.31
73.11

68.36
94.24
82.44
9.14
11.1
82.01
82.06

0.79
1.45
1.09
0.29
27.0
1.06
1.03

3.05
7.37
4.55
1.71
37.5
4.30
4.22

28.59
43.01
36.02
5.30
14.7
35.69
35.79

23.47
80.75
62.00
19.88
32.1
57.96
66.72

0.18
1.08
0.55
0.38
68.7
0.45
0.40

2.59
34.85
9.57
6.14
64.1
8.04
8.67
12.8
12.7

28.59
510.38
80.55
74.66
92.7
66.99
64.12
27.3
26.9

23.47
435.92
97.16
74.65
76.8
85.59
81.27
69.5
61

0.18
18.02
2.50
3.54
141.8
1.30
1.03
0.16
0.097
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TABLE 2
The Igeo of heavy metals in street dusts from Chengdu, China
Sampling sites
ED(n=6)
CD (n=6)
SP (n=6)
TD (n=6)
ID (n=6)
RD (n=6)
PD (n=6)
Study area (n=42)
Minimum
Maximum

Igeo
Cu
2.14
2.92
2.21
3.71
3.58
2.40
1.98
2.53
-0.13
5.10

Pb
2.16
3.22
2.37
4.07
3.67
2.71
2.08
2.82
0.68
5.19

Zn
1.88
2.18
1.78
2.92
2.63
1.92
1.59
2.06
0.90
3.99

Mn
-0.98
-0.30
-0.66
-0.38
0.12
-0.56
-1.07
-0.59
-1.48
1.42

Co
-1.94
-1.02
-1.83
-0.56
0.03
-0.88
-2.07
-1.24
-2.88
0.87

Ni
0.16
0.64
0.32
2.14
1.52
0.93
-0.16
0.73
-0.50
3.66

Cr
-0.33
-0.09
-0.32
0.76
0.70
-0.15
-0.56
-0.10
-1.96
2.25

Cd
2.10
2.66
2.52
5.50
5.56
2.91
1.91
3.16
0.31
6.95

TABLE 3
The PI and IPI for heavy metals in street dusts of Chengdu, China
Sampling sites
ED(n=6)
CD (n=6)
SP (n=6)
TD (n=6)
ID (n=6)
RD (n=6)
PD (n=6)
Study area (n=42)
Minimum
Maximum

PI
Cu
6.61
11.39
6.96
19.60
17.91
7.94
5.93
10.91
1.37
51.52

Pb
6.71
13.99
7.77
25.12
19.05
9.82
6.35
12.69
2.41
54.64

Zn
5.52
6.78
5.16
11.32
9.26
5.68
4.50
6.89
2.80
23.76

Mn
0.76
1.22
0.95
1.15
1.63
1.02
0.71
1.06
0.54
4.03

Assessment results of the heavy metal contamination in street dusts. The Igeo values for the
heavy metals in street dusts of Chengdu are presented in Table 2. The average Igeo values for heavy
metals are 2.53 for Cu, 2.82 for Pb, 2.06 for Zn, 0.59 for Mn, -1.24 for Co, 0.73 for Ni, -0.10 for Cr
and 3.16 for Cd. The order for the average Igeo values
is follows: Cd>Pb>Cu>Zn>Ni>Cr>Mn>Co. The average Igeo values for Cd is 3.16, which is ranked as
“strongly polluted”, showing that the urban streeet
dusts are obviously polluted by Cd, especially in the
TD and ID area. Cu, Pb and Zn are ranked as “moderately to strongly polluted” levels. Igeo for Mn, Co
and Cr are less than 0, indicating that the urban environment was scarcely contaminated by Mn, Co
and Cr. The average Igeo for Ni (0.73) is 0 to 1, which
is ranked as an “unpolluted to moderately polluted”
level. In addition, Cu is moderately to strongly polluted in the dust from ED, CD, SP, RD and PD and
strongly polluted from TD and ID; Pb is moderately
to strongly polluted from ED, CD, SP, ID, RD and
PD, strongly to extremely polluted from TD; Zn is
moderately to strongly polluted from all functional
areas; Mn, Co, and Cr is practically unpolluted in the
dust from all functional areas except Mn, Co and Cr
from TD or ID(unpolluted to moderately polluted);
Ni is practically unpolluted to moderately polluted in
the dust from all functional areas except from

Co
0.39
0.74
0.42
1.02
1.53
0.82
0.36
0.75
0.20
2.74

Ni
1.68
2.33
1.87
6.59
4.30
2.86
1.34
2.99
1.06
18.97

Cr
1.20
1.41
1.20
2.54
2.43
1.35
1.02
1.59
0.38
7.15

Cd
6.42
9.47
8.61
67.96
70.89
11.25
5.64
25.75
1.86
185.73

IPI
3.66
5.92
4.12
16.91
15.87
5.09
3.23
7.83
2.88
31.92

TD(moderately to stongly polluted) and ID(moderately polluted); Cd is moderately to strongly polluted
in the dust from ED, CD, SP, RD and PD samples
and extremely polluted from TD and ID.The Igeo of
heavy metals in the dust from TD and ID is higher
than in other functional areas. This could be associated with the industrial production and transportation activities that take place in these areas.
The PIs, calculated according to the background concentration of heavy metals in Chinese soil,
vary greatly across the different metals (Table 3). Mn,
Co and Cr exhibit lower values, raning from 0.54 to
4.03, from 0.20 to 2.74 and from 0.38 to 7.15. For
Mn, the mean PI is 1.06 and all of the samples have
low- or mid-level PIs except one sample, indicating
that the concentration of Mn in the street dust samples are comparable with the background concentration of Chinese soil and there is no pollution of Mn
in Chengdu street dust samples. The mean PI for Co
is 0.75 and all of the samples are low- or mid-level
PIs, showing that there is also no pollution of Co in
street dusts from Chengdu. The average PI for Cr is
1.59, and only two samples are classified as high PI
and forty samples are classified as low- or middle PI,
indicating an absence of problematic Cr pollution of
street dusts in Chengdu.
The PIs of Cu, Pb, Zn, Ni and Cd are much
higher since all dust samples contained mid- or high
PIs, ranging from 1.37 to 51.52, 2.41 to 54.64, 2.80
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ID are 80Eri < 160, indicating low potential ecological risk in ED, SP and PD, moderate potential
ecological risk in CD and RD, considerable potential
ecological risk in TD and ID. The Eri value of Cd in
ED, CD, SP and PD are between 160 and 320, in TD,
ID and RD are >320, showing high potential ecological risk in ED, CD, SP and PD, very high potential
ecological risk in TD, ID and RD.
The potential ecological risk index (RI) of
heavy metals in the dusts ranges from 142.47 to
5868.16 with an average of 920.30. Table 4 and Table 5 shows that the RI values of heavy metals in
most dust samples (78.6%) are >300, showing considerable ecological risk or very high ecological risk
in this study area. Table 4 and Table 5 also shows
that Cu, Pb and Cd are the main contributors to the
potential ecological risk, especially for Cd. Based on
these results, most sampling locations show very
high and considerable ecological risks, indicating
that these elements pose a potentially high risk to the
local ecosystem and management procedures should
be adopted in those at-risk areas.

to 23.76, 1.06 to 18.97 and 1.86 to 185.73, with mean
value of 10.91, 12.69, 6.89, 2.99 and 25.75 for Cu,
Pb, Zn, Ni and Cd, respectively. These indicate that
Cu, Pb, Zn, Ni and Cd in street dusts present serious
pollution in Chengdu. The IPIs of street dust samples
vary from 2.88 to 31.92 with an average of 7.83, indicating that all samples studied presented heavy
metal pollution.
Potential ecological risk assessment results.
The potential ecological risk assessment results of
analyzed metals in street dusts from Chengdu are
shown in Table 4 and Table 5. Table 4 shows that the
Eri value of that the Eri value of Zn, Mn, Co, Ni and
Cr in street dusts of all functional areas from
Chengdu are <40, indicating low potential ecological
risk. The Eri value of Cu in ED, SP, RD and PD are
<40, in CD are between 40 and 80, and in TD, ID are
80Eri < 160, showing low potential ecological risk
in ED, SP, RD, and PD, moderate potential ecological risk in CD, considerable potential ecological risk
in TD and ID. The Eri value of Pb in ED, SP and PD
are <40, in CD and RD are 40Eri < 80, in TD and

TABLE 4
The calculated values of Cfi, Eri and RI for heavy metals in street dusts of different functional areas from
Chengdu, China
Heavy metals

Indices Value

ED(n=6)

CD(n=6)

SP(n=6)

TD(n=6)

ID(n=6)

RD(n=6)

PD(n=6)

Cu

Cfi
i
Er

6.61
33.06

11.39
56.96

6.96
34.82

19.60
97.99

17.91
89.54

7.94
39.69

5.93
29.64

Pb

Cfi
Eri

6.71
33.57

13.99
69.95

7.77
38.84

25.12
125.61

19.05
95.23

9.82
49.10

6.35
31.77

Cfi

5.52

6.78

5.16

11.32

9.26

5.68

4.50

Eri
Cfi

5.52
0.76

6.78
1.22

5.16
0.95

11.32
1.15

9.26
1.63

5.68
1.02

4.50
0.71

Eri
Cfi

0.76
0.39

1.22
0.74

0.95
0.42

1.15
1.02

1.63
1.53

1.02
0.82

0.71
0.36

Eri

1.95

3.70

2.11

5.10

7.66

4.08

1.79

Cfi
Eri

1.68
8.38

2.33
11.65

1.87
9.36

6.59
32.95

4.30
21.49

2.86
14.28

1.34
6.70

Cfi

1.20

1.41

1.20

2.54

2.43

1.35

1.02

Eri
Cfi

2.39
6.42

2.83
9.47

2.41
8.61

5.08
67.96

4.86
70.89

2.70
11.25

2.03
5.64

Eri
RI

192.61
278.24

284.12
437.21

258.18
351.82

2038.67
2317.88

2126.65
2356.33

337.59
454.14

169.34
246.49

Zn
Mn
Co
Ni
Cr
Cd
All elements

Ecological risk

moderate considerable considerable Very high Very high considerable moderate

TABLE 5
The calculated values of Cfi, Eri and RI for heavy metals in street dusts of Chengdu, China (n=42)
Sampling sites
Study area (n=42)
Minumum
Maximum

Eri
Cu
54.53
6.87
257.59

Pb
63.44
12.06
273.22

Zn
6.89
2.80
23.76

Mn
1.06
0.54
4.03
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Co
3.77
1.02
13.72

Ni
14.97
5.31
94.87

Cr
3.19
0.77
14.29

Cd
772.45
55.87
5571.77

RI
920.30
142.47
5868.16
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[3] Bilos, C., Colombo, J.C., Skorupka, C.N., Presa,
M.J.R. (2001) Sources, distribution and variability of airborne trace metals in La Plata City
area, Argentina. Environ. Pollut. 111, 149-158.
[4] Manno, E., Varrica, D., Dongarrà, G. (2006)
Metal distribution in road dust samples collected in an urban area close to petrochemical
plant at Gela, Sicily. Atmos. Environ. 40, 59295941.
[5] Shi, G.T., Chen, Z.L., Xu, S.Y., Zhang, J., Wang,
L., Bi, C.J., Teng, J.Y. (2008) Potentially toxic
metal contamination of urban soils and street
dust in Shanghai, China. Environ. Pollut. 156,
251-260.
[6] Hou, W., Zhang, L., Wang, J., Zhang, C.X.,
Yang, C.L., Lu, Y.C. (2015) Health Risk Assessment of Heavy Metal Exposure to Surface Dust
of Shenyang City, China. Fresen. Environ. Bull.
24(8), 2540-2548.
[7] Li, Q., Shan, Y.L., Zou, M.Y., Du, F.G. (2017)
Health Risk Assessment of Heavy Metals in
Road Dusts to The Population in Urban Parks
and Squares: A Case Study from China. Fresen.
Environ. Bull. 26(3), 2050-2057.
[8] Duzgoren-Aydin, N.S., Wong, C.S.C., Aydin, A.,
Song, Z., You, M., Li, X.D. (2006) Heavy metal
Contamination and distribution in the urban environment of Guangzhou, SE China, Environ.
Geochem. Health. 28, 375-391.
[9] Chon, H.T., Kim, K.W., Kim, J.Y. (1995) Metal
contamination of soils and dusts in Seoul metropolitan city, Korea. Environ. Geochem. Health.
17, 139-146.
[10]De Miguel, E., Llamas, J.F., Chacón, E., Berg,
T., Larssen, S., Røyset, O., Vadset, M. (1997)
Origin and patterns of distribution of trace elements in street dust: Unleaded petrol and urban
lead. Atmos. Environ. 31, 2733-2740.
[11]Charlesworth, S., Everett, M., Mccarthy, R.,
Ordóñez, A., de Miguel, E. (2003) A comparative study of heavy metal concentration and distribution in deposited street dusts in a large and
a small urban area: Birmingham and Coventry,
West Midlands, UK. Environ. Int. 29, 563-573.
[12]Qarri, F., Lazo, P., Bekteshi, L., Kane, S., Marku,
E. (2015) A Study on Road Traffic Emissions of
Heavy Metals in The Tirana-Elbasan Highway
Tunnel Experiment in Albania By Using the
Dust Samples. Fresen. Environ. Bull. 24(6),
2101-2112.
[13]Hercer, M., Wyszkowski, M., Modrzewska, B.
(2016) Impact of Traffic on The Content of
Trace Elements in Soils Along State Road 53
(Poland), Fresen. Environ. Bull. 25(3), 719-731.
[14]Zhang, B., Wu, D., He, Y., Niu, M., Zhang, G.F,
Wang, S.M. (2017) Concentration Distribution
of Heavy Metals Fractions in Street Dusts of
Mega-City, Chengdu, Southwest China. Fresen.
Environ. Bull. 26(2a), 1569-1578.

CONCLUSION
1)The mean concentrations of all heavy metals
are all higher than their corresponding background
values of Chengdu soil and Chinese soil except Co.
The order of the mean concentrations of the studied
metals in street dust divided by the background value
of Chengdu soil indicates the street dusts from seven
functional areas have different cumulative characteristics, which likely intimate the diversity of the anthropogenic activities and effects in seven functional
areas of Chengdu. CV value shows significant heterogeneous distribution of heavy metal contents in
street dusts corresponding to anthropogenic origins.
is
2)The
order
of
Igeo
Cd>Pb>Cu>Zn>Ni>Cr>Mn>Co and the Igeo of
heavy metals in the dust from TD and ID is higher
than in other functional areas. There is a moderate or
strong Cu, Pb, Zn, Ni and Cd pollution. Igeo for Mn,
Co and Cr are less than 0, indicating that the urban
environment was scarcely contaminated by Mn, Co
and Cr. The assessment results of PI also support Cu,
Pb, Zn, Ni and Cd in street dusts presented serious
pollution, and IPI indicates heavy metals of street
dust polluted seriously.
3)The RI values of heavy metals indicate the
heavy metals of street dusts are considerable ecological risk or very high ecological risk and Cu, Pb and
Cd are the main contributors to the potential ecological risk, especially Cd.
4)These findings indicate that more attention
should be paid to heavy metal contamination of
street dust in Chengdu, especially Cd.
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through food. Food poisoning is the second one, following drug poisoning among the poisoning cases
that have been applied to health institutions in the researchers conducted [5-9]. In developed countries,
the annual incidence of intended suicide and accidental poisonings ranges from 0.02% to 0.93 % and
it is known that the number of poisoning cases applied to the emergency service in our country constitutes 0.46-1.57% of all cases [10]. Although poisonings occur in all age groups, they are more frequent
and more fatal in the childhood age group. In 1997,
in a research conducted, basing on the data of 38
health institutions from each region of Turkey, 5077
cases of child poisoning were evaluated and found to
be 0,9% rate in total emergency cases [11]. Prevalence, demographic and etiological characteristics of
poisonings vary according to sociocultural and economic characteristics of societies [12].
In this study, the files of poisoning cases applied to an education and research hospital in Turkey
between 2011-2016 were examined and the obtained
data were interpreted in terms of public health and
forensic sciences.

ABSTRACT
In this study, the files of poisoning cases which
were applied to an education and research hospital in
Turkey between 01.01.2010-12.12.2016 were examined. In our study, it was determined that totally 679
cases of poisoning, of which 49.6% were male and
50.36% were female, were applied to health institutions between 2010-2016. 119 cases (17.53%) were
due to pharmacological agents and; 560 cases
(82.47%) were due to non-pharmacological agents.
When analyzed according to the seasons, it was determined that 253 of the cases of poisoning occurred
in winter, 167 in spring, 152 in autumn, and 107 in
summer. Six cases (0.88%) were found to be poisoned after suicidal attempts and the other cases
(99.11%) were found to be poisoned after the accident. It is stated that only for 19 numbers of 679
cases (examined in the study), forensic reports were
held. Care should be taken that the anamnesis and
judicial reports are thoroughly and correctly edited,
since all poisonings will be judged as judicial cases.
For 227 cases, no information was written on the
symptom part of the system. However, a detailed anamnesis is very important both in terms of forensic
and treatment.

MATERIALS AND METHODS
In this study, the files of poisoning cases which
were applied to an education and research hospital in
Turkey between 01.01.2010-12.12.2016 were examined. In the case of poisoning, gender, age group,
causative agents, and most frequently seen months
and origin (suicide/accident) were evaluated. This
study was approved by the Health Sciences University Ethics Committee (2017/11005).

KEYWORDS:
Poisoning, Hospital, Forensic sciences.

INTRODUCTION
Poisons have played an important role in the
history of mankind for centuries, from the political
assassinations in the times of Romans to the contemporary environmental health [1]. Contamination of
consumed foodstuffs with disease-causing microorganisms or chemical substances or toxic substance in
foodstuff causes food poisoning. Most food poisonings are caused by amount of bacteria or toxins produced by bacteria. Some bacteria may grow millions
of, when the necessary humidity, nutrition, temperature and time conditions are established [2-4]. Today
more than 200 diseases are transmitted to people

RESULTS AND DISCUSSION
In our study, it was determined that totally 679
cases of poisoning, of which 49.6% were male and
50.36% were female, were applied to health institutions between 2010-2016. Because of the pharmacological agents, 119 cases (17.53%) were detected;
but, 560 cases (82.47%) were due to non-pharmacological agents (Table 1).
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poisoning were detected in our study from 679 applications; 8 cases due to ethyl alcohol, 33 cases due
to methyl alcohol and 39 cases due to fungal intoxication. Epidemiological studies in this regard are
very important [16, 17]. Thus, if which poisoning
type are much in the area concerned, precautions can
be taken for that root and new health policies can be
developed. Food poisoning can lead to mild clinical
tabulations, as well as lethal [6]. In the study of
Sönmez et al., when they come to the health institution, patients’ states of consciousness; 88.2% were
open, 7.6% were confused and 4.1% were closed [7].
As to Kelebek et al. 11.8% of cases were confused,
4.8% were stupor, and 0.8% were coma, at the time
of applying [8]. All poisonings are cases that should
be evaluated as judicial [9].
Kirel et al. reported that [18] 29.1% of the poisonings were in the 15-18 age group, Onturk et al.
[19] reported that 24.1% were in the 12-17 age
group, while Aygün et al. [20] reported that 21.4%
were in the 12-16 age group. In the study conducted
by Sumer et al., 97% of the poisonings were found
to be accidental, but in teenage girls, suicide attempts
were found, mostly, causing poisoning [21]. In our
study, poisonings were found to be mostly, among
the group of 25-30 age (%11.34). 6 cases were as to,
poisoned as a result of suicide attempt in total; 4
cases, high dose paracetamol, 1 case nitric acid and
1 case pesticide use. From intended suicide poisonings, 5 cases were found in 19-25 age group (4 female, 1 male) and 1 case was 44 years old (male).
While, in 1996, in the UK, poisonings with paracetamol were coming first; as a result of limiting paracetamol usage, legally, it was seen that number of
cases decreased in 2000 [22]. Similar results were
found in other studies conducted in our country [23,
24]. 18 cases were poisoned after narcotic drug use
and 3 cases were directed to drug abuse treatment
center. 673 cases (%99.11) were found to be accidentally poisoned.
In our study, it was determined that there was
chemical poisoning in 147 cases. 87 cases was identified due to pesticides (insecticide and pesticides)
and caustic/corrosive substances. The occurrence of
these incidents as an accident suggests that they are
due to the fact that proper storage and usage conditions cannot be fulfilled. The number of cases can be
reduced by making warnings about the usage instructions and risks, to the users. In addition, in a
study conducted; lead, arsenic and mercury were detected in high proportion on toys [25]. This result
shows that toys must be tested and checked before
being presented to the market.
When symptoms of poisoning are suspected,
findings that there is nausea-vomiting for 45 cases,
dizziness for 15 cases, blurred consciousness in 1
case, and shortness of breath in 20 cases, after active
substance ingestion, are observed in the system.
More than one finding was recorded for 331 cases
and no findings were reported for 227 cases in the

TABLE 1
Agents and incidence of poisoning cases
Active substance
Number of case
Pharmacologicalagents
119
Analgesics (salicylate)
24
Antidepressants
19
42
Antiepileptic and
sedative-hypnoticdrugs
Antipsychotics and
9
neuroleptics
Cardiovascular system
25
drugs
560
Non-pharmacologicalagents
11
Aliphatic and aromatic
hydrocarbons
Ethylalcohol
8
Insecticides and pesticides
13
Carbonmonoxide
333
Caustic / corrosive
74
substances
Mushroom
39
33
Methylalcohol
Narcotic
18
Others*
31
Total
679
* Lead, metal, mercury, iron, arsenic, scorpion and
snake poisoning

%
17.53
3.53
2.80
6.19
1.33
3.68
82.47
1.62
1.18
1.91
49.04
10.90
5.74
4.86
2.65
4.57
100.00

FIGURE 1
Distribution of the poisoning cases based on the
year of diagnosis (n=679)
When Figure 1 is examined, it has been determined that the cases of poisoning applied to the
health care institution occur mostly in 2010 and at
least in 2016. When analyzed according to the seasons, it was determined that 253 of the cases of poisoning occurred in winter, 167 in spring, 152 in autumn, and 107 in summer. Carbon monoxide poisonings was detected in winter and autumn, pesticides
poisoning (insecticide, pesticide) in spring, and food
poisonings in summer, mostly.
In studies conducted in our country, among the
poisoning cases applied to emergency services, food
poisoning takes part with drug and chemical poisoning, as the most three common causes [13]. In the
study conducted at Kirikkale, it was stated that 21%
of the poisoning cases applied to emergency service
were food poisoning [14], 14.6%, according to the
study conducted in Bursa [15] and, 42.9% rate, according to the study conducted at Marmara University Hospital. A total of 80 cases (11.78%) of food
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system. This situation will cause insufficient information to be obtained in the retrospective examinations on the patients in the system, as well as lack of
information in the subsequent examinations of the
same patient. However, a detailed anamnesis is very
important both in terms of forensic and treatment.
It is stated that only for 19 numbers of 679
cases (examined in the study), forensic reports were
held. Whatever the etiology, however, all cases of
poisoning should be assessed within the context of a
forensic case and the physician's legal responsibility
[26]. To carry out an incorrect or incomplete judicial
report, or not to carry out a judicial report for judicial
cases is not to fulfill an important legal responsibility, at the same time. Thus, questions of judicial authorities can be answered about whether intoxication
occurs intentionally or due to negligence [27-29].

[4] Sakartepe, E., Uztan, A.H. and Gunyar, O.A.
(2016) Airborne mycobiota determined in the
neonatal unit of the Ege University Hospital,
Bornova, Turkey. Fresen. Environ. Bull. 25(8),
2833-2841.
[5] Ozkose, Z. and Ayoğlu, F. (1999) Etiological
and demographical characteristics of acute adult
poisoning in Ankara, Turkey. Human & Experimental Toxicology. 18,614-618.
[6] Sanaei-Zadeh, H. (2012) Can bacillus cereus
food poisoning cause sudden death? Journal of
Clinical Microbiology. 50, 3816.
[7] Sonmez, E., Karakuş, A., Çavuş, U.Y., Civelek,
C., Ipek, G, and Zeren C. (2012) Evaluation of
intoxication cases admitted to emergency department of a university hospital. Dicle Medical
Journal. 39, 21-26.
[8] Kelebek, F., Satar, S., Kozacı, N., Acıkalın, A.,
Gulen, M. and Acehan, S. (2014) Emergency
medicine admissions of pediatric intoxicated
cases. The Journal of Academic Emergency
Medicine. 13(2), 67-70.
[9] Ward, J., Kapadia, K., Brush, E. and Salhanick,
S.D. (2013) Amatoxin poisoning: case reports
and review of current therapies. Journal of
Emergency Medicine. 44, 116–121.
[10]Ozayar, E., Degerli, S., Gulec, H., Sahin, S. and
Dereli, N. (2011) Retrospective analysis of intoxication cases in the ICU. Yoğun Bakım
Dergisi. 11(3), 59-62.
[11]Aji, D.Y. and Ilter, O. (1998) Childhood poisoning in Turkey. Türk Pediatri Arşivi. 33(3), 154158.
[12]Goksu, S., Yildirim, C., Kocoglu, H., Tutak, A.
and Oner, U. (2002) Characteristics of acute
adult poisoning in Gaziantep, Turkey. Journal of
toxicology. Clinical toxicology. 40(7), 833-837.
[13]Yesil, O., Akoglu, H., Onur, O. and Guneysel O.
(2008) Retrospective evaluation poisoning patients in emergency department. Marmara Medical Journal. 21(1), 26-32.
[14]Deniz, T., Kandiş, H., Saygun, M., Buyukkocak, U., Ulger, H. and Karakus, A. (2009)
Evaluation of intoxication cases applied to
emergency department of Kirikkale University
Hospital. Düzce Tıp Fakültesi Dergisi. 11(2),
15-20.
[15]Akköse, Ş, Fedakar, R., Bulut, M. and Çebiçci,
H. (2003) Zehirlenme olgularının beş yıllık analizi. Acil Tıp Dergisi. 3, 8-10.
[16]Alharbi, N.S., Khaled, J.M., Kadaikunnan, S.
Alkhotheri, O., Alobaidi, A.S., Mothana, R. and
Salmen, S.H. (2016) In vitro susceptibility test
for Bacillus species isolated from hands sterilized with instant waterless hand sanitizer.
Fresen. Environ. Bull. 25(5), 1639-1646.

CONCLUSION
Poisoning is an important public health problem. By taking the necessary legal precautions provision of food/drug safety, dissemination of control
laboratories and raising awareness of users are required. Care should be taken that the anamnesis and
judicial reports are thoroughly and correctly edited,
since all poisonings will be judged as judicial cases.
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terranean corn borer is widespread in Spain, France,
Italy, Greece and Turkey, especially in Mediterranean countries [2, 1]. 7KHUHIRUHLWLVFDOOHG³Mediterranean Com Borer´ in literature [3]. In Çukurova, European corn borer reproduces 3-4 times and
Mediterranean corn borer reproduces 4-5 times in a
year [4]. It was reported in previous researches that
Mediterranean corn borer constituted 38.95% and
European corn borer constituted 61.15% of corn
pests in Çukurova [5]. Cerit et al. [5] indicated
these ratios as 70% for Mediterranean corn borer
and 30% for European corn borer based on infected
number of plants; as 87% for Mediterranean corn
borer and 13% for European corn borer based on
alive larva plus pupa ratio per plant. Mediterranean
corn borer creates damages in all organs of corn
plants, except for roots. At harvest, about 95%
infections were observed in untreated fields [6] and
about 30% yields losses were experienced [7].
Tsitsipis [8] reported that Mediterranean corn borer
resulted in 0-10% yield losses in the first crop and
80-100% yield losses in the second crop corn. Hunt
et al. [9] carried out a study in Nebraska with irrigated and non-irrigated corn plots and reported
greater European corn borer (östrinia nubilalis
hübner) population in irrigated plots than in nonirrigated lots. Uçak et al. [10] investigated the effects of different irrigation treatments (I100, I80, I60,
I40, I20, I0) on Mediterranean corn borer
(S.nonagrioides Lefebvre) and European corn borer
(östrinia nubilalis hübner) populations and reported
greater population (27.167 per plant) in full irrigation treatments (I100) than in non-irrigated treatments (I0) (13.50 per plant).
Stressors stimulate the formation of reactive
oxygen species in plants. These reactive species are
usually called radicals and they attack to various
surfaces in plant tissues and create damages. Free
radicals mostly attack to polyunsaturated fatty acids
in cell membranes. Interactions of unsaturated fatty
acids with these radicals alter the saturated and
unsaturated fatty acid ratios of cell membranes [11].
Salama et al. [12] reported increased total saturated
fatty acid ratios with abiotic stressors.

ABSTRACT
In this study, effects of different irrigation
treatments (I100, I70, I35) on Mediterranean corn
borer (Sesamia nonagrioides Lefebvre) populations
in different corn genotypes (31D24, ADASA16,
P1429) and the effects of fatty acids on corn borer
preferences were investigated. The lowest fatty acid
content was observed in full irrigation (I100) and the
greatest fatty acid content was observed in excessive water deficit (I35) treatment. As the average of
two years, the greatest yield (10400 kg ha-1), low
number of alive larva + pupa per plant (3.34), tunnel length (9.44 cm) and fatty acid (2.03% ILE
Eicosanoic acid, methyl ester (CAS)) were observed in I100x31D24 interaction; the lowest yield
(2853.3 kg ha-1) and high fatty acid (46.03% ø/(
9.12 Octadecadienoic acid (Z,Z), methyl ester
(CAS)) values were observed in I35xP1429 interaction. The greatest Mediterranean corn borer population was observed in full irrigation (I100) and the
lowest population was observed in excessive water
deficit (I35) treatment. Mediterranean corn borer
preferred the genotypes (P1429) with high fatty
acid contents. It was concluded that genotypes
should be tested under water-stressed and nonwater-stressed conditions for resistance to Mediterranean corn borer and alive larva, tunnel length and
fatty acids could be used as screening parameters.
KEYWORDS:
Irrigation, Mediterranean corn borer (Sesamia nonagrioides Lefebvre), Fatty acid, Tolerance

INTRODUCTION
As it was in the world, there are several pests
with negative impacts on corn culture in Turkey. Of
these pests, European corn borer (O.nubilalis Hübner) and Mediterranean corn borer (Sesamia nonagrioides Lefebvre) are the most important ones.
European corn borer is widespread in Europe,
America and Turkey [1]. On the other hand, Medi-
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TABLE 1
Climate data for the years 2015 and 2016 and long-term averages (1962-2014)
Years

Average
1962
2014

2015

2016

Months

Mean
max.
temp.
(°C)

Mean
temp.
(°C)

Mean
min.
temp.
(°C)

Mean
humidity
(%)

Mean
wind
speed
(m s-1)

Mean daily
sunshine
(h)

Total
precipitation
(mm)

May
June
July
August
September
October
May
June
July
August
September
October
May
June
July
August
September
October

25.2
27.2
35.1
34.5
30.0
24.5
26.62
26.09
34.13
33.92
31.23
24.3
24.69
28.19
36.24
35.92
32.23
21.1

19.4
26.0
30.5
30.3
25.1
17.9
19.29
28.16
31.45
31.19
25.43
16.8
21.29
28.41
33.19
32.45
27.43
19.7

9.0
17.8
23.4
27.0
14.7
12.7
14.52
20.0
24.35
24.23
21.5
11.5
14.59
20.25
25.35
24.73
21.65
12.0

49.3
34.9
30.3
29.5
37.4
42.0
50.87
35.50
32.69
32.95
39.90
42.3
51.77
34.40
29.69
29.95
36.79
44.2

1.0
1.1
1.1
1.0
1.0
1.0
1.0
1.1
1.0
1.0
1.1
1.1
1.0
1.1
1.0
1.0
1.1
1.0

9.1
11.6
12.3
11.4
10.1
7.2
8.7
11.5
12.4
11.3
10.0
7.0
9.3
12.0
12.5
11.5
10.0
7.3

36.9
11.5
0.6
2.7
7.0
50.9
39.6
10.6
0.1
0.4
9.2
55.1
37.7
9.3
0.1
0.0
12.2
69.20

to be provided. This study was conducted to investigate the effects of different irrigation levels (I 100,
I70, I35) on tunnel length and Mediterranean corn
borer population in different corn genotypes
(31D24, ADASA16, P1429) and to determine
Sesamia nonagrioides Lefebvre preferences with
chemical analyses. Another objective of this study
was to investigate for the first time the effects of
fatty acids on spread of Mediterranean corn borer in
diverse corn genotypes with biotic stress screening
parameters.

Eicosapolyenoic acids (EP), which do not occur in higher plants, elicit a cascade of responses in
plants, including an oxidative burst and the transcriptional activation of genes involved in phytoalexin synthesis, lignification, programmed cell
death, and other responses typically associated with
the hypersensitive response (HR) to pathogens [13].
Previous studies reported that common fatty acid in
plant pathogenic oomycetes, and signals for immune responses and central nervous system development in mammals, function as conserved signaling molecules across eukaryotic kingdoms. Fatty
acid released during infection of plants may serve
as novel PAMPs that engage plant signaling networks to induce resistance to pathogens [13]. Levels of free fatty acids increase in response to various
stresses and play a pivotal role in plant±microbe
interactions. For example, fatty acid synthesis in the
obligate biotrophism of arbuscular-mycorrhizal
fungi is dependent on plant-derived C16 FAs [14].
Furthermore, eggplants with enhanced levels of
palmitoleic acid (16:1) exhibited increased resistance to Verticillium dahlia, suggesting increasing the production of plant 16:1 as a viable approach to enhance crop resistance to fungal diseases
[15].
Several studies were performed to determine
quantitative sections in corn plants able to provide
resistance to Mediterranean corn borer [16; 17; 18;
19; 20]. However, there are any studies in literature
about the effects of different irrigation levels (I 100,
I70, I35) on Mediterranean corn borer (Sesamia nonagrioides Lefebvre) population in corn plants, about
determination of pest preferences with chemical
analyses and effects of abiotic stress on fatty acid
composition of the plants. Therefore, sufficient
literature about present research topic was not able

MATERIAL AND METHODS
Experiments were carried out over the experimental fields of Siirt Province during the maize
growing seasons of 2015 and 2016. The research
VLWHKDVDQDOWLWXGH RI P DQGLVORFDWHGRQÛ
¶ 1 DQG Û ¶ ( The 31D24, ADASA16,
P1429 corn genotypes were used as the plant material of the study. Long-term and annual climate data
of the research site are provided in Table 1.
Soil samples were taken before sowing from
0-90 cm soil profile (from three depth segments as
0-30, 30-60 and 60-90 cm). Soil moisture content at
field capacity (33 kPa) was determined in accordance with Klute [21] and bulk density with Blake &
Hartge [22]. Disturbed samples were subjected to
organic matter, texture and permanent wilting point
analyses. Water holding capacity at permanent
wilting point was determined in accordance Klute
(21). Soil physico-chemical characteristics are provided in Table 2.
Experimental soils were classified as brown
forest soil with low electrical conductivity and
salinity, low phosphor content, high potassium
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content and medium organic matter content. Lime
levels were not posing any problems for plant
growth.

was calculated by using the following Equation 2.
(2)
dT 0-90=d (0-30)+ d (30-60) + d (60-90)
Where; dT 0-90, Soil moisture at 0-90 cm soil
profile (mm); d (0-30), Soil moisture at 0-30 cm soil
profile (mm); d (30-60), Soil moisture at 30-60 cm soil
profile (mm); d (60-90) : Soil moisture at 60-90 cm
soil profile (mm).
Volume of water to be applied to each plot
was calculated by Equation 3.
V=dTxAxUoxP
(3)
Where; V, volume of water to be applied (L);
A, plot size (m2); Uo, deficit ratio (%) and P, cover
ratio (%).
Plant canopy width was divided by row spacing to get cover ratios (CR). The ratio was taken as
0.30 and 0.80 for cover ratios of 30% and 80%. The
principles specified in Gungor et al [2]) were used
to find out the amount of water to be used in each
plot.
Plant water consumptions were calculated by
using Equation 4 [25].
ETa= P + I ± Rf ± Dp ǻ6
(4)
Where; ETa, evapotranspiration (mm); P, precipitation (mm); I, amount of irrigation water (mm);
Rf, surface flow (mm); Dp, deep percolation (mm);
ǻ6WKHFKDQJHLQVRLOPRLVWXUH PP 
Harvest was performed when the seed moisture content decreased to 15% to determine the
yields. Side rows and 0.5 m space at top and bottom
of inner two rows were omitted as to consider side
effects.
Number of Alive Larva + Pupa: Effects of different irrigation levels on number of alive larva +
pupa; 25 plants were splitted from mid-sections into
two halves and then alive larva and pupas were
counted [5].
Number of Alive Larva + Pupa per plant: Total number of larva and pupa was divided by number of plants to get number of alive larva + pupa per
plant. Then, genotypes were compared with each
other based on these numbers.
Number of holes / 100 internodes: To determine the effects of different irrigation levels on
number of holes / 100 internodes ratio, 25 plants
from two rows of each genotype were harvested 20
days before the harvested. Leaves were removed
from the plants. Then, number of internodes and
number of pest exit holes above and below the corn
cobs were counted separately [26; 27].
Number of holes / 100 internodes method:
Below-cob section: Number of holes / 100 internodes = B/A x 100
(Below-cob total number of holes was divided
by below-cob total number of internodes and the
multiplied by 100). B: Below-cob total number of
holes, A: Below-cob total number of internodes.
Above-cob section: Number of holes / 100 internodes = E/D x 100
(Above-cob total number of holes was divided
by above-cob total number of internodes and the

TABLE 2
Some soil physical and chemical soil characteristics of the research site
Properties
Clay (%)
Silt (%)
Sand (%)
Texture
Field capacity (Pw)
Permanent
wilting
point (Pwp)
Bulk density (g cm-3)
pH (1.25 sw-1)
Electrical conductivity (dS m-1)
Organic matter (%)
CaCO3 (%)

Soil layer (cm)
0-30
62.00
20.00
18.00
Clay
33.52
24.44

30-60
58.00
25.00
17.00
Clay
36.04
26.08

60-90
55.00
32.00
13.00
Clay
35.38
25.57

1.42
7.50
1.55

1.39
7.66
1.77

1.41
7.91
1.75

3.09
6.40

2.06
1.90

1.80
1.90
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Irrigation water quality parameters were determined in accordance with the method specified
by Tuzuner [23]. Irrigation water quality class was
C2S1 with an average EC value of 0.34 dS m-1 and a
pH value of 7.21. Experiments were conducted in
randomized blocks-split plots experimental design
with 3 replications with genotypes (P64 LE119,
PR63 F73 and P64 LL62) on main plots and irrigation treatments (I100, I70 and I35) on sub-plots.
Irrigation program was scheduled as to have
irrigations once a week. Treatments were selected
as full irrigation (I100) in which 100% of depleted
moisture was supplied, water-stressed (WS) treatment (I70) in which 70% of depleted moisture was
supplied and excessive water stress treatment (I35)
in which 35% of depleted water was supplied.
Therefore, one full irrigation and two deficit irrigation treatments were created.
Drip irrigation was used to perform irrigations.
A lateral line (20 mm and 4 atm operational pressure, 0.33 m apart 4 L h-1 drippers) was placed
along each plant row. Soil infiltration rate was
measured as 7 mm h-1. Deep percolation and surface runoff were not considered. Each plot has a
size of 6 x 2.8 m (16.8 m2) with 4 plant rows with
70 cm row spacing and 30 cm on-row plant spacing. A buffer zone of 2 m was placed between the
experimental plots as to prevent interactions. All of
the phosphor fertilizer (pure 90 kg ha-1 P2O5) and
one third of nitrogen (280 kg ha-1 N) were supplied
at sowing. Rest of the nitrogen was given when the
plants were 40-50 cm tall.
Gravimetric moisture content of each layer (030, 30-60 and 60-90) was converted into depth with
Equation 1.
d = (Pw-PwAW)xAsxD/100
(1)
Where; d, soil moisture content in depth
(mm); Pw, field capacity (%); PwAW, moisture content of each layer (%); As, soil unit weight (g cm-3);
D, layer depth (mm). Volume of water to be applied
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texed and thoroughly shaken. Esterified fatty acids
formed an upper phase and this phase was filtered
through 0.22 micron filter. Then, 0.5 mL of filtered
sample was completed to 2 mL with methanol.

multiplied by 100). E: Above-cob total number of
holes, D: Above-cob total number of internodes.
Whole plant: Number of holes / 100 internodes = B+E/A+D x 100
(Below and above-cob total number of holes
was divided by below and above-cob total number
of internodes and the multiplied by 100).
Tunnel (gallery) Length / Plant: To determine
the effects of different irrigation levels on tunnel
(gallery) length / plant; 25 plants over which number of holes was counted were vertically splitted
into two halves and the lengths of tunnels above
and below the cobs were measured with a ruler [26,
27].
Tunnel length / Plant: The genotypes assessed
for tunnel length / plant were then assessed for
damage index; plants were assessed as highly resistant for tunnel lengths of less than 3 cm, resistant
for tunnel lengths of between 3-7 cm, moderately
resistant for tunnel legs of between 7-10 cm, sensitive for tunnel length of over 10 cm. The tunnels
with a length of less than 2.5 cm were not assessed
as tunnels, such holes was considered as entranceexit of the pests and not fed from the plant [27].
Each plot had 4 rows, plot length was 6 m,
row spacing was 70 cm and on-row plant spacing
was 20 cm. Two rows were used for yield and other
observations and the other two rows were used for
European and Mediterranean corn borer damage
assessments. Mediterranean corn borer inoculations
were not performed and natural larva was considered in all calculations and assessments. Pesticides
were not applied to control main pests
(s.nonagrioides lef. and östrinia nubilalis hübner).
Also the effects of different irrigation levels (I100,
I70, I35) on European corn borer (östrinia nubilalis
hübner) populations were not found to be assessable
because of quite small size of pest population.

GC-MS conditions. For hydrocarbon analyses: Thermo-brand Trace 1310 GC and ISQ LT
MS series. Column: Thermo-brand TG-WAXMS
250/260 ºC: 60 m x 250 μm x 0.25 μm. Carrier gas:
Helium at 1.30 mL/min. Injection volume and temperature: ȝO  ºC. Split ratio: 20:1. Ionization
mode: EI, 50-550 amu mass, 53.36 minute program.
Analysis of variance (ANOVA) was performed in accordance with randomized blocks ±
split plots experimental design. Significant treatments were then subjected to LSD (Least Significant Difference) multiple comparison tests. A correlation analyses were carried out to identify the relationships between the traits. The directions of the
relationships (positive or negative) were determined. Analyses were carried out with JUMP
5.0.1a statistical software [28].

RESULTS AND DISCUSSION
Sowing was performed on 30 May 2015 and
2016 in the first and second year of experiments.
Irrigation treatments were initiated on 01.07.20152016 when 50% of available moisture in efficient
root zone (0-90 cm) was depleted and treatments
were terminated on 11.09.2015 and 19.09.2016.
Harvest was performed on 30 September in I35 and
on 03.October 2015 in I100 treatments of the first
year; on 26 September in I35 and 30 September
2016 in I100 treatments of the second year. Because
of drier conditions of the second year, harvests were
performed 4 days earlier in I35 and 3 days earlier in
I100 treatments of the second year (Table 2).
With regard to kernel yield, main plot (genotype) x sub-plot (irrigation) interactions were found
to be significant (P<0.01). Kernel yields of the first
varied between 10443.3-2916.6 kgha-1 with the
greatest yield from I100x31D24 interaction (10443.3
kgha-1) and the lowest yield from I35xP1429 interaction (2916.6 kgha-1). While I100x31D24 interaction
was placed in Group A, I35xP1429 interaction was
placed in Group I. According to variance analyses
for yields, irrigation treatments and genotypes were
also found to be significant (P<0.01). The greatest
yield (10274.4) was obtained from I100 treatment
and the lowest yield (3534.4 kgha-1) was obtained
from I35 treatment. With regard to genotypes, the
greatest yield (7276.6 kgha-1) was obtained from
31D24 genotype and the lowest yield (6678.8 kgha1
) was obtained from P1429 genotype. The kernel
yields of the second year varied between 10353.32800.0 kgha-1 with the greatest yield from
I100x31D24 interaction (10353.3 kgha-1) and the
lowest yield from I35xP1429 interaction (2800.0

Fatty acid contents. GS-MS device was used
to determine the fatty acid composition of corn
genotypes (31D24, ADASA16, P1429) at different
irrigation levels (I100, I70, I35). Plant samples were
grounded in a hand mill. Then, 5-7 grams of ground
samples were extracted with petroleum ether at 110
qC for 45 minutes. Following the soxalate cartridge,
extracts were kept in an over at 120 qC for 2 hours
to fully volatilize the solvent. Then the samples was
reweighted and placed again into the oven. This
process was repeated until a constant weight. Sample with constant weight was weighted last time.
Oil content was determined by using the following
equation:
Amount of oil (%) = Amount of oil obtained /
Amount of sample * 100
Esterification of oil sample and GC-MS
process. About 3 mL oil samples were placed in
tubes and then supplemented with 5 mL 1 M KOH
solution (dissolved in methanol). Tubes were vor-
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TABLE 3
Changes in yield and physiological properties of corn genotypes depending on the
amount of irrigation water
Treatments

I100 (FI)
I70 (DI)
I35 (DI)
LSD (0.05)
31D24
ADASA16
P1429
LSD (0.05)
I100x31D24
I100xADASA16
I100xP1429
I70x 31D24
I70x ADASA16
I70xP1429
I35x 31D24
I35XADASA16
I35xP1429
LSD (0.05)

I100 (FI)
I70 (DI)
I35
LSD (0.05)
31D24
ADASA16
P1429
LSD (0.05)
I100x31D24
I100xADASA16
I100xP1429
I70x 31D24
I70x ADASA16
I70xP1429
I35x 31D24
I35XADASA16
I35xP1429
LSD (0.05)

Yield
NOH/100
(kg ha -1) **
(piece/plant) **
2015 (First year)
Irrigation treatments
1027.44 a
9.92 a
718.22b
7.93 b

TL/P
(cm) **

TNOAL+PP
(piece/body) **

Irrigation water ETa
(mm)
(mm)

WUE
(kg da mm -1)

15.96 a
14.13 b

3.52 a
2.25 b

675.32
518.77

722.11
565.77

1.42
1.27

353.44 c
5.73 c
7.13 c
5.38
0.020
0.33
Varieties
727.66 a
8.79 a
7.76 c
703.55 b
7.54 b
10.66 b
667.88 c
7.26 c
18.80 a
4.40
0.10
0.50
Iirrigation x genotype interactions
1044.33 a
11.50 a
8.96 e
1024.66 b
9.30 b
13.15 c
1013.33 c
8.98 c
25.79 a
734.66 d
8.64 d
8.49 ef
721.33 e
7.70 e
11.54 d
698.66 f
7.47 f
22.37 b
404.00 g
6.24 g
5.85 h
364.66 h
5.62 h
7.30 g
Õ
Õ
8.25 f
9.33
0.17
0.58

2.23 b
0.17

297.77

358.22

0.99

2.82 c
3.43 b
4.32 a
1.98 fg
2.25 ef
2.70 cd
1.80 g
2.25 ef
2.46 de
0.30

686.33
673.33
666.32
529.66
515.67
511.00
304.00
295.66
293.67

734.66
719.00
712.66
576.33
561.33
559.66
360.33
357.66
356.66

1.42
1.42
1.42
1.27
1.28
1.25
1.12
1.02
0.82

4.55 a
3.24 b
2.37 c
0.20

675.33
522.66
295.67

722.10
565.77
358.22

1.41
1.25
0.95

3.87 c
4.46 b
5.33 a
2.70 e
3.33 d
3.70 c
2.26.g
2.35 fg
2.55 ef

686.33
673.33
666.33
529.66
515.66
511.00
304.00
295.66
293.66

734.66
719.00
712.66
576.33
561.33
559.66
360.33
357.66
356.67

1.41
1.41
1.40
1.26
1.27
1.24
1.09
0.98
0.79

0.26

686.33

734.66

2016 (Second year)
Irrigation treatments
1018.00 a
11.10 a
16.97 a
709.22 b
8.98 b
15.15 b
341.66 c
6.78 c
8.09 c
4.53
0.059
0.38
Varieties
717.55 a
9.85 a
8.71 c
692.88 b
8.62 b
11.67 b
658.44 c
8.39 c
19.83 a
4.60
0.098
0.39
Iirrigation x genotype interactions
1035.33 a
12.70 a
9.92 e
1015.66 b
10.50 b
14.16 c
1003.00 c
10.10 c
26.83 a
724.00 d
9.61 d
9.48 ef
711.33 e
8.71 e
12.55 d
692.33 f
8.62 e
23.41 b
393.33 g
7.24 f
6.73 h
351.66 h
6.65 g
8.30 g
Õ
6.45 h
9.25 f
7.98

0.017

0.67

2.20 c
2.64 b
3.16 a
0.24

2.93 c
3.38 b
3.86 a
0.15

DQG VLJQLILFDQWDW3DQG3OHYHOUHVSHFWLYHO\QVQRWVLJQLILFDQWPHDQVLQWKHVDPHFROXPQZLWKVLPLODUOetter are
not significantly different from each other; NOH/100, Number of holes /100 internodes; TL/P, Tunnel length/plant; TNOAL+PP,
The number of alive larva+pupa in the plant; ETa, Plant water consumptions

kgha-1). While I100x31D24 interaction was placed in
Group A, I35xP1429 interaction was placed in
Group I. The 31D24 genotype had greater yields in
both full and deficit irrigation treatments (Table 3).
Cerit et al. [5] reported the yields of fully irrigated
non-chemical treated plots as between 3690.010955.0 kgha-1; Turkay et al. [29] reported yields as
between 2650-10524.0 kgha-1; Turkay et al. [30] as
between 3020.0-11020.0 kgha-1; Turkay et al. [27]
reported the yields of sensitive hybrids as between
386.0-2683.0 kgha-1 and the yields of resistant hybrids as between 6803.0-9984.0 kgha-1. Present
findings are somehow different from those earlier
ones because of the differences in environmental
factors, climates, irrigation programs, corn geno-

types, cultural practices. With regard to corn borer
population, main plot (genotype) x sub-plot (irrigation) interactions were found to be significant
(P<0.01). In the first year (2015), Mediterranean
corn borer populations varied between 4.32-1.80
pests plant-1 with the greatest population in I100x
P1429 interaction (4.32 pest plant-1) and the lowest
population in I35x31D24 interaction (1.80 pest
plant-1). While P1429 genotype was placed in
Group A, 31D24 genotype was placed in Group G.
According to variance analyses on corn borer populations, irrigation treatments and genotypes were
also found to be significant (P<0.01). The greatest
corn borer population (3.52) was observed in I100

8215

© by PSP

Volume 26 ± No. 12A/2017 pages 8211-8220

Fresenius Environmental Bulletin

TABLE 4
The correlation coefficients between irrigation and other parameters
NOH/100
TL/P
TNOAL+PP
Yield
ETa
Irrigation
a (2015)
NOH/100
TL/P
0.263 ns
TNOAL+PP
0.430 *
0.748 **
Yield
0.933 **
0.510 **
0.643 **
ETa
0.930 **
0.526 **
0.641 **
0.994 **
Irrigation
0.928 **
0.528 **
0.633 **
0.995 **
0.999 **
NOH/100
TL/P
TNOAL+PP
Yield
ETa
Irrigation
b (2016)
NOH/100
TL/P
0.275 ns
TNOAL+PP
0.673**
0.790**
Yield
0.935**
0.512*
0.854**
ETa
0.938**
0.496*
0.865**
0.994**
Irrigation
0.942**
0.479*
0.856**
0.991**
0.999**
DQG VLJQLILFDQWDW3DQG3OHYHOUHVSHFWLYHO\QVQRWVLJnificant; NOH/100, Number of holes /100 internodes;
TL/P, Tunnel length/plant; TNOAL+PP, The number of alive larva+pupa in the plant; ETa, Plant water consumptions

tunnel lengths varied between 26.83-5.85 cm with
the greatest value in I100x P1429 interaction and the
lowest value in I35x31D24 interaction. While P1429
genotype was placed in Group A, 31D24 genotype
was placed in Group H. Turkay et al. [31] reported
tunnel lengths in full-irrigated untreated plots as
between 0.2-56.9 cm plant-1. Those values were
different from the present ones because of differences in environmental factors, climates, cultural
practices, irrigation programs, genotypes, inoculations and biotic stress factors.
With regard to number of holes 100 internodes-1 values, main plot (genotype) x sub-plot
(irrigation) interactions were found to be significant
(P<0.01). In the first year of the experiments
(2015), number of holes 100 internodes-1 values
varied between 11.50-5.31 with the greatest value
in I100x31D24 interaction (11.50) and the lowest
value in I35xP1429 interaction (5.31). While 31D24
genotype was placed in Group A, P1429 genotype
was placed in Group I. According to variance analyses, irrigation treatments and genotypes were also
found to be significant (P<0.01). The greatest number of holes 100 internodes-1 value (9.92) was observed in I100 and the lowest value (5.73) was observed in I35 treatment. Considering the number of
holes 100 internodes-1 values of the genotypes, the
greatest value (8.79) was observed in 31D24 and
the lowest value (7.26) was observed in P1429
genotype. In the second year of the experiments
(2016), number of holes 100 internodes-1 values
varied between 12.70-6.45 with the greatest value
in I100x31D24 interaction and the lowest value in
I35xP1429 interaction. While 31D24 genotype was
placed in Group A, P1429 genotype was placed in
Group H. According to variance analyses in the
second year, irrigation treatments and genotypes
were also found to be significant (P<0.01). The
greatest number of holes 100 internodes-1 value
(11.10) was observed in I100 and the lowest value
(6.78) was observed in I35 treatment (Figure 1).
Considering the number of holes 100 internodes-1
values of the genotypes, the greatest value (9.85)

and the lowest population (2.23) was observed in I35
treatment. Considering the genotypes, the greatest
population (3.16) was observed in P1429 and the
lowest population (2.20) was observed in 31D24
genotype. In the second year of the experiments
(2016), Mediterranean corn borer populations varied between 5.33-2.26 pests plant-1 with the greatest
value in I100xP1429 interaction (5.33) and the lowest value in I35x31D24 interaction (2.26). While
P1429 genotype was placed in Group A, 31D24
genotype was placed in Group G. According to
variance analyses, irrigation treatments and genotypes were also found to be significant in the second year (P<0.01). The greatest corn borer population (4.55 pests plant-1) was observed in I100 and the
lowest population (2.37 pests plant-1) was observed
in I35 treatments. Considering the corn borer populations of the genotypes, the greatest value (3.86)
was observed in P1429 and the lowest value (2.93)
was observed in 31D24 genotype. Cerit et al. [5]
reported the number of alive larva + pupa in 33P67
Bt (transgenic) genotype in full irrigated and untreated plots as 0.037 and reported the value for
isogenic (non-transgenic) 33P66 genotype as 2.220
pest plant-1. Those values were partially similar
with the present ones.
With regard to tunnel lengths, main plot (genotype) x sub-plot (irrigation) interactions were
found to be significant (P<0.01). In the first year,
tunnel lengths varied between 25.79-5.85 cm with
the greatest value in I100xP1429 interaction and the
lowest value in I35x31D24 interaction. While P1429
genotype was placed in Group A, 31D24 genotype
was placed in Group H. According to variance
analyses on tunnel lengths of the first year, irrigation treatments and genotypes were found to be
significant. The greatest tunnel length (15.96 cm)
was observed in I100 and the lowest tunnel length
(7.13 cm) was observed in I35 treatment. Considering the tunnel lengths of the genotypes, the greatest
value (18.80 cm) was observed in P1429 and the
lowest value (7.76 cm) was observed in 31D24
genotype. In the second year of the experiments,
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FIGURE 1
Images for Mediterranean corn borer counting
TABLE 5
Fatty acid contents of genotypes according to irrigation
RT

5.27
16.52
-+
0/
17.44
19.86
23.59
23.81
24.86
26.75
29.15
30.02

30.49
31.67
32.56
39.56
41.57
48.84

%LOHúLNLVPL

1Benzyloxymethyl1h
ydroxymethyl3.5cycl
RKH[DGÕHQH
Hexadecanoic acid.
methylester (CAS)
Heptadecanoic acid.
methylester (CAS)
7Hexadecenoic
acid. methylester. (Z)
1.2.3 Propanetriol
(CAS)
14Pentadecynoic acid.
methylester (CAS)
Eicosanoicacid. methyl
ester (CAS)
9Octadecenoic acid
(Z).methyl ester CAS)
9.12Octadecadienoic
Acid (Z.Z).methyl ester
(CAS)
11.14.17Eicosatrienoic
acid.methyl ester
9.12Octadecadienoic
Acid (Z.Z).methyl ester
(CAS)
9.12Octadecadienoic
Acid (Z.Z). methyl
ester (CAS)
Eicosanoicacid. methyl
ester (CAS)
9Octadecenoic acid
(Z).methyl ester (CAS)
Eicosanoicacid. methyl
ester (CAS)
12Tridecynoic acid.
methylester
Eicosanoic acid.methyl
ester (CAS)

I35ADAS
A16
%Area

I35P1429
%Area

I7031D24
%Area

I70ADASA
16
%Area

I70P1429
%Area

-

-

-

-

-

-

-

10.64

12.42

15.77

14.51

0.94

-

1.30

I3531D24
%Area

I10031D24
%Area

I100ADASA
16
%Area

I100P1429
%Area

1.16

-

-

-

12.10

9.77

13.46

-

-

-

-

-

-

13.30

-

-

29.96

30.87

29.93

29.59

30.70

-

-

-

-

-

-

-

-

-

-

-

-

-

-

2.71

-

-

-

3.61

3.15

-

-

-

-

2.03

-

7.97

25.97

30.96

29.78

-

-

-

-

-

32.27

46.03

47.82

55.72

48.66

55.14

45.47

54.91

56.00

30.61

3.50

2.29

-

-

-

-

-

-

-

0.96

-

-

-

-

-

-

-

-

0.40

-

-

-

-

-

-

-

-

1.42

-

-

-

-

-

-

-

-

1.75

-

-

-

-

-

-

-

-

0.57

-

-

-

-

-

-

-

-

0.61

-

-

-

-

-

-

-

-

0.53

-

-

-

-

-

-

-

-

different irrigation treatments (I0, I20, I40, I60, I80,
I100) on Mediterranean corn borer in second crop
corn under Çukurova conditions and reported number of holes 100 internodes-1 value of ADA 9516
genotype as 13.50 in I0 treatment and 27.167 in I100
treatment. Those findings were partially different
from the present ones because of differences in
irrigation programs, corn genotypes, cultural practices, climate conditions and resistance of genotypes to biotic stress.

was observed in 31D24 and the lowest value (8.36)
was observed in P1429 genotype. Cerit et al. [5]
reported number of holes 100 internodes-1 value as
0.130 for 33P67 Bt (Transgenic) genotype, 8.350
for 33P66 genotype and 8.768 for TTM 815 genotype. Turkay et al. [29] reported the least number of
holes 100 internodes-1 value of full-irrigated untreated plots as 6.1 for 9Bx24A genotype and the
greatest as 80.1 for 7C2x9A genotype. Uçak et al.
[10, 35] carried out a study about the effects of

8217

© by PSP

Volume 26 ± No. 12A/2017 pages 8211-8220

Fresenius Environmental Bulletin

ferred full irrigation (I100) treatment the most and
excessive water stress treatment (I35) the least.
However, the pest did not prefer every genotype at
the same level even in full irrigation treatment.
They mostly preferred the genotypes with high fatty
acid contents and did not prefer the genotypes with
low fatty acid contents. The genotype sensitive to
Mediterranean corn borer (P1429) had higher fatty
acid contents and types than the genotype resistant
to corn borer (P31D24). In this case, sensitive genotypes synthesized higher quantities of fatty acids
than resistant genotypes under water deficit and
biotic stress. Therefore, high fatty acid ratios can be
thought as a defense mechanism against abiotic and
biotic stressors. On the other hand, as compared to
full irrigation treatment, genotypes had increasing
fatty acid contents in their leaves in deficit irrigation treatments. It was also determined that the
genotypes with the greatest number of holes had
high yield levels and the genotypes with the greatest tunnel length, high number of alive larva + pupa
and fatty acid contents had low yield levels. The
genotype with the greatest number of holes (31D24)
had low fatty acid contents and the pests used the
holes only for in and out and not used for feeding
purposes. Significant correlations were observed
between all investigated traits (P<0.01). In other
words, increasing yield, number of holes 100 internodes-1, tunnel length and alive larva + pupa values
were observed with increasing amount of irrigation
water. Therefore, the genotypes with similar performance under both water-stressed and nonstressed conditions could be identified as resistant
to corn borer. On the other hand, rather than number of holes 100 internodes-1, tunnel length and
fatty acid contents could yield more accurate outcomes in Mediterranean corn borer resistance studies. In this study, the genotype P31D24 with low
fatty acid contents and tunnel lengths was identified
as moderately resistant and the genotype P1429
with high fatty acid contents and tunnel lengths was
identified as sensitive to biotic stress. Several stress
screening parameters of the present study can be
used in identification of genotype resistances to
biotic stressors. Present findings can further be
proved with field experiments in future studies.

The greatest values in number of alive larva +
pupa, number of holes 100 internodes-1, tunnel
length and fatty acids were obtained from I100 (full
irrigation) treatment and the lowest values were
obtained from I35 (excessive water deficit) treatment. Corn borer population also decreased from
I100 to I35 treatment. Larva preferred full-irrigated
plants. As it was indicated in previous studies, fatty
acids accumulated in cell membranes under deficit
irrigations. These fatty acids were mostly antibacterial, anti-viral and anti-pathogenic. Higher
Mediterranean corn borer incidences in I100 treatment than in fatty acid accumulated I35 treatment
(Table 5) comply with the findings of earlier studies. The fatty acids accumulated in cell membranes
provide membrane integrity and prevent cellular
infection of the pest [32]. Increased fatty acid contents were reported in deficit irrigation treatments
of previous studies [33]. It was reported in another
study that fatty acids prevented cell membranes
from negative environmental conditions, provided
membrane flow and contributed to plant resistance
and adaptation to adverse conditions [34].
Correlations of irrigations with yield, number
of holes 100 internodes-1, tunnel length, alive larva
+ pupa were also investigated in this study and
significant correlations were observed (p<0.01)
(Table 4). The correlations coefficients (r) for experimental years are provided in Table 4. Each year
was assessed in itself to see the variations in correlations in years. In the first year, significant correlations were observed between all traits (p<0.01).
Highly significant correlations were observed between irrigation and yield (r=0.995**), between
irrigation and number of holes / 100 internodes
(r=0.928**), between irrigation and tunnel length
(r=0.528**), between irrigation and alive larva +
pupa (r=0.663**). Similar significant correlations
between all traits were also observed in the second
year experiments (p<0.01). There were highly significant correlations between irrigation and yield
(r=0.991**), between irrigation and number of
holes 100 internodes-1 (r=0.942**), between irrigation and tunnel length (r=0.479*), between irrigation and alive larva + pupa (r=0.856**).

CONCLUSIONS
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Mediterranean corn borer populations of three corn
genotypes and to assess the pest preferences with
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biotic stress. For determination of screening parameters, yield, tunnel length, alive larva + pupa and
fatty acids at different irrigation treatments (I100, I70
and I35) were used. Mediterranean corn borer pre-
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PHYLOGENETIC ANALYSIS OF URTICA SPP. BY THE
INTERNAL TRANSCRIBED SPACER (ITS) OF 18S-26S rDNA
IN ORDU PROVINCE OF TURKEY
Onur Koloren*, Secil Eker
Department of Plant Protection, Faculty of Agriculture, Ordu University, Ordu, Turkey

in our country. Urtica spp. reported in our country
were Urtica pilulifera, Urtica membranacea, Urtica
urens, Urtica haussknechtii and Urtica dioica [2].
The aim of this study was to investigate genetic
diversity of Urtica spp. with using 18S-26S rDNAITS nucleotide sequences in Ordu province of Turkey. Besides, we aimed to determine different species apart from Urtica spp. that have been reported
in our country previously and the relationships between them. It is also believed that the molecular
level of Urtica spp. will help and guide the larger
work to be done in the future.

ABSTRACT
Twenty Urtica spp. samples collected from different geographic locations in Ordu province of Turkey were examined by using 18S-26S rDNA the internal transcribed spacer (ITS) nucleotide sequences.
Neighbor-Joining (NJ), Maximum-Parsimony (MP)
and Maximum-Likelihood (ML) algorithms were
conducted to evaluate the phylogenetic relationships
between our samples and references from GenBank.
The phylogenetic trees drawn with NJ, MP and ML
algorithms showed similar topologies with minor
differences. Two Urtica species within our samples
(Ulubey-U5 and Fatsa-U6) were placed in the same
lineage with Urtica dioica and Urtica kioviensis.
Ulubey-U5 appeared as sister to U. dioica with
97.7% nucleotide sequence similarity and the pairwise genetic divergence was 0.0242. This relation
was supported with 60% and 74% bootstrap values
in the NJ and ML trees, respectively. The nucleotide
sequence similarity and the pairwise genetic divergence between Fatsa-U6 and U. kioviensis were
98.7% and 0.0109. This relation was supported with
88%, 79% and 85% bootstrap values in the NJ, MP
and ML trees, respectively. This study is the first report about phylogenetic relationships of Urtica species by rDNA-ITS molecular marker in investigated
area.

MATERIALS AND METHODS
Plant materials. Twenty freshly plant samples
of the Urtica species collected from different geographic locations in Ordu province of Turkey. Table
1 represented the Urtica spp. examined in this study
with data locations and origins. The fresh Urtica
leaves were collected from sampling sites and they
were kept in fridge until using for DNA extraction.
DNA isolation and PCR. DNA was extracted
by the CTAB method as previously described by
Haymes [3] and by adding some modifications by
Eker and Koloren [4]. Briefly, Urtica leaf tissues
were quickly ground with a hand pestle under liquid
nitrogen. The mixture was treated with chloroform/isoamylalcohol (24/1), ethanol/acetate (96/4),
ethanol (70%) was reported by Haymes’s [3] protocol, respectively. Then, RNase (Qiagen)100 mg/mL)
was added to DNA to resuspended DNA and the
samples were stored at 37°C. Then, DNA was saved
at -20 °C for PCR. PCR reaction in 25 μL final volume was performed with 1×PCR buffer, 10 mM
dNTPs, 2.5 mM MgCl2, 10 mM of primers ITS1 and
ITS4 [5], 5U Taq polymerase (Thermo Scientific,
Maxima Hot Start). The reaction mixture was run in
(PeqLab) thermal cycler including first denaturation
at 95°C for 15 min, followed by 35 cycles of 95°C
for 1 min, 48.7 °C for 2 min and 72 °C for 2 min, and
final extension at 72°C for 7 min. PCR products were
appeared under the QUANTUM ST5 (Vilber Lourmat) gel system.

KEYWORDS:
ITS (Internal Transcribed Spacer), Urtica dioica, Urtica
kioviensis, Ordu

INTRODUCTION
The Urticaceae consist of 54 genera with more
than 2000 species [1] and they have subcosmopolitan distribution with most genera and species found
in the moist tropics. Sixty three Urtica spp. is the
largest genus within the Urticeae. The plant is very
rich in chemical content and they were used for pharmaceutical, food, fiber, paint and cosmetic industries
since centuries. Urtica spp. is a single or perennial
herbaceous plant found in fields, gardens and roads
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TABLE 1
Locations and origin knowledge of Urtica species examined in the study
Number of samples
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Locations
Ordu-Çamaş
Ordu-Çatalpınar
Ordu-Fatsa
Ordu-Fatsa
Ordu-Perşembe
Ordu-Perşembe
Ordu-Gülyalı
Ordu-Ünye
Ordu-Ünye
Ordu-Kumru
Ordu-Gölköy
Ordu-Gölköy
Ordu-Gölköy
Ordu-Gürgentepe
Ordu-Kabadüz
Ordu-Korgan
Ordu-Altınordu
Ordu-Altınordu
Ordu-Altınordu
Ordu-Ulubey

Latitude (°N)
45°30'33.26"
40°88'61.16"
41°02'07.65"
40°95'34.07"
41°08'25.38"
41°03'30.93"
40°97'65.45"
41°14'28.30"
41°28'04.86"
40°87'29.38"
40°37'45.63"
40°68'72.73"
40°41'47.51"
40°48'09.23"
40°75'81.53"
40°83'07.45"
40°97'69.91"
40°97'52.48"
40°98'26.41"
40°53'04.91"

Sequence analysis and Phylogeny. PCR products were sequenced commercially by Macrogen
Inc. (Amsterdam, the Netherlands) for forward and
reverse with primer set ITS1/ITS4. BioEdit was used
for combining the sequenced fragments [6]. BLAST
(Basic Local Alignment Search Tool in NCBI)
scores for multiple nucleotide alignments between
our Urtica samples and the other references of Urtica from GenBank were applied with ClustalX [7]
and set aright with MEGA 6.0 [8]. Neighbor-Joining
(NJ), Maximum-Parsimony (MP) and MaximumLikelihood (ML) algorithms were conducted to evaluate the phylogenetic relationships between our
samples and references from GenBank. The nucleotide sequence similarity and the evolutionary divergence between haplotypes and references were calculated by BioEdit and MEGA version 6, respectively.

Longitude (°E)
37°59'55.42"
37°45'87.28"
37°53'89.14"
37°33'20.97"
37°63'54.69"
37°75'77.09"
38°00'66.06"
37°23'24.65"
37°00'09.92"
37°26'36.94"
37°32'48.99"
37°61'93.71"
37°37'19.01"
37°36'47.07"
37°93'78.89"
37°34'66.99"
37°94'46.55"
37°96'67.69"
37°90'38.87"
37°43'21.22"

multiple roads in ITS and ETS networks [9]. Phylogenetic association of closely related species can
rapidly develop with rDNA-ITS regions [10, 11].
Grosse-Veldmann et al. [12] reported that the
systematics of Urtica had been problematic for the
long years and there had not reported understandable
infrageneric relationships of them. The morphological diversity of the morphological characters is extremely limited, while they are found entirely together with different species. They were determined
the first molecular phylogeny of 61 genus with 144
in group accessions and 14 outgroup taxa by ITS1–
5.8S–ITS2 marker. They indicated that this marker
and the others such as psbA–trnH intergenic spacer,
trnL–trnF and trnS–trnG could be the solution to the
phylogeny problem of Urtica spp.
A number of taxonomic problems of Urtica
spp. in European and American have been solved by
reporting many new taxonomic studies [13-16]. According to Henning et al., [15] the taxonomy of Urtica dioica was problematic and new florals describe
the U. dioica which named subcommopolitan species extending from South Africa to New Zealand.
U. dioica are identified primarily on two distinct
clades which are the polygamous western Eurasian
and African taxa and the monoecious American taxa
by herbarium studies, molecular data and the experimental cultivation of them. Many species groups
which have been quite similar to other species in the
terms of morphological characters are solved by molecular phylogeny. The little radiations in U. dioica
were found to be such as one in America, one in Australia-New Zealand, and one in northern Eurasia as
previously reported by Henning et al. [15].
The studies reported about Urtica spp. in Turkey have been usually performed by microscopic
analyses for the morphological characterization.
Seçmen et al. [2] reported that Urtica species present

RESULTS AND DISCUSSION
Urtica species are wide taxons with different
and similar morphological characteristics. Because
of this, taxonomists still have problems with many
different classifications. In response to this situation,
molecular methods are used to determine phylogenetic relationships between different species. In molecular phylogenetic studies, the rDNA-ITS and ETS
(external transcribed spacer) gene regions are among
the most preferred molecular markers. ITS and ETS
nucleotide sequences are an alternative molecular
marker to Linnaean’s plant classification. In recent
years, lineage analysis of rDNA-ITS nucleotide sequences has been used to demonstrate genetic diversity among organisms. ITS and ETS markers still
have common phylogenetic signals between data
sets and the similar groups may appear at the end of
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18S-26S rDNA-ITS gene of Urtica spp. samples collected from Ordu province as shown in Figure 1.
When examined at this gel image, two positive bands
can be visible. One of them was from Ordu-Ulubey
sample (Ulubey-U5) DNA in the 9th well and the
other one was Ordu-Fatsa DNA (Fatsa-U6) in the
13th well (Figure 1).
We determined two Urtica species within our
samples (Ulubey-U5 and Fatsa-U6). The phylogenetic trees drawn with NJ, MP and ML algorithms
showed similar topologies with minor differences. In
all of them, our species were placed in the same lineage with U. dioica and U. kioviensis. Ulubey-U5
appeared as sister to U. dioica with 97.7% nucleotide
sequence similarity and the pairwise genetic divergence was 0.0242. This relation was supported with
60% and 74% bootstrap values in the NJ and ML
trees, respectively. The nucleotide sequence similarity and the pairwise genetic divergence between
Fatsa-U6 and U. kioviensis were 98.7% and 0.0109.
This relation was supported with 88%, 79% and 85%
bootstrap values in the NJ, MP and ML trees, respectively. Phylogenetic relationship between Urtica
spp. from GenBank and our haplotypes was shown
in Figure 2 and Pairwise genetic distance in Table 2.

in our country are named Urtica pilulifera, Urtica
membranacea, Urtica urens, Urtica haussknechtii
and U. dioica by morphological characterization.
Kav et al. [17] reported that Urtica species are the
most commonly used plant for alternative treatment
methods in cancer patients in Turkey between 20012007. Uzonur et al. [18] reported that U. dioica is an
important complementary and alternative medicine
plant in ethnobotany and medical care in Turkey. In
their study, some preliminary experiments were carried out to reveal the strong ecotypes and genetic diversity of U. dioica from different phytogeographic
regions of Turkey by Randomly amplified Polymorph DNA Polymerase Chain Reaction (RAPDPCR) method. Hoşbaş ve ark. [19] represented Urtica spp. chlorogenic acid content by liquid chromatography. However, there are very few molecular
studies on Urtica species according to the references
information we have reached in Turkey. In addition,
there has not been any molecular studies about Urtica species based on rDNA-ITS nucleotide sequence data in investigated area, so far. In this study,
we used phylogenetic assays based on rDNA-ITS
molecular marker data to better understand the genetic differences of Urtica spp. collected from Ordu
province of Turkey. For this reason, we amplified the

FIGURE 1
The agarose gel of rDNA-ITS gene in Urtica spp. collected from Ordu province of Turkey.
lane M: 100bp ladder, lane N: Negative control (nuclease free water), lane 1: Ordu-Çamaş-DNA, lane
2: Ordu-Çatalpınar-DNA, lane 3: Ordu-Ünye-DNA, lane 4: Ordu-Altınordu-DNA, lane 5: Ordu-Gülyalı-DNA, lane 6: Ordu-Perşembe-DNA, lane 7: Ordu-Kabadüz-DNA, lane 8: Ordu-Korgan-DNA,
lane 9: Ordu-Ulubey-DNA, lane 10: Ordu-Gölköy-DNA, lane 11: Ordu-Gürgentepe-DNA, lane 12:
Ordu-Gölköy-DNA, lane 13: Ordu-Fatsa-DNA, lane 14: Ordu-Fatsa-DNA, lane 15: Ordu-GölköyDNA, lane 16: Ordu-Altınordu-DNA, lane 17: Ordu-Kumru-DNA, lane 18: Ordu-Perşembe-DNA, lane
19: Ordu-Ünye-DNA, lane 20: Ordu-Altınordu-DNA.
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FIGURE 2
Phylogenetic relationship between Urtica spp. from GenBank and our haplotypes
(Ulubey-U5 and Fatsa-U6)

U. dioica

U6

U. kioviensis

U. membranacea

U. membranacea

U. urens

U. urens

Nanocnide
lobata

U5
U. dioica
U6
U. kioviensis
U. membranacea
U. membranacea
U. urens
U. urens
Nanocnide lobata

U5

TABLE 2
Pairwise genetic distance (marked with grey) and DNA sequence percentage similarities between
rDNA-ITS haplotypes determined in our research (Ulubey-U5 and Fatsa-U6) and Urtica spp. references
sequence from GenBank

ID
0,0242
0,0401
0,0287
0,1685
0,1628
0,1388
0,1415
0,2702

0,977
ID
0,0153
0,0043
0,1388
0,1334
0,1103
0,1129
0,2548

0,766
0,783
ID
0,0109
0,1548
0,1492
0,1203
0,1230
0,2670

0,775
0,793
0,987
ID
0,1442
0,1388
0,1103
0,1129
0,2548

0,746
0,766
0,748
0,753
ID
0,0043
0,1379
0,1405
0,3067

0,75
0,769
0,751
0,757
0,996
ID
0,1379
0,1405
0,3067

0,746
0,765
0,747
0,754
0,833
0,833
ID
0,0022
0,3162

0,744
0,763
0,745
0,752
0,831
0,831
0,998
ID
0,3127

0,665
0,674
0,644
0,65
0,721
0,72
0,713
0,714
ID

As a result, we reported the phylogenetic relationships by rDNA ITS gene among the genus of Urtica in Black Sea of Turkey in here. We found two
haplotypes by rDNA-ITS gene sequence and they
were in the same lineage with U. dioica and U.
kioviensis. Determining the phylogenic relationships
between species is great importance in terms of genetic characterization, breeding studies and at the
same time assessment of genetic material. In addition, the genetic identification of common species in
the region can be very useful to more extensive work
to be done in the future regarding the molecular level
of Urtica spp.
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ULTRASOUND EXTRACTION OF TOTAL FLAVONOIDS
FROM TORREYA FARGESII FRANCH. AND ITS
ANTIOXIDANT ACTIVITY BASED ON RESPONSE SURFACE
METHODOLOGY (RSM)
Jin Shang, Jianhua Wang, Xianrong Zhou*, Bo Jiang, Mingyi Qin
College of Life Science and Technology, Yangtze Normal University, Fuling, 408100, China

But its population density is small, habitat damage is serious, the species is in a state of crisis. According to the literature, there are 7 species and 2 varieties of the genus Torreya, which are distributed in
East Asia and North America [11-13]. T. taxifolia
and T. califomica are produced in North America. T.
nucifera is distributed in Japan and the Korean Peninsula. T. grandis, T. jackii, T. parvifolia, T. fargesii,
T. fargesii var. yunnanensis and T. grandis var.
Jiulongshanensis are distributed in China. Torreya is
a kind of ancient rare relict plant, has important economic, ecological and scientific research value, is
the study of Taxaceae and gymnosperms system development of important groups [14, 15].
This study aims to evaluate the extraction yield
and antioxidant activity of TF from T. fargesii. using
ultrasound extraction (UE). First, the independent
variables of the ultrasonic power (500–700 W), the
ethanol concentration (50%–70%) and the extraction
time (20–30 min) were optimized by using the BoxBehnken approach.

ABSTRACT
Ultrasonic-assisted alcohol extraction process
was applied to extract the total flavonoids of Torreya
fargesii Franch., and the optimal extraction process
was studied. Meanwhile, the extract solution was
tested for its antioxidant activity. In this study, the
extraction yield and antioxidant activity of TF from
T. fargesii using ultrasound extraction (UE) is studied. Significant independent variables of the extraction, including ultrasonic power, ethanol concentration and extraction time, were optimized using the
Box-Behnken (BB) method, and the optimal extraction conditions were obtained by response surface
methodology (RSM). The extraction solution could
effectively scavenge the two kinds of free radicals in
a dose-dependent manner.

KEYWORDS:
Ultrasound, Total flavonoids, Box-Behnken (BB) method,
Torreya fargesii Franch.

MATERIALS AND METHODS
INTRODUCTION
Materials and reagents. T. fargesii were provided by Shuanghe town of Chengkou in Chongqing.
Fresh seeds of T fargesii was washed, its aril was artificially stripped, was dried naturally. The aril was
dried for 24 h at 60 °C to a constant weight. The drying aril was ground, passed through a 60-mesh sieve
and kept in sealed polyethylene bags until further use.
Rutin (purity >99.9%) was purchased from
Shifang Jubang Plant Material Co., Ltd China.
DPPH was provided by Shanghai Dachen Chemical
Reagent Factory. Tris (hydroxymethyl) methyl aminomethane was purchased from the Chinese Medicine Group Chemical Reagent Co. Ltd., China. Other
analytical grade solvents (sodium nitrite, aluminium
nitrate, sodium hydroxide, absolute ethyl alcohol,
ferrous sulphate, hydrogen peroxide, concentrated
hydrochloric acid and salicylic acid) were obtained
from Beijing Dahua Co. Ltd.
UV-1810 UV Spectrophotometer: Beijing Yali
Instrument Co., Ltd.; ZEALWAY type ultrasonic
cleaning instrument: Nanjing Ultrasonic Instrument

Plants are vast repository of compounds with
wide range of biological activities such as antinociceptive, anti-inflammation, antidiabetic, anticancer,
antimicrobial and antioxidant etc. These properties
are due to secondary metabolites including polyphenols, flavonoids, alkaloids, terpenoids, carotenoids,
coumarins, curcumines, etc. which have also been
confirmed by modern analytical techniques [1].
Torreya fargesii Franch. is up to 12 meters;
bark dark gray, irregular longitudinal crack; annual
branches green, two or three years old branches were
yellow-green or yellow, thin brown. Leaf-shaped,
thin striped lanceolate [2-4]. Seeds ovoid, globose or
broadly elliptic, fleshy hypocotyls are slightly white
powder, and the endosperm is deeply wrinkled inwardly. Flowering 4-5 months, seed 9-10 months
mature [5-7]. For our unique species, produced in
southern Shaanxi, western Hubei, eastern Sichuan,
northeast and western Mount Emei 1000-1800 meters above sea level [8-10].
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Co., Ltd.; YSC-300 multi-functional Chinese medicine grinder: Beijing Yanshan Zhengde Chinese
Medicine Machinery Co., Ltd.; EX35001ZH type of
electronic DHG-9240A Digital Blowing Dryer: Beijing Qingyuan Industrial Co., Ltd. H · SWX-600BS
Electric Heating Thermostatic Water Bath: Beijing
Zhongji HSBC Technology Co., Ltd.; R-300 Rotary
Evaporator: BUCHI Labortechnik AG.

shows the Box-Behnken (BB) design and response
value.
TABLE 2
The Box-Behnken (BB) design and response
value
Run Order
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Extraction of Total Flavonoids. The experiment was carried out by ultrasonic assisted extraction. Accurately weighed 2.0 g of the pseudo-seed
powder in 100 mL Erlenmeyer flask, ethanol as solvent, placed in ultrasonic cleaner ultrasonic extraction, ultrasonic power of 250 W, repeat twice, the
combined filtrate, filter, reduced to 100 mL volumetric flask, with the same volume fraction of ethanol
constant volume to the scale, shake, put in the refrigerator to be measured.
Determination of total flavonoids content.
Accurately weighed rutin standard 20 mg placed in
100 mL volumetric flask, add 60% ethanol, water
bath dissolved, let cool, with 60% ethanol volume to
the scale, shake, prepared into 0.2 mg / mL of the
reed Standard solution.
Respectively, the precise absorption of rutin
standard solution 0.0, 0.2 mL, 0.4 mL, 0.6 mL, 0.8
mL, 1.0 mL and 1.2 mL in 10 mL volumetric flask,
add 5% NaNO2 0.5 mL solution, shake for 10min,
add 10% Al (NO3)3 0.5 mL, shake for 10 min, plus 1
mol / L NaOH 4.0 mL, with 60% ethanol solution
volume, shake placed 20 min. At the wavelength of
510 nm, the first bottle solution was used as blank
control. The absorbance at different concentrations
was measured. The absorbance was the ordinate and
the concentration was the abscissa. The standard
curve was drawn.
Precision extraction of artificial flavonoids extract 5 mL, according to the steps of the determination of parallel 3 times. The total flavonoid content
was calculated according to the standard curve.

-1
50
20
500

0
60
25
600

B
-1
1
0
1
1
-1
0
0
-1
0
1
-1
0
0
0

C
-1
0
1
0
1
0
1
0
1
-1
-1
0
0
-1
0

Extraction yield (%)
1.355
1.446
1.325
1.323
1.373
1.481
1.464
1.358
1.376
1.413
1.434
1.426
1.315
1.476
1.508

DPPH radical scavenging capacity. The
DPPH radical scavenging capacity was measured by
a previously described method [16] with some slight
modification. The TF extracts was obtained under
the optimal conditions obtained by RSM. DPPH
powder (4 mg) was weighed and dissolved using 100
mL of 70% ethanol/water solution. 1 mL of the
DPPH solution was added to 5 mL of TF samples
solution at different concentration (0.6, 1.2, 1.8, 2.4,
3.0 μg/mL). The solution was then shaken and incubated in the dark at room temperature. After 30 min,
the absorbance of the mixed solution, A1, at 517 nm
was determined using pure ethanol as the blank. In
total, 1 mL of the DPPH solution and 5 mL of 70%
ethanol/water solution were used instead of the sample solution to determine Ax. Additionally, another
group of TF sample solution was evaluated in this
way, except 1 mL of ethanol replacing the 1 mL
DPPH solution. The absorbance of these samples is
denoted as A10.
The scavenging activity was calculated as follows:

TABLE 1
Factor level
Factor level
A (ethanol concentration)/%
B (extraction time) /min
C (ultrasonic power) / W

A
0
1
1
-1
0
-1
-1
0
0
-1
0
1
0
1
0

1
70
30
700

where A1 and A10 were the absorbance of the diluted extract solution at 517 nm after adding the
DPPH solution and ethanol solution, respectively,
and Ax is the absorbance of the DPPH solution without TF extracts.

Experimental design. The central composite
design, an experimental design for RSM, was used
to create a set of designed experiments by MINITAB
software (version 17). In this paper, the central composite design is selected for 3 factors, i.e., ethanol
concentration (A), extraction time (B) and ultrasonic
power (C).
Table 1 shows the levels of original and coded
factors using the Box-Behnken (BB) design. Table 2

Hydroxyl radical scavenging capacity. The
ability of the extracts to scavenge hydroxyl radicals
was determined according to a previously described
method [17] with some slight modifications. The TF
extracts was obtained under the optimal conditions
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obtained by RSM. Firstly, 0.5 mL of 6 mmol/mL ferrous sulphate solution and 2 mL of 6 mmol/mL salicylic acid solution were successively added into each
of 5 tubes numbered 1–5. Then, 5 mL of TF samples
solution at different concentration (7, 14, 21, 28, 35
μg/mL) were added to each tube, respectively. Finally, 2 mL of 3% hydrogen peroxide was added.
The absorbance of the mixed solution was designated as A2. Another group of TF samples solution
was measured using 2 mL of distilled water in place
of the 2 mL of 3% hydrogen peroxide; the absorbances of these samples solution were denoted as A20.
Additionally, 0.5 mL of 6 mmol/mL ferrous sulphate
solution, 2 mL of 6 mmol/mL salicylic acid solution,
5 mL of 70% ethanol/water solution and 2 mL of 3%
hydrogen peroxide were mixed, and the absorbance
of this samples solution was denoted as Ay. A blank
sample was also prepared. All of the solution was
mixed well and incubated for 40 min at 37 °C. The
absorbance of all samples solution was determined
at 510 nm using a UV spectrophotometer. The hydroxyl radical scavenging capacity was evaluated by
the following equation:

RESULTS AND DISCUSSION
A positive ethanol concentration influence can
be observed in Fig. 1, 2 and 3. In the same way, the
negative effect of the quadratic terms of the ultrasonic power and extraction time can be viewed from
Fig. 2 and 3.
To achieve the best extraction yield, it is essential to optimize the experimental conditions. Based
on the model, three-dimensional surface plots were
constructed to predict the relationship between the
independent factors and the response by holding the
other two variables at a fixed level. The visual inspection of the surface plots is in accordance with the
multiple regression analysis.
The optimal conditions are as follows: ultrasonic power of 500W, ethanol concentration of 70%
and extraction time of 30 min, and the maximum predicted extraction yield was 1.5389%. To validate the
predicted value, the extraction of TF using UE was
performed under the optimal conditions with some
modification. A mean value for the extraction yield
of 1.537% was obtained from these real experiments,
and the relative error was less than 3%. Thus, there
is a good correlation between the predicted results
and the actual values, which validated the model.

where A2 and A20 represent the test samples with
and without hydrogen peroxide, respectively, at 510
nm, and Ay represents the absorbance value of the
background solution.

FIGURE 1
Effect of ethanol concentration and extraction time on the extraction yield of flavonoids
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FIGURE 2
Effect of ethanol concentration and ultrasonic power on the extraction yield of flavonoids

FIGURE 3
Effect of extraction time and ultrasonic power on the extraction yield of flavonoids
Hydroxide radical scavenging activity. Fig. 6
shows that when the concentration of TF increased
from 7 to 35 μg/mL, the values of the hydroxide radical scavenging activity of the TF extract ranged
from 11.86% to 27.99% (UE). According to Fig. 6,
the results indicated that TF extracted using UE exhibited significant hydroxide radical scavenging activity.

Antioxidant activities. DPPH radical scavenging activity. The DPPH radical scavenging activity of flavonoids from T. fargesii extracted by the
UE method is shown in Fig. 5. These data show that
the DPPH radical scavenging capacity increased
with increasing TF concentration. For UE, the DPPH
radical scavenging activity ranged from 30.81% to
76.24%.
8229
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fargesii using the UE method under the optimal conditions. The optimal conditions of UE method obtained using a response surface methodology for TF
extraction from T. fargesii. These parameters were
as follows: ultrasonic power of 500W, ethanol concentration of 70% and extraction time of 30 min.

CONCLUSION
It can be concluded that the extraction yield and
antioxidant capacities of DPPH, hydroxide radical
scavenging activity were excellent for TF from T.

FIGURE 4
Optimal conditions of the extraction of TF

FIGURE 5
The DPPH radical scavenging activity of flavonoids of TF under UE treatment

FIGURE 6
The Hydroxide radical scavenging activity of flavonoids of TF under UE treatment
8230
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GLUCOSINOLATES IN HEADS AND SPROUTS OF GREEN,
WHITE AND ROMANESCO CAULIFLOWER
Golge Sarikamis*, Begum Aydin, Merve Yavuz
Ankara University, Faculty of Agriculture, Department of Horticulture, Ankara, Turkey

of precursor glucosinolates and the hydrolysis products is present among different species within the
Brassicaceae. While some products are toxic to a
wide range of organisms working as defence compounds in plants, some are associated with antiproliferative activities providing anticancer properties.
Among these hydrolysis products, isothiocyanates
are reported to protect against various forms of cancers [5, 6, 7, 8]. The amount of precursor glucosinolates in brassicas is dependent on the genotype and
is influenced by several factors such as growing conditions and different parts or developmental stages of
the plant. Therefore, studies are mainly focused on
the enhancement of glucosinolates in plants. The development of high glucosinolate broccoli lines
through classical breeding approaches by introgressing wild genomic segments from Brassica villosa
into a commercial genetic background was reported
also demonstrating the influence of introgressing genomic segments from a wild brassica on glucosinolate content through genetic and molecular approaches [9].
Recent studies suggest that brassica sprouts are
sources of bioactive compounds and may have a potential as functional foods [10]. Chaudhary et al. [11]
reported the antioxidant and antiproliferative potential of brassica sprouts in vitro and the potential activity was correlated with the presence of organosulfur compounds such as glucosinolates in brassica
sprouts. Broccoli and radish sprouts were evaluated
for their postharvest quality including the microbiological and phytochemical content and reported as
safe and rich sources of bioactive compounds [12].
The effect of germination temperature on the phytochemical content including total glucosinolates,
ascorbic acid, phenolic content was determined in
broccoli and rocket sprouts suggesting a positive association with increasing germination temperature
and glucosinolate content [13]. Although there have
been recent reports on the glucosinolate content of
brassica sprouts mainly in broccoli, studies on the
glucosinolate content of cauliflower sprouts is limitted.
In cauliflower (Brassica oleracaea var. botrytis) different varieties exist as a result of spontaneous
mutations and selective breeding. Among these,
Romanesco cauliflower with distinct head morphology revealing an intermediate form between broccoli
and cauliflower originated in Lazio, Italy [14]. Green

ABSTRACT
Brassicaceae vegetables synthesize sulfur containing glucosinolates that are related with health
promoting activities due to the hyrolysis products
such as isothiocyanates. However, the bioavailability
may vary since the glucosinolate content is dependent on the genetic background, growing conditions
or developmental stage of the plant. Recent studies
suggest that brassica sprouts are rich sources of glucosinolates and can be considered as functional
foods. In the present study, glucosinolate content of
green, white and romanesco cauliflower cultivars
were determined in heads and sprouts. The objective
of the study was to identify whether variation exists
in terms of glucosinolates among the varieties with
different morphological features and to further elucidate whether sprouts or heads are better sources of
bioactive compounds. Green, white and romanesco
cauliflower were grown in field conditions. At the
same time, sprouts of the cultivars were generated in
climate controlled growth rooms. Individual and total glucosinolates of heads and sprouts were determined. The highest total glucosinolate content was
found in green cauliflower followed by white and
romanesco type both in heads and sprouts (P<0.05).
Total glucosinolates were higher in sprouts compared to heads significantly in green cauliflower.
KEYWORDS:
brassica, cauliflower, glucosinolates, heads, sprouts

INTRODUCTION
Brassica vegetables are often associated with
health promoting properties including anticancer activity, protection against diabetes and cardiovascular
diseases [1, 2, 3]. These properties are generally attributed to the presence of sulfur containing glucosinolates that have important roles in plant defence as
chemical defence compounds in the plant [4]. Glucosinolates are hydrolysed to a range of products by
the activation of myrosinases that are also present in
plant cells upon cellular damage. Glucosinolates can
be hydrolysed to isothiocyanates, nitriles or indoles
depending on the side chain structure each revealing
different biological activities. Variation in the type
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Analysis of Glucosinolates. Glucosinolate
analysis was performed according to ISO 9167-1 developed for rapeseed with some modifications as described by [9]. Glucosinolates were extracted from
lyophilized tissues that were ground to a fine powder, using 70% (v/v) methanol at 70°C. Extracts
were desulfated using Type H-1 Sulfatase from Helix
pomatia (Sigma®) in an ion exchange column
(DEAE SephadexTM). The samples were then collected in vials and desulfoglucosinolates were analyzed by HPLC-UV detection (Shimadzu®) at Ankara University, Faculty of Agriculture, Department
of Horticulture. A volume of 50 μl from the extract
was injected into a Waters Spherisorb 5μM ODS 2,
4.6x250mm analytical cartridge. HPLC analysis was
carried out on a gradient of 99% water and 1% acetonitrile at a flow rate of 1ml/min for 24 min. The
detection was carried out at a wavelength of 229 nm.
Glucotropaeolin (Applichem®) (16mM) a type of
glucosinolate which is not synthesized by cauliflower was used as the internal standard for the quantification of the peaks.
The identity of peaks were determined using
pure compounds sinigrin (2-propenyl glucosinolate)
(Sigma®), glucoraphenin (4-methylsulsulfinyl-3butenyl), progoitrin (2-hydroxy-3-butenyl), glucoerucin (4-methylthiobutyl) (PhytoLab® GmbH&
Co.), and glucotropaeolin (benzyl glucosinolate)
(Applichem®). The standards were desulfated prior
to use and run in each sequence as external standards
together with plant extracts. Quantification was performed according to [9] and expressed as μmolg-1
dry weight using correction factors for each compound [15].

head cauliflower is the result of a spontaneous mutation originating in Palermo, Italy [14]. While, these
cultivars are grown and consumed particularly at
places near the centre of origins, white head cauliflower is common worldwide.
In the present study, the aim was to determine
health related glucosinolates in green, white and
Romanesco cauliflower both in sprouts as well as in
mature cauliflower heads of the same cultivars
grown in field conditions in order to determine
whether variation exists in terms of glucosinolates
among the varieties with different morphological
features and to further elucidate whether sprouts or
heads are better sources of bioactive compounds in
cauliflower varieties. Different from earlier stıudies,
the present research reveals the results of two joint
experiments demonstrating the response of cultivars
at different experimental conditions.

MATERIALS AND METHODS
Plant Material. Green cauliflower Brassica
oleracea var. botrytis cv.TiguanF1, Romanesco cauliflower cv.TouaregF1 (HM Clause Vegetable
Seeds) and white cauliflower cv.Memphis F1 (Vilmorin seeds) commercial cultivars were used in the
present study.
Field Experiment. The field experiment was
conducted at the experimental plots of Ankara University Faculty of Agriculture Department of Horticulture during June-November 2015. Seeds were
sown into plug trays on the first week of May and
germinated in greenhouse conditions. Seedlings at
four-five leaf stage were transplanted to the field
conditions, planted in rows spaced as 60x60cm. Drip
irrigation was used for watering plants. During the
experimental period plants were not sprayed with
any chemicals. Cauliflower heads were harvested at
maturity beginning in October with Romanesco cauliflower, followed by white and green cauliflower in
November 2015.

Statistical Analysis. The experiment was conducted according to completely randomized design.
Experimental data were expressed as the
mean±standard error of the mean with four replications. Each replication consisted of four plants. Oneway analysis of variance and Duncan’s multiple
range test was used to determine the significance of
differences among cultivars and different developmental stages using Minitab®14 and MSTAT statistical software. Significant differences were evaluated at P<0.05 error level. Data were presented as
mean values ± standart error (SE) of the mean.

Generation of sprouts in climate controlled
growth room. Seeds of each cultivar were sown in
peatmoss (Plantaflor-Humus,Verkaufs-GmBH, Germany) and perlite (2:1) containing seedling trays (32
cmx 20 cmx6 cm) and irrigated with distilled water.
Seedlings were generated in a growth room at
22°C±2°C. Light was provided at seedling level by
cool fluorescent lamps (72 mMm-1 s-1) with a 16-h
light/8-h dark cycle. The relative humidity in the
growth room was maintained around 75%. Young
seedlings were harvested from the surface two weeks
upon sowing, weighed (fresh mass), frozen in liquid
nitrogen, and stored at -80°C. Seedlings were lyophilized in a freeze drier (-84 °C, 0.02 mbar) prior to
the analyses.

RESULTS
The analysis of glucosinolates in cauliflower
head tissues revealed that in green cauliflower,
glucoiberin of the aliphatics was the predominant
glucosinolate followed by 3-indolylmethyl of the
indole group. In Romanesco cauliflower, 3indolylmethyl was followed by glucoraphanin and
glucoiberin of the aliphatics. In white cauliflower
glucoiberin and sinigrin of the aliphatic group were
predominant and were followed by 3-indolylmethyl
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cauliflower (10.04±0.81 µmolg-1) (P>0.05) (Table
5).
In sprouts, the glucosinolate profile was similar
to heads. However, the amount of glucosinolates varied. In green cauliflower sprouts, glucoiberin was the
predominant aliphatic glucosinolate (14.09±1.58
µmolg-1), followed by 3-indolylmethyl (7.10 ± 1.19
µmolg-1). In romanesco, glucoraphanin (5.37±1.95
µmolg-1) and glucoiberin (2.17±0.77 µmolg-1) of aliphatics and 3-indolyl-methyl (4.13± 0.99 µmolg-1)
of indoles were the predominant. In white cauliflower sprouts, sinigrin (5.86±0,44) and glucoiberin
(2.80±0,25) of aliphatics and 3-indolylmethyl
(3.48±0.22) of indoles were determined.

glucosinolates (Table 1, 2).
In terms of the aliphatic glucosinolates, white
cauliflower heads had the highest content (8.39±0.85
µmolg-1), followed by green cauliflower (7.23 ± 0.8
µmolg-1) and Romanesco cauliflower (3.38±0.20
µmolg-1) (P<0.05) (Table 1). However, total indole
glucosinolates were not different in green
cauliflower (6.84± 0.62 µmolg-1 ), Romanesco
and
white
cauliflower
(6.66±0.75µmolg-1)
cauliflower 5.16±0.63µmolg-1 (P>0.05) (Table 2). In
terms of total glucosinolates (aliphatics and indoles)
green cauliflower and white cauliflower heads had
the highest content (14.07 ± 0.74 µmolg-1 and 13.55
± 0.74 µmolg-1 respectively) followed by Romanesco

TABLE 1
Aliphatic glucosinolates in cauliflower heads (µmolg-1 DW)
Cauliflower
Green
Romanesco
White

Progoitrin
0.06±0.05
0.20±0.06
0.07± 0.07

Glucoiberin
5.83±0.88a
1.45±0.15b
4.57±0.62a

Glucoraphanin
1.07 ± 0.22
1.57 ± 0.13
-

Sinigrin
0.28±0.08b
0.16 ± 0.04b
3.75±0.36a

Total Aliphatic
7.23 ± 0.80a
3.38 ± 0.20b
8.39±0.85a

TABLE 2
Indole glucosinolates in cauliflower heads (µmolg-1 DW)
Cauliflower

3-indolylmethyl

Green
Romanesco
White

4.28 ± 0.29
3.81 ± 0.47
2.99 ± 0.41

4-methoxy-3-indolylmethyl
0.93 ± 0.07a
0.65 ± 0.06b
0.54 ± 0.06b

1-methoxy-3-indolylmethyl
0.70 ± 0.09b
1.56 ± 0.25a
0.58 ± 0.05b

4-hydroxy-3-indolylmethyl
0.83 ± 0.08
0.64 ± 0.06
1.05 ± 0.24

Total Indoles
6.84 ± 0.62
6.66 ± 0.75
5.16 ± 0.63

TABLE 3
Aliphatic glucosinolates of cauliflower sprouts (µmolg-1 DW)
Cauliflower
Green
Romanesco
White

Progoitrin
-

Glucoiberin
14.09 ± 1.58a
2.17 ± 0.77b
2.80 ± 0.25b

Glucoraphanin
0.05 ± 0.03b
5.37 ±1.95a
-

Sinigrin
5.86±0.44

Total Aliphatics
14.14 ± 1.30a
7.54 ± 0.82b
8.66 ± 0.64b

TABLE 4
Indole glucosinolates of cauliflower sprouts (µmolg-1 DW)
Cauliflower

3-indolylmethyl

Green
Romanesco
White

7.10±1.19a
4.13±0.99ab
3.48±0.22b

4-methoxy-3-indolylmethyl
1.00±0.40
0.60±0.28
0.64±0.32

1-methoxy-3-indolylmethyl
1.40±0.55
0.47±0.04
1.43±0.45

4-hydroxy-3-indolylmethyl
1.62±0.18a
1.00±0.16ab
0.88±0.22b

Total Indoles
µmolg-1
11.12±1.09a
6.20±0.80b
6.43±0.87b

TABLE 5
Glucosinolates in heads and sprouts (µmolg-1 DW)
Cauliflower
Green
Romanesco
White

Plant part
Head
Sprout
Head
Sprout
Head
Sprout

Total Aliphatic
7.23±0.80b
14.14±1.3a
3.38±0.20b
7.54±0.82a
8.39±0.85
8.66±0.64
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Total Indole
6.84±0.62b
11.12±1.09a
6.66±0.75
6.20±0.80
5.16±0.63
6.43±0.42

Total Glucosinolates
14.07±0.74b
25.26±1.9a
10.04±0.81
13.74±0.90
13.55 ± 0.74
15.09±0.53
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FIGURE 1
Aliphatic and indole glucosinolate content (µmolg-1 DW) of heads (H) and sprouts (S)

In terms of the aliphatic glucosinolate content
of sprouts, the total aliphatic glucosinolates was
highest in green cauliflower (14.14 ± 1.30 µmolg-1),
followed by white cauliflower (8.66 ± 0.64) and romanesco (7.54 ± 0.82 µmolg-1) (P<0.05) (Table 3). Indoles were highest in green (11.12±1.09 µmolg-1),
white (6.43±0.87 µmolg-1) and romanesco (6.20
±0.80 µmolg-1) (P<0.05) (Table 4). The highest total
glucosinolates in sprouts was in green cauliflower
(25.26 ± 1.9 µmolg-1), white (15.09±0.53) and romanesco (13.74±0.9 µmolg-1) and the difference
among cultivars was significant (P<0.05) (Fig 1).
Comparing the glucosinolate content of heads
and sprouts, the amount in sprouts was higher than
heads (Fig 1). In green cauliflower, the difference
among heads and sprouts in terms of aliphatic, indole
and total glucosinolates was significant (P<0.05). In
Romanesco while the difference in terms of aliphatics was significant (P<0.05), the difference in terms
of indoles and total glucosinolates was not significant statistically (P>0.05). In white cauliflower, the
difference among heads and sprouts was not significant (P>0.05) (Table 5).

Romanesco. Findings revealed that, green cauliflower sprouts had almost twice the amount of glucosinolates comapred to heads (P<0.05). Although
white and romanesco sprouts had higher levels of
glucosinolates compared to heads the difference was
not significant (P>0.05). These are consistent with
our previous findings with radish and cabbage seeds,
sprouts and young seedlings revealing that the glucosinolate content was dependent on the developmental stage of the plant influencing health promoting properties as sources of bioactive compounds
[25].
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studies due to its small nuclear genome. Wheat (Triticum aestivum L.) is the main nutrition source for
two thirds of the world population [2, 3]. Yield of
wheat has gradually increased in the last century by
using conventional breeding methods. However,
these methods have some limitations such as long
time requirement and limited gene pool [4]. It is well
known that cereals’ breeding depends on the use of
tissue culture techniques which are used to overcome
the problems of conventional breeding methods [5].
Flax regenerates more easily from hypocotyl
explants in vitro [6, 7, 8, 9, 10]. Although the highest
frequencies of callus and plant regeneration have
been reported to be obtained from the culture of immature embryos in wheat [11, 12, 13] mature embryos which are readily available at all times have
been successfully used in callus induction and plant
regeneration [14, 15, 16, 17].
Plant tissue culture techniques help us propagate plants vegetatively in a large amount by using
small parts of a tissue and by using the ability of cells
to form a whole, fertile plant which is called totipotency. Explants regenerate shoots and roots, and consequently whole fertile plants under certain cultural
conditions. Tissue culture studies aim to obtain highfrequency shoot regeneration, which is also a prerequisite for an efficient transformation system and
clonal propagation of plants. Introduction of foreign
genes coding agronomically important traits into
plant cells has no meaning unless transgenic plants
are regenerated from the genetically modified
cell(s). The types and concentrations of plant growth
regulators in plant cell culture significantly affect
growth and morphogenesis. In order to obtain high
frequency adventitious shoot regeneration for a related genotype, correct explant type, concentrations
and combinations of auxins and cytokinins should be
determined. However, determining the explant type,
and correct concentrations and combinations of
growth regulators is not enough for high-frequency
shoot regeneration. Since every cell has an ability of
forming a whole fertile plant under in vitro conditions, shoot regeneration frequency can always be
higher than we obtain in theory. Many factors affecting the regeneration capacity of explants have not
been found out yet. For instance, a recently reported
technique utilizing competition among explants was

ABSTRACT
This study was carried out to investigate the relationship between explants from two different genotypes (wheat and flax) cultured together and determine the effects of co-cultivation on tissue culture
response of mature embryo explants of wheat (Triticum sp.) and hypocotyl explants of flax (Linum usitatissimum L.). One winter bread wheat (T. aestivum
L.) cv. 'Bezostaja 1', one winter durum wheat (Triticum durum Desf.) cv. 'Cakmak 79', and two flax cvs.
'Madaras' and '1886 Sel.' were used in the study. Mature embryos excised from sterilized seeds of wheat
cultivars were placed scutellum downwards on a medium containing 3 mg l-1 2,4-dichlorophenoxyacetic
acid (2,4-D) and incubated at 24±1°C in total darkness for 14 days for callus induction. Hypocotyl segments in 5 mm length were excised from 7-day-old
in vitro-grown seedlings of flax. Explants (callus for
wheat and hypocotyl for flax) of both genotypes
were cultured on MS medium supplemented with
0.20 mg l-1 6-benzylaminopurine (BAP) and 0.01 mg
l-1 naphthalene acetic acid (NAA) for regeneration at
24±1ºC under cool white fluorescent light (27 μmol
m−2 s−1) with a 16-h light/8-h dark photoperiod for 4
weeks. Sixteen explants were cultured in a 4 x 4 matrix in a Petri dish. Eight out of 16 explants for each
genotype were cultured together for co-cultivation.
16 explants from each genotype were cultured alone
as control. The results showed that co-cultivation between wheat and flax gave rise to the highest scores
in comparison with culturing explants alone.

KEYWORDS:
Co-cultivation, flax, wheat, shoot regeneration

INTRODUCTION
Flax is an important crop all over the world in
terms of its aspects as a source of natural fiber and
industrial oil, and has the potential of meeting edible
oil and protein deficiency [1]. Moreover, it has been
used as a model system for genetic manipulation
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very effective in increasing shoot regeneration capacity [18]. Thus, this study was conducted to develop an efficient method to obtain higher shoot regeneration frequency via culturing explants together,
which we called 'co-cultivation'. The method we described in this study was based on culturing explants
from two different genotypes together and consequently increasing regeneration capacity of mature
embryo explants of wheat (Triticum sp.) and hypocotyl explants of flax (Linum usitatissimum L.).

segments in 5-mm lengths were excised from 7-dold seedlings and imbibed in sterile distilled water
with gentle shaking for 20 min. Then, the segments
were cultured on an MS medium supplemented with
0.20 mg l-1 BAP and 0.01 mg l-1 NAA for regeneration. Shoot regeneration percentage, shoot number
per explant, shoot length and total shoot number per
petri dish were recorded 4 weeks after culture initiation. Sixteen explants were cultured in a 4 x 4 matrix
in a Petri dish. Eight out of 16 explants for each genotype were cultured for co-cultivation. 16 explants
from each genotype were cultured alone as control
(Figure 1).

MATERIALS AND METHODS

Statistical Analysis. Four replicates were
tested. Petri dish was considered as the unit of replication. The number of explants per replication for
co-cultivation was 8 for each genotype, and for cultivation alone, it was 16 for each genotype. All experiments were repeated two times. The data were
statistically analyzed by Duncan’s multiple range
test using the 'SPSS for Windows' computer program
[20].

Wheat. One winter bread wheat (T. aestivum
L.) cv. 'Bezostaja 1' and one winter durum wheat
(Triticum durum Desf.) cv. 'Cakmak 79' as sources
of mature embryos were used in the study. Mature
seeds of wheat cultivars were surface-sterilized with
70% (v/v) ethanol for 5 min, washed several times
with sterile distilled water, immersed in commercial
bleach (containing 5% sodium hypochlorite) for 25
min, and rinsed at least 7 times with sterile distilled
water. Then, the seeds were imbibed in sterile distilled water for 24 h at 4ºC. For callus induction, mature embryos from imbibed and dehulled seeds were
aseptically excised slightly with a scalpel. Excised
embryos were placed scutellum downwards on a basal medium containing the mineral salts and vitamins
of Murashige and Skoog (MS) [19], 3 mg l-1 2,4-D,
2% (w/v) sucrose and 0.7% (w/v) agar. The Petri
dishes were incubated at 24±1ºC in total darkness for
14 days. Developed calli were transferred to a shoot
induction medium containing MS mineral salts and
vitamins, 0.20 mg l-1 BAP and 0.01 mg l-1 NAA, glycine (2 mg l-1), 2% (w/v) sucrose and 0.7% (w/v)
agar at pH 5.8 in Petri dishes. The transferred callus
cultures were incubated at 24±1ºC under cool white
fluorescent light (27 μmol m−2 s−1) with a 16-h
light/8-h dark photoperiod for 4 weeks. At the end of
the culture, culture efficiency in percentage, number
of regenerated shoots and shoot lengths were determined.

RESULTS
The Effects of Co-cultivation on Tissue Culture Response of Wheat Cultivars. The culture efficiency of mature embryo-derived callus of wheat
cvs. 'Cakmak 79' and 'Bezostaja 1' co-cultured with
the hypocotyl explants of flax cvs. 'Madaras' and
'1886 Sel.' was significantly higher (P<0.01) than
that of callus cultured alone (Table 1). Culture efficiency of callus cultured alone was recorded as
59.38% and 53.13% while it was 96.88% and
100.00% in co-cultivation with 'Madaras'; 100.00%
and 100.00% in co-cultivation with '1886 Sel.' in cv.
'Cakmak 79' and in cv. 'Bezostaja 1', respectively
(Table 1). 9.50 and 8.50 shoots were regenerated out
of 16 explants cultured alone in cv. 'Cakmak 79' and
in cv. 'Bezostaja 1', respectively (Figure 2B and b).
7.75 and 8.00 shoots regenerated from 8 callus explants in cv. 'Cakmak 79' when callus was cultured
together with hypocotyl explants of flax cvs.
'Madaras' and '1886 Sel.', respectively (Table 1)
(Figure 2A, a1 and a2). In cv. 'Bezostaja 1', 8.00 and
8.00 shoots were regenerated from callus where they
were cultured together with hypocotyls of both flax
cultivars. The results clearly showed that co-cultivation between wheat and flax genotypes increased regeneration capacity significantly. Although only 8
explants from each cultivar were cultured in co-cultivation, the number of regenerated shoots was almost two times more than that in the explants cultured alone. Higher shoot lengths in co-cultivation
could be attributed to the effect of explants from different genotypes on each other. The mean shoot
length was recorded as 7.50 in callus cultured alone
while it was about 10.50 in co-cultivation.

Flax. Flax (Linum usitatissimum L. cvs.
'Madaras' and '1886 Sel.') seeds obtained from the
Northern Crop Science Laboratories in North Dakota, USA were surface-sterilized with 40% commercial bleach containing 5% sodium hypochlorite
at 10ºC for 20 min with continuous stirring and they
were then washed three times with sterile distilled
water at the same temperature according to the protocol described by Yildiz and Er [15]. Sterilized
seeds were germinated on a basal Murashige and
Skoog [19] medium containing the mineral salts and
vitamins, 3% (w/v) sucrose and 0.7% (w/v) agar. All
cultures were incubated at 25±1ºC under cool white
fluorescent tubes (27 μmol m-2 s-1) with a 16h
light/8h dark photoperiod. The pH of the medium
was adjusted to 5.8 prior to autoclaving. Hypocotyl
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FIGURE 1
Schematic plan of explants cultured at ‘1.0 x1.0’ distance for shoot regeneration.
a) culture alone, b) co-cultivation between flax and wheat explants. F=Flax, W= Wheat
TABLE 1
Culture responses of mature embryo-derived callus of wheat (Triticum sp.) cvs. 'Cakmak 79' and
'Bezostaja 1' cultured alone and co-cultured with flax (Linum usitatissimum L.)
cvs. 'Madaras' and '1886 Sel.'
Cultivars
'Cakmak 79'
'Bezostaja 1'
Mean
Cultivars
'Cakmak 79'
'Bezostaja 1'
Mean
Cultivars
'Cakmak 79'
'Bezostaja 1'
Mean

Cultured alone
59.38 b±7.33
53.13 b±4.94
56.26
Cultured alone
9.50/16 b±0.07
8.50/16 b±0.05
9.00/16.00
Cultured alone
7.21 b±0.45
7.68 b±0.68
7.45

Culture efficiency (%)1
Co-cultured with 'Madaras'
Co-cultured with '1886 Sel.'
96.88 a±3.83
100.00 a±0.00
100.00 a±0.00
100.00 a±0.00
98.44
100.00
No. of regenerated shoots / No. of calli cultured
Co-cultured with 'Madaras'
Co-Cultured with '1886 Sel.'
7.75/8.00 a±0.04
8.00/8.00 a±0.00
8.00/8.00 a±0.00
8.00/8.00 a±0.00
7.88/8.00
8.00/8.00
Shoot length (cm)
Co-cultured with 'Madaras'
Co-cultured with '1886 Sel.'
10.24 a±1.58
10.94 a±1.10
10.34 a±1.47
10.81 a±0.85
10.29
10.88

1

(Number of calli regenerated/Number of calli cultured) x 100
Means followed by different letters in a row for each cultivar are significantly different at 0.01 level

The Effects of Co-cultivation on Tissue Culture Response of Flax Cultivars. The culture efficiency of hypocotyl explants of flax cvs. 'Madaras'
and '1886 Sel.' co-cultured with mature embryo-derived callus of wheat cvs. 'Cakmak 79' and 'Bezostaja 1' was significantly higher (P<0.01) than that of
hypocotyls cultured alone (Table 2). Shoot regeneration percentage of hypocotyls cultured alone was
70.31% and 92.19% while it was 100.00% and
100.00% in co-cultivation with 'Cakmak 79' and
with 'Bezostaja 1'. The data related to shoot number
per explants was recorded as 1.64 and 2.00 in explants cultured alone in cv. 'Madaras' and in cv. '1996
Sel.', respectively (Figure 2C and c). 3.81 and 4.35
shoots regenerated from single explants in cv.
'Madaras' when hypocotyls were cultured together
with callus of wheat cvs. 'Cakmak 79' and 'Bezostaja
1', respectively (Table 2) (Figure 2A, a1 and a2).

5.07 and 5.03 shoots regenerated from single explants when cv. '1886 Sel.' was cultured together
with callus of both wheat cultivars. Shoot number
per explant was significantly higher (P<0.01) in cocultivation application than cultivation alone in both
flax cultivars. The stimulatory effect of co-cultivation application could be seen in shoot length. The
shoot lengths regenerated in hypocotyl explants cultured alone were lower than in the explants from two
genotypes cultured together (Table 2). The mean
shoot length in explants cultured alone was about
1.50 cm while it was approximately 3.50 cm in the
co-cultivation application. The total shoot number
per petri dish increased to 29.75 and 34.75 in hypocotyls of cv. 'Madaras' co-cultured with cv. 'Cakmak
79' and with cv. 'Bezostaja 1', respectively, while it
was 22.75 in explants cultured alone. Similarly, total
shoot number per petri dish increased to 40.50 and
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40.25 in hypocotyls of cv. '1886 Sel.' cultured with
cv. 'Cakmak 79' and with cv. 'Bezostaja 1' from
32.00 in explants cultured alone (Table 2).

affects the success of genetic transformation significantly [9, 21]. Viability and age of explant, and the
tissue source from which the explant is excised are
very important parameters for high-frequency shoot
regeneration [22]. Fatima et al. [23] reported that
growth and morphogenesis are controlled by the
types and concentrations of plant growth regulators
in plant cell culture. In order to obtain high frequency adventitious shoot regeneration for a related
genotype, correct concentrations and combinations
of auxins and cytokinins have been aimed to be determined.

DISCUSSION
High-frequency shoot regeneration is the main
target of tissue culture studies. High-frequency shoot
regeneration is also a prerequisite for an efficient
transformation system. Shoot regeneration capacity
of cells or tissues to be used in transformation studies

FIGURE 2
Shoot regeneration from flax hypocotyl and wheat callus explants 4 weeks after culture initiation.
A) Tissue culture responses of flax hypocotyl and wheat callus explants cultured together, a1) Shoot
formation from a wheat callus explant cultured together with flax hypocotyl explant, a2) Shoot
development from flax hypocotyl explant cultured together with wheat callus explant, B-b) Tissue
culture response of wheat callus explants cultured alone, C-c) Tissue culture response of flax
hypocotyl explants cultured alone. Bars = 1.0 cm
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TABLE 2
Culture responses of hypocotyl explants of flax (Linum usitatissimum L.) cvs. 'Madaras' and '1886 Sel.'
cultured alone and co-cultured with mature embryo-derived callus of wheat (Triticum sp.) cvs. 'Cakmak
79' and 'Bezostaja 1'

3.27 a±0.16
3.81 a±0.26
3.54

Co-cultured
with
'Bezostaja 1'

Co-cultured
with
'Cakmak 79'

Cultured
alone
22.75 b±3.06
32.00 b±2.78
27.38

29.75 a±2.61
40.50 a±1.06
35.13

Co-cultured
with
'Bezostaja 1'

Co-cultured
with
'Bezostaja 1'
3.07 a±0.31
3.75 a±0.46
3.41

1.64 b±0.29
3.81 a±0.32
4.35 a±0.49
2.00 b±0.17
5.07 a±0.13
5.03 a±0.25
1.82
4.44
4.69
Total shoot number per petri dish
Co-cultured
with
'Cakmak 79'

1.25 b±0.08
1.72 b±0.50
1.49

100.00 a±0.00
100.00 a±0.00
100.00

Cultured
alone

'Madaras'
'1886 Sel.'
Mean

100.00 a±0.00
100.00 a±0.00
100.00
Shoot length (cm)

Co-cultured
with
'Bezostaja 1'

Cultivars

Co-cultured
with
'Cakmak 79'

70.31 b±6.54
92.19 b±7.25
81.25

Shoot number per explant

Co-cultured
with
'Cakmak 79'

'Madaras'
'1886 Sel.'
Mean

Cultured
alone

Cultivars

Cultured
alone

Shoot regeneration (%)

34.75 a±3.92
40.25 a±2.02
37.50

Means followed by different letters in a row for each cultivar are significantly different at 0.01 level

amount of water, sucrose and nutrients in the growth
medium. Yildiz [10] showed that shoot regeneration
capacity could be increased not only by determination of correct concentrations and combinations of
auxins and cytokinins in the growth medium, but
also by encouraging explants into competition. This
is why, in this study, explants from both genotypes
were cultured alone or together at a culture distance
of '1.0 x 1.0' cm.
To our knowledge, this is the first study reporting that shoot regeneration frequency could be increased by culturing explants from two separate genotypes together. Finding two separate genotypes that
could be cultured together is the main obstacle in
front of the protocol described in this study.

Plants compete each other with respect to water, nutrients and light. There are many studies reporting such competition among plants in field conditions [24, 25]. Plant density was reported as a biotic stress factor in natural conditions and this was one
of the reasons for competition among plants [21].
Plant development and yield of many vegetable
crops were affected significantly by plant density
[26]. It was noted that fruit yield is increased by increasing plant density [28, 29, 30]. However, if plant
density causes competition, plant yield starts to decrease. Early and total yield per pepper plant decreased by increasing plant density caused by higher
interplant competition due to less spacing [31]. Abubaker [32] reported that the highest planting density
caused the lowest yield in beans because of the high
competition among plants for water and minerals.
Asghari et al. [33] reported that the chicory plant had
increased root diameter for increased absorption of
water under high density due to high competition between plants.
Although many studies about the effects of
plant density and competition have been conducted
in field conditions, such competition has firstly been
reported by Yildiz [10] regarding in vitro culture. In
these studies, hypocotyl explants of different flax
(Linum usitatissimum L.) cultivars were cultured at
four different distances as '0.5 x 0.5', '1.0 x 1.0', '1.5
x 1.5' and '2.0 x 2.0' cm in order to determine the
effects of competition among explants for constant
amount of water and nutrients on shoot regeneration
capacity. In all genotypes, the highest results with
respect to tissue culture response were recorded at a
culture distance of '1.0 x 1.0' cm. From the results, it
could be concluded that 1.0 cm culture distance encouraged explants to compete each other for constant
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recent decades [1]. Heavy metal pollution also has
many characteristics, such as concealment, hysteresis and long term. The waste water, coal dust and
coal gangue discharged by coal mining activities go
into the surrounding soil environment through surface runoff, atmospheric deposition and waste residue leaching, which result in soil heavy metal pollution of coal mine area [2-3]. The soil contaminated
by heavy metals can not only cause direct harm to
organisms, but also indirectly endanger people
through dust intake, skin contact, food chain and
other approaches [4-8]. It is not only difficult to be
biodegraded, but also easily absorbed and accumulated by organisms (e.g. vegetables, maize, rice), and
has a certain inhibitory effect [9]. Therefore, it is
mounting necessary to monitor heavy metals in soil
and plant to evaluate the status of heavy metal pollution in specific mining area.
In recent years, according to the status of heavy
metal pollution in mining area farmland soil and
crops, previous studies have mainly focused on the
heavy metal pollution characteristics in surface soil,
enrichment and migration laws, environmental effects and health risk assessment, and etc. For example, Qin et al. [10] found that the contents of As, Cu,
Pb, Cd, Ni, Cr and Hg exceeded the soil background
values of Guizhou Province, China. Xiong et al.
[11]studied that the mean content of Cd, Cu, Pb and
Zn were 0.26, 25.72, 29.71 and 62.71mg/kg from
Huaibei coalfield in Linhuan mining area, and was
2.68, 1.16, 1.12 and 1.01 times of soil background
value in Anhui Province, respectively. These heavy
metals have shown a certain pollution accumulation
in soil. Xiao et al. [12] researched on
soil heavy metal contamination and health risks in
Tongguan, indicating that Hg and Pb concentrations
in grains and some vegetables exceeded tolerance
limits, and heavy metal contents in wheat grains
were higher than those in maize grains. In addition,
Yu et al. [13] studied on the concentrations of As, Pb
and Cd in soil, vegetables, maize, rice and road dust
from Nandan mining area. It was final found that
people were at a great health risk with intaking of
local agricultural products, such as rice, vegetables

ABSTRACT
Sunan mining area was selected as investigated
area from Huaibei coalfield to study the accumulation and enrichment characteristics of heavy metals
in soil and plant. This study focused on heavy metal
content characteristics about surface and profile soil,
maize plant bioconcentration transfer characteristics
and health risk assessment of heavy metals. The results indicated that the mean content of heavy metals
(Cd, Cr, Pb, Ni, Zn and Cu) were 0.26, 52.69, 24.09,
29.77, 57.00 and 26.09mg/kg in surface soil, respectively. Cr exceeded the secondary standard of national environment quality standard for soil in China
with the proportion of 50%, while other heavy metals did not exceed the corresponding standard. Single
factor pollution index showed that 8.33% of Ni and
Cd samples belonged to the warning limit pollution
level respectively, and other heavy metals were at
clear. Profile heavy metal vertical migration characteristics revealed that except for Pb, other heavy metals showed an obvious trend of vertical migration in
different degrees. Among organs of maize plant (e.g.
roots, stems, leaves), Zn content was highest, while
Cd content was lowest. The bioconcentration factor(BCF) and transfer factor (TF)of Cd were relatively larger, and maize plant root tended to absorb
more Cd from the soil firstly, and then transferred to
the upper part of the ground. Health risk assessment
results suggested that the health risk of six heavy
metals to children was much higher than that of
adults, and Cr contribution were the largest among
them.

KEYWORDS:
Huaibei coalfield, soil-plant system, heavy metals, accumulation characteristics, health risk assessment

INTRODUCTION
Heavy metal pollution is a worldwide environmental problem, and has attracted wide concerns in
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FIGURE 1
Location of the study area and sampling sites
(A Zhuxianzhuang; B Luling; C Taoyuan; D Qinan; E Qidong; F Qianyingzi; G Zouzhuang)

warm temperate semi-humid monsoon climate with
an average annual temperature of 14~14.5°C, the
rainfall is concentrated in summer, and the annual
rainfall is only 774~895mm [15]. The main rivers in
this area are Huihe River and Tuohe River, which
both belong to small seasonal rivers.

and corn, and children were more vulnerable than
adults.
The Huaibei coalfield is part of North China
coal field, which comprises 5 main mining areas and
has abundant resources of coal [14]. In view of the
fact that maize plants are the main food crops in this
region, thus this paper takes maize plants as the research object, and collects the surface and deep soil
on the farmland around the mining area. Specifically,
a total of 44 soil samples and 24 maize plant samples
have been collected from the Sunan mining area of
Huaibei coalfield, Northern Anhui Province, China,
and the concentrations of heavy metals in soil and
maize organs, the single factor pollution index, enrichment characteristics as well as health risk assessment have been reported based on the content testing
of Cd, Cr, Pb, Ni, Zn and Cu in this study. This paper
provides reference for the further study of heavy
metal pollution in soil and other food crops in other
similar areas.

Soil sampling and chemical analysis. The
preliminary sampling work was completed in August
2016. On the basis of the status quo of the investigation area, the collection of samples was concentrated
in the farmland near the gangue hill. A total of 20
surface samples (0~20 cm) and 24 deep samples
were collected, and the deep samples came from 4
soil profiles. The vertical direction was divided into
6 layers, namely, 0~10 cm, 10~20 cm, 20~30 cm,
30~40 cm, 40~50 cm, 50~60 cm. The maize cultivated in the mining area was selected as the research
object of plant. At the same time, the maize plants
were collected above the corresponding soil samples.
Each sample point required a mixture of 3~5 samples,
and the GPS locator was used to determine the coordinates.
After natural drying, crushing, and sieving of
collected soil samples, the 0.25g prepared soil samples were digested by an acid mixture (HNO3 HF
HCLO4=5:4:2, in volume) in a graphite digester
(SH230N). Every maize plant sample was separated
by roots, stems and leaves. Firstly, the clay adhered
on the surface of maize was washed with tap water,
and then washed with deionized water several times,
finally plant samples were dried to constant weight
at 70 degrees, and crushed with a micro grinder

MATERIALS AND METHODS
Study area. Sunan mining area (33°21′33°42′N,116°45′-117°12′E) is located in the north of
Anhui Province, China (Figure 1), to be exactly, the
study area includes seven coal mines, namely Luling,
Taoyuan,
Zhuxianzhuang,
Qinan,
Qidong,
Qianyingzi and Zouzhuang mines. Besides, the district around is flat and has a relatively simple terrain
as a whole. The soil types in the region are mainly
fluvo aquic soil and sandy black soil. This region has
four distinct seasons and a suitable climate. It has a

8247

%$ 

" &        



    " #!"!


plants (mg/kg), Cs is the content of heavy metals in
soil (mg/kg),
Cup is the heavy metal content in the upper part
of the plant(mg/kg), Cdown is the heavy metal content
of the roots(mg/kg).

(FZ102). The certain weight plant samples were digested by an acid mixture (HNO3 HCLO4=9:1, in
volume) in a graphite digester (SH230N).
Analytical processes were been performed in
National Engineering Research Center of Coal Mine
Water Hazard Controlling, China. Pb, Cr, Ni and Cd
were determined by atomic absorption graphite furnace, while Zn and Cu were determined by atomic
absorption flame photometry(TAS-990 Super). Under the same conditions, blanks, duplicates and
standard reference materials (GBW07430, GSS-16)
were analyzed to guarantee the quality assurance and
quality control, and the recovery rate of each heavy
metal was at the range from 75.4% to 131.8%. In addition, the relative deviations between the parallel
samples were less than 5%.

Health risk assessment method. Target hazard quotient (THQ) was used to evaluate the possible
health risks of heavy metals through intaking. It represented the health risk of heavy metals according to
the ratio of the heavy metal exposure dose to the reference dose proposed by the US Environmental Protection Agency (USEPA) [20]. The calculation formula of MMSOILS risk assessment model is as follows:
EF × ED × FI × MC
(4)
THQ =
RfD × BW × AT

n

Single factor pollution index. In order to analyze and evaluated the degree of soil heavy metal
pollution in mining area, single factor pollution index was adopted. The method of single factor pollution index can be calculated by the following formula:
C
(1)
Pi = i
Si
Where Ci is the actual measured concentration
of the metal i(mg/kg), Si is the evaluation standard of
heavy metals (mg/kg), and the secondary standard
values of National Environment Quality Standard for
Soil(GB15618-1995) were used in this study[11].
The criteria for soil heavy metal pollution were listed
in Table 1.

TTHQ = ∑ THQi

Where MC is heavy metal content in
maize(mg/kg); FI is contact frequency(kg/d), FIadult=0.15 kg/d, FI child=0.1 kg/d [20-21]; EF is exposure frequency(d/a), EF=365d/a; ED is exposure
time(a), EDadult=70 a; BW is average individual
weight(kg), BWadult=70 kg, BWchild=16kg [22]; AT is
average contact time of non-carcinogenic sources(d),
AT=ED365; RfD is heavy metal exposure reference dose(mg·(kg· d) -1), the RfD of Cd, Ni, Pb, Cr,
Zn and Cu are 0.001, 0.02, 0.0035, 0.003, 0.04 and
0.3 (mg·(kg· d) -1) [23-24 ], respectively. When
TTHQ< 1, there is no negative impact; 1<TTHQ<10
indicates that there may be a great negative impact;
TTHQ>10 indicates the presence of chronic toxicological effects.

TABLE 1
Criteria for classification of soil heavy metal
pollution
Classification






Single factor
pollution index
Pi≤0.7
0.7 Pi≤1.0
1.0 Pi≤2.0
2.0 Pi≤3.0
Pi 3.0

Statistical analysis. IBM SPSS Statistics 19.0
software was used to perform statistical analysis in
this study. CorelDRAW 12 and OriginPro 9 were applied for mapping process.

Pollution level
Clean
warning limit pollution
Light pollution
Medium pollution
Heavy pollution

RESULTS AND DISCUSSION
Surface soil heavy metals content characteristics. All analytical results are shown in Table 2. As
can be seen from the Table 2, the mean content of
heavy metals (Cd, Cr, Pb, Ni, Zn and Cu) were 0.26,
52.69, 24.09, 29.77, 57.00 and 26.09mg/kg, respectively. Moreover, the contents of Cd and Cu were
relatively higher, which were 2.68 and 1.28 times of
the soil background value in Anhui Province, and the
other heavy metals were all lower than the soil background values in Anhui Province. Compared to the
Grade II criterion of national environmental quality
for soils in China [17], 50% of the Cr samples exceeded the corresponding limits. In general, the coefficient of variation(CV)can be characterized by the
comparison of different dimensional data [25]. The
CV of Pb, Zn, Cr and Cu ranged from 22.81% to
28.89% belonging to moderate variation level (15%

Bioconcentration factor (BCF) and transfer
factor(TF). Bioconcentration factor is the ratio of
heavy metal content in plants and heavy metal content in soil, reflecting the ability of plant to enrich
and absorb some heavy metals from soil under the
same conditions [18]. while transfer factor is the ratio of some heavy metal content in the upper part of
the plant to the heavy metal content of the roots, reflecting the migration ability of the heavy metals
from the roots of plants [18, 19].
Cp
(2)
BCF =

TF =

Cs
Cup

(5)

i =1

(3)

Cdown

Where Cp is the content of heavy metals in

8248

%$ 

" &        



    " #!"!


< CV < 36%), while Cd and Ni (46.15% and 59.79%,
respectively) belonged to higher variation level
(CV>36%). This indicated that the distribution of
heavy metals in the study area was uneven, and it
was more likely to be affected by human factors. According to the evaluation results of single factor pollution index, the pollution index range of Ni and Cd
were 0.14~1.36, 0.23~0.92, respectively, and 8.33%

of Ni and Cd samples belonged to the warning limit
pollution level respectively. In addition, 8.33% Ni
samples belonged to light pollution, while the single
pollution index of other heavy metals was less than
0.7, belonging to the clean level. Therefore, there
was a certain degree of pollution accumulation in
soil Cd and Ni in the study area.

TABLE 2
Content statistical characteristics and single factor pollution indexes of heavy metals in soil
Element
Cd
Cr
Pb
Ni
Zn
Cu

Rangemg/kg
0.14~0.55
29.90~75.42
14.21~33.36
6.75~68.08
34.39~85.26
19.35~37.23

Mean±standard
deviation (mg/kg)
0.26±0.12
52.69±12.56
24.09±6.96
29.77±17.80
57.00±14.86
26.09±5.95

CV (%)a
46.15
23.84
28.89
59.79
26.07
22.81

Background value
(mg/kg)b
0.097
66.5
26.6
29.8
62
20.4

Guide value
(mg/kg)c
0.6
50
300
300
250
100

Single factor
pollution index Pi
0.23~0.92
0.10~0.25
0.05~0.11
0.14~1.36
0.14~0.34
0.19~0.37

Note: aCoefficient of variation; bThis paper selects the soil element content of A layer in Anhui Province as the reference
background value; ctakes "soil environmental quality standard" as the reference, in which the second grade standard selects
the corresponding value when the soil pH value is 6.5 ~ 7.5.

FIGURE 2
Distribution characteristics of heavy metals in the soil profile

8249

%$ 

" &        



    " #!"!


Vertical migration characteristics of heavy
metals in soil profile. To study the vertical migration characteristics of heavy metals in soil, stratified
sampling of vertical soil profiles was carried out at 4
sampling points of 21, 22, 23 and 24, sample points
22 and 24 are non mining areas among them, the results of vertical migration characteristics of all heavy
metals at different points are shown in figure 2. The
concentrations of heavy metals (Cd, Cr, Pb, Ni, Zn
and Cu) were in the ranges of 0.14~0.51, 5.18~78.87,
12.80~20.51, 33.17~67.39, 31.10~ 68.64 and
18.38~29.97 mg/kg, respectively. The Cr content of
sample point S(22) was higher than other points, and
all profile samples at point S(22) exceeded the Grade
II criterion of national environmental quality for
soils in China. Furthermore, the maximum value of
its downward migration appeared at 40~50 cm.
As can be seen from the Figure 2, the contents
of heavy metals in profile soil did not show a significant decrease with the increase of depth, which
might be due to the influence of soil tillage, soil turnover and mining activities [26]. The distribution
characteristics of heavy metals in vertical profile can
be affected by changing the structure and hierarchy
of the original soil.
From 10 cm vertical down to 60 cm, Zn and Cu
content showed an overall trend of increasing firstly
and then decreasing, and the concentration of them
was basically stable with the downward migration to
the depth of 40~60cm finally. It indicated that Zn
and Cu content changed little in the depth direction,
but had a downward migration trend. The change of
Pb content in each sampling point was not significant,
and was lower than the soil background values in
Anhui Province. It showed that Pb was less disturbed
by human activities than other elements, and the vertical migration was not obvious. The content of Ni
was obviously different because of different sampling points, and it showed that the content of S (21)

and S (23) samples in the mining area were obviously higher than those in the non mining area at
10~50 cm. However, the content of Ni had obvious
downward migration in vertical section at non mining sample point S (24), and the content in 50~60 cm
was 1.82 times of soil background value in Anhui
Province. The content of Cr showed a cumulative
trend with depth increasing, and three sampling
points were all higher than the Grade II criterion of
national environmental quality for soils in China at
20~40 cm section. Compared with surface soil, the
content of Cd was higher at 50~60 cm section, and it
may be disturbed by human factors [27]. In summary,
the vertical migration characteristics of heavy metals
at different sections were vary significantly, which
may be related to human activities, heavy metal
properties and morphological changes, soil physical
and chemical properties, soil microorganisms or
other factors [28].
Heavy metal content and accumulation
characteristics of various organs in maize plant.
The content of heavy metals(Cd, Ni, Pb, Cr, Cu and
Zn) in roots, stems and leaves of maize plants are
shown in Figure 3(a~f). The mean content of Zn in
roots, stems and leaves of maize plants was 37.97,
34.25 and 36.23 mg/kg, respectively. The mean content of Cd was the lowest in roots, stems and leaves
with 0.26, 0.30 and 0.19 mg/kg, respectively. The
mean content of heavy metals in plant roots was Zn >
Cu > Cr > Ni > Pb > Cd, the mean content of heavy
metals in plant stems was Zn > Ni > Cu > Pb > Cr >
Cd, while the mean content of heavy metals in plant
leaves was Zn > Cu > Ni > Cr > Pb > Cd. It can also
be obtained that except for Cd, Ni, Pb and Cr, the
absorption and accumulation of Cu and Zn in the organs of maize plants were high relatively, and the
content change of them was apparent.

FIGURE 3
Distribution of heavy metals in different maize plant organs
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FIGURE 4
Bioconcentration and transfer factor of heavy metals in different maize plant organs

relationship between different organs of maize plant
and soil heavy metal content, this study takes the low
Zn content in soil relatively and the highest Zn mean
content in the organs of maize plants as an example,
and the results of the pearson correlation analysis are
shown in Table 3. As can be seen from the Table 3,
there was a significant positive correlation between
root and stem (p<0.01). At 0.05 significant level, the
soil and leaf were also significant, while other combinations were not obvious (p>0.05).

The bioconcentration factor (BCF) and transfer
factor (TF) of heavy metals in different organs of
maize plants are shown in Figure 4. The Figure 4
showed that the BCF size of heavy metals in the root
and leaf was Cd > Zn > Cu > Ni > Pb > Cr, and the
BCF size of that in the stem was Cd > Zn > Ni > Cu >
Pb > Cr. The BCF of Cd is the largest, showing that
the BCF of Cd of 81.25% root samples, 62.50% stem
samples and 18.75% leaf samples was greater than
one. These results indicated that Cd was more easily
enriched in the root organs of maize plants, and had
better migration ability in soil-maize system. The accumulation of Cr in maize plant is difficult relatively,
and its BCF in the stem is only 0.05.
In addition, the mean value size of six heavy
metals TF was Pb > Ni > Cu > Zn > Cd > Cr > 1,
indicating that the tendency of these heavy metal migration from the root of maize to the upper part was
larger. It was also showed that the potential ability
for heavy metals to migrate from soil to their plant
organs is stronger. In conclusion, the enrichment and
migration characteristics of heavy metals in maize
plants were different, and it may be related to many
factors, such as the elemental valence states in the
soil medium, element free ion activity, soil composition structure, ect [29]. The BCF and TF of Cd
were relatively large, indicating that maize plant
tended to absorb more Cd from soil, and transferred
to the upper part of the ground. Moreover, Cd in mining area soil was in the warning limit pollution level,
the subsequent monitoring of Cd in maize plants
should be paid more attention to. Zn and Cu content
in various organs of maize was higher, and had a
stronger enrichment and migration ability. This was
mainly due to the fact that Zn and Cu were essential
elements of plant metabolism, and were important
components of the tissues and organs of plants. Thus
the maize plant depends on absorbing the large
amount of these trace elements from the soil.

FIGURE 5
Cluster analysis results of Zn content in
different maize organs and soil
As shown in Figure 5, when 15 was selected as
the standard distance among these values, 2 distinct
groups were obtained. The roots, stems and leaves
were clustered into one class, indicating that Zn had
the same or similar source route in the roots, stems
and leaves, whereas the soil was classified as another
class alone. This showed that the heavy metals in
stems and leaves of maize mainly came from roots,
and heavy metals in roots absorbed and accumulated
from the soil [20], while Zn in soil may originate
from automobile tire wear and combustion of engine
oil [30-31]. It was easier to cause the accumulation
of Zn in the soil with long term coal transportation
activities in this area. Afterwards, the organs of
maize plants can absorb and accumulate more Zn
from the soil, thus completing this transfer process.

Correlation analysis of heavy metals in various organs of maize and soil. In order to explore the
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TABLE 3
Pearson correlation coefficient matrix of Zn content in different organs of maize plants and soil

Soil
Root
Stem
Leaf

Soil
1
0.279
0.160
0.596*

Root

Stem

Leaf

1
0.857**
0.473

1
0.393

1

Note:* *Correlation is significant at the 0.01 level(bilateral),* Correlation is significant at the 0.05 level (bilateral).

TABLE 4
Health risk assessment of heavy metals in maize plant
Index

THQ
value

TTHQ value

Heavy metal elements
Cd
Ni
Pb
Cr
Zn
Cu
-

Adult
0.403
0.890
2.013
3.776
0.259
0.685
8.026

Children
1.177
2.597
5.872
11.012
0.755
2.000
23.413

Health risk assessment. Maize was just in the
panicle stage because of plant samples collected in
the field. Studies had shown that the contents of
heavy metals in various organs of maize were in the
descending order of root, stem, leaf and grain [20,
32]. Therefore, the leaf segment, which is the closest
part of the maize grain in heavy metal contents, is
substituted for the grain as the edible part to evaluate
the health risk in this paper.
From the results of maize health risk assessment of heavy metals in Table 4, for adults, Cr and
Pb caused greater health risks, the THQ values were
3.776 and 2.013, respectively, while the THQ values
of remaining heavy metals were all less than 1.
Therefore, these heavy metals did not cause health
risks for local adults. For children, the THQ values
of heavy metals(Cr, Pb, Ni, Cu and Cd) were 11.012,
5.872, 2.597, 2.00 and 1.177, respectively, this indicated that those heavy metals had a certain degree of
health risk.
As can be concluded from TTHQ value that the
health risk of six heavy metals to children was higher
than that of adults, and the findings were consistent
with the study results of Yu et al. [13] and Sun et al.
[16]. In addition, The TTHQ values of all heavy metals were in the descending order of Cr Pb Ni
Cu Cd Zn. Further studies had found that the
contribution of six heavy metals THQ to TTHQ in
maize is different. The contribution degree of Cr and
Pb was the largest, both above 25%, whereas Zn had
the lowest degree of contribution. In the short run,
maize grains can be consumed safely by human.
However, we should pay more attention to the health
risks of Cr and Pb, and strengthened the follow-up
monitoring.

Contribution of THQ to TTHQ (%)
5.02
11.09
25.08
47.05
3.23
8.53
-

CONCLUSIONS
In this study area, a total of 20 surface soil samples (0~20 cm) and 24 profile samples (e.g. 0~10 cm,
10~20 cm, 20~30 cm, 30~40 cm, 40~50 cm and
50~60 cm) were collected from Sunan mining area,
and analyzed for the content of heavy metals(Cd, Cr,
Pb, Ni, Zn and Cu). The results of the investigation
provided integrated information about soil and maize
environment of this area. The heavy metal content
characteristics indicated that the contents of Cd and
Cu were relatively higher, and exceeded the soil
background values in Anhui Province by 2.68- and
1.28-fold, respectively. The results of single factor
pollution index indicated that there was a certain degree of pollution accumulation in soil Cd and Ni in
the study area. Vertical migration characteristics of
heavy metals in soil profiles revealed that heavy metals showed obvious vertical migration excluding Pb.
Zn and Cu content in various organs of maize was
higher, and had a stronger enrichment and migration
ability. In addition, Cd was more easily enriched in
the root organs of maize plants, and had better migration ability in maize plant. Health risk assessment
results suggested that Cr and Pb had a higher negative effects among heavy metals, and the contributions of them were both above 25%.

ACKNOWLEDGEMENTS
This research project was supported by the National Natural Science Foundation of China
(41773100,41373095); University Natural Science
Research Project of Anhui Province (KJ2017A445);

8252

%$ 

" &        



    " #!"!


and Excellent Youth Talent Support Program of Suzhou University (SZXYQNL2017002). We
acknowledge editors and reviewers for polishing the
language of the paper and further discussion sincerely.

[11]Xiong, S., Gui, H.R., Lin, M.L., Peng, W.H.
(2017) Contents and pollution characteristics of
heavy metals in soil from coal mining area: a
case study in Linhuan mining district, northern
Anhui province. Fresen. Environ. Bull. 26(3),
1989-1996.
[12]Xiao, R., Wang, S., Li, R., Wang, J.J. and Zhang,
Z. (2017) Soil heavy metal contamination and
health risks associated with artisanal gold mining in Tongguan, Shanxi, China. Ecotoxicology
& Environmental Safety. 141, 17-24.
[13]Yu, Y.Y., Huang, Y.F., Song, B., Xu, T., Lu, S.F.
and Yuan, Z.N. (2015) Investigation and health
risk assessment of heavy metal content in soil
and agricultural products in the surrounding areas of Nandan County. Environmental Chemistry. 34 (11), 2133-2135.
[14]Gui, H.R., Chen, L.W., Song, X.M., Tu, M. and
Qin, Y. (2015) Research on water-proof and
sand-proof technology for coal-mining in the
shallow structure of thick loose-bed overlying
area. China University of Mining and Technology Press, Xuzhou, China. 12-80.
[15]Sun, L. H, Peng, W.H. (2014) Groundwater in
rural area of Suzhou, northern Anhui Province,
China: Heavy metal concentrations and statistical analysis. Journal of Chemical & Pharmaceutical Research. 6(3), 1501-1505.
[16]Sun, Q.B., Yin, C.Q., Deng, J.F. and Zhang D.F.
(2013) Characteristics of soil-vegetable pollution of heavy metals and health risk assessment
in Daye mining area. Environmental Chemistry.
32(4), 671-677.
[17]Chinese National Environmental Protection
Agency (CEPA) (1995) Environmental quality
standard for soils (GB15618-1995) (in Chinese).
[18]Zhou, Y.Y., Yang, S.X., Yuan, Z.Z., Zhou, J.J.
and Zhang, X.J. (2012) Assessment of heavy
metal pollution in mine soil and bioaccumulation characteristics of dominant plants in a leadzinc mineland, west Hunan. Earth and Environment. 40(3), 361-366.
[19]Padmavathiamma, P.K., Li, L.Y. (2012) Rhizosphere influence and seasonal impact on phytostabilisation of metals—a field study. Water Air
& Soil Pollution. 223(1), 107-124.
[20]Ji, X.F., Zheng, N., Wang, Y., Liu, Q. and
Zhang, J.J. (2015) Accumulation of mercury in
soil-maize system of non-ferrous metals smelting area and its related risk assessment. Environmental Science. 36(10), 3845-3851.
[21]Gang, Y., Fei, S., Zhong, G., Xie, L., Wang, Y.
and Jun, W.U. (2011) Concentration and health
risk of heavy metals in crops and soils in zinclead mining area in southwest mountainous regions. Acta Scientiae Circumstantiae. 31(9),
2014-2021.

REFERENCES
[1] Muhammad, S., Shah, M.T. and Khan, S. (2011)
Health risk assessment of heavy metals and their
source apportionment in drinking water of Kohistan region, northern Pakistan. Microchemical
Journal. 98(2), 334-343.
[2] Yuan, X.T., Zhang, C.L., Sun, Q. and Wu, Y.C.
(2011) Characteristics of heavy metal concentrations in soil around coal mining area in Suzhou city. Environmental Chemistry. 30(8),
1451-1455.
[3] Wu, Y., Yang, J., Zhou, X.Y., Lei, M., Gao, D.,
Qiao, P.W. and Du, G.D. (2015) Risk assessment of heavy metal contamination in farmland
soil in Du'an autonomous county of Guangxi
zhuang autonomous region, China. Environmental Science. 36(8), 2964-2971.
[4] Diatta, J.B., Komisarek, J. and Wiatrowska, K.
(2012) Evaluation of heavy metals competitive
sorption and potential mobility on the basis of
Cu/Cd and Zn/Pb binary systems. Fresen. Environ. Bull. 21(5), 1105-1109.
[5] Symanowicz, B., Kalembasa, S. (2012) Effects
of brown coal, sludge, their mixtures and mineral fertilisation on copper and zinc contents in
soil and italian ryegrass (lolium multiflorum
lam.). Fresen. Environ. Bull. 21(4), 802-807.
[6] Huang, Z., Pan, X.D., Wu, P.G., Han, J.L. and
Chen, Q. (2014) Heavy metals in vegetables and
the health risk to population in Zhejiang, China.
Food Control. 36(1), 248-252.
[7] Mazur, Z., Radziemska, M., Maczuga, O. and
Makuch, A. (2013) Heavy metal concentrations
in soil and moss (Pleurozium schreberi) near
railroad lines in Olsztyn (Poland). Fresen. Environ. Bull. 22(4), 955-961.
[8] Mishra S., Dwivedi S.P. and Singh R.B. (2010)
A Review on Epigenetic Effect of Heavy Metal
Carcinogens on Human Health. Open Nutraceuticals Journal. 3(1), 188-193.
[9] Yang, J., Wang, N. (2013) Assessment of potential ecological risk of heavy metal in soils from
Jia-Pi-Gou gold mine area. Journal of Agro-Environment Science, 32(3), 595-600.
[10]Qin, F.X., Wei, C.F., Zhong, S.Q., Huang, X.F.,
Pang, W.P. and Jiang, X. (2016) Soil heavy
metal(loid)s and risk assessment in vicinity of a
coal mining area from southwest Guizhou,
China. Journal of Central South University
(English Edition). 23(9), 2205-2213.

8253

%$ 

" &        



    " #!"!


[22]Shi, G.L., Lou, L.Q., Zhang, S., Xia, X.W. and
Cai, Q.S. (2013) Arsenic, copper, and Zinc contamination in soil and wheat during coal mining,with assessment of health risks for the inhabitants of Huaibei, China. Environmental Science and Pollution Research. 20(12), 8435-8445.
[23]US Environmental Protection Agency (USEPA).
(1997) Exposure factors handbook—general
factors. Office of Research and Development,
National Center for Environmental Assessment,
Washington, America.
[24]Phillips, L., Moya, J. (2012) The evolution of
EPA's Exposure Factors Handbook and its future as an exposure assessment resource. Journal
of Exposure Science & Environmental Epidemiology. 23(1), 13-21.
[25]Wilding, L.P. (1985) Spatial variability: its documentation, accommodation and implication to
soil survey. Pudoc, Wageningen, Netherlands:Soil Spatial Variations. 166-193.
[26]Ji, Y.F., Li, Y.H., Yang, L.S., Sun, H.F. and
Wang, W.Y. (2009) Distribution characteristics
and environmental significance of heavy metals
in typical soil profiles of Fenghuang lead zinc
mining area of China. Acta Scientiae Circumstantiae. 29(5), 1094-1102.
[27]Zhang, A.X., Nie, Y.N., Ji, H.B., Feng, J.G. and
Qin, F. (2014) Vertical distribution, morphological characteristics of heavy metals in soils of
Wan Zhuang Gold mine field. Environmental
Science & Technology. 37(120), 1-8.
[28]Blaha, U., Appel, E. and Stanjek, H. (2008) Determination of anthropogenic boundary depth in
industrially polluted soil and semi-quantification of heavy metal loads using magnetic susceptibility. Environmental Pollution. 156(2),
278-289.
[29]Chen, C.S., Xie, Z.X. and Liu, X.J. (2009) Interactive effects of drought and salt stresses on
winter wheat seedlings growth and physiological characteristics of stress-resistance. Chinese
Journal of Applied Ecology. 20(4), 811-816.
[30]Han, Y.L., Qiu, E.F., Wang, Y.F., Tang, L.Q.
(2015) Study on heavy metals distribution and
correlation in soil and TSP of Beijing, Ecological and Environment, 24(1), 146-155.
[31]Wilcke, W., Müller, S., Kanchanakool, N. and
Zech, W. (1998) Urban soil contamination in
Bangkok: heavy metal and aluminium partitioning in topsoils. Geoderma. 86(3–4), 211-228.
[32]Carbonell, G., de Imperial, R.M., Torrijos, M.,
Delgado, M. and Rodriguez, J.A. (2011) Effects
of municipal solid waste compost and mineral
fertilizer amendments on soil properties and
heavy metals distribution in maize plants.
Chemosphere. 85(10), 1614-1623.

Received:
Accepted:

10.08.2017
09.10.2017

CORRESPONDING AUTHOR
Herong Gui
National Engineering Research Center of Coal Mine
Water Hazard Controlling,
Suzhou 234000 – China
e-mail: hrgui@163.com

8254

$#

! %     





!"  ! 



EFFECTS OF LOW TEMPERATURE STRESS ON THE
PHYSIOLOGICAL PROPERTIES OF ‘DAWUXING’ YOUNG
LOQUAT FRUIT
Ronggao Gong*, Wei Yang, Mingan Liao, Zhihui Wang, Qunxian Deng, Yong Zhang
College of Horticulture, Sichuan Agricultural University, Chengdu, Sichuan, 611130, China

Low temperature has a significant influence in
plant growth affecting metabolism enzyme system,
uptake of water, nutrients level and others. Compared to the leaves, the young loquat fruits, especially those with diameters of about 1 cm, suffered
from cold infection more easily, which usually
caused the seeds cold death [2]. The seed of loquat
turned browning initially and then the young fruit
pulp was frozen to death when suffering from lowtemperature damage [3]. found that the young loquat
fruit of cultivar ‘Jiefangzhong’ suffered from freezing injury under low temperature stress of 0 , and
the plasma membranes and tonoplast structure were
broken in pulp under the temperature stress of -3.
Under 0  chilling stress, the chloroplast and mitochondria structure were damaged in young loquat
fruit pulp of cultivar ‘Zaozhong No. 6’ [4]. In general, low temperature stress could cause the plant
membrane lipid peroxidation and the increase of
malondialdehyde (MDA) content, which consequently led to the low-temperature damage of plants
[5].
The antioxidation enzyme system, consists of
superoxide dismutase (SOD) and catalase (CAT) and
peroxidase (POD), is the main active oxygen scavenger in plant, which can effectively reduce the
membrane lipid peroxidation [5, 6]. Huang et al.
(2011) reported that the increase of cold-resistant
ability of young loquat fruit by saclic acid (SA) was
due to its positive effect on the antioxidationenzyme
of young fruit. Wu et al. (2010) found that exogenous
nitric oxide (NO)decreased the membrane lipid peroxidation by increasing the activities of SOD, CAT
and POD of loquat pulp. The study on the loquat leaf
envidenced that the antioxidation enzyme activity increased under mild low-temperature stress, but it was
severely inhibited while the malondialdehyde
(MDA) content increased significantly with the extension of time and decrease of temperature [9].
Previous studies on the cold resistance of loquat focused on the leaves and pulps, however, the
effects of semilethal and low temperature stress on
the oxidation enzyme system and tissue structure of
the young fruit pulp and seed have not been reported
[1, 2, 3, 9, 10]. This paper mainly investigated the
physiological characteristics and organelle changes
of young fruit pulp and seed of loquat under the low

ABSTRACT
The young loquat fruits of ‘Dawuxing’ cultivar
were selected as the materials, and semi-lethal temperature (LT50), MDA content, antioxidant enzyme
activities and physiological properties in pulp and
seeds under different low temperatures and times
were investigated to explore the response mechanism of fruit to chilling injury. The semi-lethal temperature was -6.1  and -4.9  in pulp and seeds,
respectively. The activities of the SOD, CAT and
POD increased, while the relative electric conductivity (REC) and MDA content maintained at low levels
in pulp and seeds at 3  and 0 , respectively. The
activities of SOD, CAT and POD gradually decreased, and the REC and MDA content increased in
pulp and seeds at -3  and 0 , respectively. Microstructure diagrams showed that the loquat fruit was
firstly destroyed at 0 for the exocarp and-3 for
the mesocarp the, then it happened freeze injury.
And the firstly destroyed part was testa, followed by
the leaf primordium or leaf again, and finally to the
cell rupture. The soluble sugars, organic acids and
soluble protein in pulp increased under low-temperature stress while the vitamin c content changed little. The expressions of genes (Unigene25620 and
CL8135) related to stress resistance in fruit were upregulated. This study provide theory basis for the for
thehigh quality and high yield cultivation in loquat
industry.
KEYWORDS:
Low temperature stress, Young loquat fruit, Antioxidant
enzyme, Microstructure

INTRODUCTION
The loquat (Eriobotrya japonica Lindl) isan evergreen tree in the family Rosaceae with origins in
subtropical China, and it has been one of the most
economic plants in south and marginal zones of
China.However, the loquat frequently suffer from
freezing injury due to its flowering period in the winter cold. Therefore, low temperature stress has become the important limiting factorto the healthy and
sustainable development of loquat industry in Sichuan province, China [1].
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Determination of the enzyme activities. Samples of 0.25 g were homogenized in 5 mL of 50 mM
phosphate buffer (pH 7.0) containing 1.0 N NaCl,
1% PVP (Sigma) M.W. 40 000, 1 mM ascorbate
(Sigma) at 4 °C. After centrifugation at 15 000 × g
for 15 min the supernatant was collected. The MDA
activity was recorded by the method of Li et al.
(2011). The specific activity of SOD was assayed by
measuring its ability to inhibit the photochemical reduction of NBT [1]. PPO was assayed by using photochemical method and CAT activity was determined as described by Li et al. (2000).

temperature stress. The changes in related gene expressions were also analyzed to investigate the
mechanisms of the young loquat fruit response to
low-temperature damage.

MATERIALS AND METHODS
Sample preparation. Ten-year-old loquat cultivar ‘Dawuxing’ were grown at Longquanyi district
horticultural field, Chengdu city, Sichuan province,
China.
The three-year-old E. japonica Lindl. cv.
Jiefangzhong was used as rootstock. Young loquat
fruits were handpicked at 75 days after full bloomfrom trees planted in well-spaced rows growing in a
regularly maintained orchard. After clipping and
sorting, the fruit was washed with distilled water and
cultivated in the modified Hoagland’s.

Determination of physiological properties.
Determination of soluble sugars, soluble protein ,
organic acids and vitamin C. Samples of 0.15g
were homogenized and extracted in 5 mL 80 % ethanol, and heated for 45 min in boiling water. After
cooling to room temperature, the extraction was centrifuged at 3,000 rpm for 10 min. The supernatant
was collected to determine the amount of soluble
sugars by the colorimetric method with anthrone-sulfuric acid at 620 nm with glucose as a standard.
The protein content was determined by the
Coomassie Brilliant Blue G-250 method with bovine
serum albumin as the standard. Soluble proteins
were extracted from 0.2 g of fresh tissue at 4 °C with
5 mL of extracting solution containing 93.7 % 0.2 M
Na2HPO4, 5.2 % 0.2 M NaH2PO4, 2 % PVP, and
0.1 % (v/v) β-mercaptoethanol for 60 min. After
centrifugation at 4,000 rpm for 10 min, the supernatant was used for protein determination.
The organic acids and vitamin C were determined by HPLC using a C18 column and an RP-18
precolumn for the stationary phase. High-performance-liquid-chromatographic-(HPLC-)grade water
is brought to pH 2.2 with sulphuric acid for the mobile phase. The flow rate is 0.4 mL/min, and UV detection is at 254 nm for vitamin C and 214 nm for
organic acids.

Determination of the relative electric conductivity (REC). The young loquat fruits were
treated at 6 , 3 , 0 , -3  and -6  for 12 h, 24
h, 36 h and 48 h, respectively. The culturation with
relative humidity 70 %, light time 9 h/d and light intensity 3000 Lx was carried out in climatic cabinate
for treatments at temperature above 0 (including
0 ) and in refrigerating cabinate for treatments at
temperature below 0 , respectively. Each treatment
was equlibrated at room temperature for 12 h and
then the pulp and seed were sampled and suspended
in distilled water before analysis. The conductivities
of fruit soak solutions were determined by a conductivity meter (DDS-11A) and the relative electric conductivity (REC) was calculated according to the
method described by Li et al. (2000),
REC=

         

        

Determination of the Lethal temperature 50
(LT50). The young loquat fruits were treated at 8 ,6
, 4, 2,0 , -2, -4 and -6  for 12 h, respectively. The culturation with relative humidity 70
%, light time 9 h/d and light intensity 3000 Lx was
carried out in climatic cabinate for treatments at temperature above 0 ( including 0 ) and refrigerating
cabinate for treatments at temperature below 0 ,
respectively. Each treatment was equlibrated at room
temperature for 12 h and then the pulp and seed were
sampled and suspended in distilled water for REC
analysis. The LT50 is calculated by logistic regressing analysis. The logistic regression equation was
Y=, where y represents the REC, k represents the
maximum rate of cell damage saturation capacity, a
and b are the equation parameters. According to the
regression analysis, the turning point of temperature
(X = ln) in the equation is precisely the lethal temperature LT50 [12].

Observation of the tissue structure of young
fruit pulp. The structure slice was made according
to the method described by Yu et al. (2010). The loquat pulp and loquat seed were sampled and sliced
by longitudinal section. The observation was carried
out by the optical microscope (steREO Discovery.
V8, zeiss)
Quantitative reverse-transcription RCR
(qRT-PCR). Thirty fruit spurs which were taken
from the crown with young fruit, of which 10 placed
in artificial climate box at 12 as a control, another
10 under 6 processing low temperature stress as a
treatment, and another 10 under 3 processing low
temperature stress as another treatment , dealt with
12 hours.
Total RNA from loquat fruit pulp was isolated
as previously described by Reid et al. (2006). Pedicel
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Statistical analysis. Each experiment was conducted in triplicates and an average value was obtained for data analysis. Data were compared by
Duncan's multiple range test (DMRT) at the 5% level
of probability using SPSS 15.0 software.

and seeds of each loquat were removed before grinding in liquid nitrogen. Total RNA was subjected to
DNA digestion with 5 units of RNase-free DNase I
(Promega) for 1h at 37°C. RNA content was measured at 260 mm with a spectrophotometer (GeneQuant™ Pro, GE Healthcare, Pessac alouette,
France) and visualized by electrophoresison 1.5%
agarose gels.
cDNA was synthesised using 1 μg of RNA using the SuperScript III first-strand cDNA synthesis
kit (Invitrogen, San Diego, CA, USA) in a final volume of 20μL, and this was diluted to 200 μL before
use in the qPCRreaction mixes. The PCR was performed on 1 μL cDNA from each sample, using a
model 7300 Sequence Detection System (Applied
Biosystems, Warrington, UK) and the Power SYBRGreenPCR Master kit (Applied Biosystems Applera
France, Courtaboeuf, France). PCR conditions used
consited of an initial denaturation step at 50°C for 2
min, 95°C for10 min followed by 40 cycles of 95°C
for 15 sec, 60°Cfor 1 min. The PCR primer combinations for each gene were listed in Fig 1.Relative
quantification of the target expression level was performed using the comparative Ct method.
Reid KE, Olsson N, Schlosser J, Peng F, Lund
ST: An optimized grapevineRNA isolation procedure and statistical determination of reference genes
for real-time RT-PCR during berry development.
BMC Plant Biol2006, 6:27.

RESULTS AND DISCUSSION
Effects of low-temperature stress on the
REC and LT50 of the young loquat fruit pulp and
seeds. The results of REC in the pulp and seeds of
young loquat fruit were shown in Fig. 1. The REC
results (RECs) of young loquat fruit pulp and seeds
increased along with the decrease of temperature,
and they increased rapidly at the temperature below
-3.Under low-temperature stress at -3, there
were no significant differences between the treatments except the treatment after48 h, while the RECs
of seeds were significantly higher than those of pulp,
indicating that the cell membranes of seeds damaged
more seriously than pulp. The RECs of fruit pulp and
seed were significantly higher than other treatments
under low-temperature stress at -6 . As can be seen
in Table 1, the LT50 of the young loquat pulp (-6.1
) was lower than that of the seeds (-4.9 ), meaning that the pulp has higher low-temperature resistance than the seeds.

FIGURE 1
Changes of REC in pulp (a) and seeds (b) of young fruit under low-temperature stress.

FIGURE 2
Changes of MDA content in pulp (a) and seeds (b) of young fruit under low-temperature stress.
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TABLE 1
Semi-lethal temperature and parameters of yang loquat fruit
Part
Pulp of young fruit
Seed embryo of young fruit

Parameters of equation
a
b
12.49
-0.54
14.53
-0.42

Relational
coefficient
0.915
0.913

LT50 Semi-lethal temperature
-6.1
-4.9

TABLE 2
Changes of the soluble sugars, organic acids ,Vc and soluble protein in young fruit
under low-temperature stress
Treatment stress
12 for 12h (CK)
6 for 12h
3 for 12h

Organic acid
(mg.g-1FM)
10.648 c
12.561 b
18.213 a

Soluble sugar
(mg.g-1FM)
2.467 b
3.113 b
5.371 a

Vc
(mg.100g-1FM)
5.381 a
4.997 a
6.011 a

Soluble protein
(mg.100g-1FM)
0.164 b
0.207 b
0.413 a

Notes: Different letters behind data mean significant difference (P<0.05).

FIGURE 3
Changes of SOD activities in pulp (a) and seeds (b) of young fruit under low-temperature stress

FIGURE 4
Changes of CAT activities in pulp (a) and seeds (b) of young fruit under low-temperature stress

The effects of low-temperature stress on the
enzyme activities of the young loquat fruit pulp
and seeds. Effect on MDA activity. MDA is one of
the final products of polyunsaturated fatty acids peroxidation in the cells and its content reflects the
level of lipid peroxidation and the status of impaired
cells indirectly. The MDA content of young fruit
pulp showed no obvious change under low-temperature stress at 0 and above (Fig.2a). Under the lowtemperature stress at 3and below, the MDA content of loquat pulp increased rapidly and there were

significant differences between the treatments. In
other words, the lipid peroxidation of young loquat
pulp increased under low-temperature stress at
3and below. Figure 2b showed that the MDA content of young loquat seeds increased with the decrease of temperature, and the differences between
treatments were not significant under low-temperature stress at 3and above, while the differences became significant under under low-temperature stress
at 0  and below, indicating that the lipid peroxidation of seeds started to increase at 0 .
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Effect on SOD activity. SOD is the first line of
defense from damages caused by oxygen radicals
(Mittler, 2002) and its activity has been linked to
physiological stresses such as low temperature, high
intensity light, water stress and oxidative stress
(Bowler et al., 1992). From Fig.3a, it can be seen that
the SOD activities of young loquat pulp and seeds
under low-temperature stress both increased during
the earlier stage and then decreased fast along with
time at the temperature below 0 . There were significant difference between treatments under lowtemperature stress at temperature below 0 . Under
low-temperature stress at -3 and below, the SOD
activities of loquat seeds decreased faster than those
of young loquat pulp (Fig. 3b). It was noted that the
antioxidation capability of young loquat seeds was
weaker than that of pulp.

Effect of low-temperature stress on the nutrient contents and tissue structure of young fruit
pulp. Effect on soluble sugars, soluble protein, organic acids and vitamin C. The results of soluble
sugars, soluble protein, organic acids and vitamin C
changes under low-temperature stress in pulp were
listed in Table 1. It was shown that the contents of
soluble sugars, soluble protein and organic acids increased with the decrease of temperature, while the
vitamin C content remained relatively stable in fruit
pulp under low-temperature stress.
Effect on the tissue structure. Figure 6 shows
the changes of tissue structure in pulp under different
low-temperature stresses. The exocarp began to rupture under low-temperature stress at 6 , and the
cells turned to autolyze at 0 . The pulp began to
rupture under low-temperature stress at -3 , and the
cells turn to autolyze at -6 .
Figure 7 shows the changes of tissue structure
in seeds under different low-temperature stresses.
The embryo began to rupture and autolyze under
low-temperature stress at 3 . The testa and embryo
turned to separate at 3. The separation and rupture
became more apparent with the decrease of temperature.

Effect on CAT activity. CAT is a very important enzyme in protecting the cell from oxidative
damage by reactive oxygen species. The overall
CAT activities of young loquat pulp and seeds increased under the low-temperature stress at 0  and
above. And under the low-temperature stress below
0 , the CAT activities decreased along with the
time.
Effect on POD activity. Increased POD activity is considered as an indicator of oxidative stress in
plants. Figure 5 showed that the POD activities of
young fruit pulp and seeds increased under mild lowtemperature stress and decreased with the lower of
the temperature. Additionally, the POD activities increased rapidly under low-temperature stress at 3 
and below. The POD activity of young fruit pulp increased under low-temperature stress at 0 and
above and decreased thereafter while the POD activity of seeds decreased under low-temperature stress
at 6and below. Low-temperature stress reduced
the enzymes capabilities of defensing the reaction
oxygen species (ROS) in plants, and increased the
concentration of fress radicals in fruit pulp and
seeds.

Effect
on
the
genes
expression.
Unigene25620 and CL8135 are two important enzyme genes responsible for the early C-6 oxidation
way dur
pathway and late C-6 oxidation pathway
during the
nt brassinolide
brass
biosynthesis of brassinolide. The Plant
is considered as a key index reflecting the plant stress
resistance to low-temperature, salinity and so on.
Compared with the treatment at 12 , the expression
of Unigene25620 increased by 2.9 times at 6 and
1277 times at 3 , respectively (Fig. 7). The expression of CL8135in fruit pulp increased by about 6
times under low-temperature stress at 3  as contrast
to the treatment at 12 and 6 .

FIGURE 5
Changes of POD activities in pulp (a) and seeds (b) of young fruit under low-temperature stress
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FIGURE 6
Microstructure of exocarp and pulp under different temperature (20X)
(A: Microstructure of control; B: Micro-structure of 6 , the arrow marked exocarp; C: Microstructure of 3 , the arrows markedexocarp; D: Microstructure of 0 , the arrow markedexocarp; E: Microstructure of -3 , the arrows markedexocarp; F: Microstructure of -6, the arrows markedexocarp
and mesocarp; EX: Exocarp; ME: Mesocarp.)

FIGURE 7
Seed microstructure under different temperature (20X)
(A1: Microstructure of control; B1: Microstructure of 6 , the arrow marked testa; C1: Microstructure of 3 , the arrow markedembryo; D1: Microstructure of0 , the arrows markedtesta and embryo; E1: Microstructure of -3 , the arrows markedtesta and embryo; F1: Microstructure of-6, the
arrows markedtesta and embryo; TE: Testa; EM: Embryo.)

FIGURE 8
The expression pattern of gene 25620 and CL8135
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biosynthesis of brassinolide in young fruit response
to the cold damage.

DISCUSSION
The RECs of the loquat pulp and seeds increased under low-temperature stress, meaning that
the pulp and seeds cells began to lose activity with
the decrease of temperature.LT50is an important
physiological and ecological index to reflect the
plant cold resistance [14,15]. The results in this study
showed that the LT50 of the young loquat pulp and
seeds were -6.1 and -4.9, respectively, which
demonstrated that the seeds was weaker and frozen
to death more easily than the fruit pulp [2].
Growth at low temperature may increase the
concentration of reactive oxygen species (ROS),
which may cause damage to membrane lipids, proteins and nucleic acids, leading to the death of the
cells. The antioxidation enzymes including MPD,
SOD, CAT and POD can scarvage ROS through
their synergistic effects, which protect the plants
from membrane lipid peroxidation [16, 17]. Under
mild low-temperature stress (above 0  for the pulp
and above 3  for the seeds), the activities of SOD,
CAT and POD in young loquat fruit increased and
the REC and MDA content were relatively low,
showing that the antioxidation enzyme system of the
young fruit did work under such stress. As the temperature decreased, the SOD activity of young fruit
was relatively high which catalyzed the ROS to form
H2O2, meanwhile the activities of CAT and POD decreased rapidly, causing the H2O2 accumulation and
toxication to the young fruit. In other words, the antioxidation enzyme systems of young loquat fruit
lost the protection function at -3 for the pulp and
0 for the seeds.
POD was thought as a key enzyme during the
biosynthesis of lignin and it participated in the
polymerization of lignin with H2O2. Thus, POD was
found effective to improve the degress of tissue lignin [18]. It was noted that the phenomenon of rapid
recovery appeared in POD activities of young loquat
fruit under low-temperature stress at -3and below.
The reason might be related to the fruit cell suberification after low-temperature damage [16]. The inner
mechanism needs to be further investigated.
The exocarp cells and mesocarp cells were significantly changed under low-temperature stress
(Figure 7 and Figure 8). Under mild low-temperature
damage, the wax layer of epidermis wrinkled, and
the pulp cells autolyzed and cell structure destroyed
with the aggravation of low-temperature stress.
These results were agreed with Chen et al. (2001).
Low-temperature stress was found to increase the
metabolism of soluble sugars, organic acids and soluble protein in pulp, which would improve the quality of loquat fruit in some degree and could be explained by the fact that loquat ripening period in winter. In other words, low temperature was important
for the quality and mature of loquat fruit. The lowtemperature stress also induced the expressions of
Unigene25620 and CL8135, indicating the enhanced

CONCLUSION
The antioxidant enzyme activities increased at
moderate low temperature stress, whereas declined
significantly when the temperature attained certain
critical temperature stress. The low-temperature resistance of young fruit pulp was highest, followed by
the exocarp, and the seeds owned the weakest level.
The soluble sugars, organic acids and soluble pprotein got increased under low-temperature stress. But
the vitamin C content did not change much. The expression of genes related to brassinolide was induced
as a result of the young fruit to the cold environment.
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have one of the largest potentials to sequester carbon. Worldwide the responses of soil carbon stocks
to forestry and agriculture activities are complex and
need careful attention [1]. Agro-climatic conditions,
land-use changes and forest/soil degradation not
only affect carbon pools significantly [2]but also
causes rapid depletion in carbon storage capacity of
the soil and have important implications for CO2
emissions and global climatic change[3].Whereas,
integrated combination of land-management strategies shows considerable potential for carbon mitigation [4]. There is much variability in rates of carbon
addition when conditions increases soil organic carbon during the conversion of cultivated soils to perennial vegetation, such as forest, grassland etc or
when cultivated land loses its potential for crops
generation [5]. Further, changed agricultural practices and future land-use change such as urbanization
or abandonment of agricultural fields, exert significant influence on the potential of SOC sequestration
at country-scale [6, 7].
When amount of carbon entering the soil exceeds that is lost to the atmosphere by oxidation,
SOC increases. Such an increase can result from
practices like improved: (i) tillage management and
cropping systems, (ii) management to increase land
cover, (iii) efficient use of production inputs, e.g. nutrients and water [8]. Grazing lands account for
about one-fourth of potential carbon (C) sequestration in world soils. Relevant combinations of land
use and managements like afforestation of cropland,
conversion of grassland to cropland, soil tillage, and
inputs from crop residue and organic fertilizers etc
are expected to be most conducive to C stock
changes within forestry and agriculture [9].
Based on the above facts a study was carried
out to assess the soil carbon sequestration potential
of four land use systems in Eastern Plateau and Hills
agro-climatic zone of India and to make a comparison between the various classes of natural and man
intervened land use system with respect to their soil
carbon sequestration potential.

ABSTRACT
With the advent of industrialization and the
rapid progress in developmental activities, the emission of carbon dioxide in to the atmosphere has amplified and with it has increased the demand of carbon sequestration. Soil is considered as a major carbon pool and hence is considered very strongly as a
potent system for carbon sequestration. The purpose
of this study was to examine the potential for carbon
sequestration in the soil as a means of reducing carbon dioxide (CO2) in the atmosphere. The study was
taken up inside the Sambalpur University campus in
four land use systems viz. pasture land, forest land,
agricultural land and garden soil at three soil depths
(0 – 10, 10 – 20 and 20 – 30 cm) to analyze for the
organic carbon content, bulk density and Soil Organic Carbon (SOC) stock of the respective land
uses. The result indicated that the OC varied with
different depths in various land use system and was
found to be in following sequence: forest land > garden soil > pasture land > agricultural land. Bulk density was also found to be negatively correlated with
the OC and hence had a following sequence: agricultural land > pasture land > forest land > garden soil.
The calculated SOC stock was found to be highest in
forest land (38.97 t/ha) followed by pasture land
(32.15 t/ha), garden soil (28.17 t/ha) and agricultural
land (27.91 t/ha). From the above result it can be inferred that natural forest land plays an important role
in sequestering atmospheric carbon and helps in mitigating climate change than the other man engineered land use systems.

KEYWORDS:
Soil, Carbon Sequestration, SOC, Forest, Pasture, Garden,
Agricultural Land, Land Use

INTRODUCTION
Soil carbon represents the largest carbon pool
of terrestrial ecosystems, and has been estimated to
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Where, A = Volume of FAS consumed in control and B = Volume of FAS consumed in experimental setup.
The total Soil Organic Carbon (SOC) stock was
calculated as per the following formula given below
[12, 13]:
SOC stock (t/ha) = Soil Depth (cm) x Bulk
Density (g/cm3) x OC (%) x CFst
Where, CFst (correction factor for stones and
gravels) = (1 – {(% stone + % gravel)/100}).
After determining the total SOC stocks of different depths under different land use and land cover
systems, the total carbon sequestration potential
(t/ha) was calculated taking all the depths into consideration.

MATERIALS AND METHODS
Geographical Location of the study area.
The study was carried out in Sambalpur University
campus which is situated in the state of Odisha and
falls in the eastern plateau and hills agro-climatic
zone of India. Geographically, it lies between the coordinates of 21028’50.03’’ N and 83053’01.88’’ E
with an elevation of 177 m above MSL.
Sampling of soil. In the present study,8 sites
covering four different land use/ land cover systems,
namely forest, pasture; agricultural and garden were
chosen in the Sambalpur University campus for assessing the soil carbon sequestration potential. The
soil of the area belongs to red and lateritic type. Ten
numbers of samples at each sampling site was collected at three different soil depths: 0-10 cm, 10-20
cm and 20-30 cm using a soil core sampler. A total
of 120 (4 x 10 x 3) soil samples were collected for
SOC estimation. The soil samples collected were
packed in zip lock polythene bags and quickly transported to laboratory for the analysis of various soil
parameters.

RESULTS AND DISCUSSION
The bulk density of soils at different depths of
various land use systems in Eastern Plateau and Hills
agro-climatic zone of India is presented in Table 1
and Figure 1. From the table, it is evident that, in the
pasture land, the bulk density value ranged from 0.83
– 1.11 g/cm3, 0.88 – 1.09 g/cm3 and 0.98 – 1.14
g/cm3 with a mean value of 1.00 ± 0.08, 0.99 ± 0.07,
1.06 ± 0.06 g/cm3 at 0 - 10, 10 - 20, 20 – 30cm depth
respectively while that in the garden land was found
to be 0.31 – 0.58 g/cm3, 0.12 – 0.51 g/cm3, 0.43 –
0.63 g/cm3 with a mean value of 0.44 ± 0.08, 0.38 ±
0.11 and 0.52 ± 0.06 g/cm3 at a depth of 0 – 10, 10 –
20 and 20 – 30 cm respectively. However, in the forest land bulk density was found to be in the range of
0.52 – 0.83 g/cm3, 0.57 – 0.74 g/cm3, 0.52 – 0.79
g/cm3 with a mean of 0.67 ± 0.11, 0.65 ± 0.06 and
0.67 ± 0.08 g/cm3 at a depth of 0 – 10, 10 – 20 and
20 – 30 cm respectively while that in agricultural
land was found to be in the range of 0.97 – 1.26
g/cm3, 1.03 –1.48 g/cm3, 1.24 – 1.62 g/cm3 with a
mean of 1.12 ± 0.10, 1.16 ± 0.15 and 1.41 ± 0.12
g/cm3 at depths of 0 – 10, 10 – 20 and 20 – 30 cm
respectively.
Bulk density is the property of soil that
ultimately regulates the amount of soil carbon
sequestration. The present study reported lowest soil
bulk density in the garden and forest soil which
might have been due to the presence of high organic
matter. Presence of organic matter in soil tends to
make the soil loose and porous thereby decreases the
bulk density of the soil [14]. Excepting the
agricultural land, the soil bulk density was at reduced
level at 10 – 20 cm depth with a subsequent increase
in bulk density with further depths which might have
also been due to greater organic matter content in the
middle zone. Moreover, compaction of soil increases
the bulk density and hence a subsequent increase of
bulk density in depth 20 – 30 cm is observed in our
study as well. Bulk density of the soil showed a
significant difference with respect to land use only

Analysis of Bulk Density, Stones and Gravel,
Soil Organic Carbon and Total SOC Stock. Bulk
density of the soil was estimated using the standard
core method [10]. The upper vegetation of the soil
was gently cleaned and the soil samples of the particular land use were dug in the dimension of
(10×10×10) cm of l×b×h with the help of a soil core
sampler. It was brought to the laboratory and
weighed over a digital balance to note its initial
weight. The soil sample was then sieved using a 2
mm size sieve and the left out coarse material was
measured to determine stones and gravel content.
The sieved soil on the other hand was kept in hot air
oven at 1050 C for 24 hours to measure final weight
of the dried sample of the soil. The dried soil was
also put in a measuring cylinder to note the volume
of the dried soil excluding pore spaces. The bulk
density of the soil was measured using the formula
as given below and expressed as g/cm3.
Bulk Density (g/cm3) = Weight of the oven dry
soil/Volume of soil including solids and pores
Soil Organic Carbon was estimated by rapid titration method [11]. 0.5 – 1.0 g of sieved soil sample
was taken in a 500 ml conical flask and 10 ml of 1N
potassium dichromate was added to it followed by
20 ml of sulphuric acid – silver sulphate mixture solution. The mixture was gently stirred, allowed to
stand for half an hour for digestion and diluted to 250
ml using distilled water. After adding 10 ml of orthophosphoric acid, the mixture was finally titrated
against standard ferrous ammonium sulphate (FAS)
solution using di-phenyl ammine indicator and the
OC (%) was calculated using the following formula:
OC (%) = ((A – B) x 0.003 x 100)/ Weight of
the soil sample taken
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TABLE 1
Range and Mean ± S.D. values of various parameters at different depths in various land use systems in
Eastern Plateau and Hills agro-climatic zone of India
Land use

Depths (cm)
0 - 10

Pasture

10 - 20
20 - 30
0 - 10

Garden

10 - 20
20 - 30
0 - 10

Forest

10 - 20
20 - 30
0 - 10

Agriculture

10 - 20
20 - 30

Range
Mean ± S.D.
Range
Mean ± S.D.
Range
Mean ± S.D.
Range
Mean ± S.D.
Range
Mean ± S.D.
Range
Mean ± S.D.
Range
Mean ± S.D.
Range
Mean ± S.D.
Range
Mean ± S.D.
Range
Mean ± S.D.
Range
Mean ± S.D.
Range
Mean ± S.D.

OC (%)
0.12 - 3.0
1.43 ± 0.87
0.66 - 2.7
1.63 ± 0.71
0.48 - 3.72
1.58 ± 1.06
1.5 - 4.56
2.96 ± 1.06
1.62 - 4.56
2.98 ± 1.05
1.5 - 4.44
2.77 ± 1.01
0.84 - 5.52
3.09 ± 1.55
0.48 - 5.46
3.09 ± 1.64
0.06 - 4.26
2.02 ± 1.44
0.12 - 1.96
1.08 ± 0.57
0.48 - 1.74
0.92 ± 0.35
0.48 - 1.26
0.86 ± 0.26

BD (gm/cm3)
0.83 - 1.11
1.00 ± 0.08
0.88 - 1.09
0.99 ± 0.07
0.98 - 1.14
1.06 ± 0.06
0.31 - 0.58
0.44 ± 0.08
0.12 - 0.51
0.38 ± 0.11
0.43 - 0.63
0.52 ± 0.06
0.52 - 0.83
0.67 ± 0.11
0.57 - 0.74
0.65 ± 0.06
0.52 - 0.79
0.67 ± 0.08
0.97 - 1.26
1.12 ± 0.10
1.03 - 1.42
1.16 ± 0.15
1.24 - 1.62
1.41 ± 0.12

SOC ( t/ha)
0.63 - 21.35
10.06 ± 6.15
3.48 - 17.75
11.15 ± 5.24
3.23 - 24.98
10.94 ± 7.22
4.31 - 14.26
10.06 ± 3.53
4.22 - 10.67
7.61 ± 2.42
4.80 - 15.55
10.50 ± 3.76
4.61 - 23.51
14.47 ± 6.53
2.73 - 26.73
14.72 ± 8.03
0.29 - 20.79
9.78 ± 7.08
1.12 - 16.82
9.50 ± 5.39
4.54 - 14.81
9.00 ± 3.03
4.70 - 14.62
9.41 ± 3.91

FIGURE 1
Bulk Density (g/cm3) of soils at different depths of various land use systems in Eastern Plateau and Hills
agro-climatic zone of India

FIGURE 2
Soil Organic Carbon (%) of soils at different depths of various land use systems in
Eastern Plateau and Hills agro-climatic zone of India
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(F1 = 81.27, p < 0.05). Significant negative
correlation of bulk density with organic carbon (r =
-0.991, p < 0.05) was obtained in the present study
that also confirms the influence of organic carbon
over the bulk density of the soil. This result
corroborates the findings of [15] and [16].
The Organic carbon content of soils at different
depths of various land use systems in Eastern Plateau
and Hills agro-climatic zone of India is presented in
Table 1 and Figure 2. It can be clearly seen that, in
the pasture land, the organic carbon content ranged
from 0.12 – 3.0 %, 0.66 – 2.70 % and 0.48 – 3.72 %
with a mean value of 1.43 ± 0.87, 1.63 ± 0.71 and
1.58 ± 1.06 % at 0 – 10, 10 – 20 and 20 – 30 cm
depth respectively while that in the garden land was
found to be 1.5 – 4.56 %, 1.62 – 4.56 %, 1.5 – 4.44
% with a mean value of 2.96 ± 1.06 , 2.98 ± 1.05 and
2.77 ± 1.01 % at a depth of 0 – 10, 10 – 20 and 20 –
30 cm respectively. However, the forest land had the
organic carbon content in the range of 0.84 – 5.52 %,
0.48 – 5.46 % and 0.06 – 4.26 % with a mean of 3.09
± 1.55, 3.09 ± 1.64 and 2.02 ± 1.44 % at a depth of
0 – 10, 10 – 20 and 20 – 30 cm respectively and the
agricultural land had the organic carbon content in
the range of 0.12 – 1.96 %, 0.48 – 1.74 %, 0.48 –
1.26 % with a mean of 1.08 ± 0.57, 0.92 ± 0.35 and
0.86 ± 0.26 % at depths of 0 – 10, 10 – 20 and 20 –
30 cm respectively.
Organic matter content in soil directs the
fertility status and biological activity in soil [17].
Greater microbial activity in soil with large organic
matter content has direct influence over the soil
carbon storage [18]. The present results of the
organic carbon in soil suggested high organic carbon
in forest land and garden soil which might have been
sourced from the litter deposition from the thick
vegetation cover. However, a relatively low organic
carbon was found in the pasture land followed by the
agricultural land. This suggests that the
transformation of a forest land into other land use
forms through slashing of thick vegetation
ultimately might have resulted in the decline of the

organic matter and in consequence organic carbon
content, in the animal interfered pasture and human
engineered agricultural soil. Organic carbon content
showed a significant difference with respect to land
use only (F1 = 13.77, p < 0.05). When correlated with
the overall SOC stock of the soil irrespective of the
land use pattern, a significant positive correlation (r
= 0.767, p < 0.05) suggested that organic carbon
content in soil also has an influence over the carbon
sequestration potential of soil. This result was in
agreement with the findings of [19] who reported
that as the land is converted from natural forest to
other land use forms, there is a considerable decline
in the organic carbon content of the soil. Similar
results were also reported by other workers like [20]
and [21]. However, excepting the agricultural land,
all other land uses had greater organic carbon content
in the middle zone (10 – 20 cm) than the surface zone
(0 – 10 cm). This might have been due to the fact that
the surface organic matter is likely to be decomposed
faster by the microorganism resulting in the loss of
organic carbon in the form of surface carbon dioxide
emission. On the other hand, the subsurface zone is
a safer area for the accumulation of the organic
carbon because they remain stable for a longer
duration of time [22].
The SOC stock content of different land use
from various depths of the soil is given in Table 1
and Figure 3. It can be clearly seen that, in the pasture land, the SOC stock value ranged from 0.63 –
21.35 t/ha, 3.48 – 17.75 t/ha and 3.23 – 24.98 t/ha
with a mean value of 10.06 ± 6.15 , 11.15 ±
5.24,10.94 ± 7.22 t/ha at 0 - 10, 10 - 20, 20 – 30cm
depth respectively while that in the garden land was
found to be 4.31 – 14.26 t/ha, 4.22 – 10.67 t/ha, 4.80
– 15.55 t/ha with a mean value of 10.06 ± 3.53, 7.61
± 2.42 and 10.50 ± 3.76 t/ha at a depth of 0 – 10, 10
– 20 and 20 – 30 cm respectively. However, in the
forest land SOC stock was found to be in the range
of 4.61 – 23.51 t/ha, 2.73 – 26.73 t/ha, 0.29 – 20.79
t/ha with a mean of 14.47 ± 6.53, 14.72 ± 8.03 and

FIGURE 3
SOC Stock (t/ha) of soils at different depths of various land use systems in
Eastern Plateau and Hills agro-climatic zone of India
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FIGURE 4
Soil carbon sequestration of various land use in Sambalpur University campus

phenomenon towards a balance. This balance is
disturbed only when there is a human intervention.
However, [24] reported that the soil carbon
sequestration is a function of activities of the
decomposers rather than carbon inputs. This might
have been the main reason for the current
observation of low soil carbon sequestration
potential in garden land as compared to pasture land
although the organic matter content in the former is
more than the later.
The total Soil Carbon Sequestration in the four
land use in Sambalpur University campus is represented in Figure 4. The highest soil carbon sequestration was achieved by Forest land (31 %) followed
by Pasture land (25 %), Garden soil (22 %) and Agriculture soil (22 %). This result clearly suggests that
the natural land have greater potential to sequester
soil carbon than the intervened land use.

9.78 ± 7.08 t/ha at a depth of 0 – 10, 10 – 20 and 20
– 30 cm respectively while that in agricultural land
was found to be in the range of 1.12 – 16.82 t/ha,
4.54 – 14.81 t/ha, 4.70 – 14.62 t/ha with a mean of
9.50 ± 5.39, 9.00 ± 3.03 and 9.41 ± 3.91 t/ha at
depths of 0 – 10, 10 – 20 and 20 – 30 cm respectively.
In the present study the total SOC stock of soils
in different land use systems was calculated taking
all the depths into consideration and has been presented in Table 2. The soil carbon sequestration
(SOC stock) value was found highest in forest land
(38.97 t/ha) followed by pasture land (32.15 t/ha),
garden soil (28.17 t/ha) and agricultural land (27.91
t/ha).
TABLE 2
Total SOC stock (t/ha) of various land use
systems in Eastern Plateau and Hills agroclimatic zone of India

Land use
Pasture
Garden
Forest
Agriculture

0 - 10
cm
10.06
10.06
14.47
9.50

10 - 20
cm
11.15
7.61
14.72
9.00

20 - 30
cm
10.94
10.50
9.78
9.41

CONCLUSION

0 - 30
cm
32.15
28.17
38.97
27.91

The present study focused on the estimation of
Soil Carbon Sequestration of various land use and
land cover systems inside the campus of Sambalpur
University. The findings of our research showed the
following trend of carbon sequestration potential of
various land use and land cover systems inside Sambalpur University campus: Forest land (38.97 t/ha or
31 %) > Pasture land (32.15 t/ha or 25 %) > Garden
soil (28.17 t/ha or 22 %) > Agricultural land (27.91
t/ha or 22 %). The result clearly suggests that the natural forest land has the maximum capacity of soil
carbon sequestration than the other man engineered
land use systems.

Soil carbon sequestration potential is a
dependent parameter of soil that is directly governed
by the soil physical properties [23]. The present
study showed highest soil carbon sequestration
potential in case of natural forest land and as the
natural system is transformed into pasture land for
grazing by the remnants and subsequently to
maintained land like garden and human engineered
land like agricultural field, there is a gradual decline
in the overall carbon sequestration potential of the
soil. The main reason for this might have been the
high organic carbon content in forest land through
litter deposition than the other land use forms. The
result corroborates the previous research findings of
[19]. This justifies the fact that carbon sequestration
is highest in virgin soils and nature directs every
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has been reported that 70±90% of AS systems experience assorted solid-liquid separation issues in
settling tanks [2]. Therefore, improvement of AS
flocculation would have a profound impact in effluent quality. Al3+, a common coagulant, can
bridge between negative charge functional groups
within the EPS, and promote AS flocculation [3].
The
Derjaguin-Landau-VerweyOverbeek
(DLVO) and multivalent cation bridging theories
have been proposed to explain the role of cations in
AS flocculation performance [4]. Classical DLVO
theory elaborates the stability of colloidal particles,
and the extended DLVO theory brings in the Lewis
acid-base interactions (WAB); thus, Wtot= electric
double layer (WR) + van der Waals force (WA) +
WAB [5]. The DLVO theories are based on the assumption that surfaces of particles are smooth and
shapes are uniform. In fact, AS is not ideal colloid;
surface properties of AS particles are extremely
complicated owing to the existence of EPS.
AS flocs consist of various microorganisms
(mainly bacteria) and EPS [6], the latter being the
dominating factor affecting AS flocculation performance [7]. EPS contains carboxyl, hydroxyl,
phosphate group, sulfonic group and other functional groups, so its surface is always with a large
number of negative charges, which produce electrostatic repulsion between AS flocs [8±10]. Metal
ions, such as Al3+, Fe3+ and Zn2+, could facilitate AS
flocculation through neutralizing the surface negative charges and continuous compressing electric
double layer [11, 12]. Due to the complicacy of
EPS, the binding properties and interaction mechanisms between cations and EPS are yet to be elucidated [6].
Our previous studies reported different flocculation-promoting additives (Ca2+, Al3+ and Fe3+)
[13] and the influence of multivalent cations on the
AS flocculation with different sludge retention
times (SRT) [14]. We deduced that Al3+ which possess a higher binding affinity for AS would promote
larger AS flocs formation, so to improve AS flocculation and dewaterability. However, the influence

ABSTRACT
Aluminum flocculants can improve the flocculation performance of activated sludge (AS). This
study systematically investigated the influence of
Al3+ dosage on AS flocculation and explored its
underlying mechanism by total interaction energy
(Wtot) and loosely-bound extracellular polymeric
substances (LB-EPS) content. AS samples cultivated in a sequencing batch reactor (SBR) were added
a range of Al3+ dosages: 0, 0.0625, 0.125, 0.25, 0.5,
1, 2, and 4 mEq·L-1. As Al3+ dosage increased from
0 to 2 mEq·L-1, Wtot, LB-EPS content and supernatant turbidity all decreased, which appeared as better AS flocculation. However, when Al3+ dosage
further increased to 4 mEq·L-1, Wtot and LB-EPS
content decreased, whereas supernatant turbidity
tended to increase and AS flocculation deteriorated.
Most of the added Al3+ distributed within the pellet
at all Al3+ dosages, which is the core element governing the differences in AS flocculation performance. This study together with our previous findings are the first time to uncover that Wtot, LB-EPS
content, supernatant turbidity decreased in
two-phases: 0±0.25 VS. 0.25±2 mEq·L-1 Al3+ dosages as the concentration of added Al3+ in the pellet
increased, whereas high dosage (4 mEq·L-1) deviated from the tendency.

KEYWORDS:
Activated sludge, Al3+, Flocculation, Extracellular polymeric substances, Interaction energy.

INTRODUCTION
AS is widely used in wastewater treatment,
owing to its simple operation, reasonable cost, and
no secondary pollution, among other features [1].
AS flocculation performance is an important factor
influencing wastewater treatment plant operation. It
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of Al3+ dosage on AS flocculation had not been
systematically studied yet, and the underlying
mechanism remained obscure. This study intended
to further determine the influence of Al3+ dosage on
AS flocculation performance, track the distribution
of added Al3+ in AS, and explore the underlying
mechanism by Wtot and EPS content at various Al3+
dosages, thereby provide a theoretical basis for engineering applications.
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The EPS extraction protocol used herein was same
as our previously published methods [14].
Analyses. The total organic carbon (TOC)
contents of bulk solution, LB-EPS, and tightly-bound extracellular polymeric substances
(TB-EPS) were determined by TOC/TN analyzer
(TMM-1, SHIMADZU, Japan). Cationic concentrations in the bulk solution, LB-EPS, TB-EPS, and
pellet were analyzed by inductively coupled plasma
optical emission spectrometry (ICP-AES, Optima
2100 DV, Perkin Elmer, USA). Aqua regia digestion was employed to digest the pellet following the
standard method (USEPA method 3051a) before its
cation concentrations were determined. The interaction energy curves were determined by contact angle approach; the contact angle was measured by
contact angle analyzer (JC2000 D, Powereach Co.,
Shanghai, China) and Zeta potential of AS flocs
was quantified using a Zetasizer (Nano Z, Malvern,
United Kingdom). Wtot of AS was measured and
calculated according to Liu et al. [16]. All measurements in this paper were repeated for five times.

MATERIALS AND METHODS
AS cultivation. The AS obtained from Qu
Yang wastewater treatment plant (Shanghai, China)
was cultivated in a 4L SBR. Glucose, NH4Cl, and
KH2PO4 were used as carbon, nitrogen, and phosphorus sources respectively, and relative proportion
of chemical oxygen demand (COD), N and P
(COD:N: P ratio) in influent was maintained at 100:
7.5: 1.5. Micronutrient concentrations were maintained according to Liao et al [2]. Mixed liquor
suspended solids (MLSS) were kept at 2300 mg· L-1
by adjusting influent COD concentration at 327.5 ±
22.2 mg·L-1. The reactor was equipped with a paddle mixer operating at 100 rpm; temperature was
maintained at 20±1 °C. Air was introduced to
maintain the dissolved oxygen (DO) in the range of
2±3 mg·L-1. Influent pH was controlled between
6.8±7.2 by NaHCO3. The SBR was operated 4 h a
cycle, six cycles per day; the specific operation
details of each cycle were consistent with our previous studies [14]. AS samples was collected at 15
d to be further analyzed.

RESULTS AND DISCUSSION
Influence of Al3+ on flocculation-related
characteristics of AS. The effects of Al3+ dosage
on flocculation, sedimentation, and dewaterability
of AS were shown in Table 1. There was no significant difference in AS flocs size at Al3+ dosages
below 1 mEq·L-1; yet, compared with control, flocs
size of AS at Al3+ dosages of 1, 2, and 4 mEq·L-1
increased by 14%, 36% and 66% respectively. Variations of Al3+ dosage were seemed to affect supernatant turbidity in two phases: first, supernatant
turbidity decreased as Al3+ dosage increased up to 2
mEq·L-1; then, when Al3+ dosage was increased to 4
mEq·L-1, supernatant turbidity increased by 36%
compared with that of 2 mEq·L-1. This is likely due
to over-adsorption and chelation of Al3+. AS surface
tend to bring positive charges, which increased
electrostatic repulsion of AS [3]. Poor supernatant
turbidity may cause a build up of COD, total nitrogen (TN), and total phosphate (TP), heavy metals,
potential pathogens and other pollutants, hence,
supernatant turbidity is the main indicator of AS
flocculation.
Contrary to supernatant turbidity, SVI tended
to increase as Al3+ dosages increased, achieving a
maximum value at 2 mEq·L-1, then markedly decreased at 4 mEq·L-1. AS flocs size became larger
with the increase of Al3+ dosages, which led to
larger interspace between flocs particles and higher
SVI. As a result, AS flocculation performance deteriorated. Meanwhile, CST decreased by approximately 8% at 0.5 mEq·L-1, and decreased to the

Al3+ dosing test. 800 mL collected AS was
mixed and decanted into 8 identical 250 mL beakers, 100 mL AS each. Al3+ (AlCl3) solutions with
various concentrations (0, 0.0625, 0.125, 0.250,
0.50, 1, 2, and 4 mEq·L-1) were added to these
beakers respectively, and the beaker without Al3+ (0
mEq·L-1) was used as control. The samples were
mixed rapidly at 117 rpm for 5 min, then slowly at
50 rpm for 5 min.
The supernatant of AS ZDVWDNHQE\DȝP
PTFE membrane to avoid multiple scattering; the
size of AS flocs was determined by the Eyetech
particle size and shape analyzer (KS-100, ANKERSMID, Holland). The supernatant of AS was
carefully taken after settling for 30 min, and turbidity was measured using a turbidity meter (2100P,
HACH, USA). 100 mL AS suspension was collected, and Sludge Volume Index (SVI) was measured
by a graduated cylinder. The dewaterability of AS
flocs was determined by capillary suction time
(CST) using a CST measuring instrument (model
319, Triton, UK). MLSS, SS and COD were analyzed by standard laboratory method of 2540 D [15].
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TABLE 1
Influence of different Al3+ dosage on AS characteristics
Al3+ dosage
(mEq·L-1)
0
0.0625
0.125
0.25
0.5
1
2
4

Mean floc size
>'  @ ȝP
78.8±9.4
82.8±5.6
80.1±2.1
80.6±3.4
80.7±5.3
89.6±7.3
107.5±3.2
130.5±2.5

Supernatant
turbidity (NTU)
9.77±0.54
5.52±0.23
4.41±0.68
4.14±0.24
3.83±0.12
3.61±0.22
2.72±0.23
3.69±0.13

minimum value at 4 mEq·L-1. These findings suggested that low Al3+ dosages (0-2 mEq·L-1) were
beneficial for AS flocculation, whereas AS settling
and compressing performances deteriorated. Integrated the above four indicators, Al3+ dosage can be
divided as low Al3+ dosages (0±2 mEq·L-1) and high
Al3+ dosage (4 mEq·L-1).

Energy barrier (KT)

1000

-1

0.00 meq·L
-1
0.125 meq·L
-1
0.50 meq·L
-1
2.00 meq·L

500

SVI
(mL·g-1)
76.6±4.5
80.0±2.4
83.6±3.5
84.1±6.4
84.3±2.3
92.0±28.3
111.1±1.3
95.8±9.2

CST
(s)
8.50±0.30
8.37±0.10
8.36±0.15
8.30±0.54
7.80±0.84
7.90±0.43
7.40±0.24
7.20±0.10

Influence of Wtot on AS flocculation. Wtot
was closely related to AS flocculation. As Al3+
dosage increased   mEq·L-1), both Wtot and supernatant turbidity gradually reduced (Figure 2).
When Wtot was negative, AS can overcome the energy barrier to flocculate. The lower the energy
barrier, the easier it was for AS to polymerize. The
reduction in energy barrier was so significant that
an irreversible adhesion of AS flocs occurred. Al3+
compressed the electric double layer effectively and
decreased the Zeta potential on AS particle surface.
Supernatant turbidity declined as suspended particles decreased, which explains Wtot was beneficial
for AS flocculation at low Al3+ dosages.

-1

0.0625 meq·L
-1
0.250 meq·L
-1
1.00 meq·L
-1
4.00 meq·L

0

12

-500

Al3+ dosage

supernatant turbidity

14

10

5

10

15

20

Separation distance (nm)

FIGURE 1
Wtot curves of AS at various Al3+ dosages.
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R2=0.91
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dosage

4
0
2

Al3+ dosage (meq·L-1)

0

Supernatant turbidity (NTU)

12

-1000

-2
0

Influence of Al3+ on AS interaction energy.
Interaction energy variations at various Al3+
dosages. Wtot was investigated in order to further
explore how Al3+ dosage promote AS flocculation.
Energy barrier was gradually reduced as Al3+ dosage increased (Figure 1). When Al3+ dosages exceeded 1 mEq·L-1, the energy barrier disappeared
and total interaction energy acquired negative valueV DW DOO VHSDUDWLRQ GLVWDQFHV  20 nm). As Al3+
dosages increased, negative charges in the surface
of AS particles decreased. This phenomenon could
be satisfactorily explained by extended DLVO theory and multivalent cation bridging theory, indicating that Al3+ could neutralize the negative charges
on the surface of AS particles, reduced the electrostatic repulsion, thereby Wtot reduced.

-4
-400

-200

0

200

400

600

-2
800

Energy barrier (KT)

FIGURE 2
The relations among Al3+ dosage, Wtot, and supernatant turbidity. Error bars represent mean
values ± one standard deviation.
However, Wtot continued to decrease at high
Al3+ dosage, but supernatant turbidity increased.
This observation waV FRQVLVWHQW ZLWK +LJJLQV¶V
study [17]. We deduced that the phenomenon may
be beyond the application range of extended DLVO
theory. There might be several other factors accounting for the influence of Wtot on AS flocculation. AS, which consists of various microorganisms
and EPS, is different from general colloid. There is
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Supernatant turbidity (NTU)

close relationship between EPS and Wtot. The influence of Wtot on AS flocculation cannot be restricted to Wtot alone, and EPS should be taken into
consideration and shed some light on the analysis.

3+

R2=0.83

8

R2=0.58

6
4
high
2
dosage
4

high
dosage

3
2
1

4

6

8

10

12

14

25

LB-EPS content (mg TOC·g-1 SS)

30

35

40

45

50

TB-EPS content (mg TOC·g-1 SS)

FIGURE 4
Relations between supernatant turbidity and
LB-EPS (a) and TB-EPS (b) at various Al3+ dosages. Error bars represent mean values ± one
standard deviation.
Pellet

The distribution of added Al3+ (%)

-1

The TOC distribution (mg TOC·g SS)

30

10

0

-1

40

12

Al dosage (meq·L-1)

Influence of Al3+ on EPS content. Variations
in EPS content at various Al3+ dosages. AS are
divided into four fractions: bulk solution, LB-EPS,
TB-EPS and pellet [18]. It was necessary to further
investigate which one (or more) of these four
played the crucial role in AS flocculation at various
Al3+ dosages. The content of the organic substances
(in terms of TOC) in different parts of AS at various Al3+ dosages varied obviously (Figure 3). TOC
concentration in the bulk solution decreased as Al3+
dosages LQFUHDVHG   mEq·L-1), but increased
184% at 4 mEq·L-1 compared with control, consistent with the changes observed in supernatant
turbidity. These results indicated that high Al3+
dosage would promote electrostatic repulsion
among AS flocs. AS was re-dissolving due to flocs
destabilization, therefore, TOC content in the bulk
solution increased.
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FIGURE 5
The distribution of Al3+ added in different AS
components at various Al3+ dosages.

10

Influence of EPS content on AS flocculation. EPS is the main factor influencing AS flocculation performance. On one hand, EPS is a major
composition of the organic matter in AS; on the
other, EPS locates on the periphery of AS, which is
the reaction site between AS particles [12]. Both
LB-EPS and TB-EPS content positively correlated
to the supernatant turbidity, but the correlation coefficient between supernatant turbidity and LB-EPS
content was remarkablely higher (Figure 4). Li and
Yang [20] had shown that the content of bound
water became higher with the increase of LB-EPS
content, generated the low density structure of AS,
thereby the AS flocculation deteriorated; our results
showed the same phenomenon. Al3+ added would
hydrolyze in water and produce hydroxyl complexes to bridge with each other, then, form polymeric
networks to seize the suspended small particles, cut
down the EPS content and eventually improve supernatant turbidity. However, at high Al3+ dosage,

0
Bulk solution

LB-EPS

TB-EPS

FIGURE 3
Influence of Al3+ dosage on the TOC contents in
different parts of the AS.
The LB-EPS and TB-EPS content decreased
as Al3+ dosages increased. At 2 mEq·L-1, LB-EPS
decreased by 36%, whereas TB-EPS decreased by
8.4% compared with control. This phenomenon was
consist with previous studies [19±20]. LB-EPS
content showed more variable than TB-EPS content.
These differences were attributed to the location of
LB-EPS on the sludge surface, which was more
easily affected by the environmental changes [21].
Al3+ could combine with the negatively-charged
sites in the EPS surface and form salt bridges,
strengthen the binding capacity between EPS and
pellet, eventually result in LB-EPS and TB-EPS
content reduction.
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vious results. Li et al. [13] found that added Ca2+
was primarily existed freely in the bulk solution,
whereas Al3+ and Fe3+ added were found to concentrate in the pellet. Al3+ can bound with AS through
ion exchange, adsorption, and chelation [22], thus
be able to pass through LB-EPS and TB-EPS, and
combine with pellet of AS, which is the core of AS,
and is the most negatively charged to provide the
most bonding sites for Al3+. However, percentage
of added Al3+ in the pellet decreased to 81% at high
Al3+ dosage. We inferred that at this point, binding
sites of pellet were saturated; excessive binding
caused repulsion and Al3+ bounded to pellet dissociated out. Accordingly, the concentration of added
Al3+ in the bulk solution increased.

LB-EPS and TB-EPS content decreased significantly, but supernatant turbidity increased, showing
a deviation from the tendency at low Al3+ dosages.
We concluded that there may be other factors involved in the AS flocculation.

Cationic concentration (meq/L) Cationic concentration (meq/L) Cationic concentration (meq/L)

Al3+ distribution characteristics in AS. The
distribution characteristics of added Al3+ in AS.
In order to track the distribution of added Al3+ in
AS, Al3+ concentration in different parts was measured, and the added Al3+ concentration was calculated accordingly. Most of the added Al3+ )
distributed within the pellet at all Al3+ dosages, with
the maximum of 94% at 2 mEq·L-1 (Figure 5), suggesting that Al3+ has a strong affinity with the AS.
This observation was in accordance with our pre-

70
60
50
40
15

0.00 meq/L
0.0625 meq/L
0.125 meq/L
0.250 meq/L
0.500 meq/L
1.00 meq/L
2.00 meq/L
4.00 meq/L

(a)

10
5
15



(b)

12
9
6
3

0.6
0.4
0.2
0.0
20
16
12
8
4

(c)

0.8
0.6
0.4
0.2
0.0

Aluminium

Iron

Calcium Magnesium Potassium

FIGURE S1
Influence of Al3+ dosage on the distribution of other cations in the bulk solution
(a), LB-EPS (b), and TB-EPS (c)
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2
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(c)

600
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-200

LB-EPS
(mg TOC·g-1 SS)

14
12

high
dosage

(d)
y = - 47.4x + 12.9
R2 = 0.95

10

y = - 1.6x + 9.6


Energy barrier
(KT)

(b)
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The added Al concentration in the pellet (meq·g-1 SS)

FIGURE 6
Influence of added Al3+ concentration in the pellet on supernatant turbidity (b), Wtot (c), and LB-EPS
content (d) at various Al3+ dosages. Error bars represent mean values ± one standard deviation.
TABLE S1
Comparison with our previous study
X

pellet Al3+ concentration

Y

Correlation curve

Al3+
(mEq/L)

supernatant turbidity

Y= -68.3X+8.4
Y= -1.9X+4.27
Y= -52.3X+24.1

0-0.25
0.5-2
2

0.60
0.98
0.90

Y= -7864X+534
Y= -249X+14.4

0-0.25
0.5-2

0.56
0.65

Y= -8729.6X+3330.3
Y= -47.4X+12.9
Y= -1.6X+9.6
Y=-54.7X+29.5

2
0-0.25
0.5-2
2

0.82
0.95
0.88
0.88

Wtot

LB-EPS content

dosage

R2

References
This study
[14]
This study
[14]
This study
[14]

were gradually occupied by Al3+, resulting in the
release of other cations into the bulk solution [23].
Influence of Al3+ dosage on the concentration of
other cations in LB-EPS and TB-EPS fraction was
much lower than that in the bulk solution, but still
exhibited a decreasing trend as Al3+ dosage increased.

The distribution characteristics of different
cations in AS. With the increasing Al3+ dosages,
concentration of other cations in the bulk solution
initially decreased then gradually increased (Figure
S1). It was speculated that other cations were
closely bound to AS particles in the bulk solution at
Al3+ dosages lower than 0.5 mEq·L-1. As Al3+ dosages went up, the limited cationic binding sites
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Influence of added Al3+ concentration in the
pellet on supernatant turbidity, Wtot, and
LB-EPS content. The supernatant turbidity, Wtot,
and LB-EPS content showed a similar decline tendency as the concentration of added Al3+ in the pellet increased at low Al3+ dosages (Figure 6). This
decline tendency seemed to be divided into two
stages, so two curves were fitted: supernatant turbidity, Wtot, and LB-EPS content first at decreased
rapidly (Al3+ dosages 0±0.25 mEq·L-1), then the
descent slowed down when Al3+ dosages grew to
0.25±2 mEq·L-1. Supernatant turbidity, Wtot, and
LB-EPS content were negatively correlated to the
concentration of added Al3+ in the pellet. Correlation coefficient (R2) between added Al3+ concentration in the pellet and LB-EPS content were as high
as 0.95 and 0.88 at low Al3+ dosages, indicating that
added Al3+ in the pellet had a significantly greater
influence on LB-EPS content than on Wtot and supernatant turbidity. This was due to that Al3+ can
flocculate the EPS and bind them to the AS pellet
closely, so to make EPS more difficult to extract,
which manifested as less EPS content. Thus, the
concentration of added Al3+ in the pellet was an
important parameter indicating LB-EPS content. At
the same time, the Al3+ accumulation in the pellet
can effectively reduce the Zeta potential of AS according to the DLVO theory, which led to Wtot reduction. The more Al3+ bound tightly with AS, the
more Wtot was reduced. Our previous study [14]
also proved that the increasing concentration of
trivalent cations in the AS pellet significantly contributed to the reduction in Wtot (R2 = 0.82) and
LB-EPS content (R2 = 0.88), demonstrating that the
concentration of added Al3+ in the pellet played a
vital role in AS flocculation performance.
Wtot and LB-EPS content further decreased at
high Al3+ dosage, however, supernatant turbidity
tended to increase, so the result deviated from the
tendency exhibited at low Al3+ dosages. These results indicated that although our original theory still
applied to low Al3+ dosages (Table S1), this cloud
not fit the case at high Al3+ dosage.

Fresenius Environmental Bulletin

was closely related to supernatant turbidity, Wtot
and LB-EPS content. Hence, it is proposed that the
concentration of added Al3+ in the pellet is a fundamental element governing the differences in AS
flocculation performance at various Al3+ dosages.
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USE OF PERMEABLE REACTIVE BARRIER FOR
GROUNDWATER REMEDIATION AT ONE WASTEWATER
TREATMENT PLANT SITE
4LQJVKDQ0D=XMLDQJ/XR
6FKRRORI(DUWK6FLHQFHVDQG(QJLQHHULQJ+RKDL8QLYHUVLW\1DQMLQJ-LDQJVX35&KLQD

$%675$&7

remediate the polluted groundwater has aroused
great public concern.
Groundwater pollution remHGLDWLRQWHFKQRORJ\
PRVW FRPPRQO\ XVHG LQFOXGH 3XPS DQG 7UHDW
35%V VLWX SURFHVVLQJ WHFKQRORJ\ 3XPS DQG 7UHDW
FRQVLVWV LQ SXPSLQJ WKH FRQWDPLQDWHG ZDWHU RXW RI
WKHDTXLIHUWKHQSHUIRUPLQJDQH[VLWXWUHDWPHQWDQG
ILQDOO\ UHLQMHFWLQJ WKH WUHDWHG ZDWHU GRZQVWUHDP
LQWR WKH DTXLIHU >@ +RZHYHU 3XPSDQGWUHDW V\V
WHPVRIWHQWDNHDYHU\ORQJWLPH HJ\HDUV 
WR PHHW FOHDQXS JRDOV DQG LQ PDQ\ FDVHV WKH\ DUH
QHYHUH[SHFWHGWRHYHUDFKLHYHWKRVHJRDOV35%LVD
YHU\SURPLVLQJJURXQGZDWHUUHPHGLDWLRQWHFKQLTXH
ZKLFKFDQEHDGRSWHGDOVRLQFDVHRIPXOWLSOHFRQ
WDPLQDWLRQV>@,WKDVJDLQHGDFFHSWDQFHDVDQHIIHF
WLYHSDVVLYHUHPHGLDWLRQVWUDWHJ\IRUWUHDWLQJRUJDQLF
DQGLQRUJDQLFFRQWDPLQDQWVLQJURXQGZDWHU>@
%LRFKHPLFDO GHJUDGDWLRQ FDQ HIIHFWLYHO\ UH
PRYHRUJDQLFPDWWHUIURPJURXQGZDWHUDQGQDWXUDO
DWWHQXDWLRQ RIWHQ GHJUDGHV RUJDQLF FRQWDPLQDQWV WR
PRUH LQQRFXRXV FRPSRXQGV (QKDQFHG QDWXUDO DW
WHQXDWLRQZKHUHQDWXUDOSURFHVVHVDUHDFFHOHUDWHGLV
EHFRPLQJ D SUHIHUUHG RSWLRQ >@ ,Q UHFHQW \HDUV
=9,EDVHG35%KDVEHHQVWXGLHGLQWHQVLYHO\WRWUHDW
JURXQGZDWHU FRQWDPLQDWHG E\ QLWUREHQ]HQH DV ZHOO
DVRWKHUFKORULQDWHGRUJDQLFFRPSRXQGV9HVHODHWDO
  VWXGLHG %7(; DQG QDSKWKDOHQH GHJUDGDWLRQ
XVLQJD=9,IUHHELRORJLFDOSHUPHDEOHUHDFWLYHEDU
ULHU ELR35% 7KH\DFKLHYHG%7(;DQGQDSKWKD
OHQHUHPRYDOUDWHVRIDQGUHVSHFWLYHO\
>@%LRGHJUDGDWLRQRI%7(;KDVEHHQLQYHVWLJDWHG
ZLGHO\DQGGHHPHGDQHIILFLHQWDQGHQYLURQPHQWDOO\
FRPSDWLEOH ZD\ WR WUHDW FRQWDPLQDWHG JURXQGZDWHU
>@5HDFWLRQVEHWZHHQ=9,DQGJURXQGZD
WHUFRQVWLWXHQWVFDQFDXVH=9,FRUURVLRQDQGVXEVH
TXHQWVHFRQGDU\PLQHUDOSUHFLSLWDWLRQVFRQWULEXWHWR
UHGXFWLRQLQSHUIRUPDQFHRI=9,EDVHG35%LQWKH
ORQJWHUP>@7KHUHGXFWLRQNLQHWLFVKDVRIWHQEHHQ
UHSRUWHG WR IROORZ D SVHXGR ILUVW RUGHU NLQHWLFV LQ
WHUPRIWKHFRQFHQWUDWLRQRIQLWUREHQ]HQH>@
7KHREMHFWLYHRIWKLVZRUNLVWRLQYHVWLJDWHWKH
UHPRYDO HIIHFW RI DTXHRXVSKDVH QLWUREHQ]HQH E\
35%LQ02')/2:07'06HQYLURQPHQW$QL
WUREHQ]HQH FRQWDPLQDWHG DTXLIHU RI WKH ZDVWHZDWHU
WUHDWPHQWSODQWZDVWDNHQDVDFDVHVWXG\DQG =9, 
ZDV FRQVLGHUHG DV EDUULHU EXLOW PDWHULDO 6WDUWLQJ
IURPDFRPSOHWHK\GUDXOLFFKDUDFWHUL]DWLRQRIWKH

7KH UHPHGLDWLRQ RI D QLWUREHQ]HQH FRQWDPL
QDWHG DTXLIHU DW D ZDVWHZDWHU WUHDWPHQW SODQW E\ D
SHUPHDEOH UHDFWLYH EDUULHU 35%  ILOOHG ZLWK =HUR
YDOHQW LURQ =9,  ZDV SUHVHQWHG DV D FDVH VWXG\
%DVHGRQIXOO\DQDO\]LQJWKHK\GURJHRORJLFDOFRQGL
WLRQVRIDTXLIHUDQGJURXQGZDWHUFRQWDPLQDQWFKDU
DFWHUL]DWLRQRIWKHZDVWHZDWHUWUHDWPHQWSODQWVLWHD
' QXPHULFDO PRGHO VROYHG XVLQJ D ILQLWH GLIIHU
HQFH PHWKRG YLD 02')/2:07'06 VRIWZDUH
ZDV HVWDEOLVKHG WR GHVFULEH WKH SROOXWDQW WUDQVSRUW
ZLWKLQ JURXQGZDWHU DQG WKH SROOXWDQW GHJUDGDWLRQ
RFFXUULQJLQVLGH35%7KHQWKHHIIHFWRIGHFUHDVLQJ
QLWUREHQ]HQH FRQFHQWUDWLRQ ZDV VLPXODWHG ZLWK WKH
PRGHO E\ =9,35% LQ UHKDELOLWDWLQJ JURXQGZDWHU
FRQWDPLQDQW 0RGHO UHVXOWV VKRZHG WKDW 35% LV DQ
HIIHFWLYHWRROIRUWKHUHPHGLDWLRQRIWKHDTXLIHUXQGHU
DQDO\VLVVLQFHWKHQLWUREHQ]HQHFRQFHQWUDWLRQGRZQ
VWUHDP WKH EDUULHU UHGXFHG HIIHFWLYHO\ DQG PHW WKH
UHJXODWRU\OLPLWVHWIRUJURXQGZDWHU
.(<:25'6:
Permeable reactive barrier, Zero-valent iron,1LWUREHQ]HQH,
Groundwater
contaminant
remediation,
MODFLOWMT3DMS

,1752'8&7,21
Groundwater pollution due to contaminant
leakage from the disposal sites is a widespread concern in many countries [1, 2]. Organic compounds
such as BTEX (benzene, toluene, etc.) are among the
most frequently detected groundwater contaminants,
and also defined as priority pollutants by USEPA [3,
4]. Especially, Nitrobenzene has been considered as
a significant groundwater contaminant due to its
wide usage in explosives, insecticides, herbicides,
pharmaceuticals and dyes [5]. In recent years, environmental pollution accidents occurred frequently,
such as 6RQJKXD 5LYHU DFFLGHQW, China, RYHU 
WRQVRIQLWUREHQ]HQHDQGUHODWHGFRPSRXQGVZHUHUH
OHDVHGLQWRWKH6RQJKXD5LYHUDQGIRUPHGDQNP
SROOXWLRQVOLFNEHOWIORZLQJGRZQVWUHDP>@and resulting in underground drinking water sources near
the Songhua River contaminated. Therefore, how to
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7KHVRXWKDQGQRUWKHDVWRIWKHVWXG\DUHDDUHVHDVHW
DV WKH GUDLQDJH ERXQGDU\ 7KH HDVWHUQ ERXQGDU\ LV
SDUDOOHO WR WKH ZDWHU WDEOH VHW DV WKH ODWHUDO LQIORZ
ERXQGDU\ DQG WKH QRUWKZHVW VRXWKHDVW DQG ZHVW
ERXQGDU\ ZHUH JHQHUDOL]HG DV ]HUR IOX[ ERXQGDU\
)LJ 7KHWRSRIWKHPRGHOV\VWHPZDVDUHFKDUJH
ERXQGDU\ WR UHFHLYH SUHFLSLWDWLRQ LQILOWUDWLRQ DQG
DOVRDGUDLQDJHERXQGDU\WRHYDSRUDWHWKHJURXQGZD
WHU7KHERWWRPRIWKHPRGHOV\VWHPLVDQLPSHUYLRXV
OD\HUVRLWZDVJHQHUDOL]HGDVWKH]HURIOX[ERXQGDU\
)RU WKH SXUSRVH RI WUDFNLQJ FRQWDPLQDQW WUDQVSRUW
WKH ODWHUDO ERXQGDULHV RI WKH PRGHO ZHUH VHW DV QR
GLVSHUVLYH PDVV IOX[ ERXQGDU\ 8QFRQILQHG DTXLIHU
ZDVGLYLGHGLQWRIRXU]RQHVEDVHGRQWKHVRLOW\SHV
7KHYDOXHVRIVRLOSURSHUW\ K\GUDXOLFFRQGXFWLYLW\
K DQGVSHFLILF\LHOG P IRUHDFK]RQHZHUHREWDLQHG
IURP D YDULHW\ RI VRXUFHV LQFOXGLQJ SXPSLQJ WHVWV
VRLOWHVWVDQGWKHOLWHUDWXUH7KHYDOXHRIORQJLWXGLQDO
GLVSHUVLW\RIDTXLIHUZDVDVVLJQHGDVPDQGWKH
UDWLRRIWUDQVYHUVHWRORQJLWXGLQDOGLVSHUVLW\ D L ZDV

VLWH'FRXSOHGPRGHORIJURXQGZDWHUVHHSDJHDQG
FRQWDPLQDQWWUDQVSRUWZDVHVWDEOLVKHGZKLFKWDNHV
LQWRDFFRXQWWKHVSHFLILFG\QDPLFVRIWKHDTXLIHUXQ
GHUDQDO\VLV)LQDOO\WKHLQIOXHQFHRIZLGWKDQGSD
UDPHWHUVRI35%RQWKHUHPRYDOHIILFLHQF\RIQLWUR
EHQ]HQHFRQWDPLQDWLRQZDVHYDOXDWHGUHVSHFWLYHO\
0$7(5,$/6$1'0(7+2'6
6LWH GHVFULSWLRQ DQG JHQHUDOL]DWLRQ 7KH
ZDVWHZDWHU WUHDWPHQW SODQW VLWH LV ORFDWHG LQ WKH
VRXWKHDVW RI 7LDQMLQJ FLW\ DERXW  NP IURP WKH
7LDQMLQGRZQWRZQNPIURP7LDQMLQ$LUSRUWDQG
 NP IURP WKH 7LDQMLQ 3RUW ,W LV ZLWK DQ DUHD RI
uP$VDUHVXOWRIDFFLGHQWWKHERWWRPLP
SHUYLRXV OD\HU RI ZDVWHZDWHU WUHDWPHQW SODQW ZDV
EURNHQ ZKLFK UHVXOWLQJ LQ WKH ZDVWHZDWHU OHDNHG
LQWRJURXQGZDWHUDQGWKHVFRSHRIWKHQLWUREHQ]HQH
FRQWDPLQDQW SOXPH LV  P DFFRUGLQJ WR WKH UH
TXLUHPHQWRIWKHQDWLRQDOVWDQGDUGVIRUGULQNLQJZD
WHUTXDOLW\>@&RQVLGHULQJWKHSROOXWLRQFKDUDFWHU
LVWLFVDQGORFDOK\GURJHRORJLFDOFRQGLWLRQVWKHGHSWK
RIZLWKLQPLQ4XDWHUQDU\ORRVHURFNSRUHXQFRQ
ILQHGDTXLIHULVFKRVHQDVWKHDLPHGOD\HUZKLFKLV
PDLQO\FRPSRVHGRISODLQILOOVLOW\FOD\VLOWDQGFOD\
DQGJHQHUDOL]HGLQWRKRPRJHQHRXVLVRWURSLF

7KHSDUDPHWHU YDOXHVIRUHDFK]RQLQJDUH SUH
VHQWHGLQ7DEOH
0HWKRGRORJ\,QWKLVZRUNJURXQGZDWHUIORZ
WKURXJK D 35% DQG WKH WUDQVSRUW SKHQRPHQRQ GH
VFULELQJWKHGHJUDGDWLRQRFFXUULQJLQVLGHWKHEDUULHU
ZHUHPRGHOOHGXVLQJ02')/2:07'06
*URXQGZDWHU IORZ PRGHO $FFRUGLQJ WR WKH
FRQWLQXLW\ SULQFLSOH DQG WKH 'DUF\ V ODZˈZLWK WKH
FRRUGLQDWHV LQ WKH SULQFLSDO SHUPHDELOLW\ GLUHFWLRQV
RI WKH LVRWURSLF SRURXV PHGLDˈWKH ' WUDQVLHQW
IORZHTXDWLRQIRUWKHSRURXVPHGLDFDQEHH[SUHVVHG
DV
w
wh
w
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(K h  z
)  (K h  z
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wh
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ZKHUH K LVWKHK\GUDXOLFFRQGXFWLYLW\ h LVWKH
ZDWHUKHDGDWSRLQW x, y DQGDWWKHLQVWDQW t  W LVWKH
VRXUFHDQGVLQNWHUPV P LVVSHFLILF\LHOG t LVWLPH
z LVWKHERWWRPHOHYDWLRQRIDTXLIHU : LVWKHFRP
SXWDWLRQDOGRPDLQˊ
7KH LQLWLDO DQG ERXQGDU\ FRQGLWLRQV IRU WKH
WUDQVLHQWVHHSDJHFDOFXODWLRQDUHDVIROORZV˖
 ,QLWLDOFRQGLWLRQ
h( x, y, t ) t 0 h0 ( x, y ) 
 
ZKHUH h0 ( x, y) LV WKH LQLWLDO ZDWHU KHDG DW WKH
SRLQW ( x, y ) 

),*85(
6FKHPDWLFGLDJUDPRIWKHFRQFHSWXDOPRGHO
%DVHGRQDQDO\]LQJWKHK\GURJHRORJLFDOFRQGL
WLRQVRIWKHVWXG\DUHDWKHVWDWHRIJURXQGZDWHUZDV
JHQHUDOL]HG LQWR D WZRGLPHQVLRQDO WUDQVLHQW IORZ
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1
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t1/ 2
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7KH EDUULHU ZLGWK LV GHSHQGHG RQ WKH UHSDLU WLPH
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FHVVWRWDNHSODFH>@7KHUHIRUHWKHEDUULHUZLGWK
: PXVWVDWLVI\WKHIROORZLQJLQHTXDOLW\
W
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! kobs  D 
 
u
,QWKHDERYHHTXDWLRQ u UHSUHVHQWVJURXQGZDWHU
IORZ YHORFLW\ WKURXJK WKH EDUULHU kobs LV WKH RYHUDOO
PDVV WUDQVIHU FRHIILFLHQW IRU GHJUDGDWLRQ UHDFWLRQV
DQG D UHSUHVHQWVWKHH[WHUQDOVSHFLILFVXUIDFHRISDU
WLFOHV7KHFRQFHSWXDOPRGHODQGSDUDPHWHUVRI35%
LVVKRZQLQ)LJDQG7DEOHUHVSHFWLYHO\
7KHQXPHULFDOVROXWLRQZLWKWKHUHODWHGLQLWLDO
DQG ERXQGDU\ FRQGLWLRQV ZDV SHUIRUPHG E\ 02'
)/2:07'06 ZKLFK DFFRXQWHG IRU ERWK
WUDQVSRUWDQGWKHGHJUDGDWLRQSKHQRPHQDRFFXUULQJ
LQVLGHWKH35%LQDXQLTXHIUDPHZRUN
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RESULTS AND DISCUSSION
*URXQGZDWHU UHPHGLDWLRQ VLPXODWLRQ 7KH
VWDQGDUGFRQFHQWUDWLRQOLPLWRIQLWUREHQ]HQHLQZDWHU
LVPJ/DFFRUGLQJWR$PHULFDQZDWHUTXDO
LW\FULWHULDIRUKXPDQKHDOWK+HUHWKHFRQWDPLQDQW
SOXPH LVGHILQHGDVWKHDUHDWKDWJURXQGZDWHUFRQ
FHQWUDWLRQH[FHHGVWKH ZDWHUTXDOLW\FULWHULD1LWUR
EHQ]HQHFRQFHQWUDWLRQGLVWULEXWLRQRI\HDUVLQWKH
DEVHQFHDQGSUHVHQFHRI35%LVVKRZQLQ)LJDDQG
)LJEUHVSHFWLYHO\
)LJ  VKRZV WKH UDQJH RI FRQWDPLQDQW SOXPH
H[SDQGHGFRQVWDQWO\GXHWRWKHHIIHFWRIFRQYHFWLRQ
DQGGLVSHUVLRQ:KLOHWKHFRQFHQWUDWLRQRIWKHFHQ
WHU GHFUHDVHG JUDGXDOO\ DQG LW LV REYLRXVO\ ORZHU
WKDQWKHRULJLQDOFRQFHQWUDWLRQ)LJEVKRZVWKDWWKH
UHPRYDOHIILFLHQF\RIFRQWDPLQDQWLVVLJQLILFDQWWKH
FRQWDPLQDQW SOXPH DUHD KDV EHHQ HIIHFWLYHO\ FRQ
WUROOHGDQGFRQWDPLQDQWLVGLIILFXOWWRGLIIXVHLQWRWKH
35%GRZQVWUHDPDTXLIHU7KLVLVEHFDXVHWKDWQLWUR
EHQ]HQHLQJURXQGZDWHUFRXOGJRWKURXJKWKHGRZQ
VWUHDPEDUULHUDQGFRQWDFWIXOO\ZLWKWKHEDUULHUPD
WHULDO
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P

1RWH˖
˖ /HQJWKDQGZLGWKDUHHQRXJKWRDOORZDWKRURXJKUHPHGLDWLRQRIWKH
SOXPHDYRLGLQJDQ\SROOXWHGZDWHURYHUIORZ

5HVSRQVHRIUHPRYDOHIILFLHQF\WRFKDQJHLQ
ZLGWKRI35%7KHZLGWKRID35%KDVDVLJQLILFDQW
HIIHFW RQ WKH VXFFHVV RI UHPHGLDWLRQ 1LWUREHQ]HQH
UHPRYDO HIILFLHQF\ LV LQIOXHQFHG E\ YDU\LQJ 35%
ZLGWK7KHUHVSRQVHRIUHPRYDOHIILFLHQF\UHODWHGWR
WKHFKDQJHLQZLGWKVRI35%DUHVKRZQLQ)LJ
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35%GHVLJQFRQFHSWXDOPRGHO PRGLILHGE\>@

D DEVHQFHRI35%

E SUHVHQFHRI35%
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1LWUREHQ]HQHFRQFHQWUDWLRQGLVWULEXWLRQLQWKHDEVHQFHDQGSUHVHQFHRI35%
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E FP

F FP
),*85(
7KHUHVSRQVHRIUHPRYDOHIILFLHQF\WRWKHFKDQJHLQZLGWKVRI35%
ZLGWKLVXVHG7KHEDUULHUZLGWKRIFPDQG
FP KDYH D JRRG SHUIRUPDQFH RQ UHPRYDO HIIHFW RI
QLWUREHQ]HQH LQ JURXQGZDWHU WKH RXWIORZLQJ FRQ
FHQWUDWLRQDUHDOZD\VORZHUWKDQWKHUHJXODWRU\OLPLW
)LJ EHWWHU LOOXVWUDWHV WKH HIIHFWV RI GLIIHUHQW
EDUULHUZLGWKVRQWKHHIIHFWRIUHPRYLQJWKHQLWUREHQ
]HQHWKURXJKREVHUYLQJWKHFKDQJHLQFRQFHQWUDWLRQ
RYHUWLPH,WFDQEHVHHQWKDWWKHFKDQJHRIFRQFHQ
WUDWLRQVKRZHGDVLPLODUWUHQGZLWKWKHWKUHHNLQGVRI
EDUULHU ZLGWK 7KH FRQFHQWUDWLRQ LQLWLDOO\ LQFUHDVHG
DQGWKHQZHQWGHFUHDVHGDVWLPHSURJUHVVHG7KLVLV
EHFDXVH KLJK FRQFHQWUDWLRQV RI WKH FRQWDPLQDQW
SOXPHDUHDWUDQVSRUWWRWKHZDOODVWKHGLUHFWLRQRI
IORZDQGFDXVHGWKHRXWIORZLQJFRQFHQWUDWLRQVLQ
FUHDVLQJ

)LJVKRZVWKDWZLWKDUXQWLPHRI\HDUVWKH
RXWIORZLQJFRQFHQWUDWLRQRIQLWUREHQ]HQHYDULHVVLJ
QLILFDQWO\ XVLQJ GLIIHUHQW EDUULHU ZLGWKV$V VKRZQ
E\)LJWKHEDUULHUZLWKDZLGWKRIFPFDQQRW
EHHIIHFWLYHO\FDSWXULQJWKHFRQWDPLQDQWUHODWLYHWR
WKH EDUULHU ZLGWKRIFPDQGFP,WFDQEH
FRQFOXGHG LQ WKLV VLPXODWLRQ WKDW D EDUULHU ZLWK D
ZLGWK RI  FP ZLOO QRW EHVXIILFLHQW LQ UHWDUGLQJ
WKHFRQWDPLQDQW7KHZDWHUTXDOLW\GRZQVWUHDPRID
EDUULHUZLWKFPZLGWKZRXOGQRWPHHW$PHULFDQ
ZDWHUTXDOLW\VWDQGDUGVIRUQLWUREHQ]HQHFRQFHQWUD
WLRQFULWHULD7KHH[SODQDWLRQIRUWKHUHVXOWVLVUHODWHG
WRWKHWLPHZKLFKWDNHVIRUWKHFRQWDPLQDQWWRSDVV
WKURXJKWKH35%$ZLGWKRIFPUHGXFHVWKHGX
UDWLRQRIDFWLRQLQFRQWDFWZLWK]HURYDOHQWLURQDQG
WKH UHDFWLRQ LV QRW FRPSOHWH ZKHQ D VKRUW EDUULHU
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LQWKHRXWOHWQLWUREHQ]HQHFRQFHQWUDWLRQ:KHQILUVW
RUGHUUDWHFRQVWDQWLQFUHDVHGE\ kobs  G

WKHRXWOHWQLWUREHQ]HQHFRQFHQWUDWLRQGHFUHDVHG
E\ )LJD ,QFUHDVHGWKHK\GUDXOLFFRQGXF
WLYLW\ RI WKH EDUULHU PDWHULDO LW ZLOO OHDG WR DQ LQ
FUHDVHLQWKHYHORFLW\RIJURXQGZDWHUDQGDGHFUHDVH
LQWKHUHWHQWLRQWLPHRI QLWUREHQ]HQHLQWKH EDUULHU
DQG UHVXOWLQJ LQ WKH RXWOHW QLWUREHQ]HQH FRQFHQWUD
WLRQ LQFUHDVHG :KHQ K\GUDXOLF FRQGXFWLYLW\ LQ
FUHDVHGE\ K  PG WKH RXWOHW QLWUR
EHQ]HQH FRQFHQWUDWLRQ LQFUHDVHG E\ DERXW 
)LJE 

)RUWKHEDUULHUZLGWKRIFPWKHFRQFHQWUD
WLRQ UHDFKHG D PD[LPXP RI  PJ/ LQ 
GD\VDQGUHGXFHGWRPJ/LQGD\V1LWUR
EHQ]HQH FRQFHQWUDWLRQ LV KLJKHU WKDQ WKH SHUPLWWHG
OLPLWV)RUWKHEDUULHUZLGWKRIFPDQGFP
WKHFRQFHQWUDWLRQUHDFKHGWKHPD[LPXPRI(
PJ/DQG(PJ/LQGD\VDQGUHGXFHVWR
( PJ/ DQG ( PJ/ LQ  GD\V UH
VSHFWLYHO\ 7KH RXWOHW QLWUREHQ]HQH FRQFHQWUDWLRQ
ZDV DOZD\V ORZHU WKDQ WKH$PHULFDQ ZDWHU TXDOLW\
FULWHULDIRUQLWUREHQ]HQHOLPLW
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9DULDWLRQRIQLWUREHQ]HQHFRQFHQWUDWLRQZLWK
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5HVSRQVHRIUHPRYDOHIILFLHQF\WRFKDQJHLQ
SDUDPHWHUVRI35%,QRUGHUWRVWXG\WKHLQIOXHQFH
RIGLIIHUHQWSDUDPHWHUVRIWKH35%RQWKHUHPRYDORI
QLWUREHQ]HQH FRQWDPLQDWLRQ WKH K\GUDXOLF FRQGXF
WLYLW\DQGWKHILUVWRUGHUUDWHFRQVWDQWZHUHFKRVHQWR
LOOXVWUDWHWKHYDULDWLRQRIQLWUREHQ]HQHFRQFHQWUDWLRQ
8QGHUWKHHIIHFWRIFRQYHFWLRQDQGGLVSHUVLRQ
WKHFRQWDPLQDQWSOXPHPRYHGWRWKHEDUULHUDQGWKH
FRQFHQWUDWLRQ DW WKH REVHUYDWLRQ ZHOO LQLWLDOO\ LQ
FUHDVHGDQGWKHQZHQWGHFUHDVHG)URP)LJLWFDQ
EHVHHQWKDWWKHILUVWRUGHUUHDFWLRQFRQVWDQWKDVDQ
REYLRXVHIIHFWRQWKHUHPRYDORISROOXWDQWV+RZHYHU
WKH K\GUDXOLF FRQGXFWLYLW\ KDV D OLWWOH HIIHFW RQ WKH
UHVXOWV%\LQFUHDVHGWKHILUVWRUGHUUHDFWLRQFRQVWDQW
RIWKHEDUULHUPDWHULDOLWZLOOOHDGWRDQLQFUHDVHLQ
WKHGHJUDGDWLRQUDWHRIQLWUREHQ]HQHDQGDGHFUHDVH

&21&/86,216
,QWKLVVWXG\D'QXPHULFDOPRGHOZDVGHYHO
RSHG DQG LPSOHPHQWHG LQ 02')/2:07'06
HQYLURQPHQWWRGHVFULEHWKHSROOXWDQWWUDQVSRUWLQWKH
DTXLIHU DQG WKH GHJUDGDWLRQ RFFXUV LQ 35% 7KH
PRGHOZDVDSSOLHGWRDFDVHVWXG\UHSUHVHQWHGE\D
ZDVWHZDWHUWUHDWPHQWSODQWLQZKLFKDQLWUREHQ]HQH
FRQWDPLQDWLRQLVSUHVHQW$FFRUGLQJWRDERYHGLVFXV
VLRQVWKHIROORZLQJFRQFOXVLRQVFDQEHGUDZQIURP
WKHVWXG\UHVXOWV  WKHUHVXOWVVKRZVWKDW=9,FRXOG
EHDSRWHQWLDOUHDFWLYHPHGLDIRUQLWUREHQ]HQHFRQ
WDPLQDWHGJURXQGZDWHUDQGWKHZLGWKRI35%KDVD
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VLJQLILFDQW HIIHFW RQ UHPHGLDWLRQ¶V VXFFHVV DQG WKH
RXWOHW QLWUREHQ]HQH FRQFHQWUDWLRQ FDQ DOZD\V EH
PDLQWDLQHGORZHUWKDQWKHUHJXODWRU\OLPLW  WDNLQJ
LQWR DFFRXQW WKH HIIHFW RI JURXQGZDWHU UHPHGLDWLRQ
DQGHQJLQHHULQJFRVWVLWLVUHFRPPHQGHGWRXVHWKH
35%ZLWKWKHZLGWKRIFP  FRPSDUHGWRK\
GUDXOLFFRQGXFWLYLW\RIEDUULHUPDWHULDOWKHILUVWRU
GHUUHDFWLRQFRQVWDQWKDVDQREYLRXVHIIHFWRQWKHUH
PRYDORISROOXWDQWV
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ESTIMATING RECOVERABLE FUEL WOOD BIOMASS
FROM SMALL DIAMETER TREES
IN BRUTIAN PINE (PINUS BRUTIA TEN.) STANDS
Mehmet Eker*, Ramazan Ozcelik
Süleyman Demirel University, Faculty of Forestry, Forest Engineering Department., Isparta, Turkey

bio-energy. Therefore, the energy biomass should be
supplied from minimal or low value forest products.
The one of most candidate source of extra bio-energy
is small diameter trees [4, 5].
The general source of small diameter trees is
thinning operations in the young stands. The current
need for first thinning in Turkish forests has been reported to be over 215000 ha per annum, 50000100000 ha of which has been applied in brutian pine
(Pinus brutia Ten.) forests [6]. Brutian pine is commercially one of the most important species in Turkey [7], occupying an area of about 5.9 million ha
with growing stock volume of approximately 270.1
million m3 [8]. Therefore, General Directorate of
Forestry (GDF) recommended that the unutilized
woody biomass from brutian pine stands could be
used to promote bioenergy and to reduce fire hazard
[9]. Currently, at least one or two fiber wood (chip
wood for particleboard industry) stick is conventionally produced from stem section of a small diameter
tree, small end diameter of which should be higher
than 4 cm with at least 0.5 m in length. Then, the rest
of the stem, and branches were left in stands. As
well, the small sized tree with dbh is less than 8 cm
is usually unutilized also completely left in forest
floor. It is argued that there may be a considerable
potential of the biomass feedstock depending on first
thinning in fast growing brutian pine stands.
So, utilization of woody sections of small sized
trees has created an increasing interest among bioenergy investors, fuel/fire wood suppliers, and also
chip-board industry [10]. The increasing concern requires a better understanding of what section of a tree
can be recovered for sustainable biomass supply and
how many biomass as fuel wood can be recovered
from the allowed forest stands.
Fuel wood for energy (FW) is defined that is a
low value or minimal value woody biomass, which
is available as source of both conventional directly
firing and also modern converting to bioenergy. FW
can be produced from underutilized full stem biomass of small sized trees, dsh of which is smaller
than 8 cm. It also can be supplied from unmerchantable section (tree top to 2 cm diameter) of stem biomass after fiber wood utilization. FW biomass
GRHVQ¶WFRQWDLQUHVLGXDOVODVKPDWHULDOFRPSRVHGRI
branches, twigs, cones, needles, and tree tops, large
end diameter of which less than 2 cm.

ABSTRACT
Accurate estimation of recoverable energy
wood potential from small sized trees during first
thinning is very important for forest managers and
renewable energy sectors for feasibility. Reliable and
accurate biomass equations for individual tree and
tree components like that fuel wood are still lacking
for small diameter trees from Brutian pine (Pinus
brutia Ten.) stands. The aim of the study was to provide biomass models allowing estimating tree level
fuel wood biomass. It was harvested 108 individuals
selected randomly from brutian pine stands at
sapling stage (average dbh < 8 cm) across different
site conditions in Mediterranean Region of Turkey
covering different sizes (1.5 to 11 cm diameter at
breast height (dbh)), ages (10 to 20 years) and stand
densities (1600 to 3100 trees ha±1). Using linear and
nonlinear regression models were exposed for
estimation of fuel wood biomass, and total tree
biomass based on dbh or diameter at stump height
(dsh), or with tree height (h) as predictors. Results
showed that dsh had high effects on model
performance, depending on highly correlation
between fuel wood biomass and dsh (R:0.837;
p<0.001). In the models developed for fuel wood, the
coefficient of determination (R2) of the dsh
allometric equations ranged from 0.658 to 0.828.
Statistical result revealed that these models with
single or two variable can be used for small diameter
brutian pine trees in similar sites.

KEYWORDS:
Fuel wood, biomass model, small diameter trees, biomass
recovery, first thinning, Pinus brutia

INTRODUCTION
The growing interests on the climate change
and sustainable development have increased to use
of renewable energy resources such as woody biomass from forest trees [1,2] . However, the amount
of wood raw material obtained from forest is low and
has a supply shortage across the sharing of the limited sources among other sectors [3], which precludes the utilization of the merchantable wood in

8286

© by PSP

Volume 26 ± No. 12A/2017 pages 8286-8297

Fresenius Environmental Bulletin

forest with nearly 6 million ha may have a great potential for energy wood biomass feedstock. It can be
possible to estimate the recoverable FW biomass potential if any biomass equation is to be consistently
developed by measured data at the species-specific
level. If the bioenergy sector is developed, biomass
estimators for predicting quantities of energy wood
will be needed in order to recoverable potential can
be estimated accurately for feasibility. Therefore, the
objectives of this study were to (i) develop recoverable biomass equations for FW potential for small
brutian pine trees in the young stands and (ii) examine biomass equations for FW potential to diameter
or both diameter and tree height using linear or nonlinear regression. Thus, it was intented to develop a
stratum at tree-level biomass equations for brutian
pine in Mediterrnean Region. The equations for both
FW and total tree biomass (TB) were considered so
that it can be used in verification of biomass quantity
per tree and comparison with literature.

Accurate quantification of the biomass of total
tree and tree components is critical for estimating biomass [11]. The estimation of recoverable aboveground biomass potential is focused on theoretical
coefficients and rates that may not always overlap
with operational realities [12-14]. The estimation
procedures for recoverable biomass are based on
above-ground biomass equations for individual tree,
which involves allometric equations using the measurements of a given tree species [15]. The most common procedure to estimate total tree biomass and its
component by fitting models is to measure tree variables, where dbh and h are the most commonly used
variables for this purpose. Recently, many attempts
have been undertaken to produce species-specific allometric equations to facilitate biomass estimation
[16]. The allometric models using local inventory
data allows for estimating accurate biomass [17, 18].
Some studies exerted substantial variability and
some difficulties on biomass estimations because of
discrepancy in methodology and variation on sitespecific factors changing tree and stand characteristics between regional and national level [19]. The
differences among estimation strengthen the need to
develop species or site-specific biomass equations to
fortify more precise predictions of recoverable biomass under local conditions [15].
However, little effort has been made to develop
aboveground biomass models for brutian pine except
of several studies in localized areas of Turkey [20,
21, 22], Greece [23], and Syria and Lebanon [24].
The majority of the equations and models predicting
biomass for medium and large size trees (dbh 
cm) are not usually applicable for young or small diameter trees (0.1 cm-11.9 cm dbh), therefore; it is
necessary to develop small tree biomass equations in
the initial stages of their growth. Applying various
equations without considering stand development
stage may lead to misprediction of tree component
biomass [11].
Additionaly, in literature, most of developed
equations for large-VFDOHDSSOLFDWLRQFRXOGQ¶WPDWFK
closely to site specific application. So, it was recommended developing and applying site specific equations [19]. As well, previous studies on biomass
equation have not been related to the small diameter
trees and its components in first thinning stage. However, estimating available biomass for tree components such as stem, branch or FW may need to different allometric equations depending on tree variables. The available information about biomass estimation may not be sufficient when increasing use of
weight of recoverable biomass as a measure of energy potential for feasibility studies. Moreover, there
is still a lack of knowledge and uncertainty on the
recoverable FW biomass potential from small diameter trees from first thinning of brutian pine stands at
the less favorable forest conditions.
The assumption is based on that small diameter
trees from first thinning operations in brutian pine

TABLE 1
Descriptives on study site and material
characteristics
Characteristics
Forest Region
Location
Silvicultural Prescription
Development Stage
Ground Conditions
Elevation above sea level (m)
Age (year)
Number of trees per ha
Number of removal trees
per ha
Moisture Content (%)
Mean Removed Tree
Volume (dm3 tree-1)
Logging removal (m3 ha-1)

Description
Bucak Forest District in
Isparta
37º14'- 37º38' N, 30º40' 30º50' E
FirstThinning
Seedling to Sapling
Mountainous and undulating
400-900
17 (10-20)
2282 (1600-3067)
1520 (933-2222)
63 (42-75)
6.4 (0.2-34.4)
9.7 (0.2-76.4)

MATERIALS AND METHOD
Site. The study area is in state-owned forests of
Isparta Regional Directorate of Forestry at the mountainous forest part of Mediterranean Region of Turkey (Table 1). The natural pure brutain pine (Pinus
brutia Ten.) stands managed to multi-functional forestry practices were studied during the first thinning
operations. The stands are placed on cracked limestone, marly and flysch deposits with alternating
sandy, silt and limey layers. Brutian pine trees grow
on primarily on rendzina soils in karstic areas of
study site. Redbrown Mediterranean soils [25] and
brown forest soils were appeared in the stands [7]. In
the studied region, the mean annual temperature varies from 15 Cº to 20 Cº, while the annual precipitation ranges from 400 mm -900 mm, with climates
ranging from semi-arid to humid zone.
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TABLE 2
Summary statistics of the removed trees for aboveground biomass estimations
Statistics
Mean
Minimum
Maximum
Std. Error of Mean
Std. Deviation

Tree characteristics
dsh
dbh
h
9.50
4.94
4.25
3.80
1.50
1.30
15.80
11.00
9.00
0.322
0.234
0.199
3.284
2.392
2.032

Tree
5.71
0.42
18.61
0.449
4.581

Stem
3.33
0.12
12.93
0.306
3.121

Biomass (dry kg)
Branch
Fiber wood
2.38
1.63
0.27
0.00
6.87
9.10
0.159
0.216
1.630
2.203

Fuel wood
1.69
0.12
4.74
0.114
1.166

dsh: diameter at stump height (cm), dbh: diameter at breast height (cm), h: tree height (m),

The stands consist of young trees, age of which
was between 10 and 20 year-old. The felling operations were conducted between 2013-2015 years in
the context of ordinary silvicultural prescriptions.
The study sites were randomly selected among the
stands having different site quality and located in different forest conditions so that it can be have the capacity to represent ability. The mean removed tree
intensity, for trees with dbh (1.3 m above the ground)
nearly 4.9 cm was 1368 (± 310) trees ha-1. Mean tree
height was 4.3 (± 1.6) m, as well.

which called fuel wood in the study, was recovered.
Tree components were separately weighed to be used
in biomass quantification. The branches including
needles and twigs were left in stand as logging residues, as well. After weighing the biomass, a sample
mass to scale moisture content of all components
were randomly taken by the sampling methods. So,
subsamples were taken from the stem and fuel wood
was weighed again.
The total aboveground dry biomass of sample
trees from removal stands in first thinning operation
varied between 0.42 and 18.6 kg tree-1, the stem biomass ranging from 0.12 to 12.9 kg tree-1. The recoverable FW ranged from 0.12 to 4.74 kg tree -1 (Table
2). The overbarked stem biomass represented the
most important fraction of the total tree biomass (average 58.3 %) and rest of which was branch biomass.

Data. The determining the amount of FW biomass was based on site-specific real data provided by
measurement of tree and stand characteristics before
and after harvesting via destructive tree sampling. It
was applied an observational design [26] for first
thinning in the randomized 6 sampling stands. Each
stand was divided into three sampling plots, which
were subjectively selected to represent the existing
range of ages, stand density, tree diameter, and site
quality throughout the area of distribution of brutian
pine. The trees both to be removed and also left in
each stand were separately counted using either in
10x10 m2 or 15x15 m2 square shaped plots. Data
from 108 only felled small diameter trees that were
to be removed from 18 plots installed in natural
stands of this species were used. In each plot, six
sampling trees from different sizes were randomly
selected among the eligible trees to cover the variations in tree biomass and stand characteristics for developing above-ground biomass equation.
dbh was measured to the nearest 0.1 cm in each
tree with a digital calliper. The selected trees were
felled from above the root collar nearest to ground
level, where stump height was below 10 cm. Diameter at stump height (dsh) and tree height (h) were
measured and verified (Table 2). Subsequently, fresh
weight of the total tree biomass was weighed by a
portable weighbridge at stump side. Then, the felled
tree was sorted into two sections; merchantable stem
wood and entire crown. If the large-end diameter of
the stem was higher than 8 cm throughout at least 0.5
m in length, it was apportioned for merchantable fiber wood. Afterward, the crown mass was motormanually or manually delimbed to tree top, and then
the rest of stem in the crown section was stripped off
their branches. Thus, the unutilized stem section

Method. Moisture content, in wet basis, was
determined by the gravimetric method; the samples
were weighed before and after drying in an oven in
the laboratory conditions to a constant weight at 65
Cº to obtain oven dry weight. Oven-dried biomass of
a tree or tree components such as FW was calculated
by multiplying the ratio of dry weight/fresh weight
with the whole fresh biomass [10]. The fresh weight
of all parts of a small diameter tree were separately
scaled in unit of kg and converted to green metric
tons, t.
Various models have been produced to estimate
the biomass of different tree components. The predictors used in the models may range from one single
variable (dbh or dsh) to multiple (e.g., tree height,
age, etc.). The aim was to fit models for the FW components of aboveground tree biomass. Therefore, the
tree-level information was dbh, dsh, and h was tested
with different models dealing with biomass prediction and including different combinations of the
above-mentioned predictors. Since alternative models were sequentially provided for FW and also TB
for the best possible combination of the available
predictors and the best equation when using single or
multiple predictor. It was attempted to reveal the best
equation for FW biomass estimation so that it can be
simplistic and practical. It was gradually implemented two methods to expose the best fit model,
where the first was the conventional linear regression
model and the second was nonlinear regression.
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known models [27] were fitted for FW and TB biomass using combined tree characteristics (Table 3).

The variables were appeared to be related linearly, and then the simple linear regression models
were used to determine which model to use. In this
concept, two type linear model that are common biomass equations were evaluated for their accuracy in
predicting only FW and TB biomass (kg/tree). In the
first type linear model, biomass equation was fitted
as function of dbh or dsh as single input variable
(Model-1 in Table 3). With the Model-1, the relationship between biomass and dbh or dsh was linear.
This was a common technique that was used effectively in many other biomass studies [16, 27, 28 ].
In the second type, dbh or dsh was used as first
variable, and tree height (h, in m) were also added to
the model as second variables (Model-2). Then, multivariate linear models performed in the study were
fitted by using regression analysis. The Model-2
used an additional variable of h along with dbh or
dsh to estimate FW biomass and TB. In this model,
multiple regression procedure was used to determine
when the added variable of h significantly improved
the accuracy of predicting biomass. When the predicted values of Model-1 and Model-2 were compared with, it was found a minor difference between
them on the expressiveness of the equations. Because transformations procedure or correction factors were needed to improve the equations as stated
by Baskerville [29], to avoid the additional treatments, nonlinear regression models were implemented as second way.
Before developing the nonlinear regression
models, the scatter-plots were primarily implemented to show relationship between dry biomass
and tree diameter (dbh and dsh). Since it was recognized that the plots resembled a mathematical function, it was fitted data to that type of model. Then,
the equations were produced by curve-estimation
method using different models [30] which was compared for the relationship between biomass quantity
and tree characteristics. In the event that the model
was to be inadequate because its coefficients didn¶t
make practical sense, the other curve-estimation
models were evaluated for the fit values. Thus, depending on R2, StdE, and p values, it was chosen one
or more curve estimation regression models that
were power function (Model-3), cubic (Model-4),
and S-curve functions (Model-5) as respectively.
The models (3-5) used non-linear regression to
estimate biomass like that in many studies [31],
which was useful EHFDXVH WKH GDWD GLGQ¶W need to
transform [32]. However, in order to explore an alternative model that may be appropriate rather than
previous and to show the effects of adding h to estimation model, nonlinear regression procedure was
implemented via ordinary least squares (OLS)
method, this time [22]. Thus, it was avoided the
additivity problem arising from the mismatch
between the sum of component-based predictions
and total biomass estimates [33, 34]. Then, 22 well-

TABLE 3
The candidate models for FW and TB
Model ID
Model-1
Model-2
Model-3
Model-4
Model-5
Model-6
Model-7
Model-8
Model-9
Model-10
Model-11
Model-12
Model-13
Model-14
Model-15
Model-16
Model-17
Model-18
Model-19
Model-20
Model-21
Model-22

Expression
y = b0+b1d
y = b0+b1d+b2h
y = b0db1
y = b0+b1d+ b2d2+b3d3
y = exp(b0+(b1/d)
y = b0+b1d2
y = b0+b1d2+b2h
y = b0+b1d+b2h2
y = b0+b1db2
y = b0+b1db2+b3h
y = b0+b1d+b2ha3
y = b0+b1d2h
y = b0+b1db2h
y = exp(b0+b1d)
y = b0db1h
y = b0dhb1
y = b0db1hb2
y = exp(b0+b1d+b2h)
y = exp(b0+b1d2)
y = exp(b0+b1d2+b2h)
y = exp(b0+b1d+b2h2)
y = exp(b0+b1db2)

Where, y was the dry biomass in kg of a tree or
tree component such as FW; b0 was the constant; b1
was model parameters; d was tree diameter (dbh or
dsh) in cm; and h was total tree height in m, as well.
In producing linear and curve estimation equations, statistical software preferred for that analysis
was IBM SPSS statistics 20 package. Nonlinear regression analysis was carried out by SAS software
for model fitting. All analysis was performed at an
alpha level of 0.05. The results of the study were usually presented in tree level on average of all samplings.
Evaluation. Many evaluation criteria could be
used when selecting the best biomass model for tree
components [24]. The best model was chosen based
on goodness-of-fit statistics for the prediction of FW
and also TB. For the linear equations, goodness of fit
for all regression equations was achieved by examining the lowest p-values and standard error of the
estimate, and also the highest coefficient of determination (R2) through SPSS software which was used
for all model fitting [35]. To fit equations and to select the best one, the simplistic models especially linear and curve-estimation equations were evaluated
by R2 and StdE. The R2 statistic is a measure of the
strength of association between the observed and
model-predicted values of the dependent variable.
The large R2 values indicate strong relationships,
where R2 for a model is larger, though it is not clear
whether this is due to the model capitalizing on
chance with an extra parameter [30].
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TABLE 4
Single input linear model for aboveground FW and TB biomass
Model ID

Biomass

d
dsh
dbh
dsh
dbh

TB
Model-1
FW

b0
-6.394
-2.903
-1.128
-0.256

b1
1.274
1.743
0.297
0.395

R2
0.834
0.829
0.701
0.658

p
0.000
0.000
0.000
0.000

StdE
1.876
1.904
0.640
0.685

TABLE 5
Biomass models with two variable for FW and TB
Model ID

Biomass
TB

Model-2
FW

d
dsh
dbh
dsh
dbh

h
h
h
h
h

b0
-6.073
-2.938
-0.841
-0.468

i n
i 1

RMSE

R2

2

n p

ª n
Ö
« ¦ Yi  Yi
i 1
1 « n
«
Yi  Y
«¬ ¦
i 1

¦

i n

E

yi  yÖ i

i 1

º
»
»
2»
»¼

(1)

2

yi  yÖ i

b2
0.397
0.078
0.356
0.472

p
0.000
0.000
0.000
0.000

R2
0.842
0.829
0.801
0.778

StdE
1.839
1.916
0.525
0.554

dbh (R: 0.811; p<0.001) and dsh (R:0.837; p<0.001)
due to the fact that they were the easily measurable
variable. Therefore, the single entry model fit was
tested to predict FW and also TB dry biomass. The
result of the linear equation (Model-1) was presented
in Table 4, where it was accounted more than 82 %
of the variability of the total tree biomass. However,
single entry linear model with dbh and dsh variables
could explain at least 65 and 70 % of FW biomass,
respectively. Overall validation statistics with simultaneous fitting were better for TB but relatively decreased for FW component of a tree.
The R2 values of Model-1 fitting with both dsh
and also dbh was relatively lower. However, explaination capacities of the equation using dsh were more
powerful than dbh because of having higher R2 and
relatively lower StdE values. The linear model stated
that the expected dry FW biomass was equal to 1.128 + 0.297*dsh inTable 4.
However, when tree height inserted to the single entry linear equations as secondary explaining
variable, they increased the equation fit compared to
equations with dsh or dbh as a single input variable
(Table 5). The general regression models in the
pooled equations with three input variables (diameter and height) were relatively more powerful than
diameter specific regression models for especially
FW estimation, because their R2 values were considerably higher and StdE values were relatively
weaker. The addition of tree height to TB equations
slightly improved the R2 values of the equation fit
with dsh and h ZKHUHDVGLGQ¶WJHWLWRQWKHHTXDWLRQ
fitting with dbh and h. However, the equations for
FW biomass using dsh and h had a higher R2 value
then ones the dbh and h as input variable, in the linear models.
To figure out the correlation and to identify the
direction of the relationship, and then to compare
them, the scatter-plots were developed. It showed relationship between dry TB and FW biomass and both
dbh, and also dsh, in Figure 1. A separate model
could be produced for each variable. The curve fit

Four statistical criteria obtained from the
residuals were examined to compare the
performance of the developed linear and nonlinear
models in Table 3: the root mean square error
(RMSE) (Eq. 1), which indicates the accuracy of the
estimates; the coefficient of determination (R2) (Eq.
2), which is a measure used to determine the
relationship and the goodness-of-fit between the
estimated and the measured data; the mean bias (E)
(Eq. 3), which indicates an overall indication of the
HUURU YDULDQFH RI WKH PRGHO DQG $NDLNH¶V
information criterion (AIC) (Eq. 4), which is an
index used to select the best model from a group of
candidate models [36]. The expressions of the
statistics are summarized as follows [22]:

¦

b1
1.062
1.683
0.107
0.032

(2)

(3)

n

AIC n ln RMSE  2 p

(4)
where yi , ݕොi and ݕare the measured, estimated
and average values of the dependent variable,
respectively; n is the total number of observations
used for fitting the model; and p is the number of
model parameters to be estimated.

RESULTS
Parameters and evaluation statistics are given in
Table 4 for tested models from the removed trees to
estimate tree-based dry biomass potential for FW recovery. The FW biomass was firstly correlated with
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To strength the consistency curve-estimation
models and to improve best fitted model with single
variable, it was produced curve estimation regression
statistics for more different regression models in Table 3, as well. The best fitted equations for TB and
FW biomass was summarized in Table 6.
Power function was the best equation fit for
aboveground total TB using of dsh and whereas cubic function presented the best model when dbh was
used. Biomass equation of TB was the highest R2
while dsh was being used as predictor. FW biomass
was predicted more accurately by S-curved functions
by using of dsh and cubic function with dbh, as well.
In order to be able to fortify representation capacity
of the equation, it was substituted dbh with dsh. But,
FW biomass was strongly predicted by dsh as independent variable by means of higher R2 and weaker
StdE (Table 6).
The nonlinear (multivariable) regression equations were developed to get more explanatory models by means of Table 3. So, it was experienced to
see what happened when the second variable, h, was
added to the equations. The result of the nonlinear
biomasss equations with two variable was presented
in Table 7.
The equations for aboveground tree biomass
were derived from 22 models in Table 3. The model
fitted TB, with higher R2 (0.881) value and lower
StdE. As well, RMSE value (1.597) and AIC were the
minimal value among 22 models. So, Model-17 in
Table 3 was fitted as the best equation for TB
estimation. This model used dsh and h to develop the
equation.
The best fit was obtained for the equation of
FW by using of dsh and h as independent variables
within the nonlinear models. The model fitted the
FW, with higher R2 value and lower StdE. As well,
RMSE value of FW was equal to 0.5116 which were
the minimal value among other models with two
variables. Among the 22 models, most coud be
eliminated from consideration because of high
values of AIC. Off the a lot of with minimal value
AIC, the Model-8 in Table 3 had the lowest value
equation for FW biomass. The 22 models was tested
by both dbh and dsh with together h, as well. But, the
equation with dsh gave the most available results.
The greatest degree of pattern was betwen FW
biomass and dsh supported the relationship. Based
on the assumption, it was shown that an incerase on
FW biomass per tree from smallest diameter to
smaller one, like that in Figure 1. All the predictors
in the models were significant (p<0.001). So, dsh
was a significant predictor, in all cases, the biomas
equations fitted by dsh for FW presented higher R2
value than the equations fitted by dbh.

chart gave a quick visual assessment of the fit of each
model to the observed values. From this plot, it appeared that the power functioned model (Model-3 in
Table 3) was better to explain the relationship between TB and dsh, and polynomial model (Model-4)
was fitted by using of dbh. The power models
(Model-3) were the best-fitted for estimation FW biomass respect to both dsh and also dbh in Figure 1.

FIGURE 1
The scatter-plots for total aboveground TB and
FW to tree level variables
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TABLE 6
Parameter estimations for tested models in Table 3
Model ID
Model-3
Model-4
Model-5
Model-4

Biomass

d
dsh
dbh
dsh
dbh

TB
FW

b0
0.016
-0.126
2.238
-0.048

b1
2.509
0.170
-16.714
1.162

b2
0.244
0.064

b3
-0.011
-0.005

R2
0.897
0.833
0.828
0.666

p
0.000
0.000
0.000
0.000

StdE
0.319
1.902
0.367
0.684

TABLE 7
Available nonlinear biomass models with goodness-of-fit statistics
Model ID
Model-17
TB

for

Model-8
FW

for

Var.

Cfc.

Estimate

StdE

Approx
Pr.>|t|

R2

RMSE

E

AIC

0.0234
2.2396
0.1819
-0.3158
0.1364
0.0322

0.0086
0.1889
0.1046
0.1870
0.0260
0.0042

0.0075
<0.0001
0.0850
0.0943
<0.0001
<0.0001

0.881

1.5975

0.0096

103.44

dsh; h

b0
b1
b2
b0
b1
b2

0.811

0.5116

-7.046E-16

-133.37

TB: Total tree biomass (kg/tree), FW: Energy wood biomass (kg/tree), dsh: Diameter at stump height (cm), h: Tree
height (m), Var.: Varibles, Cfc.: Coefficients, StdE: Standard error of the estimate, RMSE: Root mean square error,
E: Bias, and AIC: AkaLNH¶V,QIRUPDWLRQFULWHULD

When the models developed for FW prediction
was compared to each other, with constant and
model parameters in Model-5, gave the best fitted
solution because of higher R2 value and relatively
lower error indice (Table 8). dsh was the most
effective variable because it placed in all models for
fitting.

been driven partly by high portion of small tree dominant stands in the Meditrrenean Region and the unknown performance of the small tree biomass models.
Even though one study was also completed on
determination of the amount of energy wood from
young trees in first thinning of brutain pine [2], it was
not included any study on FW biomass estimation.
So, this is the first time this study could present a biomass model for FW depending on different tree variable with different model structure. There was a few
study has focused on developing equations of tree or
tree component biomass for small diameter trees in
brutian pine stands [20,41]. The estimates of FW biomass may differ relatively from estimates made
with more regionally representative models in literature, and the privilege of the biomass estimation
study may depend on these differences [15]. Therefore, the directly comparison of our model with those
in the literature was not possible without similar
product-specific partition strategy, such as FW biomass, was applied. Moreover, the differences on tree
characteristics resourced from local growing conditions causes the variation on models, which complicates use of the models to refit [19]. However, when
total aboveground biomass equations in literature for
brutian pine trees [21,23,24] were compared with the
study, it was illustrated that the range of biomass estimates in the literature gave higher results more than
this study because their biomass equations fit had
been produced from the higher diameter tree variables.
We wanted to understand the implications of
using a particular equation for predicting FW biomass from first thinning. It was tested several models
to the same tree for quantifying the differences
among the results and to show the reaction when it

TABLE 8
Comparison of the equations for FW biomass
estimation
Model ID

Variables

R2

StdE

Model-1
Model-2
Model-8
Model-5

dsh
dsh, h
dsh, h
dsh

0.701
0.801
0.811
0.828

0.640
0.525
0.187
0.367

Discussion. The estimation of total tree biomass and its components are essential for bioenergy
feasibility studies [37]. Previous studies [25,38] illustrated that estimation models (equations) and
choice the best fitted one may have a substantial impact on the defining the amount of biomass. It can be
argued that biomass estimation models for all tree
species and site-specific conditions is not studied,
yet
Biomass equations and above ground biomass
estimation of small trees have not received much attention in the literature except for recently published
a few studies as Nelson et al. [39] and Schuler et al.
[40]. There is increasing national and international
interest in accurately estimating forest biomass for
potential bioenergy purposes and others. The uncertainties of brutian pine forest areas in Turkey have
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have relatively lower R2 and higher error indices. It
is expected that this can be resulted from different
incremental growth curve. The most of the equations
for FW biomass requires estimates of dsh rather than
dbh. If there is only dbh data, it can be used linear or
nonlinear equations from Table 4 and 6, and Figure
1 that corresponds to the diameter range of interest
and use all of them to quantify aboveground TB and
FW biomass. The differences between models can be
omitted in terms of results from one equation are
higher than the average of all of the appropriate
equations [19].
Since estimation capability of linear models
was lower, curve-estimation regression was tested
for predicting the available amount of FW biomass.
The curve estimation procedure allowed us to
quickly estimate regression statistics and produced
related plots for different models. Curve estimation
is most appropriate when the relationship between
the dependent variable(s) and the independent variable is not necessarily linear. In particular, the linear
model seems to underestimate FW and also TB biomass for cases with small values of tree diameters.
The regression sum of squares was considerably
larger than the residual sum of squares, which indicated that most of the variation in the estimation of
FW or TB biomass was explained by the models.
More than 22 initial models were tested; there
was significantly difference between goodness-of-fit
measures. R2 value of only few values of 22 equations exceeded 0.80, suggesting a high proportion of
the variation in the data was explained by the models
[44]. According to other conventional interpretation
of test statistics (bias, AIC, and RMSE) only one of
the 22 equations had suitable score that met threshold value in Table 7. The test statistics are more helpful in defining the most suitable subset of models
[50]. Moreover, the best model for FW biomass estimation should exhibit a balance between accuracy,
simplicity and practical application [51]. The equation for dry FW biomass using dsh with S-curved
function had a 24% higher R2 value (R2: 0.828) and
smaller StdE than using dbh (R2: 0.666) with as single input variable, which is similar with Peichl and
Arain [11]. So, it was dedicated S-curve model
(Model-5) to be most suitable for the prediction of
FW biomass, possibly due to the fact that the fuel
wood biomass slowly increases at the initial stage
but becomes more increased with age and increasing
diameter at the thinning stage before a certain maturity stage. However, power function is the best
model for aboveground total tree biomass which is
compatible with the previous studies [24, 52, 53]. In
the equations mentioned in Table 4-7 and Figure 1,
the R2 values are different among equations for FW
biomass. The difference between lowest and highest
R2 values of single entry biomass equations was
0.127 for dsh. However, the difference between two
variable linear and nonlinear equations decreases to

was used one equation instead of another. In previous studies, it was usually performed dimensional
analysis approach using regression model to estimate
the relationship between one or more tree dimension
and component weight [19, 42]. In this study the
aboveground TB and available FW biomass was estimated using the equation containing dsh or dbh,
and h as predictors, like that in other studies for mature trees [21, 43]. Estimating recoverable FW biomass was successfully accomplished using standard
dbh or dsh -based biomass equations, like that in literature [16]. The results showed that increasing dsh
and also dbh is followed by an increase in FW biomass. This finding is similar with the previous studies [44, 45].
It was tested two different equation types as linear and nonlinear, for biomass estimation from at
tree-level data in young stands. The results showed
that the relationship between dry FW biomass and
tree diameter (dbh or dsh) was a generic to an extent
that the single variable equation across the all trees
in the stands. Model fit and individual parameter estimates of recoverable FW biomass, based on tree
dbh, were highly significant in literature [15]. Although reliable significance (p<0.01), the equations
setting with dbh were significantly lower R2 and had
a higher StdE for TB and FW biomass in both linear
and nonlinear models. This suggested that the relationship between TB or FW biomass and dbh was
less accurate. This showed that predicting FW biomass with equations based on dsh without considering h even so may give consistent result, which result
similar with Peichl and Arain (2007). However,
when adding h as second input variable, the equation
fit may be considerably improved for prediction FW
biomass in the linear models, but this may be less
frequently used in practice [46]. The single variable
nonlinear models using dsh had a higher R2 and
lower error indices values. However, TB and FW biomass were strongly correlated to dsh, whereas the
correlation of TB and FW biomass to dbh were
slightly weaker, which result is similar with Peichl
and Arain [11]. This explains why the adding of tree
KHLJKWDVVHFRQGYDULDEOHGRHVQ¶WUHVXOWLQDQ\PDMRU
improvement of equations for FW and TB. The regression models including only tree diameter (dsh)
estimated aboveground biomass for tree components
such as FW biomass are better than the model containing dbh and h. These results are in accordance
with previous studies [47]. Moreover, the tree variables dsh or dbh and h had a significant impact on the
relationships for dry biomass, in agreement with literature [48]. On the other hand, it should be noted
that simplified biomass models dependent on commonly measured variables like diameter (dsh or dbh)
and h, offers some advantageous from the application point of view [49].
The models for estimating FW biomass were
considerable and had higher R2 and lower error indices for nonlinear models. However, linear models
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highly significant estimates of recoverable FW biomass from in oven-dry basis for individual tree,
based on diameter (dsh or dbh) alone, and with tree
height as predictor variables. Even though single
variable nonlinear equation was reasonably fit the
actual data, the multiple models with the conventional goodness-of-fit tests for predicting FW biomass across the range of diameters were gave a reasonable solution.
The presented recoverable biomass models for
small diameter trees will assist stand-level prediction
of available biomass potential for utilization in the
bio-economy. The equations can be used in conjunction with stand inventory for removal tree intensity
to refine accurately estimation of available FW biomass in Mediterranean sites. This tree-level study
sets the stage to complete stand-level surveys that
will allow for the local and regional-scale consistently prediction of the biomass potential for small diameter trees. These models can also be used by biomass harvesting scientists, forest managers, bioenergy investors, and by ecologist to study on biomass
potential. Moreover, the presented models for available biomass are sensitive to ecosystem requirements because the models are established to give the
results that the residues (at least1/3 of removing tree
total biomass) will be left on site. However, since
site-specific conditions are more important factors in
estimating biomass, more work is required to establish this range of allometric relationships across sites
of varying geographic locations in different regions.
Additionally, intensified removal for producing fiber
wood may have more serious effect in first thinning
as studied here, so future work is needed related to
logging intensity of removing small diameter trees.

0.010 when dsh and h is used, as well. The error indices values of FW model decreased by approximately 28 % from two variables (dsh and h) model
to one-variable (dsh) model.
The product and species-specific recoverable
FW biomass estimations from the model were unbiased across the entire range of small diameter tree
dsh below 10 cm on average. The estimates of FW
biomass may differ relatively from estimates made
with more regionally representative models [22, 24]
for wide range tree diameters, and the success of a
biomass estimation in the future may depends on
these differences.
Often, the results obtained from equations produced specifically for a product or wood components
are faced with the problem of not reflecting the total
biomass of the tree. In this study it was fitted the
equations for the tree component, FW, simultaneously with the total tree biomass depending on the
sum of the components to guarantee that the total biomass estimation is equal to the total aboveground
estimated by the aboveground biomass equation
[49]. However, it is noted that the differences between the biomass measured and estimated may be
explained by the fact that these equations only used
as an explanatory variable [54].
Depending on the study results, in Mediterranean region, observations of recovery rates of FW
from unutilized tops of small diameter trees (4.5-11
cm at dbh) revealed that approximately 30% of the
total tree biomass of brutain pine. It should be taken
into consideration that the inclusion of larger trees
and branches may increase the additional biomass
and warranted the inclusion of additional biomass
parameters. In addition to tree size and tree species,
it is possible that the rate of FW biomass recovery
could be affected by the site quality, age classes, and
thinning intensity [11, 15, 55]. Further research of
the factors that may contribute to recoverable biomass, due to operational constraints may be needed.
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CONCLUSION
Biomass harvesting for a significant supply of
bioenergy remains the ability to precisely estimate
the amount of wood biomass that can be recovered
from various forest resources such as small diameter
trees. Therefore, determining of the recoverable biomass potential from a tree is the first step for revealing feedstock capacity in modern and classic bioenergy utilization. This study exposed product-specific
biomass model to predict the amount of fuel wood
and total tree biomass on small diameter trees in
even-aged young brutian pine stands of west Mediterranean Region. It was examined well known linear and nonlinear models with data collected from
destructively sampled small dimeter trees. These
models was generally simple in form and produced
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EVALUATION OF ECO-FRIENDLY LEMON OIL AGAINST
THE GREEN PEACH APHID MYZUS PERSICAE SULZER
(HOMOPTERA: APHIDIDAE) USING FOUR SOLVENTS
Tawfiq M Al-Antary*, Idres H Belghasem, Salah Eddin A Araj
School of Agriculture, Department of Plant Protection, University of Jordan, Amman 11942, Jordan

ciated with virus diseases. GPA is capable of becoming resistant to a wide range of insecticides groups.
Therefore, pest management strategies aimed at preventing or minimizing resistance [8, 9]. The GPA is
distributed worldwide and several resistant strains
have been identified using molecular techniques. A
form with a chromosome translocation is wide
spread in glass houses and has been shown to have
very high levels of resistance. It is difficult to be controlled with insecticides because of their small sizes
and hidden habits [10, 11]. Crops differ in their susceptibility to green peach aphid, but it is actively
growing plants, or the youngest plant tissue, that
most often harbors large aphid populations [12, 13].
Contamination of harvestable plant material with
aphids, or with aphid honeydew, also causes great
losses. In Arkansas (USA), mild winters allow good
overwintering survival of the green peach aphid on
spinach, thereby leading to contamination problems
[3, 14, 34]. The serious damage caused by the green
peach aphid is through transmission of plant viruses.
Indeed, this aphid is considered by many to be the
most important vector of plant viruses throughout
the world. Nymphs and adults are equally capable of
virus transmission [4, 15]. Moreover, 100 viruses
transmitted by this species were listed [14]. Specific
environmental chemicals, including pesticides have
been described as endocrine disruptors, as known
elicit their adverse effects by mimicking or antagonizing natural hormones in the body. It has been supposed that their long-term, low-dose exposure is increasingly linked to human health effects like immune repression, hormone disturbance, diminished
cleverness, reproductive abnormalities and cancer
[5, 16, 17, 18].
The heavy use of insecticides to control M. persicae over many years had led to population that are
now resistant to several classes of insecticides including the organophosphates, carbamates, pyrethroids, cyclodienes, and neonicotinoids. This resistance had made the GPA one of the most widely
and strongly resistant species worldwide [6, 19]. The
GPA populations have high levels of esterase resistance for organophosphates. Many members of
this main group of insecticides have excellent selectivity as aphicides [7, 20]. Most citrus peel oils are
expressed mechanically or cold pressed.

ABSTRACT
Efficacy of lemon essential oil with four different solvents namely: acetone, ethanol, n-hexane and
chloroform, was screened against the green peach
aphid Myzus persicae, for their aphicidal effects under lab conditions. The aphid was reared in a special
insectary until reaching sensitive strain after ten generations, bioassay was then applied to find lethal
concentration, after three different times; 24, 48 and
72 hours, and between four solvents. Results have
shown that, lemon oil with chloroform was the most
effective against 1st and 2nd nymphal instars (early
nymphal instars) of M. persicae. Also, lemon oil
with Acetone oil had the highest significant mortality on the late nymphal instars. Lemon oil has shown
effectiveness on early nymphal instars with LC50 of
0.0008, and 0.001 (v/v) with chloroform and ethanol,
respectively. Lemon oil have shown the highest effectiveness on late nymphal instars with LC50 of
0.0009 v/v for both Acetone and n- hexane. Results
indicated significant differences in mean percentage
mortalities after 24, 48, and 72 hours of the exposure
at 10% concentration. Lemon oil showed highest
mortality which ranged between 94.25 to 97.75%.
This study indicated the essential oil as promising
insecticide and may be used effectively in the management of M. persicae to provide safe environment
and high quality crops.

KEYWORDS:
Bioassay, Essential oil, Green peach aphid, Lemon oil.

INTRODUCTION
The green peach aphid is an important pest. It
causes an economic damage to vegetables and fruit
trees in the world [1, 2, 3]. Many of cultivated vegetables in mountainous regions and Jordan Valley is
considered hosts for the GPA [4, 5]. This aphid is
able to transmit several viral diseases to planted vegetables [6, 7]. Direct feeding damage by low numbers of GPA causes little damage to plants. However,
this aphid is considered as a serious pest when asso-
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Due to the relatively large quantities of oil in
citrus peel and low cost to grow and harvest the raw
materials, citrus-fruit oils are cheaper than most
other essential oils [9]. Citrus essential oils showed
a broad spectrum of biological activities, mainly antimicrobial [13, 21, 22]. Lemons have many important natural chemical components, including citric acid, ascorbic acid, minerals, flavonoids and essential oil [3, 23].

considered to be the essential oil weight in grams. To
determine the water contained in oil, the glass Petri
dish with the oil was again placed in the oven at
105°C for 3hr. Calculations for the water content %
was done for oil. There were three replications for
oil each time.
Bioassays. In order to test the toxicity of the
essential oil against M. persicae, first, second, third
and fourth nymphal instars of apterous aphid were
placed on a sweet pepper leaves in (9cm in diameter)
Petri dishes. Essential oil was diluted with distilled
water and Tween 20 (0.005 ml) (adjuvant). There
were four concentrations for lemon oil used. There
were four solvents for oil. The used solvents were:
n- hexane (purity 99.5%), chloroform (purity
99.5%), ethanol (purity 99.9%), and acetone (purity
99.5%) and distilled water with Tween 20 as control.
Each treatment was replicated four times. Oil was diluted separately with the four solvents in four replicates. In addition, each solvent (four replicates) in
each treatment was tested separately against the
green peach aphid. Each replicate has 35 to 50
aphids. The diluted oil with solvent was shaken for
5 minutes by hand. Each replicate was sprayed with
the diluted oil with a sprayer on the placed aphids on
the sweet pepper leaf in the Petri dish. The sprayer
was consisted of 18 ml glass container. It was provided with an atomizer. One sprayer was separately
used for each concentration. Petri dishes were kept
open to dry for 15 minutes of spraying. Mortality rate
of the aphids was assessed after exposure for 24, 48,
and 72h. Petri dishes provided with sterile water and
Tween 20 was served as a negative control, and Calypso (neonicotinoid) insecticide at the recommended rate of the application as a positive control.
Four replicates for each concentration were used.
Each treatment was tested to find the lowest concentration which gave around 30% mortality, and the
highest concentration which gave around 95% mortality. The concentrations for lemon were 0.1, 0.01,
0.001, 0.0001and 0.00001. The LC50 and LC90 for
oil were obtained after repeating the experimental
work several times. Slope and confidence of limits
were also reported.

MATERIALS AND METHODS
Rearing of the aphid. M. persicae adults
reared in the laboratory at 22±2°C. The aphid was
identified by Prof. Tawfiq Al-Antary, of the University of Jordan according to Blackman and Eastop
[24]. The GPA was collected from unsprayed area in
Ghore Al Safi region. A colony of GPA was established from apterous individuals obtained from a
continuously maintained culture in an insectary in
the Department of Plant Protection at the School of
Agriculture, the University of Jordan. M. persicae
kept in cages with a wooden frame of (60 × 40 × 45)
dimension, with four (20x30cm) fine mesh doors. A
continuous supply of new plants of sweet pepper was
provided as needed for the colony replenishment.
Sweet pepper seeds Super Lamuyo (Scanttin seed
company) were pre-germinated for three days in
plastic Petri dish (9 x1.5 cm) lined on the bottom
with wet filter paper before being planted in plastic
seedling trays (50 × 30 × 60 cm, 50 seeds/tray) containing commercial potting soil peat moss (Kasvuturvas). After growing for 10 days under greenhouse
conditions, seedlings in the primary leaf stage individually transplanted into a plastic pot (15 cm diameter) filled with the soil.
Plants kept in a greenhouse at 22 ± 4°C in the
campus of the University of Jordan. These plants
were regularly irrigated. The pots of plants were
placed on eight plastic cages in the insectary. Each
cage contained twelve plant pots, supplemented with
16: 8 L: D average of temperature 22±2°C regime
and irrigated as needed.
Oil content active ingredients (essential oil)
in oil extracts. The oil was bought from Talya
Bitkisel Company (Amman-Jordan). Used oil were
analyzed to determine the active ingredient percentage in the Laboratory of Fruits and Vegetables Processing at Department of Nutrition and Food Technology the University of Jordan as shown in (Table
1). The quantity of essential oil was carried out as
following. Five milliliters of oil was taken in triplicates and placed into a previously weighed glass Petri dishes (12cm). Thereafter, they were placed in an
oven for 2 hours at 75°C. After that they were taken
from the oven, placed in a desiccator to cool down
for15 minutes and weighed. The difference between
the first weight and the second was calculated and

Statistical analysis. Data were analyzed using
Statistical Analysis Software [25] for LC50, LC90
and finding differences between means.

RESULTS
The lethal concentrations for LC50s and LC90s
of the aphid population of green peach aphid (GPA),
were determined and shown in Tables 2 and 3 for
lemon essential oil, with four different solvents: ethanol, acetone, n-hexane, and chloroform after 24
hours. The software version SAS program (SAS
2014) was used to estimate parameters of toxicity,
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Lethal concentrations of lemon oil. Lemon
oil with different solvents showed significantly the
highest toxicity with chloroform; the LC50 was
(0.0008 v/v) followed by ethanol and acetone solvents; the LC50 was 0.001v/v for each. On the other
hand, the lowest in toxicity was n-hexane with LC50
of 0.006v/v against early nymphal instar of the GPA.
The LC90 for all solvents were not significantly different (Table 2).

95% confidence limits (CL) for the concentrations
used and the slope. In addition, Pearson's Chi- square
test was used. The comparison between effect of the
lemon oil with different solvents against early nymphal (1st and 2nd) instars and late (3rd and 4th) of
M. persicae are found in Tables 4 and 5 after 24, 48
and 72 hours.

TABLE 1
Means of essential oil% and water content% for lemon oil
Oil
Lemon oil

Name
Citrus lemon peel oil

Part of the plant
Peel

Essential oil %
5.44

Water content%
0.57

TABLE 2
Concentration (v/v)-mortality data for the different solvents of lemon oil on early nymphal instars of
M. persicae after 24 hours of treatment.
Solvent

Slope

LC50*

95%CL***

LC90**

95%CL***

Ethanol
Acetone
n-hexane
Chloroform

28.52
28.14
31.21
28.88

0.001b
0.001b
0.006c
0.0008a

-0.021 - 0.018
-0.019 - 0.016
-0.011 - 0.020
-0.016 - 0.013

0.078b
0.079b
0.076a
0.076a

0.049 - 0.195
0.052 - 0.157
0.057 - 0.113
0.056 - 0.119

ChiSquare
12.21
17.29
34.90
33.30

Pr > ChiSquare
<.0001
<.0001
<.0001
<.0001

*LC50 values sharing the same letters do not differ significantly (95%of CL aren't overlapping).
**LC90 values sharing the same letters do not differ significantly (95%of CL aren't overlapping).
***95% confidence limit for LC50, LC90.
TABLE 3
Concentration (v/v)-mortality data for the different solvents of lemon oil on late nymphal instars of
M. persicae after 24 hours of treatment.
Solvent

Slope

LC50*

95%CL***

LC90**

95%CL***

Ethanol
Acetone
n-hexane
Chloroform

27.86
27.88
30.57
29.22

0.004b
0.0009a
0.0009a
0.005b

-0.021 - 0.025
-0.016 - 0.012
-0.007 - 0.008
-0.003 - 0.014

0.083b
0.079b
0.072a
0.081b

0.050 - 0.237
0.054 - 0.146
0.060 - 0.091
0.062 - 0.114

ChiSquare
10.35
19.08
101.59
48.01

Pr > ChiSquare
0.0013
<.0001
<.0001
<.0001

LC50 values sharing the same letters do not differ significantly (95%of CL aren't overlapping).
**LC90 values sharing the same letters do not differ significantly (95%of CL aren't overlapping).
***95% confidence limit for LC50, LC90.
TABLE 4
Effect of different solvents on efficacy of lemon oil against early nymphs of M. persicae using 10% (0.1)
concentration at three times.
% mortality, ±SE
After 24hours
After 48hours
After 72hours
Ethanol
95.50a ± 0.64
96.25ab ± 0.47
97.00a ± 0
Acetone
94.50a ± 0.64
97.00a ± 0.57
97.00a ± 0.57
Chloroform
93.50ab ± 1.19
95.00ab ± 0.91
95.75a± 0.85
n-Hexane
95.50a ± 0.64
96.00ab ± 0.70
96.00a ± 0.70
Calypso
91.25b ± 1.25
94.50b± 0.50
96.00a ± 1.22
Control
4.00c ± 0.70
4.50c± 1.19
06.75b`± 0.75
Means within the same column sharing the same letters do not differ significantly at 5% level using LSD test.
Solvents

8300

%$

" &    

 





 " #!"!


TABLE 5
Effect of different solvent on efficacy of lemon oil against late nymphs of M. persicae using 10% (0.1)
concentration at three times.
% mortality, ±SE
After 24hours
After 48hours
After 72hours
Ethanol
94.25ab ± 0.85
95.00ab ± 1.08
95.75ab ± 1.31
Acetone
95.50a± 0.95
97.75a± 0.62
97.75a ± 0.62
Chloroform
92.25b± 1.18
93.75b ± 1.18
94.00b ± 1.41
n-Hexane
92.75b ± 0.94
93.00b ± 0.70
94.50ab ± 1.44
Calypso
94.00ab ± 0.57
94.00b ± 0.57
96.00ab ± 1.22
Control
04.00c± 0.70
04.50c ± 1.19
06.75c ± 0.75
Means within the same column sharing the same letters do not differ significantly at 5% level using LSD test.
Solvents

Among the lemon oil with different solvents
tested against the late nymphal instars of M. persicae, the most significant toxic ones were with acetone and n- hexane; LC50 was 0.0009 v/v for both
followed by ethanol (0.004v/v) and chloroform
(0.005v/v) (Table 3). The lemon oil showed significantly the least activity with LC90 with ethanol and
chloroform solvents (0.083 and 0.081v/v), respectively. The most toxic were significantly with acetone and n-hexane (0.078 and 0.079v/v), respectively.

cheaper compared with the chemical pesticides. In
addition, they are made from local resources and
safer to humans than chemical pesticides [28]. They
concluded that essential oil of garlic plant and mint
oil could be used as effective natural products and to
be included in the integrated pest management programs. However, essential oils may be effective
when used in pest management practices against several insect pests [3, 5, 13, 29]. Lemon oil has demonstrated strong toxic effect against M. persicae. It
caused the highest mortality taking in consideration
the LC50 and LC90 (Table 3). This oil was proved
to be the most effective against the two spotted spider mite (≥90% mortality) [30]. These significant results given in this study shared indication of the insecticidal activity of many Eos which has been reported by Regnault-Roger et al. [31]. Manimaran et
al. [32] have tested 25 essential oil against mosquitoes, they observed that lemon oil recorded LC50
value of 43.79 ppm and orange oil LC50 values of
54.97 ppm, after 24 h of the exposure. They also observed that lemon oil, mint oil and orange oil acted
as100% larvicidal. These oils have also knockdown
activities which agreed with the present results. They
reported that anise oil extracts were potential as an
eco-friendly biopesticide in integrated pest management against M. persicae. Furthermore, orange oil
extracted from citrus peel caused 68 and 96% mortality to Coptotermes formosanus Shiraki (Isoptera:
Rhinotermitidae). There was a significant reduction
in feeding as compared to control [33].

Lemon with different solvents on oil extraction. Table 4 showed the results of the effect of the
different solvents on efficacy of lemon oil against
early nymphal instars on M. periscae at 24, 48 and
72 hours of the treatment using 10% (0.1) concentration. Ethanol acetone, chloroform and n- hexane extracts caused significant high level of mortality
against early nymphal instars with lemon oil rather
than Calypso insecticide at 24 and 48h, but without
significant difference after 72h. All treatments had
significant difference with control.
Table 5 shows that acetone oil had the highest
significant mortality on the late nymphal instars;
Mortality ranged between 95.50 to 97.75%. Ethanol
and Calypso ranked the second and caused 94-96%
mortality. Chloroform and n- hexane ranked the third
and caused 92.25-96% mortality. All treatments had
significant difference with control.
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DETERMINATION OF THE VISUAL PREFERENCE LEVELS
AND PERCEPTUAL DIFFERENCES IN THE APPEARANCE
OF CERTAIN TAXA IN DIFFERENT SEASONS
Emine Tarakci-Eren*, Tugba Duzenli
Department of Landscape Architecture Karadeniz Technical University, Trabzon, Turkey

ABSTRACT

INTRODUCTION

The most important elements of open spaces
are plants. Also plants are important elements perception and preferences of an environment. The
plants are divided into two groups based on seed
properties: Angiosperms and gymnosperms. In the
present study, angiosperm plants were selected.
Because angiosperms are more developed when
compared to gymnosperms and their seasonal differences are more effective. Angiosperms have
seasonal colour, texture, size and form changes. The
most distinctive feature of Angiosperms is the differentiated flowers and fruits in different season.
The identification of these changes and clarification
of the effects on people are quite important for
landscape architecture. The aim of the present study
is to reveal differences in preference levels and
perceptions about certain taxa in Karadeniz Technical University (KTU) campus, located in Trabzon
province, based on their seasonal differences. To
accomplish this objective, trees that belong to the
designated Angiosperm taxa were photographed in
different seasons during 2015 and 2016. These
photographs were presented to KTU, Landscape
Architecture, architecture, interior architecture,
forest engineer, city and regional planning students
in a survey to determine which appearance of these
taxa were liked, i.e. preferred, out of the four seasonal outlooks, and their visual preference levels
were determined. Differences in visual perception
were attempted to be determined with the semantic
differential technique. The results of the semantic
differential test were evaluated, and the analysis of
the obtained data was interpreted based on the differences in visual perception after the evaluation.
As a result of the study, it was observed that different seasonal appearances of certain taxa found on
KTU campus affected the preference of the users
and there were concurrent perceptual differences.

The primary goal of landscape architecture is
to be able to respond to the physiological, psychological, aesthetic needs and liking of individuals.
According to psychology, which seeks to find the
underlying causes for the behavior of individuals,
these needs and tastes differ between the individuals and communities >1@. Thus, psychology is important for landscape architecture as it is important
for all occupational disciplines directly serving
people. The traits of an individual such as emotions,
age, gender, fears, anxieties, and profession, affect
the psychology of the individual, thus influencing
WKH LQGLYLGXDO¶V YLVXDO SHUFHSWLRQ DQG SUHIHUHQFHV
>2, 3, 4@.
Among the materials used in landscape architecture, plants occupy a special place. Plants play an
important role especially in the design of aesthetic
and functional spaces. Thus, hard, solid, dull and
lifeless aspects of the materials such as stone, wood,
concrete, iron, etc. could be rendered more natural
and human-friendly through the use of vibrant, nice,
soft and warm material such as plants. The plants
provide these activities with their dynamism in time
and they only grow and develop in a certain period
of time and exhibit their own character and provide
the fourth dimension to the landscape >5, 6, 7, 8@.
Seasonal change of the appearance of angiosperm plants are observed >9, 10, 11@. It has been
suggested that seasonal aspects are an important
component of landscape perception and aesthetic
valuation >11, 12, 13, 14@. However, seasonal landscape changes, e.g. in colours and texture, have
rarely been investigated in landscape preference
research.
The field in which the plants are mainly scrutinized in landscape design is plant appearance and
composition >15, 16, 17, 18@. To create composition, it is necessary to know the relations of the
plants with their environment and conditions of
coexistence, as well as the structural and visual
characteristics of plants >16, 19, 20, 21@. Indeed,
plants are elements that grow and develop in a landscape, and assume different appearances in different
seasons >22@. There are several different characteristics of plants such as evergreens, deciduous trees,

KEYWORDS:
Semantic differential, Visual preference, Perceptual
difference, Taxon, Seasonal appearance, Trabzon-Turkey
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pant using identified scales >27, 45, 46, 47, 48@.
Photographs and computer simulations were used
for visual assessment in various studies >45, 49, 50,
51@. In the present study, photographs of certain
taxa taken in winter, spring, summer and autumn
seasons were used for the participants to evaluate
these. The plants in the campus of KTU, Trabzon
were the main material of this study. Thus, it was
aimed to determine which of the views that reflect
the four seasons are more liked, preferred and thus,
to evaluate the level of visual preferences. It was
aimed to determine the differences in visual perception using adjective pairs in the semantic differential scale. In Particular, woody plants were selected
for taking photos due to the human eye perception
grade and above. In plants as a basis, 1 m and 20±
30 m lengths were selected for low and high limit,
respectively. The Delphi technique is used to obtain
systematic expert opinion in scientific research. The
photographs were sent to the academicians, specialized in this subject in the Turkish Universities together with the evaluation questionnaire by e-mail.
Evaluation questionnaire was prepared as a Word
document. In the questionnaire, they were asked to
evaluate the photograph groups as follows: inappropriate ± appropriate ± most appropriate for the
subject. In the first stage, 9 out of the 15 specialists
responded to the questionnaires. In the second
stage, photographs were sent to the specialist group
of 10 people for the eliminations and only five of
the specialists responded. The photograph groups
that were evaluated as appropriate and most appropriate were chosen according to the responses. After
this determination, the number of the photograph
groups, which was 20, was decreased to 10.

as well as those that change color in autumn, with
influential flowers, with effective tree trunks during
the leafless period, and with calligraphic qualities,
etc. >23@. Within all these variations, creating a
composition using the main principles of plant
design could reveal difficult to accomplish but
successful landscape work >24@. Using colours is
the best way to show the differences in plant compositions depending on seasons because people can
mostly realize the differences from the colours >25,
19@.
The visual preferences about a landscape are
the effect of the landscape and its elements on the
observer >26, 27, 28@. In other words, the preference
of an element that belongs to to the landscape or the
landscape as a whole is an inquiry about how many
criteria were met with the element. The landscape,
which is described as environment, could be anything from macro scale to micro scale. In other
words, the abovementioned environment or landscape may be a city park, and the landscape element
may be a plant >29@. Criteria that affect the visual
preference are grouped into two; those that affect
individuals and the environment. Problems, desires,
expectations, needs and perceptual processes are
those related to individuals. Formal / aesthetic and
functional / functional criteria are those related to
the environment. Within the context of the present
study, environmental components are the differentiating appearance patterns of certain taxa in the
winter, spring, summer and autumn seasons, and
perceptual processes are the human components.
How people perceive the aesthetic value of a
landscape or plant depends on both physical characteristics of the landscape or plant and the perceptual
continuums that those characteristics remind of the
observer >30, 31@. The aesthetic evaluation of a
landscape or plant is thus consolidated with
thoughtsand feelings people affiliate with a landscape >26, 32@. Therefore, socio-demographic variables like age, gender orprofessional background
>33, 34, 28@.
Semantic difference techniques are often used
in visual perception studies >35, 36, 37, 38, 39, 40,
41, 42, 43, 44@. In this study, seasonal changes in
plant views were thought to have an important
effect on the perceiving of them. Therefore, our
aims were; to define effects of seasonal variance on
visual preference and perception, to identify which
season influence perception of people, to determine
which plants is effectual as seasonal changing in
planting design.

Study Area. Karadeniz Technical University,
Kanuni campus, located within the borders of Trabzon province in the Eastern Black Sea region in
Turkey, was selected as the research area (40 °
33'N- 41 ° 07 'N, 37 ° 07' E 40 ° 30 'E). Trabzon,
the third largest province in the region, has a population of 250,000 and a surface area of 190 km2.
The altitude is 37 m, the annual precipitation is 760
mm and the average temperature is 14.6 ° C. The
study area is presented in Figure 1.
One of the reasons for the selection of the
KTU campus was the high variety of available plant
species. Thus, it was important for the present study
to select plant taxa that would demonstrate great
structural variations such as fruit, leaf, flower, etc.
with the changing seasons. Another reason was the
fact that the specialist group with which the questionnaire was conducted was using the campus. It
was important that the participants experienced the
variations in the seasonal views of the plants that
were used in the questionnaire. Trabzon is located
in the Colchis section of the Euro-Siberian flora
geography region, one of the three flora regions in

METHOD
A wide variety of methods have been used to
determine the effect of visual perception on indiYLGXDOV¶SUHIHUHQFHV7KHVHPHWKRGVZHUHEDVHGRQ
the assessment of images presented to the partici-

8305

© by PSP

Volume 26 ± No. 12A/2017 pages 8304-8315

Fresenius Environmental Bulletin

FIGURE 1
Study area KTU Kanuni campus (KTU Gis Lab, 2016)
TABLE 1
Plants that were the subject of visual assessment

1
2
3
4
5
6
7
8
9
10

Latin nomenclature
Acer buergerianum
Acer palmatum
Parthenocissus quinquefolia
Albizia julibrissin
Cornus kousa
(XRQ\PXVDODWXVµ&RPSDFWXV¶
Koelreutaria paniculata
Quercus pontica
Liriodendron tulipifera
Photinia x fraseri

English name
Trident maple
Japanese maple
Virginia creeper
Persian silk tree
Korean dogwood
Winged spindle
Goldenrain
Pontine oak
Tulip poplar
Red robin

different seasons. Photographs were evaluated by
620 KTU landscape architecture, architecture, urban planning, interior architecture and forestry
engineering students. The photographs were evaluated with a three-step visual questionnaire. In the
first stage, participants were asked to choose the
most favorite image among the 40 photographs
presented.
To measure perceptual differences in the
study, "Semantic Differential" technique was used
>54@. According to this technique, eleven opposite
adjective pairs were chosen to assess the photographs. The method designed by Summit and
Sommer (1999) was used to create and group these
pairs in the present study >51@. Based on the
abovementioned study, determined pairs of adjectives were liked / disliked, beautiful / ugly, repellent
/ attractive, disturbing / relaxing, ineffective / effective, and in determination of visual perception and
quality of the trees, these were boring / interesting,
monotonous / animated, irregular / regular, plain /
ostentatious, legible / illegible, and complex / simple(YDOXDWRUVZHUHDVNHGWRDVVLJQDVFRUHRI³-2,
-   ´ IRU HDFK DGMHFWLYH SDLU UHODWHG WR HDFK
To facilitate the assessment when transferring the
questionnaires to the computer environment the
VFRUHV RI ³-2, -   ´ ZHUH WUDQVODWHG LQWR ³
negative higher, 2: negative lesser, 3: neutral, 4:

Turkey. Based on the climate and topography, the
region has resulted in three prime vegetation types,
namely "pseudo-maquis, forest and alpine (high
mountain) vegetation" along with a diverse vegetation cover >52@.
Photographs. Photographs submitted for the
evaluation of the participants in this study included
photographs of certain taxa taken in winter, spring,
summer and autumn at Kanuni Campus in Karadeniz Technical University. Photos were taken with a
digital camera with a resolution of 8 Megapixels.
Four similar images of the same tree were taken
from the same spot and at the same time of the day
in the seasons of winter, spring, summer and autumn.
Selection of plant species. In the present
study, broad-leaved trees were used. The species,
height and diameters of these trees are shown in
Table 1. The reason for the selection of broadleaved species in the study was the change in their
colors forms, flower, fruit, leaf, size and texture
throughout the four seasons. Thus, the effects of the
visual change that occurred during four seasons
were assessed by the participants clearly.
Assessment of photographs. In the study, 40
photographs of 10 plants were evaluated for four
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positive lesser, 5: positive higher.
The data were analysed using the SPSS (Statistical Package for Social Science) 23.0 statistical
package.
At the third and final stage, participants were
asked to conduct a general assessment using a 5point scale (5: best, 1: none) to determine which
seasonal view they preferred the most among the
images taken in four different seasons, regardless of
the plant type.
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neer, city and regional planning students to reveal
the differences between the preferences and perceptions of certain taxa due to seasonal changes (Table,
2).
Visual Liking ratios based on seasonal appearance of the taxa. In the present section, four
seasonal appearances of the species of Acer buergerianum, Acer palmatum, Parthenocissus quinquefolia, Albizia julibrissin, Cornus kousa, Euonymus
alatus 'Compactus', Koelreutaria paniculata, Quercus pontica, Liriodendron tulipifera and Photinia x
fraseri were presented to the participants to determine liking levels for seasonal appearance of plants.
As a result, it was determined that the most liked
appearances were those taken in the summer for 8
out of 10 plants (Figure 2).

RESULTS AND DISCUSSION
Demographical characteristics. The survey
was conducted with 620 KTU landscape architecture, architecture, interior architecture, forest engi-

TABLE 2
Demografic structures of participants
Department
Demografic
Structure

Gender
Living
Area

Male
Female
City
Town
Village

Landscape
Architecture

Architecture

Interior
architecture

217
94
123
86
16
115

90
38
52
46
4
40

125
59
66
56
22
47

City and
regional
planning
102
64
38
48
20
34

Forest
engineering

Total

Ȥ

df

86
42
44
40
9
37

620
297
323
276
71
273

64.890a

3

1.090a

1

208.452b

3

FIGURE 2
Liking levels for the seasonal appearances of the taxa (Arithmetic mean)
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TABLE 3
Visual evaluation of plant
Acer
palmatum

Parthenoci
ssus
quinquefol
ia

Albizia
julibrissin

Cornus kousa

Euonymus
alatus
µ&RPSDcWXV¶

Koelreutaria
paniculata

Quercus
pontica

Liriodendr
on
tulipifera

Photinia x
fraseri

Autumn

Summer

Spring

Winter

Acer
buergeria
num

TABLE 4
Observed change in plant
No

Plant Name in Latin

1

Acer buergerianum

2

Acer palmatum

3

Parthenocissus quinquefolia

4

Albizia julibrissin

5

Cornus kousa

6

(XRQ\PXVDODWXVµ&RPSDFWXV¶

7

Koelreutaria paniculata

8

Quercus pontica

9

Liriodendron tulipifera

10

Photinia x fraseri

Season
Winter
Spring
Summer
Autumn
Winter
Spring
Summer
Autumn
Winter
Spring
Summer
Autumn
Winter
Spring
Summer
Autumn
Winter
Spring
Summer
Autumn
Winter
Spring
Summer
Autumn
Winter
Spring
Summer
Autumn
Winter
Spring
Summer
Autumn
Winter
Spring
Summer
Autumn
Winter
Spring
Summer
Autumn

Observed changes in plant
Leaves, flowers and fruit leaves are fallen.
Leaves, flowers and fruit leaves are green.
Leaves are orange-red, fruit leaves are brown-like.
Leaves are orange.
Leaves, flowers and fruit leaves are fallen.
The sprouting leaves are light green in spring. Flowers are reddish purple. Fruit leaves
are green and red.
Leaves and fruit leaves are burgundy-red.
Leaves and fruit leaves are orange.
Leaves are fallen.
Leaves are green.
Leaves turn red. Fruits are dark smoke color.
Leaves are orange. Fruits are dark smoke color.
Leaves are fallen.
Leaves are green.
Leaves are green and flowers are pink.
Leaves turn yellow and are about to fall.
Leaves are fallen.
Leaves are green and flowers are white.
Leaves and fruits are red.
Leaves turn yellow and are about to fall.
Leaves are fallen.
Leaves are green.
Leaves and fruits are red.
Leaves are about to fall.
Leaves are fallen.
The sprouting leaves are very light green.
Leaves are green, flowers are yellow.
Leaves and fruits take on a brown-orange hue.
Leaves are fallen.
Leaves and fruits are green.
Leaves and fruits start to turn yellow.
Fruits are brown, leaves are yellow.
Leaves are fallen.
Leaves are light green. Flowers are green and ineffective.
Leaves are green, flowers are at full bloom and green.
Leaves turn yellow and start to fall.
Leaves are green.
Leaves are red and green.
Leaves are red and flowers are cream colored.
Leaves are green.
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TABLE 5
Semantic differential of Plants seasonal appearances

TABLE 6
Variance analysis
Ostentatious

Legible

Simple

Regular

Animated

Interesting

Effective

Relaxing

Attractive

Beatiful

Liked

Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total

Sum of Squares
29,480
9,884
39,364
21,601
8,047
29,648
20,627
7,221
27,848
28,329
12,471
40,800
29,776
12,768
42,544
25,944
11,804
37,747
25,119
13,004
38,123
24,811
11,244
36,055
26,284
9,901
36,184
28,243
11,265
39,507
25,868
14,727
40,594

df
3
36
39
3
36
39
3
36
39
3
36
39
3
36
39
3
36
39
3
36
39
3
36
39
3
36
39
3
36
39
3
36
39

Mean Square
9,827
,275

F
35,792

Sig.
,000

7,200
,224

32,213

,000

6,876
,201

34,279

,000

9,443
,346

27,260

,000

9,925
,355

27,986

,000

8,648
,328

26,375

,000

8,373
,361

23,180

,000

8,270
,312

26,478

,000

8,761
,275

31,857

,000

9,414
,313

30,086

,000

8,623
,409

21,078

,000

taxa based on seasonal appearances. In this sec-

Differences between the perceptions of the
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pairs. The winter, spring, summer and winter appearances of the plants were assigned as variance
groups. One of the hypotheses of the study was that
'perceptual differences are the result of the assessment of different seasonal appearances of the plants
by the users'. Accordingly, it can be observed that p
values (sig) are less than 0.05 in Table 6. In other
words, statistical differences between seasonal
appearances for all adjective pairs were significant.
For each photograph, there was a statistically significant difference for each adjective pair between
seasonal groups of users (p <0.05, N = 620). The
results obtained in the variance analysis are presented in Table 9.
Since the plants selected in this study were
particularly broad-leaved plants, the differences in
the perceptual processes of the individuals were
reflected by the change in the colors of the leaves or
defoliation. While the summer appearance of the
plants was predominantly preferred, the highest
visual quality and perception was associated with
the summer appearance of Acer palmatum. Because
this species has very effective seasonal leaf coloration. Similarly, Albizia julibrissin summer appearance had the second highest value. This species has
quite effective form, leaf and flower. It has an umbrella-shaped scattered top and gray-brown trunk.
Its flowers are pink and very effective in the form
of vertical clusters. Its flowers open in June and
August. Thus, the summer appearance of this species received the second highest score as a result of
the perceptual evaluations of the participants. Following these plants, Photinia x fraseri, and Parthenocissus quinquefolia summer appearances also
scored high assessments in perceptual evaluations.
A look at the photo that contains the summer appearance of Photinia x fraseri would demonstrate
that red leaves and cream-colored flowers provide
an effective image. Thus, when the seasonal appearances was examined, the summer appearances
received high perceptual values. The abovementioned findings demonstrated that there were perceptual differences between the seasonal appearances of plants. This influences the visual preference (Table 7, 8).
Another result of the study was that the winter
appearances of the plants used in the present study
were the least preferred and received the lowest
scores in the perceptual assessment. Liriodendron
tulipifera winter appearance was the species that
received the lowest values in the assessments.
Among the seasonal appearances of the species, the
winter appearance was rather weak. Because this
species is a high cone-shaped deciduous tree. In the
spring, it has green leaves which turn to a dark
yellow color in the autumn. Thus, this species received the lowest scores in participant evaluations
among the species. When seasonal appearances are
considered, it could be observed that the winter
appearances received the lowest scores. In general,

tion, arithmetic means of adjective pairs were used
to evaluate the seasonal appearance of plants based
on the perceptual processes of the participants (Table 5).
The Acer buergerianum spring appearance reFHLYHG WKH KLJKHVW SRVLWLYH YDOXH LQ WKH ³EHDXWLIXOXJO\´DGMHFWLYHSDLU,QRWKHUZRUGV the most beautiful appearance among the plants was that of the
Acer buergerianum species in the spring.
The summer image of Parthenocissus quinquefolia received the highest positive score for the
like-dislike adjective pair. The winter image of the
species received the lowest negative score in legible-illiterate adjective pair.
The Albizia julibrissin summer appearance reFHLYHGWKHKLJKHVWSRVLWLYHYDOXHLQWKH³UHSXOVLYH
DWWUDFWLYH´ DGMHFWLYH SDLU 7KXV WKH PRVW DWWUDFWLYH
among the plants was Albizia julibrissin summer
appearance.
The (XRQ\PXV DODWXV &RPSDFWXV¶ winter appearance received the highest negative value in the
³HIIHFWLYH-LQHIIHFWLYH´ DGMHFWLYH SDLU ,Q RWKHU
words, the most ineffective appearance among
plants was that of the Euonymus alatus 'Compactus'
in winter.
The Koelreutaria paniculata winter appearance received the highest negative value in the
³UHJXODU-LUUHJXODU´ DGMHFWLYH SDLU 7KXV WKH PRVW
irregular appearance among the plants was the winter appearance of Koelreutaria paniculata.
The Quercus pontica summer appearance reFHLYHG WKH KLJKHVW SRVLWLYH YDOXH LQ WKH ³HIIHFWLYHLQHIIHFWLYH´DGMHFWLYHSDLU7KXVWKHPRVWHIIHFWLYH
among the plants was the Quercus pontica summer
appearance. Summer appearances of Albizia julibrissin and Quercus pontica species received the
highest positive values in the boring-interesting
adjective pair. Thus, the most interesting appearances among the plants were the summer appearances of Quercus pontica and Albizia julibrissin.
The Liriodendron tulipifera winter appearance
UHFHLYHGWKHKLJKHVWQHJDWLYHYDOXHLQWKH³UHSXOVLYH
DWWUDFWLYH´DGMHFWLYHSDLU7KXVWKHPRVWUHSXOVLYH
appearance among the plants was that of the Liriodendron tulipifera in winter. The Liriodendron
tulipifera winter appearance received the highest
negative value in the the distressing-relaxing adjective pair. Thus the most distressing among the
plants was the Liriodendron tulipifera winter appearance.
The Photinia x fraseri summer appearance received the highest positive value LQ WKH ³likedGLVOLNHG´ DGMHFWLYH SDLU 7KXV WKH PRVW OLNHG Dppearance among plants was the summer appearance
of the Photinia x fraseri (Table 5, 6).
The relationships between the seasonal photograph groups and the adjective pairs. In addition, variance analysis was conducted on mean
values for the previously determined 11 adjective
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winter appearances were less preferred because the
winter appearance of plants is leafless and without
flowers. They also received lower perceptual evaluations. Several studies demonstrated that the perceptions of individuals affected their experiences
>55, 34@. This shows that the fact that our experiences throughout the life affect our visual percep-

tions is an undeniable fact. Thus, it is necessary to
study how the evaluators' experiences lead to
changes in the outcome. Furthermore, the examination of the determined visual values of the specified
trees would provide more precise information about
whether the results obtained in this study could be
generalized.

1
2
3
4
5
6
7
8
9
10

Acer buergerianum spring
appearance
Acer palmatum summer
appearance
Parthenocissus quinquefolia summer appearance
Albizia julibrissin summer
appearance
Cornus kousa summer
appearance
Euonymus alatus µ&RmSDFWXV¶VXPPHUDSSHDrance
Koelreutaria paniculata
spring appearance
Quercus pontica summer
appearance
Liriodendron tulipifera
summer appearance
Photinia x fraseri summer
appearance

Complex
Plain

Legible
øOOHJLEOH

Plain
Ostentatious

Irregular
Regular

Monotonous
Animated

Boring
Interesting

Ineffective
Effective

Distressing
Relaxing

Repellent
Attractive

Liked
Disliked

Seasonal appearance of plants

Beautiful
Ugly

Visual perception

The arithmetic mean
of Visual perception

TABLE 7
The arithmetic mean values of responses about adjective pairs for the most favored and preferred
seasonal appearances are presented below

4,57

4,68

3,43

4,02

4,21

4,09

4,56

3,24

4,73

3,12

3,10

3,97

4,85

4,58

4,69

4,79

4,72

4,21

4,53

4,76

4,89

4,65

4,78

4,67

4,81

4,55

4,71

4,68

4,04

4,19

4,21

4,11

4,25

4,02

4,12

4,33

4,85

4,58

4,82

4,69

4,15

4,79

4,62

4,87

4,67

4,56

4,34

4,63

3,52

3,42

3,88

3,61

3,76

3,54

3,76

3,89

3,92

3,79

3,65

3,70

3,64

3,53

3,47

3,59

3,71

3,52

3,74

3,61

3,62

3,73

3,61

3,61

3,51

4,64

4,15

4,12

4,01

3,86

3,78

3,69

3,42

3,67

3,55

3,85

3,95

4,14

3,79

3,66

4,91

4,79

3,99

4,45

4,87

4,18

3,78

4,22

3,35

3,12

2,97

3,01

2,88

3,12

2,99

2,98

3,42

3,21

3,34

3,12

4,86

4,21

4,34

4,62

4,71

4,78

4,59

4,29

4,67

4,34

4,22

4,51

TABLE 8
The arithmetic mean values of responses to the adjective pairs related to the least favored and least
preferred seasonal appearances are as follows

1
2
3
4
5
6
7
8
9
1
0

Acer buergerianum winter
appearance
Acer palmatum winter
appearance
Parthenocissus quinquefolia
winter appearance
Albizia julibrissin winter
appearance
Cornus kousa autumn
appearance
(XRQ\PXVDODWXVµ&RPSDctus winter appearance
Koelreutaria paniculata
winter appearance
Quercus pontica autumn
appearance
Liriodendron tulipifera
winter appearance
Photinia x fraseri autumn
appearance

The arithmetic
mean of Visual
perception

Complex
Plain

Legible
øOOHJLEOH

Plain
Ostentatious

Irregular
Regular

Monotonous
Animated

Boring
Interesting

Ineffective
Effective

Distressing
Relaxing

Repellent
Attractive

Beautiful
Ugly

Seasonal appearance of plants

Liked
Disliked

Visual perception

1,23

1,42

2,11

2,09

1,98

1,67

1,34

2,13

2,03

1,32

2,23

1,77

2,16

1,98

1,26

2,17

2,13

2,01

1,65

1,46

1,89

1,78

1,23

1,79

1,64

1,85

1,69

1,91

1,83

1,87

1,48

1,76

2,02

1,45

1,97

1,77

1,93

1,73

1,78

1,92

1,84

2,08

2,02

1,67

1,79

1,87

1,56

1,83

2,03

1,92

1,93

1,86

1,76

2,11

2,12

1,89

1,99

1,98

2,01

1,96

2,22

2,14

2,21

2,09

1,65

1,73

1,74

1,88

1,89

1,96

1,77

1,93

2,67

2,36

1,85

1,97

2,32

1,89

1,56

1,09

2,09

2,16

2,12

2

1,96

2,08

2,25

2,34

1,94

1,87

2,01

1,97

1,89

2,03

1,45

1,98

1,27

1,51

1,37

1,29

1,67

1,54

1,02

1,12

1,23

1,56

1,76

1,39

1,99

2,01

1,78

1,95

1,91

1,88

1,83

1,67

1,96

1,99

2,03

1,90
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TABLE 9
Correlation between the preference for seasonal views and perceptual evaluations.
1
(1)Liked-'ÕVOLNHG
(2)Beautiful-Ugly
(3)AttractiveRepellent
(4)Relaxing'ÕVWUHVVLQJ
(5)Effective,QHIIHFWÕYH
 øQWHUHVWLQJ-BoUUÕQJ
(7)Animated- Monotonous
(8)Regular-Irregular
(9)OstentatiousModest
 /HJÕEOH-øOOHJLEOH
(11)Simple-Complex
Preference
,033

2
3
,945** ,906**
,916**
-

4
,922**
,940**

5
,888**
,929**

6
,892**
,933**

7
,893**
,908**

8
,896**
,914**

9
,909**
,932**

10
,864**
,898**

11
,869**
,907**

,931**

,949**

,948**

,940**

,900**

,909**

,915**

,925**

-

,945**

,955**

,930**

,925**

,946**

,890**

,889**

-

,966**

,942**

,943**

,924**

,942**

,925**

-

,969**

,936**

,914**

,940**

,926**

**

**

**

,902**

,945**

,904**

**

,894**

-

,932
-

,882

,926**
-

,926

,930
-

,746** ,795**

,692**

,770**

,710**

,742**

,742**

,733**

,785**

,915**
,701**

**. Correlation is significant at the 0.01 level (2-taile)

neer students fit both views since they are both
experts and users who live in Trabzon area. In the
present study, wide leaf trees with 10 different
textures were used. The findings of the present
study clearly demonstrated that there were differences between the visual perceptions based on all
adjective pairs and groups. This finding supported
the fact that selected plants had different compositional values. As shown by Summit and Sommer
(1999) in their study, the individual visual values of
the plants could be identified using these pairs and
groups of adjectives >51@. Summit and Sommer
(1999) have shown that column and conical form
plants have superior visual characteristics than
others >51@. On the other hand, scattered form trees
have the lowest visual characteristics. The most
effective change that was observed in the present
study was the changes that occured in the leaf and
flower colors.
As a result, in the present study, the most popular seasonal views were the summer views. When
the changes in the summer views of the plants are
examined, it was observed that features such as
form, branches, leaves, flowers, fruits were very
effective in summer views. In the winter months,
except the evergreen and partially-evergreen plants
completely defoliate. In this season, the only aesthetic feature of the plants is the calligraphy formed
by their branches. However, compared to other
seasons, the level of appreciation was lower in
winter.
The perceptual differences in the seasonal
views of plants were determined based on the differences in the mean scores for the adjective pairs
for the most favored seasonal view and the least
appreciated seasonal view (Tables 5, 6). Accordingly, the most favored season view and least favored
season view were interpreted by looking at the
difference between the highest mean and the lowest
mean scores obtained for the adjective pairs. Ac-

Determination of the correlation between
seasonal preference and adjectives. In the final
stage, preference scores for seasonal views were
evaluated using the 5-point scale, regardless of the
plant type. In the photographs, regardless of the
species, summer view (4.2 mean) was preferred at
the highest level; it was determined that preference
levels for autumn (2.8 mean) and spring (3.4 mean)
views were moderate and winter (1.9 mean) views
were the less preferred images. Correlation analysis
was then performed to determine the relationship
between preferred seasonal views and adjectives
used to describe the photographs (Table 9). Based
on the findings, the most effective perceptual characteristics in the preference of seasonal views were
"Attractive", "legible" and "effective" adjectives.
All perceptive features, except "liked-disliked",
were influential in the preference of seasonal views.

DISCUSSION AND CONCLUSION
The present study examined the changes in
visual perceptions about certain taxa in the city
center of Trabzon due to the seasonal changes. For
this purpose, the perceptions of the KTU Landscape
Architecture, architecture, interior architecture, city
and regional planning and forest engineer students
were used. It was considered that their assessments
would be more educated since they have knowledge
on plant use. However, although there are studies
that support this opinion, there are also other that
suggest assessments should be conducted by nonexperts. Hess and King (2001) argued that expert
assessments improved the reliability of their study
>56@, while Misgav (2000) argued that evaluations
by simple users were more realistic >57@. KTU
Landscape architecture, architecture, interior architecture, city and regional planning and forest engi-
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larly apparent during harvest times in agricultural
areas >12, 13@. Plant taxa views or the views of
plant compositions could be observed in different
seasons. It was suggested that seasonal variations
are a very important component in the perception
and aesthetic evaluation of landscapes >63, 13, 14@.
Seasonal landscape variations, however, were seldom explored in the landscape preference studies.
Hence, the present study is rather significant.

cordingly, the most perceptual difference score was
between summer and winter seasons. The highest
perceptual difference was found in the Acer palmatum taxon, followed by Albizia julibrissin. The
lowest perceptual difference was found between the
winter and fall views. Based on the variance analysis results conducted with the mean scores for 11
adjective pairs, the statistical differences between
the seasonal views for all adjective pairs were significant. That is, there was significant differences
between the evaluations of the participants for different seasonal views of the plants. In the present
study, when the correlation between preferred seasonal views and adjectives used to evaluate these
views was investigated, the adjecWLYHV ³Dttractive",
"legible" and "effective" adjectives were found to
be the most effective adjectives. It was determined
that all adjective pairs except "liked-disliked" were
also effective in the preference of seasonal views.
Ariaza et al. (2004) presented a methodology
for assessing the visual quality of agricultural landscapes in a study they conducted on the visual quality of rural landscapes >27@. In the surveys conducted, 16 photographs of the grain and olive farmlands
in Andalucía in southern Spain were assessed by
226 participants by stating the most and least liked
photographs. As a result, they found that the degree
of naturalness increased with the perceived visual
quality. Lamb and Purcell investigated the correlation between the perception of naturalness and plant
cover in landscapes. Seventy-one different landscapes depicting the vegetation structure were presented to 81 subjects with different sociodemographic traits >58@. The naturalness of the
landscapes was analyzed based the vegetation structure classification by Specht. The naturalness classification was determined based on the level of human intervention. The thick and dense vegetation
was considered as more natural when compared to
shorter and less dense vegetation. Scrubs or dwarf
plant cover was considered as less natural by the
subjects when compared to other areas. In a study
by Lindemann-Matthies et al. (2010) that investigated the effect of agricultural land use with different biodiversity on aesthetic preference of alpine
landscapes, the participants were asked to evaluate
simulated color photographs of 16 different agricultural areas >59@. They were asked to rank the photographs on a descending order based on their liking.
The areas that contained the highest species diversity and were preserved were appreciated the most. It
was determined that agricultural areas had a positive effect on aesthetics and tourism. In a Dutch
study >60@ on beauty assessment of agricultural and
nature landscapes, it was found that biodiversity
was effective on perceived complexity level and
there was a positive correlation between the two
>61@.
The views of landscapes or the plants vary
based on the season >62@. This variation is particu-
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that enable these organisms to survive and spread in
nosocomial environments [2]. Its ability to form biofilm and survive in the environment for extended periods in adverse conditions and in the presence of antibiotics are the factors contributing to its successful
colonization in hospital environment and on medical
devices [3]. Chromosomally encoded cephalosporinase, high level of efflux pump expression combined
with a minimally permeable cell membrane confer
intrinsic resistance to several commonly used antimicrobial agents [4]. It can cause different infection
such as respiratory tract, bloodstream, urinary tract
infections, meningitis, endocarditis, and wound infections [5]. A. baumannii often associated with epidemic outbreaks of infections. These infections are
becoming harder to treat due to the rising number of
nosocomial infections having the ability to resist all
antimicrobials in use including Colistin [6]. Several
studies also demonstrated in Turkey that A. baumannii have a high resistance to most antibiotics [712].
The aim of this study was to determine the
characteristics and patterns of antibiotic resistance
among isolates of A. baumannii recovered from clinLFDOVSHFLPHQVLQ0X÷OD

ABSTRACT
To assignation the grade of resistance to the
widely used antibiotics in 50 clinical isolates of Acinetobacter baumannii were collected from special
KRVSLWDO LQ 0X÷OD DQG UHFRUGHG DW VSHFLPHQV The
new BD PHOENIX automated microbiology system
(Becton Dickinson Diagnostic Systems, Sparks,
Md.) is designed for automated rapid antimicrobial
susceptibility testing and identification of clinically
relevant bacteria. MIC results previously obtained in
recent clinical isolates with well-defined in isolates
with well-characterized resistance mechanisms with
the microdilution method were re-interpreted for the
susceptible, intermediate and resistant categories using the 2012 EUCAST breakpoints. Clinical samples
are most commonly isolated from tracheal aspirates,
wound site, blood, mucus, abscess, catheter, urine
samples, throat and nose cultures. All isolates were
defined as Cefoperazone/Sulbactam and Colistin resistant. The resistance rates for Meropenem,
Imipenem, Ampicillin/Sulbactam, and Ciprofloxacin were 96%, 96%, 94% and 94% respectively. All
of 50 isolates (100%) isolates showed Multiple Antibiotic Resistance (MAR) four to ten antibiotics.
These resistance rates are considered indicators of a
gradual increase in difficulties treating Acinetobacter infections. This would facilitate the active monitoring of resistance frequency and distinguish antibiotic resistance trends and prevalence, all of which
would be effective tools in antibiotic treatment programs.

MATERIALS AND METHODS
Bacterial Isolates. Fifty A. baumannii were
LVRODWHG IURP FOLQLFDO VDPSOHV LQ 0X÷OD %DFWHULDO
isolates were identified to level of species and subspecies by using the morphological and traditional
biochemical tests and automatic diagnostic systems
currently present in the market and commonly used
for AST (Antimicrobial Susceptibility Testing) in
clinical laboratories will therefore have to incorporate these criteria in their instruments to meet the
needs of European microbiology laboratories according to standard methods [13]. All isolates were
obtained from patients at intensive care units. In total, 50 A. baumannii were isolated from various clinical samples and detected by the PHOENIX (Becton
Dickinson, USA) at the microbiology laboratory of
our hospital between from January to December
2015. The PhoenixTM Automated Microbiology

KEYWORDS:
Acinetobacter baumannii, antibiotic resistance, Multiple
Antibiotic Resistance (MAR)

INTRODUCTION
Acinetobacter species, nonͲfermenting gramͲ
negative bacilli that are ubiquitous in the environment, have emerged as important nosocomial pathogens [1]. Resistance to drying and to many commonly used antimicrobial agents are the key factors
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System (BD Diagnostics, Sparks, MD, USA) is designed for the rapid bacterial identification at the
species level and determination of AST of clinically
significant human bacterial pathogens [14].
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RESULTS AND DISCUSSION
Nowadays antibiotic resistance of microorganisms is the most important problem in the infectious
diseases [18, 19, 20]. Acinetobacter infections are
isolated from various samples. Acinetobacter infections are most commonly isolated from tracheal aspirates, wound site, blood and urine samples [21].
Aral and his friends reported tracheal aspirate 30%,
ZRXQGVLWHDQGEORRG>@.XUWR÷OX and
his friends have determined tracheal aspirate 42%,
wound site 28%, urine 12% and blood 10% [23].
Similarly, in our study, the bacteria was most commonly isolated in tracheal aspirate blood and mucus
samples.
The results of the antibiotic susceptibility of the
isolates are shown in Table 1. The numbers of isolates are shown in Table 1.
All of the A. baumannii strains, 50 (100%) isolates showed Multiple Antibiotic Resistance four to
ten antibiotics (Table 2).

Antibiogram Profile of A. baumannii. MIC
results previously obtained in recent clinical isolates
with well-defined in isolates with well-characterized
resistance mechanisms with microdilution method
were re-interpreted for the susceptible, intermediate
and resistant categories using the 2012 EUCAST
breakpoints. Ten different antibiotics were used
[15].
Multiple Antibiotic Resistance Index (MAR
Index). For all isolates, we calculated the MAR index values (a/b, where a represents the number of
antibiotics the isolate was resistant to, b represents
the total number of antibiotics the isolate tested
DJDLQVW $0$5LQGH[YDOXHLVREVHUYHGZKHQ
isolates are exposed to high risk sources of human or
animal contamination, where antibiotics use is common; in contrast a MAR index value <or = 0.2 observed when antibiotics are seldom or never used
[16, 17].

TABLE 1
Antibiotic suspectibility pattern of A. baumannii isolated from clinical samples.
Antibiotics
Resistance
Intermediate
Sensitive
SCP
50(100%)
0(0%)
0(0%)
CL
50(100%)
0(0%)
0(0%)
MEM
48(96%)
0(0%)
2(4%)
IPM
48(96%)
0(0%)
2(4%)
SAM
47(%94)
1(%2)
2(4%)
CIP
47(%94)
1(%2)
2(4%)
TZP
46(92%)
0(0%)
4(8%)
GM
43(86%)
0(0%)
7(14%)
AN
41(82%)
7(14%)
2(4%)
TGC
0(0%)
6(12%)
44(88%)
Abbreviation; SCP: Cefoperazone/Sulbactam CL: Colistin, MEM: Meropenem, IPM: Imipenem, SAM: Ampicillin/Sulbactam, CIP: Ciprofloxacin, TZP: Piperacillin tazobactam, GM: Gentamicin, AN; Amikacin, TGC:
Tigecyline
TABLE 2
Number of clinical samples and Multiple Antibiotic Resistance Index 50 A. baumannii strains.
Source of isolates
Tracheal aspirate
Blood
Wound
Mucus
Urine
Throat Cultures
Catheter
Nose Cultures
Abscess
Total

Number of isolates and Percentage
17(34%)
12(24%)
3(6%)
6(12%)
4(%8)
3(6%)
2(4%)
1(2%)
2(4%)
50
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Multiple Antibiotic Resistance Index (MAR)
0.7 (3isl), 0.8(13 isl), 1(1isl)
0.7(4isl), 0,8(6isl) 0,6(1isl) 1(1isl)
0.8(3isl)
0.8(5isl), 1(1isl)
0,7(1 isl) 0,8(3isl)
0,4(1 isl) 0,8(2isl)
0.7(1 isl), 0.8(1 isl)
0,8(1isl)
0,8(1isl) 1(1isl)
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11, 13, 28]. TGC is effective against Acinetobacter
sp. [34, 35, 36], but the rates of resistance continue
to increase [34].
It is commonly known that MDR (Multidrug
Resistance) and PDR (Pan Drug Resistance) strain
rates are high in nosocomial A. baumannii infections
[38]. Some researchers have informed MDR and
PDR from 4.7% to 15.5% [39, 40, 41].

Cefoperazone/Sulbactam (SCP) resistance was
seen in 100% isolates in our study. Some researchers
have reported SCP resistance rate to A. baumannii in
clinical samples% [12,22, 23]. Our results were similar to El-Kholy et al. (2015) who also reported resistance to SCP was 100% [24].
Our rate of Colistin (CL) resistance was 100%.
Dogan and his friends determined a resistance rate of
1.4%[25]. Advance of resistance to CL is probably
connected to changes in A. baumannii lipopolysaccharide (e.g. acidification, acylation or the existence
of intermediary antigens in connecting antibiotic to
cell membrane [26].
We found that 96% isolates were resistance to
Meropenem (MEM) in our study. Several investigators have informed MEM resistance rate to A. baumannii in clinical samples [9, 10, 12, 13, 27, 28]. Our
results were similar to Evren and his friends who
also reported resistance to MEM was 96% [29].
Our rate of Imipenem (IPM) resistance was
96%. Some scientists have notified IPM resistance
rate to A. baumannii in different specimens [9, 10,
11, 12, 27, 28, 29, 30]. Similarly, the results of Sanal
and Kilic (2014), who also reported resistance to
IPM was 94% [31].
The rate of Ampicillin/Sulbactam (SAM) resistance was 94%. The other studies have reported
(SAM) resistance rate to A. baumannii [10, 11, 27].
The results of Guven and his friends who also declared resistance to Ampicillin/Sulbactam resistance
was 95,7% [10].
Ciprofloxacin (CIP) resistance was seen 94%.
Several searchers have reported CIP resistance rate
to A. baumannii in medical specimens [8, 9, 10, 13,
27, 30]. The data of our work were similiar to Guven
et al. (2014), who also reported resistance to CIP resistance was 96,2% [10].
Our rate of Piperacillin/Tazobactam (TZP) resistance was 92%. In other studies, it declared TZP
resistance rate to A. baumannii in clinical samples
[10, 11, 12, 27, 28]. Similarly, the data of Direkel and
his friens who also reported resistance to TZP was
92,8% [11].
We found that 86% isolates were Gentamycin
(GM) resistance to in our study. Some scientists have
informed GM resistance rate to A. baumannii [10,
11, 12, 27, 28]. The GM resistance rate was also in
line with the results from Islamic Republic of Iran
and India [29]. Our results were similar to Safari and
his friends who also notified resistance to GM was
88% [33].
Amikacin (AN) resistance was seen 82%. Several searchers have reported AN resistance rate to A.
baumannii in different clinical materials [12, 13, 1519, 31, 34, 38]. Our results were similar to Safari et
al. (2013) who also declared resistance to AN was
84% [33].
The rate of Tigecyline (TGC) resistance was
0%. In other works, it has been reported TGC resistance rate to A. baumannii in clinical samples [10,

CONCLUSION
In conclusion, results of this study demonstrate
the need for effective surveillance of antimicrobial
resistance in A. baumannii in Turkey and suggest
that it is essential to use antibiotics with the most
caution to prevent the emergence of drug-resistant
strains. According to our results, TGC is used for A.
baumannii infections. Furthermore, these findings
indicate that the prevalence of antibiotic-resistant A.
baumannii is high in Turkey, especially for the antibiotics of choice. This is an emerging concern to
public health, particularly in the clinical management of persons with life-threatening A. baumannii
infections. We strongly suggest the implementation
of a countrywide surveillance system.
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THE SEASONAL VARIATIONS OF HEAVY METAL
ACCUMULATION IN THE TENCH (TINCA TINCA, L., 1758)
AND PIKE (ESOX LUCIUS, L., 1758) OF ASARTEPE DAM
LAKE, TURKEY
3Õnar Karacakaya*, M Borga Ergonul, Sibel Atasagun
Ankara University, Faculty of Science, Department of Biology, Besevler 06100, Ankara, Turkey

to domestic, industrial, mining, agricultural activities, etc. Most heavy metals released into the environment find their way into the aquatic phase as a
result of direct input and atmospheric deposition [2].
Because of their toxicity, long persistence, bioaccumulation and biomagnification in the food chain, the
contamination of fresh water by heavy metals cause
to damage of aquatic life [3-4-5]. The aim of this
study was to determine the accumulation of heavy
metals (Cd, Cr, Cu, Fe, Mn, Pb, Zn) in the water and
some tissues of pike (Esox lucius, L., 1758) and
tench (Tinca tinca, L., 1758) of Asartepe Dam Lake,
Turkey.

ABSTRACT
The concentration of heavy metals (Cd, Cr, Cu,
Fe, Mn, Pb, Zn) was determined by ICP-OES) in two
fish samples (Esox lucius, L., 1758 and Tinca tinca
L., 1758) in Asartepe Dam Lake which is an important irrigation source. The dam lake is within the
&DQÕOOÕYillage boundaries and as a result, the sewage
from the village has affected the water quality and
aquatic life. This study was investigated during one
year study period as seasonally. Seasonal changes in
mean and SD values of the tested heavy metals in
liver, gill and muscle of Esox lucius and Tinca tinca.
The accumulation orders of heavy metals for pike as
follow Zn>Fe>Cu>Mn>Cd>Pb>Cr for summer, for
autumn Fe>Zn>Cu>Mn>Cd>Pb>Cr, for winter
Fe>Zn>Cu>Mn>Cd>Cr>Pb
and
for
spring
Zn>Fe>Cu>Mn>Cd>Pb>Cr. Distribution of heavy
metals in tissues for all heavy metals, the lowest accumulation was determined in muscle tissue. Cu and
Zn had the highest concentration in gill and Cd, Cr,
Fe, Mn and Pb had the highest concentration in liver.
The accumulation orders of heavy metals for tench
DVIROORZV)H&ޓX=ޓQޓ0Qޓ3E&ޓU&ޓGIRUVXPPHU
IRU DXWXPQ )H&ޓXޓZnޓ0Q&ޓG&ޓUޓ3E IRU ZLQWHU
)H&ޓX=ޓQޓ0Q&ޓGޓ3E&ޓU DQG IRU VSULQJ
)H&ޓX=ޓQޓ3Eޓ0Q&ޓU&ޓGZDVGHWHUPLQHd. Distribution of heavy metals in tissues for all heavy metals, the lowest accumulation was determined in muscle tissue, Mn had the highest concentration in gill
and Cd, Cr, Cu, Fe, Pb and Zn had the highest concentration in liver.

MATERIALS AND METHODS
Study Area. Asartepe Dam Lake (Ankara) was
built on Ilhan Stream, a tributary of Kirmir Stream
between 1975-1980 for irrigation. The location of
Asartepe Dam Lake 40o ¶- 41o ¶1, 32o ¶- 49o
¶(LVVKRZQLQ)LJ The Dam Lake is 825 m
above the sea level, maximum depth is 36 m and
body filler type is soil. The Dam Lake is within the
CDQÕOOÕYLOODJHERXQGDULHVEHFDXVHRIWKDWWKHVHZDJH
from the village is effect the water quality and
aquatic life [6].
Sampling Procedure. Water and fish samples
were collected from three different stations of Asartepe Dam Lake between August 2013 and May
2014. Water samples were obtained by means of a
Nansen Sampler 0.5 m below the water surface in
one-liter bottles precleaned with polyethylene and
acidified by adding 0.5% concentrated nitric acid.
Also, some physico-chemical parameters (Temperature, pH, EC, DO, Secchi depth) measured in the Asartepe Dam Lake. Fish samples were collected using
a standard skimmer at selected stations. Totally 40
fish were collected. The fish samples were held in
the bags with ice to the laboratory on the same day
and kept at -20 ºC until analyzed.

KEYWORDS:
Asartepe Dam Lake, Heavy Metal, Seasonal Variation,
Esox lucius, Tinca tinca

INTRODUCTION
Heavy metals are one of the most important environmental pollutants [1]. They discharged into the
aquatic environment from various anthropogenic
sources. Their levels have increased day by day, due
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FIGURE 1
The Map of Asartepe Dam Lake (Ankara)
winter, 9.15 and 9.41 in the spring; the dissolved oxygen between 3.78 mg/L and 6.78 mg/L in the summer, 6.24 mg/L and 12.02 mg/L in the autumn,
10.31 mg/L and 13.56 mg/L in the winter, 10.72
mg/L and 12.34 mg/L in the spring; the electrical
conductivity between 378 μS/cm and 395 μS/cm in
the summer, 436 μS/cm and 448 μS/cm in the autumn, 466 μS/cm and 481 μS/cm in the winter, 349
μS/cm and 380 μS/cm in the spring; the secchi depth
54 cm and 72 cm in the summer, 32 cm and 86 cm
in autumn, 28 cm and 42 cm in the winter, 56 cm
and 72 cm in the spring.
The concentrations of heavy metals in the fish
samples are given in Table 2 and Table3.
All heavy metal concentrations were determined on a wet weight basis. Seasonal changes in
mean and SD values of the tested heavy metals in
liver, gill and muscle of Esox lucius are shown in Table1. The accumulation orders of heavy metals
Zn>Fe>Cu>Mn>Cd>Pb>Cr for summer, for autumn
Fe>Zn>Cu>Mn>Cd>Pb>Cr,
for
winter
Fe>Zn>Cu>Mn>Cd>Cr>Pb
and
for
spring
Zn>Fe>Cu>Mn>Cd>Pb>Cr. When examined, the
seasonal variation changes between Esox lucius tissues were statistically variable. For Cd, Cu and Mn,
muscle tissues were statistically significant (Kruskal-:DOOLV WHVW S  ޒJLOO DQG OLYHU WLVVXHV ZHUH
statistically not significant (Kruskal-Wallis test
S)  ޓRU )H DQG 3E PXVFOH DQG OLYer tissues
were statistically significant (Kruskal-Wallis test
S ޒJLOOWLVVXHVZHUHVWDWLVWLFDOO\QRWVLJQLILFDQW
(Kruskal-:DOOLV WHVW S)  ޓRU =Q PXVFOH DQG
gill tissues were statistically significant (Kruskal:DOOLV WHVW S  ޒOLYHU WLVVXHV were statistically
not significant (Kruskal-:DOOLVWHVWS) ޓRU&U

Analysis of Heavy Metals. Fish samples, specimens with total body lengths mean for Esox lucius
42.8 cm and for Tinca tinca 28.7 cm. Approximately
1 g of muscle, gill and liver tissue samples were recovered from each specimen. Tissue samples were
digested with 2mL HNO3 and 1mL HClO4 at 80ºC
for 20 min. Following digestion, samples were resuspended in 5mL distilled water and acidified as above
with 65% nitric acid prior to analysis. All measurements were performed in YEBIM (Ankara University, Turkey). Tissue and water samples were analyzed by inductively coupled plasma optical emission spectrometry (ICP-OES). [7-8].
Statistical Analysis. SPSS 23.0 (International
Business Machines Corporation, USA) was utilized
for statistical analysis. Normality of distribution was
HYDOXDWHG E\ µ6KDSLUR±Wilk¶V DQG µ.ROPRJRURY6PLUQRY¶ test. All data is within the normal distribution. Statistical analysis showed that parametric tests
were not applicable and Kruskal-Wallis test was
used for the investigation of accumulation. (Tests are
95 % confidence interval)

RESULTS AND DISCUSSION
The physico-chemical parameters determined
in Asartepe Dam Lake are given in Table 1.
According to these parameters, the temperature
varied between 25.6°C and 26.8 °C in the summer,
11.6°C and 12.3°C in the autumn, 5.3°C and 6.4 °C
in the winter, 17.0 °C and 17.6°C in the spring; the
pH varied between 8.86 and 9.19 in the summer,
8.49 and 9.40 in the autumn, 9.05 and 9.76 in the
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TABLE 1
Some physico-chemical parameters of Asartepe Dam Lake

Physico-Chemical Parameters
Water Temperature(°C)
pH
Dissolved Oxygen (mg/L)
Electrical Conductivity
(μS/cm)
Secchi Depth (cm)

Summer
Min.-Max.
Mean±SD
25.6-26.8
26.26±0.61
8.86-9.19
9.00±0.16
3.78-6.78
4.98±1.58
378-395
385±8.88
54-72
64.66±9.45

Autumn
Min.-Max.
Mean±SD
11.1-12.3
11.63±0.61
8.49-9.40
8.90±0.46
6.24-12.02
8.98±2.90
436-448
442±6.0
32-86
54.66±28.02

Winter
Min.-Max.
Mean±SD
5.3-6.4
5.96±0.58
9.05-9.76
9.33±0.37
10.31-13.56
12.18±1.67
466-481
471.33±8.38
28-42
34.66±7.02

Spring
Min.-Max.
Mean±SD
17.0-17.6
17.33±0.30
9.15-9.41
9.32±0.14
10.72-12.34
11.74±0.89
349-380
364.66±15.50
56-72
65.33±8.32

TABLE 2
Seasonal changes in heavy metal concentrations in Esox lucius tissues (ȝJJZHWZHLJKW
Species Season

Esox lucius

Summer

Autumn

Winter

Spring

Tissue
Muscle
Gill
Liver
Muscle
Gill
Liver
Muscle
Gill
Liver
Muscle
Gill
Liver

Cd
0.003±0.001
0.017±0.012
0.051±0.030
0.035±0.002
0.035±0.015
0.091±0.022
0.033±0.001
0.037±0.005
0.115±0.080
0.035±0.002
0.034±0.002
0.056±0.009

Cr
0.016±0.015
0.018±0.011
0.030±0.032
0.014±0.011
0.020±0.007
0.047±0.005
0.023±0.018
0.024±0.030
0.032±0.028
0.020±0.009
0.030±0.023
0.031±0.003

Cu
0.811±0.491
2.525±1.647
1.353±0.889
2.189±0.255
3.190±1.204
2.372±1.146
1.669±0.789
2.099±0.843
2.029±1.814
1.398±0.527
4.054±1.318
1.719±0.806

Fe
0.720±0.555
2.814±0.425
4.349±2.125
3.484±1.992
4.771±2.802
23.531±14.463
1.609±0.529
10.600±7.412
14.282±6.749
1.481±1.007
5.379±1.924
15.892±12.495

Mn
0.034±0.026
0.320±0.146
0.369±0.216
0.144±0.032
0.377±0.117
0.382±0.103
0.063±0.059
0.278±0.112
0.370±0.307
0.081±0.064
0.226±0.081
0.178±0.075

Pb
0.008±0.007
0.025±0.011
0.034±0.028
0.012±0.004
0.043±0.038
0.053±0.028
0.010±0.002
0.018±0.003
0.028±0.015
0.021±0.001
0.021±0.001
0.007±0.002

Zn
0.550±0.132
8.405±3.900
2.361±1.681
1.544±0.564
9.732±4.943
8.394±4.709
1.263±0.452
19.137±7.904
6.163±6.653
0.854±0.446
24.941±8.055
6.478±2.773

TABLE 3
Seasonal changes in heavy metal concentrations in Tinca tinca tissues (ȝJJZHWZHLJKW

Tinca tinca

Species Season

Tissue
Muscle
Summer Gill
Liver
Muscle
Autumn Gill
Liver
Muscle
Winter Gill
Liver
Muscle
Spring
Gill
Liver

Cd
0.009±0.007
0.023±0.007
0.031±0.006
0.033±0.007
0.038±0.005
0.144±0.109
0.033±0.001
0.039±0.005
0.114±0.028
0.048±0.018
0.048±0.017
0.152±0.09

Cr
0.031±0.005
0.035±0.007
0.036±0.029
0.015±0.002
0.026±0.014
0.070±0.124
0.021±0.007
0.021±0.003
0.046±0.02
0.103±0.054
0.138±0.157
0.268±0.257

Cu
Fe
Mn
Pb
Zn
1.690±0.258 2.055±1.523 0.088±0.081 0.046±0.034 0.982±0.519
2.813±0.41
8.434±2.246 0.438±0.111 0.086±0.021 1.368±0.181
4.588±1.393 12.266±9.029 0.254±0.102 0.108±0.06 1.895±1.009
1.505±0.252 6.170±9.163 0.058±0.011 0.013±0.007 0.908±0.208
1.715±2.224 7.635±6.643 0.589±0.545 0.014±0.003 0.919±0.841
1.959±1.389 27.695±10.213 0.231±0.120 0.064±0.069 1.106±0.462
1.563±0.403 1.505±0.990 0.043±0.015 0.018±0.003 0.745±0.100
1.446±0.296 7.173±1.530 0.578±0.209 0.025±0.009 1.247±0.029
1.724±0.417 26.008±7.331 0.233±0.053 0.049±0.015 1.429±0.147
1.468±0.138 1.798±1.189 0.025±0.024 0.099±0.008 0.754±0.266
1.502±0.600 15.019±8.942 0.590±0.402 0.300±0.292 1.503±0.347
2.539±0.371 17.063±3.99 0.161±0.141 0.391±0.281 1.876±0.705

)H&ޓX=ޓޓQޓ0Q&ޓG&ޓUޓ3E,
for
winter
)H&ޓX=ޓQޓ0Q&ޓGޓ3E&ޓU and
for
spring
)H&ޓX=ޓQޓ3Eޓ0Q&ޓU&ޓGwas determined. When
examined, the seasonal variation changes between
Tinca tinca tissues were statistically variable. For Cr
and Pb, muscle and gill tissues were statistically significant (Kruskal-Wallis test S  ޒliver tissues
were statistically not significant (Kruskal-Wallis test
S) ޓRU&X, gill and liver tissues were statistically significant (Kruskal-Wallis test S ޒPXV
cle tissues were statistically not significant (Kruskal-

all tissues were statistically not significant. Distribution of heavy metals in tissues for all heavy metals,
the lowest accumulation was determined in muscle
tissue. Cu and Zn had the highest concentration in
gill and Cd, Cr, Fe, Mn and Pb had the highest concentration in liver.
Seasonal changes in mean and SD values of the
tested heavy metals in liver, gill and muscle Tinca
tinca are shown in Table 3. The heavy metal accumulation
in
Tinca
tinca
as
follows
)H&ޓX=ޓQޓ0Qޓ3E&ޓU&ޓGfor summer, for autumn
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Wallis test S) ޓRU)H, liver tissues were statistically significant (Kruskal-Wallis test S ޒPXV
cle and gill tissues were statistically not significant
(Kruskal-Wallis test S  ޓZn and Mn, for all tisVXHV ZHUH VWDWLVWLFDOO\QRWVLJQLILFDQW S  ޓFor
Cd, all tissues were statistically significant (KruskalWallis test S ޒ. Distribution of heavy metals in
tissues for all heavy metals, the lowest accumulation
was determined in muscle tissue, Mn had the highest
concentration in gill and Cd, Cr, Cu, Fe, Pb and Zn
had the highest concentration in liver.
Copper is an essential trace element, but at high
concentrations it can be toxic. For Esox lucius the
minimum concentration of Cu recorded in summer
in the muscle tissue (0.811±0.419). The maximum
concentration of Cu recorded in spring in the gill tissue (4.054±1.318). For Tinca tinca the minimum
concentration of Cu recorded in spring in the muscle
tissue (0.468±0.138). The maximum concentration
of Cu recorded in summer in the liver tissue
(4.588±1.393).
Cadmium is so toxic for all living organisms
and it iVZLGHO\GLVWULEXWHGLQWKHHDUWK¶VFUXVWDQGLV
used in many industries and in agriculture. [9]. Fish
are very sensitive to cadmium. High amounts of cadmium cause hyperglycemia, cardiovascular disorders and hormonal irregularities [10-11-12]. For
Esox lucius the minimum concentration of Cd recorded in summer in muscle tissue (0.003±0.001) and
the maximum concentration of Cd recorded in winter
in the liver tissue (0.115±0.080). For Tinca tinca the
minimum concentration of Cd recorded in summer
in the muscle tissue (0.009±0.007). The maximum
concentration of Cd recorded in spring in the liver
tissue (0.152±0.090).
Chromium is a naturally occurring compound
found in rocks, soil and plants. Chromium has two
major forms trivalent and hexavalent. Hexavalent
form is very toxic [13-14]. Seasonal variation in the
distribution of heavy metals in surface waters from
Pulicat lake, Tamil Nadu, India.) for Esox lucius the
minimum concentration of Cr was recorded in autumn in the muscle tissue (0.014±0.011). The maximum concentration of Cr was recorded in autumn
season in the liver tissue (0.047±0.005). For Tinca
tinca the minimum concentration of Cr was recorded
in autumn in the muscle tissue (0.015±0.002) and the
maximum concentration of Cr was recorded in
spring in the liver tissue (0.268±0.257).
Iron is an important metal for organisms. Iron
plays an important role in cellular processes and the
absence of iron it is almost not possible to live [15].
but in high concentrations iron can be toxic. Iron toxcity can cause liver and kidney diseases [16-17]. For
Esox lucius the minimum concentration of Fe was
recorded in summer in the muscle tissue
(0.720±0.555). The maximum concentration of Fe
was recorded in autumn season in the liver tissue
(27.695±10.213). For Tinca tinca the minimum concentration of Fe was recorded in winter in the muscle
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tissue (1.505±0.990) and the maximum concentration of Fe was recorded in autumn in the liver tissue
(23.531±14.463).
Manganese is toxic when it is in high amount
but at low amount it is considered as micro-nutrient
[18]. For Esox lucius the minimum concentration of
Mn was recorded in summer in the muscle tissue
(0.034±0.026). The maximum concentration of Mn
was recorded in autumn season in the liver tissue
(0.382±0.103). For Tinca tinca the minimum concentration of Mn was recorded in spring in the muscle tissue (0.025±0.024) and the maximum concentration of Mn was recorded in summer in the gill tissue (0.438±0.111).
Lead is a highly toxic metal substance which
cause of adverse health effects in living organisms.
[13] For Esox lucius the minimum concentration of
Pb was recorded in spring in the liver tissue
(0.007±0.002). The maximum concentration of Pb
was recorded in autumn season in the liver tissue
(0.053±0.028). For Tinca tinca the minimum concentration of Pb was recorded in autumn in the muscle tissue (0.013±0.007) and the maximum concentration of Pb was recorded in spring in the liver tissue
(0.341±0.281).
Zinc is an essential nutrient and has an importance for health but like other metals, it can be
toxic in high concentrations. [19]. Zinc toxicity can
cause slow reflex, anemia and metabolic effects.
[20]. For Esox lucius the minimum concentration of
Zn was recorded in summer in the muscle tissue
(0.555±0.132). The maximum concentration of Zn
was recorded in spring season in the gill tissue
(24.941±8.055). For Tinca tinca the minimum concentration of Zn was recorded in winter in the muscle
tissue (0.745±0.100) and the maximum concentration of Zn was recorded in summer in the liver tissue
(1.895±1.009).
For both species, the highest concentrations
were detected in liver and gills and the lowest concentration was found in the muscles. High concentration of heavy metals in the liver and gills has been
notified for a number of fish species. These instances
were reported in Leuciscus cephalus and Tinca tinca
from YenLoD÷D>@ and in Tinca tinca from %H\úHKLU
Lake [21]. Also in the Leuciscus cephalus and Lepomis gibbosus IURP 6DUÕoD\, high concentrations of
heavy metals have been notified in the liver and gills
[22]. Studies showing that heavy metals accumulated in liver and gills usually at high level and in
muscle at low levels. [23-34].
The reason why non-lethal heavy metal accumulation occurs in liver and gills more than the muscles can be explained by the higher metabolic activity of these organs [35-36]. Another explanation for
that is muscles do not directly contact with metals
[37].
,QWKHVWXG\ZKLFKZDVPDGHLQ,úÕNOÕ/DNH it
was found that the ratio of Fe and Zn in the liver of
pike was higher than the other metals. In this study,
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Fe and Zn quantity in the pike was generally found
high amount. The seasonal heavy metal accumulation was examined of Tinca tinca tissues, the highest
accumulation was in autumn for Fe in liver while the
lowest accumulation was in summer for Cd in muscle tissue.
In fish, different heavy metals are accumulated
from different tissues at different rates and it changes
according to the species [35-40].
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[7] Bernhard, M. (1976) Manual of methods in
aquatic environment research, FAO, Fisheries
Technical Paper Rome, 58.
[8] Dybern, B.I. (1983) Manuel of methods in
aquatic environment research. Analyses of Metals in Fish: FAO Technical paper, p 221
[9] Roberts, J.R. (1999) Metal toxicity in children.
Training Manual on Pediatric Environmental
Health: Putting it into Practice. Emeryville, CA:
ChildreQ¶V(QYLURQPHQWDO+HDOWK1HWZRUN
[10] Gill, T.S., Pant, J.C. (1983) Cadmium toxicity:
Inducement of changes in blood and tissue metabolites in fish. Toxicology letters. 18(3), 195200.
[11] -XUHãD ' %ODQXãD M. (2003) Mercury, arsenic, lead and cadmium in fish and shellfish from
the Adriatic Sea. Food Additives & Contaminants. 20(3), 241-246.
[12] Godt, J., Scheidig, F., Grosse-Siestrup, C.,
Esche, V., Brandenburg, P., Reich, A., Groneberg, D.A. (2006) The toxicity of cadmium and
resulting hazards for human health. Journal of
occupational medicine and toxicology. 1(1), 22.
[13] Gopinathan, K.M., Amma, R.S. (2006) Bioaccumulation of toxic heavy metals in the edible
soft tissues of green mussel (Perna viridis L.) of
Mahe region. Project report submitted to the Department of Science, Technology and Environment (DSTE), Government of Pondicherry.
[14] Dhinamala, K., Pushpalatha, M., Samuel, T.,
Raveen, R. (2015) Spatial and temporal variations in the water quality parameters of Pulicat
Lake, Tamil Nadu, India. International Journal
of Fisheries and Aquatic Studies. 3(2), 255-259.
[15] Jagadevan, S., Jayamurthy, M., Dobson, P.,
Thompson, I.P. (2012) A novel hybrid nano
zerovalent iron initiated oxidation±Biological
degradation approach for remediation of recalcitrant waste metalworking fluids. Water research. 46(7), 2395-2404.
[16] Meroño, T., Sorroche, P., Rosso, L.A.G., Casañas, L., Boero, L.E., Arbelbide, J.A., Brites,
F.D. (2010) Proatherogenic disturbances in lipoprotein profile, associated enzymes and transfer proteins in women with iron deficiency anemia. Clinical biochemistry. 43(4), 416-423.
[17] Lee, T.W., Kolber, M.R., Fedorak, R.N., van
Zanten, S.V. (2012) Iron replacement therapy in
inflammatory bowel disease patients with iron
deficiency anemia: a systematic review and
meta-analysis. Journal of Crohn's and Colitis.
6(3), 267-275.
[18] Osman, A.G., Kloas, W. (2010) Water quality
and heavy metal monitoring in water, sediments, and tissues of the African catfish Clarias
gariepinus (Burchell, 1822) from the river Nile,
Egypt. Journal of Environmental Protection.
1(04), 389.

CONCLUSION
In Asartepe Dam Lake, the concentrations of
heavy metals in two fish tissue were high, possibly
due to direct contamination of the water by metals or
the geochemical structures of the basin.
As a result, it would be possible to take necessary steps against to harmful effect of metals to the
aquatic system, by assessing the pollution indicator.
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ABSTRACT
Biochar which is intensively used in the issue
of the struggle against global warming in recent
years also enhances the physical, chemical and biological properties of the soil when it is added to the
soil. With this study; the impact of the biochar applications (0%, 0.5%, 1%, 2%, 3%, 4% and 5% (v/v))
in different doses under the conditions with and without incubation on the yield of the chickpea plant and
nutrient concentrations has been examined. The
study has been carried out with three repetitions according to the experimental pattern of randomized
blocks in the plastic pots with the capacity of 3 kg
under the greenhouse conditions. The addition of biochar was made 60 days before the plantation of the
herbs to the pots with incubation and watering has
been made with pure water for 60 days. The dry matter production and nutrient concentrations have been
determined in the plants harvested in the broad bean
bonding period. The results of the study have shown
that the application that increases the dry matter production of the chickpea plant most is the application
of 3% biochar dose under the conditions with incubation (10.02 g pot-1). In addition; the biochar applications have decreased the uptake of other nutrient
except for K and Zn under both the conditions with
and without incubation. While 3% biochar application under the conditions with incubation and 4% biochar application without incubation have been the
applications having the most significant impact on
the Zn concentration of the chickpea plant respectively with 67.2 mg Zn kg-1 and 60.5 mg Zn kg-1, 2%
biochar application has been the application which
has had the most significant impact on the K concentration of the chickpea with respectively 2.81% K
and 2.37% K under the conditions both with and
without incubation. In addition; when the general averages in the study have been assessed, it has been
determined that the biochar applications have more
impact on the dry matter production of the chickpea
plant and the concentrations of N, P, K, Zn and Mn
according to the conditions without incubation.

INTRODUCTION
Chickpea is the Cicer arietinum L. from Cicer
genus bound to the subfamily of Viceae which includes the most important species of Papilionacea
(butterfly flowered ones) family taking place in Leguminosae kind [1]. It is the third edible legume
which is grown most after bean and pea in the world
[2].
Biochar is an organic substance rich in carbon
attained by pyrolyzing of the plant and animal-based
biomasses in an environment with no or little oxygen
[3]. The similar and superior properties of biochar
when compared to other organic materials are its
physical and chemical properties such as high load
intensity [4] and high nutrient uptake capacity depending on this [5] and its resistance [6] to microbial
degradation due to its specific chemical [7] and colloidal structure when compared to other organic materials. There are many data in the literature as to the
fact that it could remain for centuries without any
degradation in the soil due to the resistance of biochar rich in carbon against microbial degradation [8].
The process of pyrolysis used while giving the
definition of biochar is called as the event of the
burning of the organic substance in high temperatures in the oxygen-free environments [9]. The nutrient element content of biochar attained as a result of
the pyrolysis of the organic material is dependent on
the composition of the organic material [10,11], content of humidity [12], the conditions in which the
process of pyrolysis has been conducted [13] and the
conditions to which the product attained as a result
of pyrolysis has been subjected [14]. The application
of biochar to the soil has shown positive impacts in
terms of the fertility of the soil and product [15, 16],
because biochar improves the change of the soil nutrient, capacity of the uptake of organic carbon and
water and the physico-chemical properties of the soil
infiltration [17]. Alaboz et al [18] also indicated that
the biochar doses and incubation time significantly
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has been determined by firstly washing the leaf samples with tap water, then HCl of 0.1% and then tap
water again and pure water for 2 times and by drying
them for 48 hours at 65 °C until they have a stable
weight [38] and after that, they have been grinded.

effective on field capacity of the soil.
The special purpose of the application of biochar to the soil is to increase its biochemical and agricultural quality [19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31] and the storage of carbon [32]. The
use of biochar could be an efficient tool for the longterm sustainable agriculture by increasing the storage of carbon in the soil (C decreasing strategy), fertility and productivity (soil quality) and by decreasing the greenhouse gas emissions [33].
The addition of biochar to the soil ensures the
regeneration of most of the nutrient terminated by the
plants due to their property of intaking the nutrient
and humidity. Due to the high surface area and high
surface load intensity [4], biochar increases the ability of the soils to protect their nutrient and humidity
and decreases the leaching of the nutrient and agricultural chemicals [26, 34, 35, 36].
As aforementioned; the addition of biochar to
the soil provides many benefits, but there is little information about the interaction of the biochar-plantnutrient [37]. In this study; it has been aimed to determine the impacts of the biochar applications in
different doses on the yield of the incubated and nonincubated chickpea plant and the concentrations of
the macro and micro nutrient.

TABLE 1
Physical and chemical properties of
experimental soil
Soil Property

Depth (0-30cm)

pH
Lime (%)
Salt (%)
Organic matter (%)
Texture
Available P (kg ha-1)
Available K (kg ha-1)
Available Fe (mg kg -1)
Available Mn (mg kg -1)
Available Zn (mg kg -1)
Available Cu (mg kg -1)

7.28
19.6
0.033
1.71
SiCL
34.0
635.5
3.99
2.91
0.42
1.23

TABLE 2
Physical and chemical properties of the biochar
Biochar Yield %
Field Capacity %
Wilting Point %
Cation Exchange Capacity cmol kg-1
Specific Surface Area m2 g-1
Carbon %
Nitrogen %
C/N
pH
EC mS cm-1
P g kg-1
K g kg-1
Ca g kg-1
Mg g kg-1
Fe mg kg-1
Zm mg kg-1
Mn mg kg-1
Cu mg kg-1

MATERIALS AND METHODS
The study has been conducted with three repetitions according to the experiment pattern of randomized blocks in the greenhouses of Cumhuriyet
University, Vocational School of Sivas, Department
of Crop and Animal Production. 2 mm sieved air dry
3 kg soil has been put in each pot. Some physical and
chemical properties belonging to the test soil are
given in Table 1. The soil used in the study is silty
clayed loam, light alkaline (pH 7.28), with so much
lime (19.6%), saltless (0.033%) and its useful phosphor concentration is low (34.0 kg P 2O5 ha-1). In the
study; 50 mg kg-1 N (in CaNO3.4H2O form), 100 mg
kg-1 P and 125 mg kg-1 K (in KH2PO4 form), 2.5 mg
kg-1 Zn (in ZnSO4.7H2O form) and 2.5 mg kg-1 Fe (in
Fe-EDTA form) has been applied to each pot as the
basic fertilization. 7 different doses of the biochar attained from rosehip seed has been applied in the
study. The doses of biochar has been applied as 0%
(control), 0.5% (15 g pot-1), 1% (30 g pot-1), 2% (60
g pot-1), 3% (90 g pot-1), 4% (120 g pot-1) and 5%
(150 g pot-1). Experiment has been established as incubated and non-incubated and watering has been
made to the incubated pots for 60 days with pure water after the addition of biochar before the plantation.
Hasanbey has been used as the chickpea species in
the study, 5 seeds have been planted to each pot at
the beginning and the number of the plants has been
thinned down to 2 after germination. The chickpea
has been harvested in the broad bean bonding period
(when the plants are 60 days old) and the dry weight

32.65
17.41
16.29
6.08
278.03
87.18
1.01
86.31
8.46
1.73
3.61
1.56
10.53
3.64
593.5
47.9
51.4
15.4

The Production of Biochar. The seed of rosehip (Rosa canina) taking place in Sivas region in a
wide area and consumed as marmelade has been used
as the biochar material. Biochars have been produced by slow pyrolysis of feedstocks at 500°C in an
ingeniously developed reactor. Thus; biochars have
been grinded to maximum size 2 mm before mixing
to soil. Slow pyrolysis process has been characterized by slow heating rates (a rate of approximately
10°C min-1) and long residence times of biomass.
The pyrolysis temperature has been kept constant at
500°C and biochar has been held in the unit until pyrolysis gas has disappeared. After heating for almost
4 to 6 hours, the biochars have been allowed to cool
to room temperature [39].
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FIGURE 1
Effects of biochar application on shoot dry matter of chickpea plant
plant-1 in the chickpea plant grown under the conditions without incubation. While the highest dry matter production has been determined in 3% biochar
application with 10.02 g plant-1, the lowest dry matter production has been determined in 0% biochar
dose being the control application (3.30 g plant-1). It
has been determined that there is a statistical difference when the average dry matter productions of the
chickpea plant grown under the conditions with and
without incubation. While the dry matter production
is 6.19 g plant-1 in the chickpea plant grown in incubated environment, it has been seen that this value is
5.49 g plant-1 in the chickpea plant grown in non-incubated environment (Figure 1). When Erdem et al.
[39] have applied the biochar produced from mahleb
to the tobacco plant grown in Cd contaminated soil,
they have specified that biochar application generally increases the dry matter production of the tobacco plant and the highest dry matter production is
in 2% biochar dose with 3.15 g plant-1. Biederman et
al [43] have reported that biochar made of oak plant
increases the yield of the plants by 5.2%. Similarly;
Arif et al [44] have reported that 5-tons biochar application per decare has increased the yield of bean
plant under the field conditions in Pakistan.

Some physical and chemical properties of the
produced biochar have been determined and are
given in Table 2. pH of biochar is 8.46, cation change
capacity is 6.08 cmol kg-1, specific surface area is
278.03 m2 g-1, carbon and nitrogen concentration is
respectively 87.18% and 1.01, C/N ratio is 86.31,
electrical conductivity is 1.73 mS cm-1, P, K, Ca and
Mg are respectively 3.61, 1.56, 10.53 and 3.64 g kg-1.
Macro-Micro Nutrients Analysis. Harvested
plants have been ashed in a microwave oven by using
2 ml of 35% H2O2 and 5 ml of 65% HNO3. Following
the digestions P concentration has been colorimetrically measured at 882 nm in a spectrophotometer
[40] and K, Fe, Zn, Cu and Mn have been analyzed
by using an inductively coupled plasma optical emission (ICP-OES; Thermo ICAP7000) spectrometer
[41]. Total nitrogen was measured by Kjeldahl
method [42].
Statistical Analyses. The data attained as a result of the study have been subjected to ANOVA variance analysis with the use of SPSS 22.0 for Windows package program. The smallest differences between the applications have been determined in a
way that they will be <P0.05 with Tukey test.

Shoot N, P and K concentrations. The results
of the study have shown that biochar applications do
not have any impact on the nitrogen concentration of
the chickpea plant grown in the environments both
with and without incubation (Table 3). The highest
N concentration of the chickpea plant has been attained at 0% dose of biochar under both incubated
(1.68% N) and non-incubated (1.72% N) conditions
with biochar applications.
It has been observed that there has been a decrease in the nitrogen concentrations of chickpea
plant with the increasing biochar applications under
non-incubated conditions. Similarly; it has been detected that nitrogen concentration decreases with the
biochar application (0%, 1%, 2% and 3%) in increasing doses for the tobacco plant grown in Cd contaminated soils [39]. In another conducted study; the

RESULTS AND DISCUSSION
Shoot dry matter yield. In the study; the impacts of biochar applications in different doses on the
shoot dry matter production of chickpea plant grown
in incubated and non-incubated environment have
been examined and given in Figure 1.
Dry matter production has changed between
3.51-7.70 g plant-1 in the chickpea plant grown under
the incubation conditions. While the highest dry matter production has been determined in 4% biochar
application with 7.70 g plant-1, the lowest dry matter
production has been determined in 0% biochar dose
being the control application (3.51 g plant-1). Dry
matter production has changed between 3.30-10.02 g
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TABLE 3
Effects of biochar application on N, P and K concentrations of chickpea plant

Incubation

Non-incubation

Biochar Doses
%
0
0.5
1
2
3
4
5
Mean
0
0.5
1
2
3
4
5
Mean

N
1.68
1.09
1.35
1.44
1.11
1.36
1.57
1.37A
1.72
1.61
1.35
1.15
1.12
1.12
1.10
1.31B

±0.01a
±0.11d
±0.09c
±0.05bc
±0.01d
±0.13c
±0.00ab
±0.11a
±0.35ab
±0.30a-c
±0.14bc
±0.02bc
±0.09bc
±0.46c

P
%
0.25
0.23
0.20
0.22
0.22
0.14
0.19
0.21A
0.22
0.20
0.16
0.21
0.16
0.16
0.20
0.19 B

K
±0.01a
±0.03ab
±0.01bc
±0.00a-c
±0.04a-c
±0.02d
±0.02c
±0.00a
±0.02a
±0.02c
±0.04a
±0.00c
±0.00bc
±0.01ab

2.11
2.13
1.91
2.81
2.37
2.08
2.12
2.22A
1.45
2.26
1.62
2.37
1.79
1.20
1.64
1.77B

±0.07bc
±0.16bc
±0.43c
±0.02a
±0.02b
±0.04bc
±0.24bc
±0.58cd
±0.14ab
±0.10cd
±0.06a
±0.01bc
±0.01d
±0.39cd

P<0.05

Shoot microemelent concentrations. In Table
4; the impacts of biochar applications in different
doses on Fe, Zn, Cu and Mn concentrations of chickpea plant grown in incubated and non-incubated environment are given. According to the results; Fe results show great similarity with the results of N and
P. It has been observed that the concentration of Fe
plant has changed between 139.3 mg kg-1 and 260.6
mg kg-1. It has been seen that control plants have the
highest Fe concentration under incubated and nonincubated conditions respectively with 260.6 mg kg1
and 259.8 mg kg-1. In addition; it has been seen that
shoot Fe concentration of the plant has decreased under both incubated and non-incubated conditions as
the biochar dose increases. Lowest Fe concentration
has been observed in both applications under 5% biochar dose conditions (respectively 142.6 mg kg-1
and 139.3 mg kg-1). In a study conducted by Al
Wabel et al [50] in which they have applied biochar
application in four different doses (0, 1, 3 and 5 g kg1
) to the maize plant; they have expressed that while
shoot Fe concentration of maize plant is 624 mg kg 1
in control application, it is 890 in 1 dose, 957 in 3
doses and 757 mg kg-1 in 5 doses. When considered
generally, it has been observed that biochar applications increase the shoot Zn concentration both in incubated and non-incubated conditions on the chickpea plant. It has been observed that while Zn concentration of the control application is 49.8 mg kg-1 under incubated conditions, this value has risen to 67.2
mg kg-1 in 3% biochar dose. Lucchini et al [51] have
conducted biochar to the soil in three different doses
(0, 25 and 50 t ha-1) and they have grown the plant of
wheat in this soil. According to the results they have
attained; they have expressed that there have been
increases and decreases in the shoot Zn concentrations of the plant as the dose of biochar increases.
Researchers have found that while Zn concentration
of the plants to which biochar application has not
been made is 65.1 mg kg-1, this value has risen to

application of rice husk biochar has caused to the decrease in the nitrogen concentration of lettuce plant
and the increasing biochar applications have decreased the growth of the plant [45]. As in the nitrogen concentrations of chickpea plant; it has been observed that the highest shoot phosphor concentration
is in the control applications both under incubated
(0.25% P) and non-incubated (0.22% P) conditions.
The reason for this may stem from the biochar to
bond some essential nutrient on their surfaces and
decrease the bio-usefulness [46]. Similarly; Liu et al
[47] have specified that biochar made of woody material decreases the P and N uptake of the potato plant
and it may release phytotoxin. When the shoot potassium concentrations of the plants have been considered, it has been observed that both incubated (2.81%
K) and non-incubated (2.37%) conditions have the
highest K concentration at 2% biochar dose. Puga et
al [48] have applied the biochar attained from sugar
cane straw to Jack bean (Canavalia ensiformis) and
Mucuna aterrima plants and they have attained similar results. They have expressed that K concentration being respectively 27 mg kg-1 and 39 mg kg-1 in
the control applications of Jack bean (Canavalia ensiformis) and Mucuna aterrima plants has increased
to respectively 312 mg kg-1 and 382 mg kg-1 at 5%
dose of biochar. Rees et al [49] have taken soil from
two different depths in Cd, Pb and Zn contaminated
soils and they have expressed that Ca and Na concentration have decreased generally with the increasing biochar addition in the root and shoot in L. perrenne, K concentration has increased in L. perrenne
grown in soil A and P concentration has decreased
with biochar doses in the shoot. When the average
nitrogen, phosphor and potassium concentrations
have been examined, it has been detected that incubated chickpea plant is statistically much more important with its respectively 1.37% N, 0.21% P and
2.22% K content than non-incubated chickpea plant.
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67.1 mg kg-1 at 25 doses and decreased to 49.1 mg
kg-1 at 50 t ha-1 dose.
As in Fe concentrations; a decrease has been
observed with the increasing biochar applications
under both the incubated and non-incubated conditions in shoot Cu and Mn concentrations. While the
highest Cu concentration has been determined in the
control application with 12.8 mg Cu kg-1 under incubated conditions and with 12.9 mg Cu kg-1 under
non-incubated conditions, the highest Mn concentration has again been determined in the control application with 91.0 mg Mn kg-1 under incubated conditions and with 92.2 mg Mn kg-1 under non-incubated
conditions in Mn concentrations. Karami et al [52]
have expressed that the addition of biochar to the soil
decreases the usefulness of Pb and Cu. Coumar et al
[53] have reported that the copper uptake of the plant
decreases with the biochar application depending on
the pH of the soil. Fellet et al [54] have specified that
biochar increases the adsorption of the nutrient due
to the width of its surface area and cause to the lowness of their bio-usefulness. Other researchers express that biochar applications may decrease the usefulness of the metals due to the fact that they bond
the heavy metals directly in the soil or they indirectly
increase the pH of the soil [55] and they may be the
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reason for the decrease of metal transfer to the plant
[56, 57]. In the study conducted by Nzanza et al [58];
they have expressed that the eucalyptus biochar and
mycorrhiza fungus applications do not have any impact on N, Ca, B, Cu, Mn and Zn concentrations in
the tissues of the plant if the tomato is worn out. In
the studies conducted by other researchers, it is often
reported that biochar tightly keeps the nutrient and
limits the intake [59, 60, 61].
In this study; a positive correlation has been determined while a negative significant relation has
been found between the dry weight and N, P, Fe, Mn
and Cu in the chickpea plant grown with the application of biochar and incubation (Table 5). While a
positive relation has been determined between N and
Fe, P and Fe, Zn, Mn and Cu, Fe and Mn and Cu, Mn
and Cu; a negative significant relation has been detected between Fe and Zn, Zn and Mn, Mn and Cu.
A negative significant relation has been determined
between the dry weight and N, P and Fe in the chickpea plant grown with the application of biochar, but
without the application of incubation (Table 6). In
addition; a positive significant relation has been determined between N and Fe and Cu, P and Fe, Fe and
Mn and Zn and Cu.

TABLE 4
Effects of biochar application on Fe, Zn, Mn and Cu concentrations of chickpea plant
Biochar
Doses %

Incubation

Non-incubation

0
0.5
1
2
3
4
5
Mean
0
0.5
1
2
3
4
5
Mean

Fe
260.6
174.2
165.0
199.1
145.8
144.2
142.6
175.9B
259.8
196.7
152.7
163.5
188.7
148.6
139.3
178.5A

Zn

Cu

mg kg-1
49.8
±1.94c
12.8
50.1
±8.16c
11.3
60.2
±0.53ab
10.8
55.9
±8.37bc
12.8
67.2
±0.28a
10.9
63.9
±2.46ab
10.8
60.7
±1.99ab
8.6
58.2A
11.1A
43.2
±2.17c
12.9
57.7
±0.35ab
12.4
54.8
±0.01ab
11.6
49.0
±0.48bc
10.3
51.7
±0.11a-c
9.1
60.5
±11.04a
11.4
54.6
±3.66ab
9.1
53.1B
10.9B

±7.99a
±19.45c
±0.92cd
±2.47b
±12.66de
±0.14e
±8.34e
±19.09a
±13.58b
±25.88cd
±6.36b-d
±24.11bc
±9.83d
±20.44d

Mn

±0.57a
±0.28b
±0.57b
±0.14a
±1.27b
±0.07b
±0.28c
±0.14a
±0.28ab
±0.14b
±0.28c
±0.71d
±0.14b
±0.07d

91.0
69.9
74.9
85.7
74.4
59.3
59.0
73.5A
92.2
54.7
70.1
59.5
63.4
68.8
57.5
66.7B

±2.62a
±9.18cd
±8.06bc
±2.33ab
±2.33bc
±8.06d
±0.85d
±2.69a
±6.51c
±4.10b
±0.78c
±5.80bc
±4.24b
±4.24c

P<0.05

TABLE 5
Correlations between the parameters that obtained from incubated variants

N
P
K
Fe
Zn
Mn
Cu

Dry Matter
-0.454*
-0.624**
-0.355
-0.752**
0.494*
-0.842**
-0.800**

N

P

K

Fe

Zn

Mn

0.044
-0.014
0.519*
-0.224
0.266
0.305

0.203
0.666**
0.601**
0.746**
0.850**

0.140
0.016
0.398
0.406

-0.730**
0.837**
0.751**

-0.491*
-0.589**

0.787**

* Significiant at P<0.05
** Significant at P<0.01
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TABLE 6
Correlations between the parameters that obtained from non-incubated variants

N
P
K
Fe
Zn
Mn
Cu

Dry Matter
-0.535*
-0.767**
-0.196
-0.444*
0.059
-0.399
-0.357

N

P

K

Fe

Zn

Mn

0.353
0.110
0.649**
0.379
0.414
0.503*

0.286
0.482*
-0.244
0.395
0.056

0.038
-0.184
-0.421
0.057

0.121
0.640**
0.101

-0.129
0.711**

-0.126

* Significiant at P<0.05
** Significant at P<0.01

[8] Lehmann, J. (2007) Bio-energy in the black.
Frontiers in Ecology and the Environment. 5(7),
381-387.
[9] Bridgwater, A.V. (1994) Catalysis in thermal biomass conversion. Appl. Catal. A Gen. 116, 5±
47.
[10] Abdullah, H., Mediaswanti, K.A. and Wu, H.W.
(2010) Biochar as a fuel: 2. Significant differences in fuel quality and ash properties of biochars from various biomass components of Mallee trees. Energy Fuels. 24, 1972±1979.
[11] Yip, K., Tian, F.J., Hayashi, J. and Wu, H.W.
(2010) Effect of alkali and alkaline earth metallic species on biochar reactivity and syngas
compositions during steam gasification. Energy
Fuels. 24, 173±181.
[12] Yip, K., Wu, H. and Zhang, D.K. (2007) Effect
of inherent moisture in collie coal during pyrolysis due to in-situ steam gasification. Energy
Fuels. 21, 2883±2891.
[13] Hossain, M.K., Strezov, V., Chan, K.Y., Ziolkowski, A. and Nelson, P.F. (2011) Influence of
pyrolysis temperature on production and nutrient properties of wastewater sludge biochar. J.
Environ. Manage. 92, 223±228.
[14] Azargohar, R. and Dalai, A.K. (2008) Steam and
KOH activation of biochar: Experimental and
modeling studies. Microporous Mesoporous
Mater. 110, 413±421.
[15] Chan, K.Y., Zweiten, L.V., Meszaros, I.,
Downie, A. and Joseph, S. (2007) Agronomic
Values of Green waste Biochar as a Soil
Amendment. Australian J. Soil Res. 45, 629634.
[16] Zhang, J., Cai, H., Zhang, C., Ren, J. and Wang,
L. (2015) First Characterization of Humic-Like
Substances Isolated from Maize Straw Biochar.
Fresen. Environ. Bull. 24(5a), 1815-1821.S
[17] Clough, T.J. and Condron, L.M. (2010) Biochar
and the nitrogen cycle: introduction. Journal of
Environmental Quality, 39(4), 1218-1223.
[18] Alaboz, P., Coskan, A. and Isildar, A.A. (2017)
Effects of Saw-Dust Biochar on Some Soil
Moisture Constants. Fresen. Environ. Bull.
26(6), 4033-1038.

CONCLUSIONS
The results revealed that biochar application
and incubation were significantly increased dry matter yield of chickpea (P<0.05). However, there has
been a decrease in the nitrogen, phosphorus, iron,
copper and manganese concentrations of chickpea
plant with the increasing biochar applications under
incubated and non-incubated conditions. When considered generally, biochar applications increased
only potassium and zinc concentrations both in incubated and non-incubated conditions on the chickpea
plant.
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and in the world, barley cultivation area is 49 million ha, production is 148 million ton and productivity is 2.300 kg ha-1 [2]. Regarding the 100 %
increase in yield; 60 % is thought to be the result of
highly yield new breeding varieties, and 40 % is
thought to be the result of advances in cultural
methods [3]. Among the leading diseases causing
productivity and quality losses in Europe and Turkey, powdery mildew factor B. graminis f. sp. hordei is significant. In the studies related to race formation and virulence gene quantity and conducted
LQ DFFRUGDQFH ZLWK SRZGHU\ PLOGHZ¶V HFRQRPLF
significance, a low polymorphism, in terms of virulence genes were observed in the powdery mildew
populations [4, 5, 6, 7, 8, 9, 10]. Researchers were
explained this by the selection pressure that occurs
through the varieties that are heavily cultivated in
these areas. A change in the barley variety spectrum
was always led to a change in the genetic structure
of the pathogen population. The mutual interaction
between cultivated barley and barley powdery mildew at the barley production zones was ended in
the formation of a proportionally homogeneous
pathogen population. Due to Erysiphe graminis f.
sp. hordei's adaptation ability, powdery mildew
resistance of new production varieties are mostly
low according to experience. Multiple line varieties
were proposed as a means of control off powdery
mildew. Variety mixtures were clearly reduced
powdery mildew rates in summer barley [11]. In
host-parasite systems it was often observed that
host population carry a low number of resistance
gene, while pathogen population carry a great number of aggression gene [12]. The purpose in this
study was to determine the virulence gene frequency distribution, virulence gen complexity of B.
graminis f. sp. hordei pathogen in cultivated barley
and the reactions of 12 Turkish barley varieties.

INTRODUCTION

MATERIALS AND METHODS

Among all grains, barley is an important cultivated plant being used in both food industry and
forage industry, has widespread planting areas and
production in the world and in Turkey. In Turkey,
barley cultivation area is 2.8 million ha, production
is 8 million ton and productivity is 2.200 kg ha -1 [1]

Plant materials. As a plant material, susceptible Bülbül-89 barley variety and powdery mildew
isogenic test genotypes that were transferred by
introgressive hybridization to Pallas and Siri varieties acquired from ICARDA (The International
Centre for Agricultural Research in the Dry Areas)

ABSTRACT
In this study, Blumeria graminis f. sp. hordei
populations taken from barley cultivation areas in 3
different periods have been analysed in terms of
virulence gen frequency, virulence gen complexity,
changes in pathotype frequencies, and the reactions
between some of the single spore isolates and Turkish barley varieties. As plant material, susceptible
Bülbül-89 barley variety and powdery mildew isogenic test genotypes, transferred through back-ross
hybridization into Pallas and Siri varieties, each one
having a separate resistance gene, have been used.
During the harvest period of B. graminis f. sp. hordei, cleistothecia samples have been taken, and the
single spore isolates taken from conidies, asexual
period, and cleistothecias, sexual period, have been
used as a disease material. In the B. graminis f. sp.
hordei populations acquired from powdery mildew
samples, first spore collection time determined 24,
second sampling time determined 23 and harvest
period determined 22 virulence genes. Highest
virulence gene frequency has been observed in Va8
(100.00 %) gene, and lowest virulence gene frequency was observed in Vro and Vr1 (0.00 %)
virulence genes. Average virulence gene complexity values was found to be between 11.88-14.94 %.
Differences were observed during vegetation period
DQG KDUYHVW WLPH LQ DJJUHVVLRQ JHQH¶V FRPSOH[LW\
values. Against powdery mildew disease, the most
resistant barley varieties were Kaya (91.14 %) and
Bayrak (88.97 %), while the most susceptible were
Bülbül-89 (0.00 %) and Hilal (8.68 %).
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and each one having a separate resistance gene
(Table 1). Barley leaves were collected from the
$GQDQ 0HQGHUHV 8QLYHUVLW\ )DUP¶V EDUOH\ ILHOG LQ
three different periods and preserved at +4oC.



¦

  

 

 
(1)
Pti: pathotype index, nr: order # of differential
lines (Table 1), kpi: binary code # of differentil
lines (0 or 1).
The values of the gene frequency aggression
were divided into 5 different groups according to
this style of grouping, if virulence gene frequency
in population is bigger than 90 %, the population is
considered fixed. If it is between 60 % and 90 %, it
is high; if it ranges between 30 % to 60 %, it is
medium; if the frequency is between 10 % and 30
%, it is very low degree and if it is smaller than 10
%, it is called recessive. Virulence complexity is a
number of genes in a single isolate. The number of
virulence genes was determined per isolate. Afterwards, the number isolates having the same complexity values as percentages are determined as
complexity frequencies. Tarm-92, Akhisar-98,
Erginel- 6DQFDN +LODO 9DPÕN +RFD +DPLGL\H
Kaya, Sancak, Akhisar, Hilal, Bayrak, Bülbül-89
(Control) 12 Turkish barley varieties were
cultivated in climate chamber until reaching 1-2
leaf period. Then from these varieties, barley leaf
pieces have been cut 3 cm long, their lower parts
have been placed anticlockwise on BA, ensuring
contact with agar. For control purposes, leaf
particle of Bülbül-89 variety was placed at the
centre of petri dishes. Inoculation procedure to the
test varieties of the 64 single spore isolates were
done by tin cylinders (10 cm diameter, 20 cm
height, covered and a 1 cm hole). The inoculed
petri dishes were left at the climate chamber for 810 days for incubation. Then, by considering
whether the control group was completely inoculed
or not, the leaves of 11 barley and Bülbül-89
varieties placed inside the petri dishes were
evaluated as per 0-4 scale [14].

In vitro assays. Pathogen isolates were obtained by stimulating ascospore formations on each
leaf of the susceptible variety, Bülbül-89, in laboratory conditions. Each isolate was purified from a
single spore [13]. The leaves of isogenic lines were
cut in a 3 cm length, placed in 9 cm in diameter
petri dishes containing BA (Benzimidazole Agar-5
ppm) in the counterclockwise direction with the
order in Table 1, where the bottom surface of the
leaves were in contact with the feeding environment. As a control, susceptible variety Bülbül-89
leaf particles were placed at the center of the petri
dishes.
Inoculation of single spore isolates on test varieties was implemented with the aid of home-made
inoculation tower in a sterile cabinet. Inoculated
pieces of leaves on petri dishes were incubated at
17oC / 14-hour dark and 10-hour light periods in a
climate chamber for 8-10 days. The test plates were
assessed for full inoculation and sufficient colony
formation and on the Bülbül-89 susceptible variety
according to the 0-4 scale developed by Welz [14].
Following the tests determining the genetic composition of pathotypes, the virulence gene frequencies
and the level of complexities in virulence genes
were determined using MS-Excel version 5.0 developed by Habgood [15]. The identification of
powdery mildew isolates were determined using the
software by Hermann et al. [16]. According to this
method, the 0-4 scale results in evaluating the test
sets were turned into a binary code system. As a
result, two-type outcomes were obtained; the scale
values of 0, 1, 2, were translated as 0 (resistant), the
values of 3 and 4 were translated as 1 (susceptible).
The following formula by Habgood [15] was used
to determine the pathotypes.

TABLE 1
Differential test genotypes for the virulence of B. graminis f. sp. hordei collected in the Aegean Region.
No
Isogenic Lines*
Resistance Gene
No
Isogenic Lines*
Resistance Gene
01
Siri-01
Mla1
14
Siri-19
Mlp
02
Siri-02
Mla3
15
Pallas-20
Mlat
03
Siri-03
Mla6
16
Pallas-22
Ml-05
04
Siri-04
Mla7
17
Pallas-23
Ml(la)
05
Pallas-08B
Mla9
18
Pallas-24
Mlh
06
Siri-10
Mla12
19
Lotta
Ml(AB)
07
Siri-11
Mla13
20
Hellas
Ml(He)
08
Siri-12
Mlc
21
Union
Mlg
09
Pallas-13
Mla23
22
Alexis
Mlo
10
Pallas-14
Mlra
23
Siri
Mla8
11
Pallas-15
Ml(Ru2)
24
Gunnar
Ml(tu)
12
Siri-17
Mlk
25
Ogra
Ml(wo)
13
Siri-18
Mlnn
26
Bülbül-89
none known genes
*obtained from ICARDA
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TABLE 2
Virulence gene frequency values (%) in B. graminis f. sp. hordei populations.
Virulence Genes
Vr1
Vr3
Vr6
Vr7
Vr9
Vr12
Vr13
Vrc
Vra23
Vrra
Vr(Ru2)
Vrk
Vrn
Vrp
Vrat
Vr-05
Vr(La)
Vrh
Vr(AB)
Vr(He)
Vrg
Vro
Vra8
Vr(Tu)
Vr(wo)
Bülbül-89

Virulence Gene Frequencies (%)
1th Population
2th Population
3.36
0.00
22.68
90.16
10.92
59.57
8.40
11.27
4.20
0.00
65.52
48.30
4.20
0.00
63.00
30.59
84,00
96.60
19.32
45.08
96.60
94.99
95.76
94.99
99.12
99.82
99.12
91.77
96.60
96.60
0.00
93.38
96.60
91.77
99.12
99.82
72.24
96.6
21.84
99.82
22.68
72.45
0.00
0.00
97.44
99.82
20.16
19.32
12.60
43.47
100.00
100.00

Cleistothecia
0.00
24.86
10.17
6.78
1.13
6.78
1.13
59.89
81.36
15.82
94.92
94.92
98.31
98.31
94.92
4.52
94.92
98.31
81.36
99.44
24.86
2.26
98.31
19.21
9.04
100.00

tions and there were no changes. It was observed
that Vr3, Vr6, Vr7, Vr23, Vrra, Vr(AB), Vr(He),
Vrg, Vr(wo), frequencies increased when moved
from first spore collection time to second spore
collection time in the populations. Frequency reductions were observed in Vr9, Vr12, Vr13, Vrc,
Vr(Ru2), Vrk, Vrp, Vr(La) virulence genes when
moved from first spore collection time to the second spore collection time (Table 2). The frequencies of Vro-5 and Vro virulence genes, the pathogen counterpart of Ml-05, which is a significant
source of resistance against powdery mildew, and
mlo resistance genes, acquired through mutation,
were observed to be 0.00 % at the first and second
spore collection times. Vr-05 virulence gene is the
counterpart of Mlo- UHVLVWDQFH JHQH DQG LW¶V IUH
quency was a similar with the value acquired by
Hovmoller et al. [17] from the powdery mildew
populations they were collected from the European
barley cultivation areas. In a 2011 study in Australia conducted to determine the 86 barley varieties, 9
IRUZDUG OLQH DQG SDWKRJHQ¶V  UHIHUHQFH LVRODWHV
DQG SRZGHU\ PLOGHZ GLVHDVH¶V UHVLVWDQFH JHQHV D
total of 22 known resistance genes were determined, while in only one variety was a non-specific
mlo recessive gene. Researchers were recommended that in order to improve resistance against powdery mildew disease in new varieties, mlo gene
could be used in Australia barley improvement
programs and also to improve European varieties
[18].

RESULTS AND DISCUSSION
In the B. graminis f. sp. hordei populations
acquired from the powdery mildew samples, it was
observed that during the first spore collection time
there were 24 virulence genes and during the second sampling time there were 23, while in the
population acquired from the cleistothecia samples
there were 22. The virulence genes from the powdery mildew populations collected in all three periods were different in quantity and in frequency. The
frequencies of virulence genes of the B. graminis f.
sp. hordei populations were observed to be between
0.00 % and 100 %. The frequency of the Va8 gene
in the populations acquired during the vegetation
period and the powdery mildew populations acquired from the cleistothecia samples collected
during harvest, was defined as 100 %. It was observed that during the first spore collection time
virulence gen frequencies ranged between 0.00 %
and 100 %, Vr-05 and Vro virulence genes were
low and Vra8 gene was the highest virulence frequency. During the second spore collection time, it
was observed that virulence gene frequencies
ranged between 0.00 % and 100 %, highest virulence gene frequency was in Vra8 gene (100 %)
and lowest virulence gene frequency was in Vro,
Vr-05, Vr13, Vr9 genes. It was observed that in
both spore collection periods, Va8 virulence gene
frequency was 100 % in powdery mildew popula-
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TABLE 3
Virulence gene frequencies distribution in B. graminis f. sp. hordei populations.
Exchange interval
More than 90%

Between 60-90 %
Between 30-60 %
Between 10-30 %
Less than 10%

1th Population
Vr(Ru2), Vrk, Vrn, Vrp, Vrat, Vrh,
Vr(La)
Vr12, Vrc, Vra23, Vr(AB)
Vr3, Vr6, Vra, Vr(He), Vr(Tu), Vrg,
Vr(wo)
Vr1, Vr7, Vr13, Vr-05, Vr9, Vro

Virulence Genes
2th Population
Vr3, Vra23, Vr(Ru2), Vrk, Vrn, Vrp,
Vrat, Vr(La), Vrh, Vr(AB), Vr(He),
Vra8
Vrg
Vr12, Vrc, Vrra, Vr(wo), Vr6
Vr7, Vr(Tu)
Vr0-5, Vr1, Vr9, Vr13, Vro

Cleistothecia
Vr(Ru2), Vrk, Vrn, Vrp,
Vrat, Vr(La), Vrh, Vra8,
Vr(He)
Vr12, Vra23, Vr(AB)
Vrc
Vr6, Vr3, Vr(Tu), Vrg,
Vra
Vr1, Vr9, Vr13, Vr-05,
Vro, Vr(wo)

UHVLVWDQFH JHQHDQG9UJ YLUXOHQFH JHQH¶V IUHTXHQ
cy was ranged between 40-80 %, Vrg virulence
JHQH¶V IUHTXHQF\ DW WKH ILUVW VSRUH FROOHFWLRQ WLPH
was observed as 22.68 %, at second spore collection time it was observed as 72.45 % and during the
cleistothecia period it was observed as 24.86 %
[22]. These differences could be related to different
powdery mildew resistance genes of barley varieties cultivated in Turkey and also to different environmental conditions.
Throughout the vegetation period, cleistothecia were collected from the trial zone in two different periods and in harvest period, and their samples
were virulence gene complexities with average
respective frequency values of 11.88 %, 14.94 %
and 12.67 %. At the first period population, complexity values ranged between 7 and 18, and from
the collected single spore isolates, 84 % of them
were the lowest, and 1.68 % of them were the highest virulence complexity values. During the second
period population, virulence gene complexity values ranged between 11 and 19, and from the collected single spore isolates, 3.22 % were the lowest,
and 3.22 % of them were the highest virulence gene
complexity. During the cleistothecia period, the
average virulence gene complexity was observed to
be 12.67, and the virulence gene complexity value
was ranged between 8 and 17. From the collected
single spore isolates, 1.13 % was the lowest and
1.13 % was the highest virulence gene complexity
(Table 4). The findings acquired in the study are
higher than the study conducted by Caffier et al.
[23] in France, where airborne powdery mildew
populations were analysed by 12 discriminative test
varieties. This difference could be related to having
a higher number of discriminative test variety in the
study, resistance genes of the barley varieties commonly grown in the two spore collection areas and
to different environmental conditions.
In the first spore collection time 109 pathotypes were observed, in the second spore collection
time 62 were observed, and in the population of the
cleistothecia samples 53 pathotypes were observed.
No similarities were found among the populations
in terms of pathotypes. At the first spore collection
period, 2325920 pathotypes was the highest frequency (3.36 %), at the second spore collection

During the first population collection time; it
was found that Vr(Ru2), Vra8, Vrk, Vrn, Vrp, Vrat,
Vrh, Vr(La) virulence genes were frequencies over
90 % and fixed in population,Vr12, Vrc, Vra23,
Vr(AB) virulence genes were frequencies ranging
between 60-90 %,Vr3, Vr6, Vra, Vr(He), Vr(Tu)
virulence genes were frequencies ranging between
10-30 %, Vr1, Vr7, Vr13, Vr-05, Vr9, Vro, Vr(wo)
virulence genes frequencies in population were
lower than 10 % and recessive. During the second
population collection time; it was observed that
frequency of Vr3, Vra23, Vr(Ru2), Vrk, Vrn, Vrp,
Vrat, Vr(La), Vrh, Vr(AB), Vr(He) genes was
higher than 90 % and fixed in population, frequency of Vrg virulence gene ranged between 60-90 %,
frequency of Vr12, Vrc, Vra, Vr(wo) genes ranged
between 30-60 %, while the frequency of Vr6, Vr7,
Vr(Tu) genes ranged between 10-30 %, frequency
of Vr1, Vro, Vr13, Vro, Vr-05 virulence genes was
lower than 10 % and recessive in population. During the cleistothecia period; it was observed that Vr
(Ru2), Vrk, Vrn, Vrp, Vrat, Vr(La), Vrh, Vra8,
Vr(He) virulence genes are fixed in population,
Vr12, Vra23, Vra(AB) genes were a frequency
ranging between 60-90 % , Vrc virulence gene
frequency ranges between 30-60 %, Vr3, Vr6, Vr7,
Vr(Tu), Vrg, Vra virulence genes were a frequency
ranging between 10-30 %, Vr1, Vr9, Vr13, Vr-05,
Vr(wo), Vro genes were a frequency lower than 10
% and recessive in population (Table 3). The 25
isogenic lines used in the study were a different
resistance gene and the pathogen counterpart of
each resistance was found to be virulency, which is
an indication that there is a very dynamic change in
the pathogen population. In the study, the virulence
gene frequency analysis findings acquired in the
population taken from powdery mildew samples
were similar to Kokina and Rashal [8], Yahyaoui et
DO >@ 'UHLVHLOW DQG 5DVKDO >@¶V ILQGLQJV 7KH
values acquired by Wachter and Fristste [21] from
the powdery mildew population collected from the
European barley cultivation areas indicated differences in terms of some virulence genes and Vrn,
Vrk, Vrc, Vrg, Vra7 and Vra12 virulence genes
were frequency values ranging between 40-60 %. In
France, E. graminis f. sp. hordei populations were
collected from barley cultivation areas carrying Mlg

8340

© by PSP

Volume 26 ± No. 12A/2017 pages 8337-8344

period, 6258054 and 14645126 pathotypes was the
highest frequency (1.61 %) and at the cleistothecia
period 040776720 and 004676320 pathotypes was
the highest frequency (6.78 %) (Table 5). The findings related to pathotype values are similar to Andrivan et al. [22]¶V ILQGLQJV ,W LV LQWHUHVWLQJ WR VHH
that the pathotypes acquired in the study was differences in all three populations. The total powdery
mildew populations were different pathotypes, from
the same trial parcel at different times, where same
genotype was effective. This is an indication that
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there was a time-related rapid change among populations.
Against the 46 powdery mildew isolates implemented, the most resistant variety was Kaya
(91.14 %) and Bayrak (88.97 %), most susceptible
was control Bülbül-89 (0.00 %) and Hilal (8.68 %).
Resistance levels of other varieties were variable
(Table 6). The findings are found to be similar to
those of Czembor and Czembor [24] and Naghavi
et al. [25].

TABLE 4
The virulence gene complexity values (%) in B. graminis f. sp. hordei populations.
Virulence Gene Complexities (%)
1th Population
2th Population
Virulence Genes
Cleistothecia
7
0.84
0.00
0.00
8
0.84
0.00
1.13
9
3.36
0.00
1.13
10
10.92
0.00
3.39
11
31.92
3.22
10.17
12
20.16
9.66
27.12
13
20.16
11.27
24.86
14
4.20
16.10
19.21
15
3.36
24.15
6.78
16
0.84
14.49
4.52
17
1.68
9.66
0.00
18
1.68
8.05
0.00
19
0.00
3.22
0.00
Average
11.88
14.94
12.67

TABLE 5
The pathotype frequencies in B. graminis f. sp. hordei populations.
Pathotypes
2th Population
1th Population
No
Habgood number
1
040776720
0.00
0.00
2
004676320
0.00
0.00
3
246676320
0.00
0.00
4
044676320
0.00
0.00
5
046676320
0.00
0.00
6
006676320
0.00
0.00
7
2325920
3.36
0.00
8
3112352
1.68
0.00
9
2588066
1.68
0.00
10
2587936
1.68
0.00
11
2588032
1.68
0.00
12
2588064
1.68
0.00
13
11501565
1.68
0.00
14
11501533
1.68
0.00
15
6519810
1.68
0.00
16
6520226
1.68
0.00
17
10977152
0.00
0.00
18
246676360
0.00
0.00
19
244676760
0.00
0.00
20
6258054
0.00
1.61
21
14645126
0.00
1.61
Total frequencies of other pathotypes (%)
81.52
96.2
109
62
Number of pathotypes
Number of isolates tested
119
62
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Cleistothecia
6.78
6.78
5.65
4.52
3.39
3.39
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.26
2.26
0.00
0.00
64.97
53
88
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Hilal

9DPÕNKRYD

Hamidiye

.D\D ø]PLU

Sancak

Akhisar

Bayrak

Bülbül-89 (control)

4
4
3
4
4
4
4
4
3
4
3
3
3
0
4
4
3
3
4
3
4
3
2
4
4
1
1
4
1
4
3
3
2
4
2
2
4
4
4
1
4
3
3
2
3

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
4
0
0
0
0
0
0
4
0
4
3
4
4
0
0
0
0
0
0
0
0
0
4
0
0
0
0

4
4
4
4
0
4
4
4
4
4
0
2
4
2
3
4
3
4
2
1
3
4
4
1
4
4
4
4
0
4
4
3
3
4
2
4
4
0
4
4
4
4
3
4
4

4
4
3
4
4
3
3
4
3
4
2
2
4
0
3
2
2
4
0
2
2
4
4
4
4
4
0
0
2
4
0
4
3
4
2
4
4
3
4
4
0
3
4
4
4

3
0
0
1
3
1
1
0
0
0
0
0
0
4
0
0
0
0
4
0
0
3
0
0
1
1
0
0
1
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

0

0

0

2

0

3

0

0

4

65.1

91.14

30.38

75.95

15.9

78.12

67.27

10.85

1.00

8.68

69.44

23.87

84.63

21.7

32.55

88.97

0.00

Erginel 90

2
0
3
4
0
3
1
1
0
3
4
0
0
0
4
4
3
3
0
0
0
3
0
2
0
2
0
0
2
3
4
4
0
0
1
4
0
0
0
1
0
0
0
2
0

$NKLVDU ø]PLU

4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
4
0
0
0
3
0
0
0
0
0
0
0
0
4
0
0
0
0

Tarm-92

0
4
3
4
4
4
4
4
4
4
2
2
2
0
4
4
3
4
0
3
0
4
3
4
4
0
0
4
1
0
4
0
3
4
2
4
4
4
4
4
4
3
3
2
3

øVRODWHQR

Sancak Hilal

TABLE 6
Reactions of Turkish barley cultivars against powdery mildew isolates.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

4
4
4
4
4
4
4
4
4
4
2
2
4
1
3
4
2
4
4
3
3
4
4
4
4
4
4
4
3
3
4
4
3
4
0
3
4
4
4
3
4
4
3
4
4

4
4
3
3
4
4
4
4
4
4
3
3
3
2
0
3
0
4
3
3
4
4
0
4
4
4
4
4
0
3
4
4
3
4
0
4
4
4
4
3
4
3
2
4
3

4
4
4
4
4
4
4
4
4
4
2
3
4
1
4
4
3
4
4
3
4
4
4
3
4
4
0
4
2
3
4
4
3
4
3
4
0
4
4
4
4
4
3
3
4

46

4

3

3

Virulence
gene

88.97

84.63

88.97

Resistance

10.85

13.02

10.85

32.55

8342

© by PSP

Volume 26 ± No. 12A/2017 pages 8337-8344

Fresenius Environmental Bulletin

[4] Limpert, E., Andrivon, D., Knittel, R. and
Fischbeck, G. (1991). Barley mildew in
Europe: patterns of composition of the pathogen population during the period 1985-1988.?
In: Jørgensen JH ed. Integrated control of
cereal mildews: Virulence Patterns and Their
Change, 1991. Roskilde, Denmark, 87-103.
[5] Kokina, I. and Rashal, I. (2002). Genetic structure peculiarities of the Blumeria graminis f.
sp. hordei population in the north-eastern part
of Lithuania. Biologia, 3, 47-49.
[6] =H\EHN$DQG<L÷LW)  $VVHVVPHQWRI
powdery mildew resistance in wild barley
(Hordeum spontaneum L.) populations in the
aegean region of Turkey. Phytoprotection, 83,
125-130.
[7] Dreiseitl, A. (2004). Virulence frequencies to
powdery mildew rezsistance genes of winter
barley cultivars. Plant Protection Science.
40(4), 135-140.
[8] Kokina, I. and Rashal, I. (2008). Results oft he
monitoring oft he population of Blumeria
graminis f. sp. hordei in the Latgale region of
Latvia in 2007. Zemdirbyste-Agriculture. 3,
320-326.
[9] Parks, R., Carbon, I., Murphy, J.P., Marshal, D.
and Cowger, C. (2008). Virulence structure of
the Eastern U.S. Wheat Powdery Mildew
Population. Plant Disease. 92, 1074±1082.
[10] Zeybek, A., Khan, M.K., Pandey, A., Gunel,
A., Erdogan, O. and Akkaya, M.S. (2017).
Genetic structure of powdery mildew disease
pathogen Blumeria graminis f. sp. hordei in the
barley fields of Cukurova in Turkey. Fresen.
Environ. Bull. 26(1a), 906-912.
[11] Gabler, J. and Fritshe, H. (1991). Results
(1987-1989) of virulence analysis in barley
mildew in the former GDR. Integrated control
of cereal mildews: virulence patterns and their
change Ed. J. Helms Jorgensen. Riso National
Laboratory, Roskilde, Denmark.
[12] Frank, A.S. (1992). Ecological and genetic models of host-pathogen convolution. Heredity.
67,73-83.
[13] Winzeler, M., Streckeisen, P. and Fried, P.M.
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CONCLUSION
In the powdery mildew populations, it was
determined that at the first spore collection time
there were 24 virulence genes, in the second
sampling time there were 23 and at the cleistothecia
period there were 22 virulence genes. In the
acquired powdery mildew populations, the
virulence gene frequencies ranged between 0.00 %
and 100 %, the lowest virulence gene was found in
Vr-05 and Vro; and the highest virulence gene was
found in the Vra8 virulence gene. Powdery mildew
samples
were
respective
virulence
gene
complexities of 11.88 %, 14.94 % and 12.67 %.
Aggression gene complexity values also displayed
differences through vegetation period and harvest
period. In all three populations, increases or
decreases occurred in some virulence gene
frequencies, while in some populations no virulence
gene frequency change was observed. The acquired
pathotypes varied in all three populations, but the
fact that B. graminis f. sp. hordei populations were
different pathotypes is an indication that there is a
time related rapid change between populations.
Whether this change is caused by migration needs
to be tested with a further, detailed study. From the
Turkish barley varieties, the most resistant to
powdery mildew was found to be Kaya (91.14 %)
and Bayrak (88.97 %) varieties, while the most
susceptible was found to be control Bülbül-89 (0.00
%) and Hilal (8.68 %) varieties. We have reached
the conclusion that in the control against powdery
mildew disease in barley, determining a virulence
gene spectrum and using the varieties that are
resistant against these genes in production would
contribute to prevent loss of productivity.
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Air pollution is associated with problems such
as exacerbated asthma, hospital admissions and increased medication use. The epidemiological studies
had focused on ozone (O3), particulate matter (PM),
sulfur dioxide (SO2), carbon monoxide (CO), nitrogen dioxide (NO2), particulate lead and other atmospheric chemical toxicants due to their proven health
outcomes [11-13]. NOx is one of the specific groups
responsible for secondary formation of PM through
reaction between O3 and VOCs. Due to the well documented concerns about NOx, the United States Environmental Protection Agency (USEPA) had established standards for NOx emissions in the air.NOx
emissions depend on several factors such as wind
speed and direction, relative air humidity, ambient
air temperature, wet and dry depositions of NO2 and
the reactions of NO2 with O3 and VOCs to form secondary PM. Exposure to high NO2 high concentrations can result in rapid and severe lung damage.
Some evidence suggested that exposure to NOx may
result in both acute and chronic health effects in vulnerable population such as people with asthma and
the elderly. The airways may become acutely inflamed and even short-term exposure to NO2 may
predispose towards an increased risk for respiratory
diseases [12, 14]. A prolonged NO2 exposure may
reduce lung host defenses and significantly change
lung structure.
Cement is one of the most widely used manmade substances on the planet. The annual mean
consumption in cement is 450 kg per capita in the
World. However, making cement is an energy and
resource intensive process with negative impacts on
local and global environment. Air pollutants due to
industrial activities from Doroud Cement Factory affect cities located in the southwest of Iran. Around

ABSTRACT
The aim of this study was to assess nitrogen oxides (NOx) dispersion from the main stacks of a cement factory in Doroud, Iran. The SCREEN3 software and Gaussian plume model were applied to predict and to compare the on-site NOx concentrations
to provide relevant information on its emissions and
dispersion. The results showed that within a radius
of 400-650 m from the source, the estimated NOx
concentrations were higher than the National Ambient Air Quality Standards for human health protection. Therefore, a distance higher than 650 m at
downwind direction of the source was recommended
for human settling and activities.

KEYWORDS:
NOx, Cement plant, Dispersion, SCREEN3, Gaussian
plume model

INTRODUCTION
The deterioration of ambient air quality by industrial and related emission sources of air pollutants
(e.g. traffic, biomass burning, incineration of wastes,
refineries, etc.) is one of the important problems in
the world, especially in developing countries [1-3].
Exposure to air pollutants is associated with chronic
and acute adverse effects on human health [3-5].
In 2012, around 7 million global prematurely
deaths were linked to air pollution of which one in
eight deaths was from lung cancer, strokes and heart
diseases [6-10]. In the last decades, the effects of
long-term exposure to air pollutants and their impacts on human health were deeply investigated [2].
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layered atmospheric structure. Some examples of advanced models are ISC3, AERMOD, CALPUFF and
ADMS. The main objective of this study is to assess
the NOx emissions from the stack of Doroud Cement
factory using the SCREEN3 and Gaussian plume
models during four season in 2013-2014.

this factory, people are exposed to high nitrogen oxides (NOx) levels from major sources including fuelburning procesVDWWHPSHUDWXUHVKLJKHUWKDQÛ&
and road traffic. The largely emitted pollutants during the production of cement are PM, NOx, SO2, carbon dioxide (CO2) and CO. Trace quantities of volatile organic compounds (VOCs), and trace metals.
To reduce the adverse effects of air pollutants,
it is important to identify how pollutants are dispersed in the troposphere [1, 15-17]. Parameters that
impact the dispersion of air pollutants and downwind
concentrations are wind speed and direction, air temperature lapse rates, elevation, release height and the
atmospheric stability [18-20]. There is a requirement
to quantify, identify and distribute these pollutants
with appropriate management strategies [16]. To
overcome these issues, software tools based on
Gaussian dispersion equation are usually used to estimate air pollutant concentrations away from their
different sources. Many models are available for dispersion studies i.e., gross screening, intermediate
and advance models. The gross screening models require only a hand-held calculator or spreadsheet,
while the intermediate models (computed-based e.g.
the SCREEN3) incorporates meteorological parameters (wind speed and stability classes) and more sophisticated source information. Advanced models
require a workstation and extensive datasets for meteorology and emission sources including multiple
source type points, area and volume, and also additional features such as flow around buildings and

EXPERIMENTAL SECTION
Study area. Doroud FHPHQWIDFWRU\ Ûމ1
Û  (މLV one of the most productive industries in
the Doroud City (Lorestan Province) located in the
southwestern Iran (Fig. 1). The factory (capacity of
300 tons per day) was established in 1959. It is located in vicinity of the residential areas. Figure 1
shows the location of the study area in Iran.
In situ measurements of NOx. Four sampling
campaigns were conducted to measure NOx mass
flow (mass per unit of time) and concentrations at
three stacks in the cement plant in May, August, November 2013 and February in 2014. The samples
were taken from the stack gas flow based on standard
of ASTMD5522-EPACTM-030 using Testo
(XL350) instrument. The mass flow and concentrations of NO and NO2 were measured separately. The
sum of NO and NO2 (NO+NO2) mass flow was considered as NOX emissions.

FIGURE 1
The map of the study location (Doroud Factory) in Iran
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TABLE 1
Stability classes over four sampling periods for the three stacks: Electro filter 1, Electro filter 2 and Kiln
Fuel characteristics
Natural gas +Fuel-oil
Natural gas
Natural gas
Fuel-oil

Season
Spring
Summer
Fall
Winter

Stability class
C
B
D
F

TABLE 2
Physical factors related to the three stack of cement factory
Physical factors of stacks
Stack height (m)
Stack inside diameter (m)
7HPSHUDWXUHRIJDVIORZ Û.
Exit gas velocity (m/s)

Electro filter 1
54
2.8
356.0 ± 9.9
7.77 ± 0.52

Kiln
70
2.8
403.0 ± 13.0
14.77 ± 3.22

Electro filter 2
90
4.0
435.0 ± 9.9
11.62 ± 1.79

at 10 m height (measured by the meteorological station) to the wind speed at the stack nozzle (Eq.1).
ୌ
 ൌ  ሺ ౩ ሻ୬ ሺͳሻ

Measurement of Meteorological data. The
required meteorological data were obtained from the
PHWHRURORJLFDO VWDWLRQ ORFDWHG DW WKH 'RURXGތV DLU
port, close to the cement factory. The relative humidity (RH), air temperature, and surface wind speed
and directions at attitude 10m above the groundlevel were used in the meteorological analysis to estimate and simulate the NOX emissions and dispersion from the cement factory stack. Monthly averages of air temperature, wind speed and RH were applied for trends in meteorological parameters. The 3month results of wind speed and direction were used
to produce the seasonal wind roses. For short time
period, a constant representative of atmospheric stability was assumed. In this study, four stability classes were considered: slightly unstable (C), unstable
(B), neutral (D) and stable (F); for each season, a stability class was selected. Table 1 illustrates the stability classes over the sampling periods from the
three stacks (Electro filter 1, 2 and Kiln) and fuel
characteristics.
The seasonal nitrogen oxides measured from
the three stacks of the cement plant were applied for
calibration of the model. The temperature of the gas
flow and exit velocity was measured during the sampling period while the stack height and stack inside
diameter were used to model the dispersion of NO x
(Table 2).

బ

Where, u and u0 (m/s) are the wind speed at the stack
height (Hs, m) and the measured wind speed at 10 m
height (Z0, m), respectively. Parameter n, i.e. the
wind profile exponent, is a function of the atmospheric stability.
The standard theory assumes that a rising buoyant plume entrains ambient air at a rate proportional
to both its cross-sectional area and its speed relative
to the surrounding air. For the calculation of rising
buoyant plume (dh), the parameters of initial velocity of gas flow (w0), the inside stack radius (R0), and
temperature are needed. Initial buoyancy flux (Fb)
can be obtained by Eq. 2.
 ଶ 
ሺʹሻ
ୠ ൌ
୮ ሺ୮ െ ୟ ሻ
where Tp0 and Ta0 are the initial plume temperature
and the ambient temperature at the stack height, respectively. For amount of Fb m4 s-3 in the Pasquill categories of A-D, buoyant rise was obtained
by Eq. 3. In this study, the amount of Fb for classes
of A-D was lower than 55 m4 s-3.
ୠ

Ǥ

ሺ͵ሻ
ୱ
Where, us is the wind speed at the stack height.
In a stable atmosphere (class E and F), the final
plume rise dh is given by Eq. 4.
 ൌ ͵ͺǤͳ

Modeling. (1) Gaussian model. Gaussian dispersion model combines source-linked factors and
meteorological parameters to assess pollutant concentration from different sources. The model assumes that the pollutant does not undergo chemical
reactions or do not undergo elimination through
other processes including dry or wet deposition. The
ground-level NOx concentrations are calculated by a
Gaussian model in the downwind direction [18].
For the calculation of the wind speed at the
stack height, it is necessary to convert the wind speed

 ൌ ʹǤሺ

ୠ ଵ
ሻଷ ሺͶሻ
ୱ

The final effective plume height (H, m) is the
stack height (hs) plus the plume rise (dh) given by
Eq. 5.
ൌ ݄௦  ݄݀ሺͷሻ
Equations that approximately fit the PasquillGifford curves are used to estimate į\and į] for the
rural mode. The equations (6-8) were used to calculate of į\and į].
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Ɂ୷ ൌ ͶͷǤͳͳʹͺሺሻ ሺ ሻ ሺሻ
Ɂ ൌ  ୠ ሺሻ
Where, TH was computed by Eq. 9.
 ൌ ͲǤͲͳͶͷʹ͵ͻ͵ሾ െ  ሺሻሿሺͺሻ
In Eqs. 6-8, x is the downwind distance and the
coefficients a, b, c and d were calculated according
to the Pasquill stability category.
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(February), respectively, due to unstable meteorological conditions during different time intervals,
which have an important role in the formation of
powerful winds [21-23]. A minimum hourly temperature of - Û&ZDVUHFRUGHGGXULQJWKHVWXG\SH
riod in January 2014. The temperature gradually increased from April to August (spring, summer) and
decreased from September to January (autumn, winter). The maximum mean air temperature (39°C) and
minimum RH (23%) were observed in August. The
RH decreased from April to August.
Fig. 3 (a-d) show the seasonal wind rose plots
of wind directions from the daily data recorded by
meteorological station. Generally, seasonal winds
and mountain-valley breezes influenced the diurnal
climate. The easterly winds were prevalent during
the spring season; but as temperature increases from
spring to winter, the wind directions changed from
south-easterly to southeasterly. The maximum percentage of time the winds were blowing from the
prevalent southerly winds during spring, summer,
fall, and winter were 27.5, 17.4, 26.1 and 38.5%, respectively. A similar study by Seangkiatiyuth et al.
[23] from in-situ measurement and model estimation
using the American Meteorological Society-Environmental Protection Agency Regulatory Model
(AERMOD) at a cement plant in Bangkok (Thailand) showed that the percentage of time of wind
change as 6.9%, 17.7%, and 47.8%, respectively.
Sari et al. [21] reported that the prevailing direction
of NOx dispersion from the palm oil mill stack in Indonesian was southerly, with a maximum concentration of 90.1 μg/m3. In addition, the changes of wind
directions in Figure 3 (a-d) were more pronounced
in warm season (spring and summer) than during the
cold season (autumn and winter). Therefore, there
were fewer episodes of calm periods in cold season
compared to the warm season.

(2) The SCREEN3. The SCREEN3 is a software (Likes Environmental Software, Waterloo, Ontario, Canada), developed by the EPA based on
Gaussian model. It is a screening version of the Industrial Source Complex Dispersion Models (ISC3)
and can be used for dispersion modeling at distances
lower than 100 km from the emission source. To estimate the air pollutant concentrations, SCREEN3
incorporates different factors related to emitted
source and meteorological parameters. The requested information to run the SCREEN3 software
includes source type, emission rate (g/s), source
stack height (m), stack inner diameter (m), stack exit
YHORFLW\ PV WHPSHUDWXUHRIH[LWJDV Û. RXWGRRU
DLU WHPSHUDWXUH Û.  UHFHSWRU KHLJKW IURP JURXQG
level (m), wind direction, and urban or rural option.

RESULTS AND DISCUSSION
Atmospheric conditions are the driving force in
the dispersion and air pollutant plumes transport [1821]. The variation of meteorological parameters such
as including RH, temperature and surface wind
speeds are presented in Fig. 2. The average wind
speed increased from July to October and then decreased till February. The highest and the lowest
wind speed occurred in spring (May) and winter

FIGURE 2
Seasonal pattern of wind speed, RH and temperature from April 2013 to March 2014
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FIGURE 3
Wind rose plots (a) spring, (b) summer, (c) fall, and (d) winter during the study period

The comparison between NOx dispersion simulated by the SCREEN3 and Gaussian plume models
for the four stability classes at spring, summer, fall
and winter seasons are presented in Fig. 4 (a-d). The
maximum predicted NOx concentrations under the
stability classes of C, B, D, and F by the SCREEN3
at the downwind of the source were 344.9, 213.2,
114.1, and 195.7 μg/m3, respectively, while the
Gaussian model estimations were 273.8, 176.9,
109.8, and 187.6 μg/m3, respectively. The ratios of
maximum predicted levels by Gaussian plume to
SCREEN3 in four stability classes of C, B, D, and F
were 0.79, 0.83, 0.96, and 0.96, respectively. The
previous study [1] showed that, the maximum 1-hour
predicted level of NOx by AERMOD from the stack
of a Jordanian cement plant was 85.1 μg/m3 within
2000 meter from the source.
The seasonal variation of distances where the
maximum concentrations of NOx were measured is

526 m (spring), 584 m (summer), 960 m (autumn)
and 2647 m (winter) downwind. Close to the source
within the radius of 200-500 m (at summer and winter) from the NOx concentrations (8.6, 0.3, 0.4 and
0.1 μg/m3) were low, but from, the, distance of 526,
584, 960, and 2647 m from the source; the NO x levels increased rapidly to 345, 213, 115 and 196 μg/m3,
respectively. The present study is consistent with
those of Mohebbi and Baroutian [19] who demonstrated that the point of maximum concentration of
PM10 was 750 m downwind of a cement plant in Kerman, Iran. The study also revealed good agreement
among the predicted concentrations of PM10 by the
Eulerian, Gaussian plume and ANNs models.
Seangkiatiyuth et al. [23] showed that NO2 concentration peaks were found within 1 to 5 km by the
AERMOD applied at a Cement complex located
about 108 km northeast of Bangkok.
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FIGURE 4
Comparison of estimated concentrations by the SCREEN3 and Gaussian plume model at
(a) spring, (b) summer, (c) autumn and (d) winter over the study period

health. Schuhmacher et al. [22] indicated that NO2
has not been considered as a causal predictor of mortality, but has increased the risk of asthma by 0.2%.
Otaru et al. [20] reported that due to the emissions
from cement plants; a simulated safety distance of
7000 m from the source is recommended for human
settlement and their activities.

The highest concentrations of NOx were obtained in winter with a stability class of F for both
models. The worst atmospheric condition was obtained in slightly unstable class during spring season,
where pollution concentrations increased rapidly.
The comparison between the results of the
SCREEN3 and the Gaussian plume showed that
there is a good agreement between the two models,
especially for D and F stability classes. The amounts
of NO were very low, and sometime close to zero.
Considering NO2 as representative of NOX emissions, during spring the NO2 concentrations of 320
μg/m3 (1-hour average value) at stability class of C
were higher than the Nation Ambient Air Quality
Standard (NAAQS). Therefore, at a distance of 400650 m from the source, the NOx concentrations estimated by the SCREEN3 were higher than the
NAAQS. Our NOx results were higher than emissions reported values from European cement kilns in
2010 [24]. The concentrations of NOx as NO concentrations ranged from 145 to 2040 mg/m3 with an average concentration of 785 mg/m3 [25]. Exposure to
high concentration of NOx and other air pollutants
from the cement factory is dangerous to public

CONCLUSION
In this study, two different models were used
find out the patterns of NOx dispersion from Doroud
Cement Factory in Iran. The dominant direction of
NOx dispersion was toward the southern parts of the
cement plant. The highest and the lowest concentration were predicted under the stability classes of C
and D, respectively. There was a good agreement between the results from the SCREEN3 software and
the Gaussian plume model. At a distance of 400-650
m from the source, the estimated NOx concentrations
were higher than the NAAQ standards. This indicates that NOx emissions from the cement plant can
negatively impact the health of the residents living
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[12] Khaniabadi YO, Daryanoosh SM, Amrane A,
Polosa R, Hopke PK, Goudarzi G, Mohammadi
MJ, Sicard P, Armin H (2017a): Impact of
Middle Eastern Dust storms on human health.
Atmospheric Pollution Research 8, 606-613.
[13] Khaniabadi, Y.O., Daryanoosh, S.M., Hopke,
P.K., Ferrante, M., De Marco, A., Sicard, P.,
Conti, G.O., Goudarzi, G., Basiri, H., Mohammadi, M.J. (2017b) Acute myocardial infarction
and COPD attributed to ambient SO2 in Iran.
Environmental Research. 156, 683-687.
[14] Khaniabadi, Y.O., Fanelli, R., De Marco, A.,
Daryanoosh, S.M., Kloog, I., Hopke, P.K., Conti, G.O., Ferrante, M., Mohammadi, M.J.,
Babaei, A.A. (2017c) Hospital admissions in
Iran for cardiovascular and respiratory diseases
attributed to the Middle Eastern Dust storms.
Environmental Science and Pollution Research.
1-9.
[15] Khaniabadi, Y.O., Goudarzi, G., Daryanoosh,
S.M., Borgini, A., Tittarelli, A., De Marco, A.
(2017d) Exposure to PM10, NO2, and O3 and
impacts on human health. Environmental Science and Pollution Research 24, 2781-2789.
[16] Khaniabadi, Y.O., Hopke, P.K., Goudarzi, G.,
Daryanoosh, S.M., Jourvand, M., Basiri, H.
(2017e) Cardiopulmonary mortality and COPD
attributed to ambient ozone. Environmental
research. 152, 336-341.

around the vicinity of the industry. Therefore, a distance farther than 650 m downwind of the cement
plant is recommended for human settlement and activities. The method proposed to quantify emissions
with field experience in the cement industry, and
model dispersion had produced good results. Both
models adopted in this study provided useful information to determine pollution hotspots for NOx dispersion. It is important to emphasize that application
of atmospheric dispersion models can be useful
when applied together with measured data to permit
more robust and improved predictive atmospheric
studies [20, 27].
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sediment assessment methods
sediment concentration
Sediment yield
seed germination
seismic effect
Self-organizing network
Semantic differential
Separation
sepiolite
Sesbania sesban (L.) Merril
settle velocity
settlement
shoot regeneration
small diameter trees
SOC

8084
7667, 7780
8078
7789
8345
8304
8321
7674
8047
8062
7860
7710
8166
8030
8304
7740
7634
7780
8062
7760
8239
8286
8263

T
Taxon
technological breakthrough
the aeroengine blader damage
T-head groin
Tinca tinca
Tissue culture
TOC removal
Tolerance
Tomato leaf miner

8304
8100
8078
7674
8321
7710
7756
8211
8146

Torreya fargesii Franch.
8226
Total aerobic bacteria and fungi counts
7992
Total flavonoids
8226
Trabzon
8001
Trabzon-Turkey
8304
8154
transient stability
Triclopyr
8119
Turkey
7703, 8160
Tuta absoluta
8146

U
Urban park

7142

urea

7539

V
Ultrasonic heating circumfluence method
Ultrasound
unconfined compression test
unicellular M. aeruginosa
Urban expansion
Urban green space
Urtica dioica
Urtica kioviensis
89íYLVDEVRUSWLRQVSHFWUD
Ventilation

7724
8226
7626
7801
8135
7789
8221
8221
7734
7951

Verticillium dahliae Kleb.
viewshed
Virulence gene
visibility
visual perception
Visual preference
Visual quality
visual quality assessment
Vitex negundo
Volumetric Productivity

7695
7760
8337
7760
7703
8304
7703
7703
7687
7769

W
wastewater irrigation
wastewater treatment
water bodies
Water Purification
Water quality
Water use productivity
Water-sediment-adsorbed NPS
Water-sensitive card

7643
7756
7760
7849
7931
7885
7815
7717

well wall stability
Well-being
wheat
wheat (Millat-2011)
wind power generation
Winter wheat
Wisdom agriculture
working face

8125
7789
8239
7838
8154
7667
8030
8100

8560

Social Risk
soil
Soil and water
Soil microbial activity
soil nutrient
soil-plant system
sprouts
SRFR model
Steel ball
stem height
Stirling engine
Stream
Streams
Street dust
strength parameters
Stress distribution
Sub-catchment
superoxide dismutase (SOD)
surveying activities
Surveying private sector
Swimming pool
SWOT Analysis

8093
7643,
7815
7992
7687
8246
8233
7885
8078
7925
7900
7931
7849
8199
7626
8125
7860
7780
8008
8008
7651
8008
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wavelength

7974

X
Xylanase Nerium oleander L

7992

Y
Yanhe River watershed

7860

Young loquat fruit

8255

Z
Zero-valent iron

8278

Zigbee

8030

8561
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FEB ± GUIDE FOR AUTHORS
few brief sentences (one-fourth to one page)
particularly significant findings. Short articles by
relative newcomers to the chemical innovation
arena highlight the key elements of their Master and
PhD-works in about I page.
Book Reviews are normally written in-house, but
suggestions for books to review are welcome.

General
FEB accepts original papers, review articles, short
communications, research abstracts from the entire
sphere
of
environmental-chemistry,-biology,microbiology,- technology, -biotechnology andmanagement, furthermore, about residue analysis/
and ecotoxicology of contaminants.
Acceptance or no acceptance of a contribution will
be decided, as in the case of other scientific
journals, by a board of reviewers. Papers are
processed with the understanding that they have not
been published before (except in form of an abstract
or as a part of a published lecture, review or
thesis);that they are not under consideration for
publication elsewhere; that their publication has
been approved by all co-authors, if any, as well astacitly or explicitly- by the responsible authorities
at the institute where the work has been carried out
and that, if accepted, it will not be published
elsewhere in the same form, in either the same or
another language, without the consent of the
copyright holders.

Preparation of manuscript
Dear authors,
FEB is available both as printed journal and as
online journal on the web. You can now e-mail
your manuscripts with an attached file. Save both
time and money. To avoid any problems handling
your text please follow the instructions given
below:
When preparing your manuscripts have the formula
K/SS (Keep It Simple and Stupid) in mind. Most
word processing programs such as MS-Word offer
a lot of features. Some of them can do serious harm
to our layout. So please do not insert hyperlinks
and/or automatic cross-references, tables of
contents, references, footnotes, etc.
1. Please use the standard format features of your
word processor (such as standard.dot for MS
Word).
2. Please do not insert automatisms or secret linkups between your text and your figures or tables.
These features will drive our graphic department
sometimes mad.
3. Please only use two fonts for text or tables
"Times New Roman" and for graphical
presentations "Arial".
4. Stylesheets, text, tables and graphics in shade of
grey
5. Turn on the automatic language detection in
English (American or British)
6. Please - check your files for viruses before you
send them to us!!
Manuscripts should send to:parlar@wzw.tum.de
or:parlar@prt-parlar.de

Language
Papers must be written in English. Spelling may
either follow American (Webster) or British
(Oxford) usage but must be consistent. Authors
who are less familiar with the English language
should seek assistance from proficient colleagues in
order to produce manuscripts that are
grammatically and linguistically correct.
Size of manuscript
Review articles should not exceed 30 typewritten
pages. In addition up to 5 figures may be included.
Original papers must not exceed 14 typewritten
pages. In addition up to 5 figures may be included.
Short-Communications should be limited to 4
typewritten pages plus not more than 1 illustration.
Short descriptions of the authors, presentation of
their groups and their research activities (with
photo) should together not exceed I typewritten
page. Short research abstracts should report in a

Thank you very much!
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STRUCTURE OF THE MANUSCRIPT
ORIGINALPAPERS:
l. Author, N.N. and Author, N.N. (Year) Full title of
the article. Journal and Volume, first and last page.
BOOK OR PROCEEDING:
2. Author, N.N. and Author, N.N. (Year) Title of
the contribution. In: Title of the book or
proceeding. Volume (Edition of klitor-s, ed-s)
Publisher, City, first and last page

Title page: The first page of the manuscript should
contain the following items in the sequence given:
A concise title of the paper (no abbreviations). The
names of all authors with at least one first name
spelled out for every author. The names of
Universities with Faculty, City and Country of all
authors.
Abstracts: The second page of the manuscript
should start with an abstract that summarizes
briefly the contents of the paper (except short
communications). Its length should not exceed 150200 words. The abstract should be as informative as
possible. An extended repetition of the paper's title
is not considered to be an abstract.

DOCTORAL THESIS:
3. Author, N.N. (Year) Title of the thesis,
University and Faculty, City
UNPUBLISHED WORK:
Papers that are unpublished but have been
submitted to a journal may be cited with the
journal's name followed by "in press". However,
this practice is acceptable only if the author has at
least received galley proofs of his paper. In all other
FDVHV UHIHUHQFH PXVW EH PDGH WR ³XQSXEOLVKHG
work" or "personal communication".

Keywords: Below the Summary up to 6 key words
have to be provided which will assist indexers in
cross-indexing your article.
Introduction: This should define the problem and,
if possible, the frame of existing knowledge. Please
ensure that people not working in that particular
field will be able to understand the intention. The
word length of the introduction should be 150 to
300 words.

Discussion and Conclusion: This part should
interpret the results in reference to the problem
outlined in the introduction and of related
observations by the author/s or others. Implications
for further studies or application may be discussed.
A conclusion should be added if results and
discussion are combined.

Materials and methods:
Please be as precise as possible to enable other
scientists to repeat the work.

Corresponding author: The name of the
corresponding author with complete postal address

Results: Only material pertinent to the subject must
be included. Data must not be repeated in figures
and tables.

Precondition for publishing:
A minimum number of 25 reprints must be ordered
and prepaid.
1 - 4 pp.: 200,- EURO + postage/handling
5 - 8 pp.: 250,- EURO + postage/ handling
More than 8pp: 1.50 EURO/page x number of
reprints +postage/ handling.
The prices are based upon the number of pages in
our journal layout (not on the page numbers of the
submitted manuscript).
Postage/ Handling: The current freight rate is
*HUPDQ\¼(XURSH¼,QWHUQDWLRQDO¼
VAT: In certain circumstances (if no VAT
registration number exists) we may be obliged to
charge 7% VAT on sales to other EU member
countries.MESAEP and SECOTOX members get a
further discountof 20% (postage/ handling full).

Acknowledgements:
Acknowledgements
of
financial support, advice or other kind of assistance
should be given at the end of the text under the
heading "Acknowledgements". The names of
funding organisations should be written in full.
References: Responsibility for the accuracy of
references rests with the authors. References are to
be limited in number to those absolutely necessary.
References should appear in numerical order in
brackets and in order of their citation in the text.
They should be grouped at the end of the paper in
numerical order of appearance. Abbreviated titles of
periodicals are to be used according to Chemical or
Biological Abstracts, but names of lesser known
journals should be typed in full. References should
be styled and punctuated according to the following
examples:
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