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DETERMINATION OF ENERGY USE EFFICIENCY OF
MAIZE (ZEA MAYS INTENDATA) PRODUCTION IN TURKEY
Kagan Kokten1, Mahmut Kaplan2,*, Osman Gokdogan3, Mehmet Firat Baran4
1
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2

of natural resources and improve sustainable agriculture [5, 6, 7, 8, 9]. Energy use efficiency and energy
balance can be accepted as a vital tool to define the
environmental impacts of farming systems. Determination of the energy use efficiency makes it possible
to compare different farming systems in environment friendly production as well as sustainability of
non-renewable natural resources [10].
To determine energy efficiency, energy inputoutput analyses are usually conducted. These analyses determine how efficiently energy is used [5,11].
Energy usage efficiency and related efficiency have
been performed by researchers on agriculture production. Some of these researches may be listed as
those on the energy usage etc. research of maize [2],
maize [12], corn [13], corn [14], corn [9], rice [15],
barley [16], sunflower [17], sesame [18], maize and
sesame [19], tomato [20], potato [21], black carrot
[10], cotton [22], sugar beet [23], organic strawberry
[24], vetch [25], peach [26], soybean and corn [27],
sorghum, grass and vetch [28] etc. Defining the related energy use efficiency is the aim of this research.

ABSTRACT
The aim of this research is to determine an energy use efficiency of maize production during the
production season of 2015 in Bingol province of
Turkey. The data collected has been analyzed for the
energy of maize production. The energy input in
maize production have been calculated as 28504.54
MJ ha-1. The energy output in maize production have
been calculated as 120640.28 MJ ha-1. Energy use
efficiency, specific energy, energy productivity and
net energy values related to maize production have
been determined as 4.23, 4.80 MJ kg-1, 0.21 kg MJ-1
and 92135.74 MJ ha-1, respectively. The consumed
total energy input in maize production could be classified as 49.99% direct, 50.01 indirect, 34.16% renewable and 65.84% non-renewable. As evaluated
results, maize production is a profitable production
in terms of energy usage.

KEYWORDS:
Energy use efficiency, maize, renewable energy, specific
energy, Turkey

MATERIALS AND METHODS
INTRODUCTION
This research has been done for the whole Bingol province of Turkey (E41o-20´-39o-56o; N39o31´; 36o-28o 1151 m) above sea level [29]. The daily
difference between highest temperature and lowest
temperature has nearly 20 ºC. The annual average
temperature of the province is 12.1 ºC while the annual average precipitation level is 873.70 mm [30].
Soil structure of the province is clay-loam and loamy
[31]. The researches done on trials area have 1190
square meters, located at Bingol in 2015. Randomized Complete-Block Design with three replicates
has been done in this research. Human labour, machinery, chemical fertilizers, diesel fuel, irrigation
water and seed energy have been calculated inputs.
Maize yields have been calculated as output. In Table 1, the agricultural production inputs, energy
equivalents of input and output have been used as
energy values. By adding energy equivalents of all
inputs in MJ unit, the total energy equivalents have

7XUNH\¶VFOLPDWLFDQGJHRJUDSKLFDOFRQGLWLRQV
permit a wide range of farming activities. Turkey has
a total land area of 78 million hectares with approximately 40 million hectares of agricultural land.
5RXJKO\RI7XUNH\¶VDJULFXOWXUDOODQGVDUHGH
voted to arable crops (of which approximately 11%
is fallow land and 24% irrigated); 38% to permanent
meadows and pastures and 8% to permanent crops
[1, 2, 3, 4]. Energy use in agriculture has become
more intensive in response to increasing population,
limited supply of arable land and a desire for higher
living standards. In order to cover required food need
of the increasing population, chemical fertilizers,
pesticides, farm tractors and machineries, electricity
and other natural resources are used. But intensive
use of these sources causes environmental problems
which threatens the public health. So, efficient use of
energy sources in agricultural production will minimize environmental problems, prevent destruction

1973
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been calculated. The energy ratio (energy use efficiency), energy productivity, specific energy and net
energy have been calculated by using the following
equations [32, 33, 34].
ె
ሻ

ె
୬ୣ୰୷୧୬୮୳୲ሺ ሻ

ౡౝ
ଢ଼୧ୣ୪ୢ୭୳୲୮୳୲ሺ ሻ

ె
୬ୣ୰୷୧୬୮୳୲ሺ ሻ

ె
୬ୣ୰୷୧୬୮୳୲ሺ ሻ

ౡౝ
ଢ଼୧ୣ୪ୢ୭୳୲୮୳୲ሺ ሻ


Energy use efficiency =

୬ୣ୰୷୭୳୲୮୳୲ሺ

have been done [44, 45, 46]. Measuring the time
spent during agricultural operations in the parcels
have been done with the aid of chronometer [44]. For
calorific values of maize IKA brand C200 model
bomb calorimeter device has been used. For measuring purposes, the amount of fuel (~0.1 g) has been
combusted inside the calorimeter bomb. The device
has been given a calorific value in MJ kg-1 unit. For
samples, reading of the calorific value has been
measured repetitively for 3 times and then the average value have been reported in maize research.

(1)

Energy productivity =

(2)

Specific energy =

(3)

Net energy =
Energy output (MJ ha-1) - Energy input (MJ ha-1) (4)
The input energy can also be classified into direct, indirect, renewable and non-renewable forms
[32, 40, 41]. Total fuel consumption of each parcel
has been calculated as l ha-1. Full tank method has
been used to measure the amount of fuel used [42,
43, 44]. Labor time of each parcel (ha h-1) has been
calculated by proportion the total time computed for
in area of the trial to the areas amount. Using the effective labour time (tef), while experiments in parcels

RESULTS AND DISCUSSION
The amounts of maize produced per hectare
during the 2015 production season have been determined as 5941.70 kg on average. The energy balance
of maize production related to this research has been
given in Table 2.

TABLE 1
Energy equivalents of inputs and outputs in maize production
Inputs and outputs
Inputs
Human labour
Machinery
Chemical fertilizers
Nitrogen
Phosphorous
Potassium
Diesel fuel
Irrigation water
Maize seed
Outputs
Maize grain

Unit
Unit
h
h

Energy equivalent coefficient
Values (MJ unit-1)
1.96
64.80

References
References
[35, 36]
[37, 7]

kg
kg
kg
l
m3
kg
Unit
kg

60.60
11.10
6.70
56.31
0.63
20.304
Energy equivalent coefficient
20.304

[37]
[37]
[37]
[37, 38]
[39]
Measured
References
Measured

TABLE 2
Energy balance in maize production
Inputs
Human labour
Machinery
Chemical fertilizers
Nitrogen
Phosphorous
Potassium
Diesel fuel
Irrigation water
Seed
Total inputs
Outputs
Maize grain
Total outputs

h
h

Energy equivalent
(MJ unit-1)
1.96
64.80

Input used per hectare
(unit ha-1)
638.66
50.42

kg
kg
kg
l
m3
kg

60.60
11.10
6.70
56.31
0.63
20.304

151.25
68.06
68.06
91
12500
30

Energy equivalent
(MJ unit-1)
20.304

Output per hectare
(unit ha-1)
5941.70

Unit

Unit
kg

1974

Energy value
(MJ ha-1)
1251.77
3267.22
10377.22
9165.75
755.47
456
5124.21
7875
609.12
28504.54
Energy value
(MJ ha-1)
120640.28
120640.28

Ratio
(%)
4.39
11.46
36.41
32.16
2.65
1.60
17.98
27.63
2.14
100.00
Ratio
(%)
100.00
100.00
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TABLE 3
Energy balance calculations in maize production
Calculations
Yields
Energy input
Energy output
Energy use efficiency
Specific energy
Energy productivity
Net energy

Unit
kg ha-1
MJ ha-1
MJ ha-1
MJ kg -1
kg MJ-1
MJ ha-1

Values
5941.70
28504.54
120640.28
4.23
4.80
0.21
92135.74

TABLE 4
Energy inputs in the form of direct, indirect renewable and non-renewable energy for maize production
Type of energy
Direct energy a
Indirect energy b
Total
Renewable energy c
Non-renewable energy d
Total

Energy input (MJ ha-1)
14250.98
14253.56
28504.54
9735.89
18768.65
28504.54

Ratio (%)
49.99
50.01
100.00
34.16
65.84
100.00

a

Includes human labour, diesel fuel, irrigation water
Includes seed, chemical fertilizers and machinery
c
Includes human labour, seed, irrigation water
d
Includes diesel fuel, chemical fertilizers and machinery
b

sugar beet, Hamedani et al. [21] calculated energy
output / input ratio as 1.10 for potato, Pisghar-Komleh et al. [15] calculated energy output / input ratio
as 1.53 for rice etc.
If we were to analyse the values in Table 2, the
amount of chemical fertilizers used for maize production was 287.37 kg ha-1 (36.41%). In terms of
maize production chemical fertilizers were the highest input. Similarly, in previous studies related to agricultural production, Vural and Efecan [2] calculated that fertilizer application energy had the biggest share by 51.47% for maize, Konak et al. [13]
calculated that fertilizer application energy had the
biggest share by 48.27% for corn, Ozkan et al. [20]
calculated that fertilizer application energy had the
biggest share by 29.80% for tomato, Cicek et al. [48]
calculated that fertilizer application energy had the
biggest share by 36.48% for wheat, Hamedani et al.
[21] calculated that fertilizer application energy had
the biggest share by 46.60% for potato etc.
The distribution of inputs used for the production of maize, in accordance to direct, indirect, renewable and non-renewable energy groups have
been given in Table 4. The consumed total energy
input in maize production could be classified as
49.99% direct, 50.01 indirect, 34.16% renewable
and 65.84% non-renewable. Similarly, it has been
determined that the ratio of non-renewable energy
was higher than the ratio of renewable energy in
maize [2], wheat and maize [35], rice [15], wheat
[49], barley [50], sesame [18], potato [33] etc.

These findings suggest that the highest energy
inputs in maize production are as follows: chemical
fertilizers energy by 36.41%, irrigation water energy
27.63%, diesel fuel energy by 17.98%, machinery
energy by 11.46%, human labour energy by 4.39%
and seed energy by 2.14%. Human labour and diesel
fuel energy have been used for tractor and farm operations. It is noteworthy that chemical fertilizers energy, irrigation water energy and diesel fuel energy
have been the highest inputs. The amount of chemical fertilizers used for maize production were 151.25
kg ha-1 (nitrogen), 68.06 kg ha-1 (phosphorous) and
68.06 kg ha-1 (potassium). Yield, energy input, energy output, energy use efficiency, specific energy,
energy productivity and net energy used for maize
production have been calculated as 5941.70 kg ha-1,
28504.54 MJ ha-1, 120640.28 MJ ha-1, 4.23, 4.80 MJ
kg-1, 0.21 kg MJ-1 and 92135.74 MJ ha-1, respectively (Table 3).
In this research, the energy use efficiency of
maize production has been conducted and then compared to each other. The acquired findings suggest
that maize production is profitable in terms of energy
use efficiency, with an efficiency value of 4.23. In
previous studies, [13] calculated energy output / input ratio as 3.68 for maize, Vural and Efecan [2] calculated energy output / input ratio as 0.76 for maize,
Say and Erdogan [12] calculated energy output / input ratio as 4.76 for maize, Ozkan et al. [20] calculated energy output / input ratio as 0.30 for tomato,
Mobtaker et al. [16] calculated energy output / input
ratio as 2.86 for barley, Haciseferogullari et al. [47]
calculated energy output / input ratio as 19.15 for

1975
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Rafiee, S. (2011) Energy and economic analysis
of rice production under different farm levels in
Gulian province of Iran. Energy. 36, 5824-5831.
[16] Mobtaker, H.G., Keyhani, A., Mohammadi, A.,
Rafiee, S. and Akram, A. (2010) Sensitivity
analysis of energy inputs for barley production
in Hamedan Province of Iran. Agriculture, Ecosystems and Environment. 137, 367-372.
[17] Uzunoz, M., Akcay, Y. and Esengun, K. (2008)
Energy input-output analysis of sunflower seed
(Helianthus annuus L.) oil in Turkey. Energy
Sources, Part B: Economics, Planning and Policy. 3(3), 215-223.
[18] Akpinar, M.G., Ozkan, B6D\ÕQ&DQG)HUW&
(2009) An input-output energy analysis on main
and double cropping sesame production. Journal
of Food, Agriculture & Environment. 7(3-4),
464-467.
[19] Marakoglu, T., Ozbek, O. and Carman, K.
(2010) Application of reduced soil tillage and
non-tillage agriculture techniques in Harran
plain (Second crop maize and sesame growing).
Journal of Agricultural Machinery Science.
6(4), 229-235.

CONCLUSION
As evaluated results, maize production is a
profitable production in terms of energy usage. The
ratio of non-renewable energy is higher than the ratio
of renewable energy in research. Farm fertilizers can
also be used in maize production, instead of chemical fertilizers, which recover an important part of the
inputs. According to Goktolga et al. [51], some of
the benefits desired to be obtained through energy
input / output analysis are summarized as: being able
to determine whether energy has been used effectively or not. Once this is determined, then energy
waste will be prevented, as use of excessive energy
will be prevented, which in turn, will lower the negative effects caused by environmental exposure of
excessive energy (fertilizer, pesticide etc.).
Several previous studies related to maize production concluded that diesel energy, machinery energy and chemicals fertilizers energy have the highHVWLQSXWV'HPLUFDQHWDO>@UHSRUWHGWKDW³$FFX
rate fertilization management, knowing the right
amount and timing of fertilization [52] and proper
selection of tractor and sound management of machinery are needed to reduce direct use of diesel fuel
[53], thus saving non-renewable energy sources
without impairing the yield or profitability, whilst
improving the energy use efficiency in sweet cherry
SURGXFWLRQ´ 7KHVH DVVHUWLRQV PD\ EH HIIHFWLvely
done for maize production with the purpose of lowering the amounts of related inputs.
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restoration of soil contaminated by radionuclide
uranium.

ABSTRACT
In this study, downstream farmland soil of
tailing dam of a uranium deposit area in Southern
Chinas was selected as research object, ICP-MS
and laser fluorescence method were adopted to
measure radionuclide uranium content and analyze
uranium distribution in the soil and plants; sequential chemical extraction method was employed to
analyze uranium occurrence form in soil, study
uranium morphological distribution characteristics
in soil; total quantity forecasting method and plant
indication were used to analyze bioavailability of
uranium in soil. The results showed that: average
uranium content in the surface soil was 15.73mg /
kg; average uranium content in rhizosphere soil was
16.58mg / kg; there was a good correlation between
uranium content in surface soil, rhizosphere soil
and plants. Uranium content in soil is mainly affected by irrigation water, which is higher in points
closer to pollution sources; morphological distribution trend of uranium content in surface soil and
rhizosphere soil is basically the same: residual
form> carbonate bound form> organic bound
form> amorphous iron and manganese oxides /
hydroxide bound form> exchangeable form (including water soluble state)> crystalline iron and manganese oxides / hydroxide bound form. On the
whole, rhizosphere soil exchangeable (including
water soluble) uranium, carbonate bound uranium,
organic matter bound uranium are higher than corresponding content in non-rhizosphere soil; Bioavailability of uranium in soil samples shows that:
mobile uranium accounts for 30.66% of total uranium of 6 phase states, potentially mobile uranium
accounts for 5.60% of total uranium of 6 phase
states, which means more than 60% of uranium
may pose threat and potential threat to the environment. Bioavailability coefficient is large, which
preliminarily proves existence of potentially hazardous uranium in soil for plants. Through this
study, distribution and accumulation in soil, occurrence form and bioavailability characteristics of
radionuclide uranium in the study area are initially
grasped, which can provide a theoretical basis for

KEYWORDS:
Farmland Soil in Uranium Deposit Area, Uranium Contamination, Occurrence Form, Bioavailability

INTRODUCTION
Radioactive soil contamination problem in
uranium mining area is one of major issues to be
solved by domestic and foreign environmental
workers [1-7]. The international community has
maintained a high degree of attention to environmental issues of uranium deposit area. Researchers
of EPFL University reported uranium contamination of abandoned mines in "Nature Communications" in December 2013, finding that wetland soil
affected by uranium mining in central France had
high uranium concentration [8]. For a uranium
deposit area mined for 30 years in southeast Siberia, Russia, uranium concentration in surface soil of
QHDUE\ JUDVVODQG UHDFKHV PJ  NJ-1 or more,
arthropod abundance and diversity of polluted soil
are 3 to 37 times lower than those in the control
area, beetles vivo uranium content is 2 to 41 times
higher than that in the control area [9]. Different
from Western countries, most China's uranium
production companies are in densely populated
areas. Moreover, because of land resource tension,
agricultural production is still carried out in soil
contaminated by radioactive materials in some
mines. For instance, in a uranium deposit area of
Southern China, there are currently nearly 100
thousand farmers who reside, live and engage in
various agricultural activities in mining areas [10].
Our previous study found mild uranium contamination in paddy soil of the region [11]. Several studies
have indicated that [8-15], uranium contamination
poses a serious threat to local ecological environment and human health of the mining area. Therefore, it is necessary to study typical area as an
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FIGURE 1
Sampling point distribution diagram of the study area
and 25 points were distributed. Soil samples, rhizosphere soil samples and mature rice samples to be
harvested were collected at each point. Sampling
distribution point is distributed as shown in Fig. 1.
Tailing pond in the study area is in mountainous area with precipitous mountains with relative
elevation of about 150 m. Tailing pond is located in
a valley surrounded by mountains. Downstream
tailing dam directly faces a farmland, on the edge of
which, there is a sewage treatment plant which
treats irrigation water 1. Farmland on both sides of
irrigation ditch 1 subjects to influence of irrigation
water 1; percolation water is discharged from both
sides of tailing dam. Limited by the terrain, percolation water on the right of tailing dam converges
ZLWKYLOODJHUV¶OLYLQJZDWHUWRIRUPIDUPODQGLUULJD
tion water 2. The soil near the left side of tailing
dam is influenced by percolation water, while the
soil on the right of tailing dam is influenced by
irrigation water 2; a village seats on right side of the
tailing dam, the farmland in the north of the village
is irrigated by irrigation water 3 that villagers conduct from distant reservoirs. The farmland between
the south of the road and villages subjects to influence of irrigation water 3; percolation water of
tailing dam, irrigation water 1, irrigation water 2
and irrigation water 3 converge to form irrigation
water 4. Farmland on both sides of irrigation ditch 4
subjects to influence of irrigation water 4.

example, and then propose specific solutions for
restoration of radioactive contaminated soil.
Currently, studies on radionuclide morphology
and its effect on soil environment, and impact of
soil environment on radionuclide migration are still
in its infancy [14-18]. Better solution of the problem of radionuclide contamination in soil requires a
clear understanding of distribution, migration
mechanism, bioavailability of radionuclide in the
soil environment, and plant absorption of radioactivity and cumulative effects. Making a general
survey of current status of research on radionuclide
in soil, this study took a uranium mine in Southern
China as example, selected downstream and surrounding farmland soil of tailing dam as the research object, carried out research mainly from
distribution and accumulation, occurrence form,
bioavailability of radionuclide uranium in the soil
environment, main factors influencing radionuclide
behavior and bioavailability, and other aspects, in
an effort to provide technical support for restoration
of radioactive contaminated soil.

RESEARCH METHODS
Arrangement of Sampling Points. Sampling
was carried out in downstream and surrounding
farmland of tailing pond. Since the study area is
large, grid distribution point method was adopted

1980
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TABLE 1
Summary table of uranium content of irrigation water in the study area (ug / L)
Sample No.

Uranium concentration in water

Percolation water
Irrigation water 1
Irrigation water 2
Irrigation water 3
Irrigation water 4

249.2
32
140.4
0.53
65

determination method is the same as that for uranium in soil and plant samples. Bioavailability coefficient, migration coefficient and transfer coefficient
were adopted for bioavailability evaluation [23-25].

As can be seen from Table 1, percolation water on the left side of tailing dam has the highest
uranium content. Reference to emission standard
[19] of mine wastewater reveals that the highest
allowable emission concentration of uranium is
50ug / L, so percolation water exceeds emission
standard by nearly 4 times; irrigation water 1 is
water treated by water treatment plant. Seen from
the measured uranium content, irrigation water 1
meets the emission standard prescribed by the state;
LUULJDWLRQ ZDWHU  LV YLOODJHUV¶ OLYLQJ ZDWHU PL[Hd
with dam percolation water. Seen from the measured uranium content, it exceeds emission standard
by nearly 2 times; irrigation water 3 is irrigation
water that villagers conduct from distant reservoirs.
Seen from the measured uranium content, it meets
the emission standard. Irrigation water 4 is mixture
of tailing dam percolation water, irrigation water 1,
irrigation water 2 and irrigation water 3. Seen from
the measured uranium content, it exceeds emission
standard.

URANIUM CONTENT
DISTRIBUTION CHARACTERISTIC
Plane Distribution Characteristic of Uranium Content in Soil. Distribution characteristic of
uranium content in surface soil in the study area is
shown in Figure 2 and red dashed line in the figure
is local background value (4.19mg / kg) [26]. As
can be seen from the Figure, the closer the tailing
dam, the higher uranium content in soil; uranium
has the highest content near percolation water outfall of the tailing dam, which exceeds local background value by nearly 23 times, indicating that the
point is greatly influenced by percolation water of
the tailing dam; point 2, point 5 relatively close to
irrigation ditch have higher uranium content, which
exceeds local background value by 2-6 times, indicating that it is greatly influenced by irrigation
water 1; point beside irrigation ditch with mixture
of percolation water from the right side of tailing
GDPDQGYLOODJHUV¶OLYLQJZDWHUKDYHKLJKHUFRQWHQW
which exceeds local background value by nearly 15
times, indicating that the point is greatly influenced
by irrigation water 2. In summary, the surface soil
in the study area has different levels of uranium
contamination.

Analysis Method. Laser fluorescence method
[20] and ICP-MS method were adopted in this
study to determine uranium content of the soil samples. Laser liquid fluorescence method [21] was
adopted to determine uranium content in plant samples. Sequential chemical extraction method modified based on Tessier [22] five-step extraction
method was adopted to determine uranium content
of each phase state in soil samples, with six forms
extracted including exchangeable (including water
soluble) uranium, carbonate bound uranium, organic bound uranium, amorphous iron and manganese
oxides/ hydroxide bound uranium, crystalline iron
and manganese oxides/ hydroxide bound uranium
and residual uranium. Total quantity forecasting
method and plant indication were used to analyze
uranium bioavailability. Total quantity forecasting
method is to determine mobile uranium, potentially
mobile uranium, total uranium in soil, with determination method the same as that for each phase of
uranium; plant indication considers from substantial
essence of uranium bioavailability, which takes
uranium in contaminated soil environment as a
biological indicator to measure uranium content
absorbed by plant and uranium content in soil,
analyze and calculate percentage of uranium absorbed by plant in total amount of uranium in soil to
determine bioavailability of uranium in soil. The

Uranium Content Distribution Diagram of
Rhizosphere Soil. Effect of rhizosphere soil on
plants is the most direct, and its distribution law is
shown in Figure 3. Comparison of Figure 2and
Figure 3 reveals that distribution law of uranium
content distribution in rhizosphere soil is consistent
with that of uranium content distribution in surface
soil; uranium content in rhizosphere soil is higher
than that in surface soil, suggesting that uranium in
soil can be easily fixed by rhizosphere soil, which
lays the foundation for application of soil phytoremediation technology.
Distribution Characteristic of Uranium
Content in Plants. Plants absorb uranium from the
soil through roots, which is then migrated to stem
leaves and seeds of plants and accumulated in crop
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body. Take mature rice collected by six sampling
points of No. 9,10,15,16,21,22 for example, the
measurement results are shown in Table 2. As can
be seen from the table, after migration of point with
high uranium content in rhizosphere soil to corre-
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sponding plant roots, their uranium content will be
also high, primarily proving that plants absorb
uranium from the soil via roots, which is then migrated to the stem leaves and seeds of plants.

FIGURE 2
Uranium content distribution diagram of surface soil

FIGURE 3
Uranium content distribution diagram of rhizosphere soil
TABLE 2
Summary of uranium content in rhizosphere soil, roots, stem leaves, seeds of plants (mg / kg)
Sampling point
9
10
15
16
21
22

Rhizosphere soil
12.29
40.93
82.11
2.37
1.93
4.18

Root
0.8687
0.9325
2.4425
0.0254
0.4299
0.4163

1982

Stem leaf
0.0157
0.0470
0.1599
0.1212
0.1039
0.1619

Seed
0.0321
0.1199
0.0262
0.0115
0.0070
0.3242
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TABLE 3
Correlation between uranium content in surface soil - rhizosphere soil - plant

Surface soil
Rhizosphere soil
Plant

Surface soil
1
0.999**
0.827

Rhizosphere soil

Plant

1
0.866

1

* With significant correlation at 0.05 level (bilateral).
** With significant correlation at 0.01 level (bilateral).

FIGURE 4
Percentage scale of various forms of uranium in soil (surface soil)

FIGURE 5
Percentage scale of various forms of uranium in soil (rhizosphere soil)
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composition of each phase of uranium in rhizosphere soil and non-rhizosphere soil is shown in
Figure 6. As can be known, rhizosphere soil exchangeable (including water soluble) uranium
(6.16%)> non-rhizosphere soil exchangeable (including water soluble) uranium (4.66%), rhizosphere soil carbonate bound uranium (30.30%)>
non-rhizosphere soil carbonate bound uranium
(21.49%), rhizosphere soil organic bound uranium
(21.09 %)> non-rhizosphere soil organic bound
uranium (17.41%). In short, exchangeable (including water soluble) uranium, carbonate bound uranium, organic bound uranium in rhizosphere soil has
a higher percentage of uranium than that in nonrhizosphere soil, which preliminarily indicates that
rhizosphere soil environment influences uranium
migration to a certain extent.

Correlation between Uranium Content in
Surface Soil- Rhizosphere Soil ± Plant. SPSS
software [27] was applied to analyze correlation
between uranium content in surface soil - rhizosphere soil ± plant, with correlation coefficient
results shown in Table 3. Correlation coefficient of
surface soil - rhizosphere soil is 0.999, correlation
coefficient of surface soil - plant is 0.827, while
correlation coefficient of rhizosphere soil - plant is
0.866, showing a good correlation among them.
Wherein, surface soil- - rhizosphere soil shows
significant correlation at 0.01 level (bilateral).

OCCURRENCE FORM
CHARACTERISTICS OF URANIUM IN SOIL
Studies by Sheppard, Morton, Gueniot et al.
[28-30] have shown that bioavailability of radionuclide in soil does not depend on the total amount,
but is mainly controlled by occurrence form in the
medium. Only part that can be easily activated is
the effective part that poses a potential threat to the
ecological environment.

BIOAVAILABILITY OF URANIUM IN SOIL
Uranium Activity in Study Area Soil. Exchangeable (including water soluble) and carbonate
bound uranium are referred to as mobile uranium
with strong environmental activity as the part that
can be easily absorbed by organism; organic bound
form and amorphous iron and manganese oxides /
hydroxide bound uranium are referred to as potentially mobile uranium which often exhibits some
activity with change in oxidation - reduction condition of ambient medium as the part that can be
potentially absorbed by organism; crystalline iron
and manganese oxides / hydroxide bound and residual uranium are referred to as inert uranium
which will not decompose in short time-scale[3133]. Mobile uranium and potentially mobile uranium can be easily absorbed or potentially absorbed
by organism, which therefore will pose a threat to
the environment; inert uranium will not decompose
in short time-scale, which will not pose a threat to
the environment.
The statistical result in Table 4 shows that, average percentage of exchangeable (including water
soluble) uranium in total amount of uranium in six
phase states is 5.32%; average percentage of carbonate bound uranium in total amount of uranium
in six phase states is 25.34%; average percentage of
organic bound uranium in total amount of uranium
in six phase states is 19.02%; average percentage of
amorphous iron and manganese oxides/ hydroxide
bound uranium in total amount of uranium in six
phase states is 16.58%; average percentage of crystalline iron and manganese oxides/ hydroxide
bound uranium in total amount of uranium in six
phase states is 2.30%; average percentage of residual uranium in total amount of uranium in six phase
states is 31.46%. The table shows that mobile uranium in soil accounts for 30.66% of total amount of
uranium in six phase states, potentially mobile
uranium accounts for 35.60% of total amount of

Morphological Distribution Characteristic
of Uranium in Soil. (1) Morphological Distribution Characteristic of Uranium in Surface Soil.
Diagraph analysis of percentage of uranium in each
phase in surface soil was made. As can be seen
from Figure 4, there is significant difference in
distribution law of different samples in various
forms. Average percentage distribution of uranium
is residual form (31.07%)> carbonate bound form
(25.41%)> amorphous iron and manganese oxides /
hydroxide bound form (20.06%)> organic bound
form (17.83%)> exchangeable form (including
water soluble state) (3.69%)> crystalline iron and
manganese oxides / hydroxide bound form (1.95%),
and uranium is distributed unevenly in these phase
states.
(2) Morphological Distribution Characteristic of Uranium in Rhizosphere Soil. Effect of
rhizosphere soil on plants is the most direct, so
morphological analysis of uranium in rhizosphere
soil is very important. The result is shown in Figure
5. The figure shows that average percentage distribution of uranium is carbonate bound form
(30.30%%)> residual form (24.12%) > organic
bound form (21.09%)> amorphous iron and manganese oxides / hydroxide bound (16.47%)> exchangeable form (including water soluble state)
(6.16%)> crystalline iron and manganese oxides /
hydroxide bound (1.87%), uranium content in carbonate bound form is relatively high.
Comparison of Morphological Distribution
Characteristic of Uranium in Rhizosphere and
Non-Rhizosphere Soil. Comparison of percentage
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uranium in six phase states, inert uranium accounts
for 33.76% of total amount of uranium in six phase
states. The proportion of uranium of the three different activity is substantially the same. Thus, percentage of uranium threatening the environment is
as high as 66.25%. That is, 66.25% of uranium in
the soil exerts influence on the environment. This
part of uranium is prone to migration and transformation, and thus has impact on plant and human
health.

Fresenius Environmental Bulletin

(1) Uranium Bioavailability of Soil. Calculation of bioavailability coefficient needs reference to
that of heavy metal [23]. Uranium bioavailability
coefficient can be represented by ratio of sum and
the total amount of four phase states easy to migrate
and transfer including exchangeable (including
water soluble) uranium, uranium bound carbonate,
organic bound uranium, amorphous iron and manganese oxides / hydroxide bound uranium. It reflects ability of mobile uranium in soil to be utilized
by organism and thus pose a potential hazard to the
environment. Bioavailability of uranium in soil was
obtained according to bioavailability coefficient
calculation method. As shown in Table 5, bioavailability coefficient of uranium in soil is in the range
of 19.57% -93.23%, and average value of bioavaily coefficient is 55.40%.
ability

Analysis of Soil Bioavailability of the Study
Area. Bioavailability of uranium can be evaluated
by organism concentration data [34]. Bioavailability and migration were used to evaluate uranium
bioavailability of soil in the study area.

FIGURE 6
Uranium percentage of each phase state of uranium in rhizosphere soil and non-rhizosphere soil
Note: In the Figure, the abscissa indicates each phase of sequentially extracted uranium: 1 exchangeable
(including water soluble) uranium, 2 carbonate bound uranium, 3 organic bound uranium, 4 amorphous
iron and manganese oxides / hydroxide bound uranium, 5 crystalline iron and manganese oxides /
hydroxide bound uranium and 6 residual uranium, a total of six forms.
TABLE 4
Average percentage of each phase of uranium in total amount of uranium in six phase states
Activity
Mobile
uranium
Potentially
mobile
uranium
Inert
uranium

Each phase of uranium
Exchangeable
(water soluble) form
Carbonate bound form
Organic bound form
Amorphous iron and
manganese oxides/
hydroxide bound form
Crystalline iron and
manganese oxides/
hydroxide bound form
Residual form

Range

Average
value

Standard
deviation

0²55.10%

5.32%

0.0843

1.09-52.98%
4.59²49.28%

25.34%
19.02%

0.1070
0.0975

0.17²38.89%

16.58%

0.0824

0.35²12.33%

2.30%

0.0249

4.77²80.16%

31.46%

0.1671

1985

Total

Total

30.66%
66.25%
35.60%

33.76%

33.75%
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TABLE 5
Bioavailability coefficient of uranium in soil
Bioavailability coefficient
Range
19.57%²93.23%
Average value
55.40%
Standard deviation
0.1694
Variable coefficient
0.3059
TABLE 6
The migration coefficient of uranium in the study area
Sampling point
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
21
22
Average percentage
Standard deviation

Uranium content in rhizosphere soil
(mg / kg)
4.40
12.08
16.06
5.78
33.96
4.36
4.91
5.09
12.29
40.93
4.26
5.96
5.02
7.01
82.11
2.37
5.09
1.93
4.18

Uranium content in rice
(mg / kg)
0.08
0.54
0.09
0.03
4.62
0.09
0.01
0.05
0.31
0.37
0.23
0.02
0.11
0.06
0.88
0.05
0.45
0.18
0.30
3.78%
3.44%

Migration coefficient
1.89%
4.44%
0.59%
0.47%
13.62%
1.98%
0.16%
0.92%
2.49%
0.90%
5.44%
0.36%
2.20%
0.88%
1.07%
2.22%
8.79%
9.34%
7.20%

migration coefficient, the easier for plant to absorb
the element from the soil, otherwise more difficult.
Migration coefficient calculation formula:

(2) Migration Coefficient of Uranium in
Soil. Migration coefficient of uranium in soil reflects migration ability of uranium in soil. The
bigger migration coefficient, the greater probability
of migration of uranium in soil to plants, and the
greater harm to the ecological environment, so it
better reflects bioavailability of uranium in soil.
According to calculation formula of migration
coefficient M, migration coefficient of uranium in
soil is in the range of 0-55.10%, with average migration coefficient at 5.32%.
Migration coefficient [24]:
n
/
M ¦ Fi Ti
n
i 1
Wherein: i- soil of sampling point; n- number
of soil sampling points; Fi- element content in the
soil i in exchangeable state; Ti- element total
amount in soil i.

TF

CP
CS

Wherein: TF is migration coefficient of uranium; CP is uranium content in plants; CS is uranium
content of the soil.
In order to better reflect bioavailability of uranium in the study area soil, in this study, fresh plant
rice in the study area was collected, and uranium
concentration in plants was measured, with calculation shown in Table 6. As can be seen from the
table, migration coefficient range of the study soil
is 0.16% -13.62%, the average migration coefficient is 3.28%.

CONCLUSION

(3) Migration Coefficient of Uranium in
Soil. While plants absorb nutrients from the soil,
uranium will also be absorbed. In analysis of migration of uranium in the soil to plants in the study
area with migration coefficient [25], the bigger

(a) Distribution characteristics of uranium
content in soil shows that: Within the plane range,
distribution characteristic of uranium content in
surface soil is consistent with that of uranium con-
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NOVEL FUNCTIONALIZED SOLID PHASE FOR
PRECONCENTRATION AND DETERMINATION OF TRACE
Cu(II), Fe(III), Zn(II) AND Pb(II) FROM WATER SAMPLES
USING FAAS
Canan Ekinci Dogan*
TUBITAK MRC Food Institute P.O. Box 21, 41470 Gebze, Kocaeli, Turkey

silica gel, activated carbon, carbon nanotubes and
alumina, has been extensively studied by many
researchers [3, 5-14].
In the last two decades, great interest has been
displayed with regard to the use of modified silica
gel with organic compounds in different analytical
application areas, making use of WKH JHO¶V good
mechanical strength, swelling stability and fast
metal exchange kinetics as is required for its use in
different types of chromatographic systems. Moreover, a large number of silica gel-supported organic
moieties have been synthesized and applied in
many different research situations [15-25].
The ammonium o,o'-diethyldithiophosphate
(DDTP) ligand has been used in on-line preconcentration systems for metal determination involving
FAAS analysis and electrothermal AAS [17]. However, there do not appear to be any silica gel studies
involving modification by DDTP on the application
of trace metal preconcentration and separation in
natural water.
In this work, firstly, we immobilized DDTP
on a silica gel surface. After characterization, it was
used for separation/preconcentration of Cu(II),
Fe(III), Zn(II) and Pb(II) from aquatic samples
using FAAS. The effectiveness and efficiency of
the proposed method have been demonstrated in
terms of separation and trace metals determination,
and in terms of separation in certified reference
material and spiked water samples.

ABSTRACT
A new solid-phase extractant was prepared by
immobilizing diethyldithiophosphate on silica gel
for the separation/preconcentration of traces of
Cu(II), Fe(III), Zn(II) and Pb(II) prior to their determination by flame atomic absorption spectrometry (FAAS). The effects of analytical parameters,
including the pH of the solution, the shaking time,
the eluent concentration and volume, the sample
flow rate and potentially interfering ions, were
optimized using batch and column procedures. A
high preconcentration factor (100-200) was obtained for trace metals and the adsorption capacities
of the sorbent were found in the range of 0.065 to
0.877 mmol g-1 for all the elements. The detection
limits of the analyte ions (k =3, n= 21) ranged from
0.45 to 1.17 μg L-1 for the metal ions. The accuracy
of the method was confirmed by analyzing a certified reference material (NIST 1643e; Trace Elements in Water) and spiked water samples. The
method was successfully applied to the determination of metal ions in sea, tap and drinking water.

KEYWORDS:
Solid Phase Extraction, Trace heavy metals, Flame atomic absorption spectrometry, Modified silica gel, o,o'diethyldithiophosphate

INTRODUCTION
MATERIALS AND METHODS
Toxic metals have become an ecotoxicological
hazard of prime interest and of increasing significance, owing to their tendency to accumulate in
vital organs in man and animals. Toxic metals are
almost the only pollutant class without biodegradability [1, 2].
Flame atomic absorption spectrometry
(FAAS) often requires a suitable pretreatment step
for the sample under consideration (preconcentration and/or separation), due to low of the analyte
concentration and matrix effects [3-5]. The sorption
of trace elements onto modified and unmodified
surfaces such as natural and synthetic polymers,

Instruments and Apparatus. A LECO
CHNS-932 was used for elemental analysis and an
Autosorb-1C/MS (Quantachrome Corporation,
USA) analyzer was used for BET surface area analysis. The elemental and BET surface analysis was
done in the Central Laboratory of the Middle East
Technical University (METU), Turkey. An Analytic Jena-Nova 300 flame atomic absorption spectrometer equipped with an air-acetylene flame, was
used for the determination of metal ions. The operational parameters for the working elements were set
as recommended by the manufacturer. All pH
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measurements were obtained using a Metrohm
Herisau E-510 pH Meter. The flow of liquid into
the column was controlled using a peristaltic pump
(Watson-Marlow Model-302 S). The sorptiondesorption studies of trace metals were generally
carried out on a glass column (8 mm i.d.). An
SL350 Nuve shaker was used as a mechanical
shaker.
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increase the efficiency of the reaction as described
by Prado et al. [18]. The mixture was mechanically
stirred for 24 h at 60 oC. The product so formed was
placed in suspension with 5.0 g of silica gel and
30.0 mL of xylene. This suspension was mechanically stirred in a condenser for 72 h at 60 oC. The
final product was filtered and then washed with
xylene and water. The reaction was as shown in
Figure 1.

Chemicals and Reagents. The metal salts and
common chemicals used were of an analytical reagent grade. Silica gel (Aldrich, Germany) with a
particle size of 70-230 mesh, and with a mean pore
of 60 Ao was activated in a stream of dry nitrogen
by heating at 423 K for 32 h and then used immediately.
o,o'-Diethyldithiophosphate
and
3chloropropyltrimethoxysilane (Fluka, Germany)
were used without purification. The stock solution
of copper, iron, zinc and lead ions (1000 mg L-1)
was purchased from Aldrich. In order to evaluate
the recoveries of the present work, NIST 1643e
simulated fresh water, standard reference material,
was used in the experiment. The working solutions
of the metal ions were made by suitable dilution of
the stock solutions with doubly distilled water.
Solutions of 0.1 mol L-1 of HCl and 0.1 mol L-1
NaOH were used for pH adjustments. The glassware was washed with chromic acid and soaked in
5% HNO3 overnight, and then cleaned with doubly
distilled water prior to use. Doubly distilled water
was used in all the experiments.

Batch method. For the determination of the
retention of each metal as a function of pH, an
aqueous solution containing 1.0 μg mL-1 Cu(II),
Fe(III), Zn(II) and Pb(II) was adjusted to the desired pH with 0.1 mol L-1 NaOH and 0.1 mol L-1
HCl, and brought to volume with doubly distilled
water up to the required level in a polypropylene
bottle. DDTP-SG (0.1 g) was added, and the bottle
was stoppered and shaken with an electric shaker
for 30 minutes. The modified silica gel was filtered
off and trace metal concentrations of solution were
determined by FAAS, and the percent retention was
calculated. Batch experiments were conducted three
separate times for an assessment of the degree of
repeatability.
Column method. A glass column (10 mm i.d)
was filled with 0.5 g of dried DDTP-SG. The column was treated with 2.0 mol L-1 HCl or HNO3 (50
mL) and washed with doubly distilled water until
free from acid. A defined volume of a solution
adjusted to optimum pH, was passed through the
column at a flow rate of 0.5-2.5 mL min-1 controlled by a peristaltic pump. The column was
washed with distilled water to remove free metal
ions. The bound metal ions were recovered from
the silica gel column with eluents in optimum concentration.

Preparation of Modified Silica Gel (DDTPSG). A sample of 5 mL of the 3chloropropyltrimethoxysilane as an agent was reacted with 4.2 mL (d=1.11 g cm-3) of o,o'diethyldithiophosphate compound dissolved in 50.0
mL of xylene in the presence of 1.95 mL triethylamine (base) used as a disprotonant agent in order to

FIGURE 1
The synthesis of DDTP-SG.
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TABLE 1
Analytical characteristics of the calibration curves of the analytes.
Element
Regression Equation
Correlation coefficient
Cu(II)
A=0.0214 C+0.0009
0.9999
Fe(III)
A=0.0291 C+0.0016
0.9983
Zn(II)
A=0.1454 C+0.0085
0.9974
Pb(II)
A=0.0052 C+0.0014
0.9923
A: absorbance; C: concentration of analyte; R.S.D: Relative Standard Deviation.
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FIGURE 2
The influence of pH on metal sorption (n=3).

and sulfur in the DDTP-SG, measured using the
elemental analyzer, were 13.87, 3.36 and 4.77 %,
respectively. The experiments showed that the
DDTP-SG sorbent was not soluble in common
organic sorbents. The surface area for the DDTPSG was determined through the BET equation, and
the result obtained was 194.34 m2 g-1. This value
differs from the original silica which was 420.8 m2
g-1. The decrease of the surface area after the incorporation of organic groups can easily be explained
by the fact that the presence of the o,o'diethyldithiophosphate group partially blocks the
adsorption of nitrogen molecules on the surface,
resulting in a decrease of the surface area [3].

Calibration of metal ions. For the determination of metal ions using FAAS, various parameters
(wavelength, slit width, lamp current) were set
DFFRUGLQJ WR WKH PDQXIDFWXUHU¶V UHFRPPHQGDWLRQV
The linear ranges for measurement under optimum
conditions were found to be 0.2-5.0, 0.25-5.0, 0.025.0 and 0.5-5.0 μg mL-1 for copper, iron, zinc and
lead ions, respectively. Regression equations and
correlation coefficients for each metal ion are given
in Table 1.

RESULTS AND DISCUSSION
Synthesis and characterization of the silica
gel modified by o,o' diethyldithiophosphate. The
homogeneous route was followed to form immobilized silica with the purpose of anchoring the compound o,o'-diethyldithiophosphate onto a silica gel
surface based on the ability of a thiol group (-SH)
reacting with chloride groups to form new modified
materials, as repeated shown in Figure 1. The silica
surface, chemically-modified by an organic chelating group serves as ion-exchanger. It provides
greater selectivity for the analyte than that offered
by other conventional ion-exchangers. Many functionalized silica-based materials, including amines,
thiol, phosphines, glycinate and others, have been
made either by anchoring the organofunctional
groups on silica, or incorporation them into sol-gel
materials [3, 16]. The contents of carbon, hydrogen,

Optimum conditions for sorption and desorption. The multivariate approach was used to
optimize the working conditions; however, each
optimum condition was double checked after standardizing the remaining ones. The optimum conditions for the sorption of Cu(II), Fe(III), Zn(II) and
Pb(II) by the batch method with DDTP-SG (pH,
shaking time and sorbent amount) and desorption
(acid kind, concentration and volume) were established by varying one of them, and following the
recommended batch and column method. The pH
profile for the sorption of metal ions is shown in
Figure 2. Venkatesh et al. [21] and Goswami &
Singh [22] studied o-dihydroxybenzene and resacetophenone immobilized silica gel, respectively.
They used 6.0-7.5, 5.5-7.5, 6.0-8.0 and 5.5-7.0
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ranges for Cu(II), Pb(II), Zn(II) and Fe(III) sorption, respectively. In the Soylak and Tuzen [26]
study, the optimum pH was found to be 8.0 because
of the rubeanic acid-metal complex properties. In
this study, a pH of 6.0 which is in the range 5.5 to
7.5 was used as an optimum pH for metal ions. The
relative standard deviation values were found to be
less than 1.0%. The results were found to be consistent with those of the column method. The pH
YDOXHVZHUHQRWVWXGLHGDVVLOLFDJHOGHJHQHrates in strong alkali conditions [16].

time of 2 minutes was found to be sufficient to
saturate 96% of the matrix with Cu(II). This equilibration time also retained 80% of the Zn(II) and
Fe(III). However, a shaking time of 20 minutes was
found to be sufficient for Pb(II) with 90% sorption.
Mahmoud and Soliman [23] described the immobilization of a formylsalicylic acid compound on the
surface of the amino group-containing silica gel
phases for the selective extraction of Fe(III). In
their study, Fe(III) was rapidly extracted (2 min.)
from formylsalicylic acid immobilized silica gel.

Kinetics of metal sorption. The kinetics of
metal sorption was studied using the batch method.
DDTP-SG (0.1 g) was shaken with 50 mL of solution containing 1.0 μg mL-1 of a mixture of the
metal ions for different equilibration times (2, 5, 10,
15, 20, 30, 40 and 60 minutes) under optimum
conditions (pH 6.0). The concentration of metal
ions loaded onto the matrix, as well as those present
in the supernatant solution, was determined using
FAAS after appropriate dilution. The variation of
the sorption of the metal ions as a function of contact time is shown in Figure 3. The equilibration

Effect of sorbent amount. The effect of the
sorbent amount was studied using the batch method. Different amounts of DDTP-SG (10 to 200 mg)
were shaken for 30 minutes with 50 mL of the
solution containing 1.0 μg mL-1 mixture of the
metal ions. After filtering off the solid matrix, the
solution was measured using FAAS. The optimum
amount of DDTP-SG was found as being 10 mg for
Cu(II) and 100 mg for the other metal ions (Figure
4). However, for the preconcentration of metal ions
studies, 0.5 g of DDTP-SG is sufficient because of
the high amount of solution volume.

100

90

% Sorption

80
Fe
Zn
Cu
Pb

70

60

50

40
0

10

20

30

40

50

60

70

Contact Time (min.)

FIGURE 3
The influence of contact time (minutes) on the sorption of metal ions (n=3).
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FIGURE 4
The influence of DDTP-SG amount (mg) on the sorption of metal ions (n=3).
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TABLE 2
The effect of different electrolytes and cations on the recoveries of metal ions.
Electrolyte/ Cations
(μg mL-1), added as:
NaCl
KNO3
Na3PO4
Na2SO4
Ca2+
Mg2+

Cu(II)a

Fe(III)a

Zn(II)a

Pb(II)a

2000
1000
1000
250
250
250

2000
1000
2000
100
1000
1000

1000
500
2000
250
250
250

1000
2000
2000
100
250
250

a : metal concentration : 1.0 μg mL-1
TABLE 3
The effect of eluent kind on the recovery of the metal ions
Eluent Kind

Cu
41.4
100.0
99.6
99.0
45.5
44.0
41.5
55.7
100.0
68.2
55.2
55.4
35.0
48.4

0.5 M HCl (20 ml)
0.5 M HCl (with 30 min shaking) (20 ml)
0.5 M HCl (with 30 min shaking) (10 ml)
0.5 M HCl (with 30 min shaking) (5 ml)
1.0 M HCl (20 ml)
2.0 M HCl (20 ml)
3.0 M HCl (20 ml)
0.5 M HNO3(20 ml)
0.5 M HNO3 (with 30 min shaking) (20 ml)
1.0 M HNO3 (20 ml)
2.0 M HNO3(20 ml)
3.0 M HNO3(20 ml)
1.0 M HNO3(in acetone) (20 ml)
0.1 M EDTA (with 30 min shaking) (20 ml)

Recovery (%)
Fe
Zn
98.0
98.3
100.0
98,5
99.0
98.0
98.5
98.0
99.5
95.2
97.4
94.0
98.5
86.9
99.2
98.0
95.5
98.6
99.0
100.0
99.5
99.5
98.0
100.0
98.5
93.2
31.2
75,9

Pb
95.0
94.6
94.0
44.7
85.0
40.9
67.8

thiooxamide) structure, which includes oxygen and
sulfur donor atoms.

Effects of Electrolytes and Cations. Chloride, nitrate, sulphate and phosphate ions found in
real samples have the capability to form complexes
with many metal ions. Therefore, in their presence,
the efficiency of the immobilized ligand to bind
metal ions may be hindered resulting in the reduction of overall extraction. For these studies, a fixed
amount of metal ions was taken with different
amounts of foreign ions and the recommended
batch procedure was followed. Tuzen and coworkers [27] noted that the tolerable limit was
defined as the highest amount of foreign ions that
produced an error not exceeding 5% of the investigated analyte ions. Thus, the effects of NaCl,
KNO3, Na3PO4, Na2SO4, Ca2+ and Mg2+ on the
sorption efficiency of metals (1.0 μg mL-1) by
DDTP-SG were studied and the results are given in
Table 2.
The electrolytes chosen were done according
to studies in the literature [21, 22]. NaCl at 2000
mg L-1 did not interfere with the determination of
Cu(II) and Fe(III), and at 1000 mg L-1 for Zn(II)
and Pb(II), respectively. Ca(II) and Mg(II) ions at
1000 mgL-1 did not interfere with the Fe(III) ions.
However, relatively low amounts of sulfate anions
at 100 and 250 mg L-1 did interfere with the metal
ions. These results are very close to those of Soylak
and Tuzen [26] EHFDXVH RIWKH UXEHDQLFDFLG¶V Gi-

Sorption capacity. The sorption capacity
(maximum amount of a metal sorbed per gram of
the matrix) for metal ions was determined using the
batch method. The capacity values were found to be
760, 877, 733 and 65 μmol g-1 for Cu(II), Fe(III),
Zn(II) and Pb(II), respectively. When silica gel was
used as a solid support, these capacities were higher
than the values published in the literature [3, 21,
22]. The Copper(II) capacity was found to be 2.6
mmol for 1 g of thiazolyazonaphtol immobilized
silica gel, while the Pb(II) capacity was 0.23 mmol
for 1 g of didecylaminoethyl-E-tridecylammonium
immobilized silica gel as exceptional instances
[22]. Exceptionally, the Copper(II) capacity was
found to be 2.6 mmol for 1 g of thiazolyazonaphtol
immobilized silica gel, while the Pb(II) capacity
was 0.23 mmol for 1 g of didecylaminoethyl-Etridecylammonium immobilized silica gel [22].
Effect of eluent kind and amount. HCl and
HNO3 were found to be the most suitable solution
for the desorption of bound lead ions. Various eluent solutions for the recovery of the metal ions from
DDTP-SG were evaluated using the batch method.
The results are summarized in Table 3. Different
concentrations of HCl, HNO3, HNO3 (in acetone)
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DDTP-6*¶V VWDELOLW\ DQG UHXVDELOLW\ The
stability of DDTP-SG was studied in acidic solutions (5 and 6 M HNO3 and HCl) using the recommended batch method. The modified silica gel was
shaken with acid solutions in various concentrations
for 5 h and filtered. The solid was washed with
distilled water until free from acid, and its sorption
capacity was determined using the procedure mentioned above. The sorption capacity of the acidtreated resin was found to be similar to that of the
untreated resin.
The exchange capacity of the matrix for all the
metal ions was determined after several loading and
elution cycles. The reduction in the capacity was
<1%, even after 10 repeated uses. Consequently,
the chelating matrix can be reused many times. On
storing for a year, the sorption capacity of DDTASG does not change significantly. Hence it can be
concluded that our sorbent can be used repeatedly,
but should be monitored with control samples to
determine any loss in effectiveness.

and EDTA solutions with and without shaking for
two hours were used for desorbing metal ions, but
they did not give reproducible results. The effect of
the concentration of stripping solutions on the desorption of metal ions was studied with eluting out
from a column with 0.5 mol L-1 of HCl and HNO3.
The 0.5 mol L-1 of HCl did not harm the DDTP-SG
silica gel because the DDTP-6*¶V FRORU ZDV QRW
changed in the desorption process. In the experiments, 0.5 mol L-1 of HCl was used as an eluent
solution.
Flow rates of sample and eluent solutions.
The sample flow-rate should be optimized to ensure
quantitative retention, along with the minimization
of the time required for sample processing [5]. This
parameter may have a direct effect on the breakthrough volume, and elevated flow-rates may reduce the breakthrough volume. As a general rule,
columns require lower maximum flow-rates than
disks, ranging typically from 0.5 to 5 mL min-1 [3].
The degree of metal ions sorbed on a DDTPSG (0.5 g) packed column was studied with various
solutions and various metal ions solution flow rates
controlled with a peristaltic pump. The optimum
flow rate for loading metal ions is between 0.5 and
2.5 cm3 min-1. However, flow rates >3.0 cm3 min-1
for sample and eluent solutions were not tried because of the fine sorbent particle for DDTP-SG. So,
the optimum quantitative retention and desorption
of the metal ions on DDTP-SG was found to be 1.0
mL min-1.

Applications of the method. The analytical
performance of the proposed method was tested in
spiked seawater, tap water, and drinking water to
estimate the accuracy of the procedure. The drinking water used was bought from the market. Tap
water was collected from the municipal water supplies of Istanbul, Turkey. Seawater was collected
from the Aegean Sea coast. Tap water and seawater
samples were filtered through a cellulose membrane
(Millipore) of pore size 45 μm and stored in 1 L
polyethylene bottles. The samples were acidified to
1% with concentrated nitric acid (65%), and were
then refrigerated at 4°C until analysis. The resulting
solutions were submitted to the presented procedure. Good agreement was obtained between the
added and found analyte content using the recommended procedure (Table 5). The recovery values
for the Cu(II), Fe(III), Zn(II) and Pb(II) ions were
found in the range of 96-99%, 98.3-101.8%, 96.0101.0% and 96.7-102.0%, respectively. The relative
standard deviation values for the spiked samples
were in the range of 0.40-4.17 %. These values are
quantitative, and demonstrate that the presented
method can be applied to the separation/ preconcentration of Cu(II), Fe(III), Zn(II) and Pb(II) ions in
the real samples such as seawater, drinking water,
and tap water.
The method presented was also checked by
analyzing reference material (NIST-1643e) for the
determination of the investigated analyte ions. The
certified and observed values for the reference
material are given in Table 6. The results were in
good agreement with the certified values of the
standard reference material. It shows that the proposed method is free from interference on the part
of the various constituents.

Effect of the sample volume. For the analysis
of real samples using preconcentration, the sample
volume is one of the most important parameters for
obtaining high preconcentration factors. Therefore
the effect of the sample volume on the retention
behavior of the metal ions was examined. The recovery values as a function of sample volume are
shown in Table 4. It was found that the recoveries
were constant with up to 3300 mL, 2000 mL, 4000
mL and 2000 mL of the sample solution for Cu(II),
Fe(III), Zn(II) and Pb(II), respectively. At higher
volumes, the recoveries for analyte were decreased.
The preconcentration factor is calculated in terms
of the ratio of the highest sample volume and the
lowest eluent volume (20 mL). The preconcentration factor was found to be 165, 200, 200 and 100
for Cu(II), Fe(III), Zn(II) and Pb(II), respectively.
Detection Limits. The limits of detection
(LOD) of the proposed method for the determination of the investigated elements were studied under
optimal experimental conditions. The detection
limits are based on three times the standard deviations of the blank for metals (n =20, XL=Xb+3s,
where XL is the limit of detection and Xb is the
blank value) were found to be 0.72, 0.5, 0.45 and
1.17 μg L-1, respectively.
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TABLE 4
The effect of sample solution volume on the retention of the metal ions using the column method.
Trace Metal
Cu (II)
Fe(III)
Zn(II)
Pb(II)

Sample volume (mL)
3300 mL
2000 mL
4000 mL
2000 mL

Recovery solution
20 mL
20 mL
20 mL
20 mL

PFb
165
100
200
100

b: preconcentration factor
TABLE 5
Analysis of real samples spiked metal ions (DDTP-SG amount: 0.5 g, pH 6; sample volume: 500 mL;
eluent: 5 mL 0.5 M HCl ; n=5).
Samples

Element

Drinking Water

&X ÕÕ

Zn(II)

Fe(III)

Pb(II)

Tap Water

Cu(II)

Zn(II)

Fe(III)

Pb(II)

Seawater

Cu(II)

Zn(II)

Fe(III)

Pb(II)

Found (μg) (x ± SD c)
ND
9.57r0.34
19.44r0.27
ND
4.88r0.09
10.01r0.2
ND
10.18r0.17
19.90r0.08
ND
19.34r0.6
39.0r0.79
ND
9.72r0.16
19.64r0.24
ND
4.86r0.07
9.98r0.18
ND
9.87r0.23
19.66r0.21
ND
19.8r0.3
39.9r0.4
ND
9.60r0.5
19.80r0.2
ND
4.8r0.2
9.8r0.4
ND
10.12r0.13
20.1r0.24
ND
20.4r0.2
39.8r0.3

Added(μg)
0
10
20
0
5
10
0
10
20
0
20
40
0
10
20
0
5
10
0
10
20
0
20
40
0
10
20
0
5
10
0
10
20
0
20
40

Recovery (%)
95.7r3.55
97.2r1.39
97.6r1.84
101.0r1.99
101.8r1.67
99.5r0.40
96.7r3.46
97.5r2.03
97.20r1.65
98.20r1.22
97.20r1.44
99.80r1.80
98.70r2.33
98.30r1.07
99.0r1.52
99.75r1.00
96.0r0.52
99.0r1.01
96.0r4.17
98.0r4.08
101.2r1.28
100.5r1.20
102.0r0.98
99.50r0.75

c: standard deviation; ND: not detected

CONCLUSION

comparison of the proposed method to others in the
literature with respect to sorption capacities, preconcentration factors and LOD, is shown in Table
7. The low RSD of the spiked samples and of a
certified sample is an indication of the meWKRG¶V
versatility with regard to samples.

The proposed preconcentration/separation
procedure provides a fast and simple method for the
enrichment of copper, iron, zinc and lead ions on
DDTP-SG. The adsorbed metal ions on the DDTPSG were simply eluted with 0.5 mol L-1 HCl. The
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TABLE 6
Results of the analysis of a standard reference material (NIST-1643e) after application to
the preconcentration procedure (DDTP-SG amount: 0.5 g, pH 6; sample volume: 250 mL; eluent: 5 mL
0.5 M HCl; n=5).
Certified value (μg/L)d
22.76r0.31
78.50r2.2
98.10r1.4
19.63r0.21

Element
Cu(II)
Zn(II)
Fe(III)
Pb(II)

Observed valued (μg/L)d
20.54r1.12
75.68r1.25
99.90r0.71
18.30r0.43

d: mean of four determinations with 95% confidence level (

X r ts

N ).

TABLE 7
A comparison of the proposed method to other preconcentration methods found in the literature.

Ions

Adsorbent

Sorption
capacity
(mmolgí 1)
2.43,
2.37,
2.53

PF

LOD
ȝJ Lí 1)

Analy.
Tech.

Sample

Ref.

250

0.72,
0.55,
5.12

FAAS

Seawater, biological and food
samples

[27]

FAAS

Water samples

[28]

Various cosmetic
products, water,
soil, and food
samples

[29]

Tap and lake
waters

[30]

Cu, Zn, Fe

hydroxyapatite nanorods

Cu, Pb

nanogel composed of
magnetite, silica and,
poly(4-vinylpyridine)

0.82,
0.31

100

0.2,
0.9

Cu, Fe, Pb

(5-Br-PADAP) on the
polyhydroxybutyrate-bpolydimethyl siloxane

0.16,
0.08

150,
200,
80

1.9,
2.2,
2.5

FAAS

Cu, Fe, Zn

Diphenylcarbazonimpregnated n-TiO2

-

50

0.25,
0.22,
0.10

ICP-OES

Cu, Fe, Zn,
Pb

Silica gel funct. resacetophenone

FAAS

River water,
pharmaceutical
samples

[22]

o-dihydroxybenzene
anchored silica gel

FAAS

Pharmaceutical
samples, river
and, tap water

[21]

Cu, Zn, Fe,
Pb

DDTP-SG

250,
200,
150,
250
200,
300,
200,
250
165,
100,
200,
100

0.86, 1.10,
1.80, 0.92

Cu, Fe, Zn,
Pb

0.18,
0.19,
0.27,
0.067
0.34,
0.26,
0.17,
0.082
0.76,
0.88,
0.73,
0.065

FAAS

Sea, tap, drinking
water

This
work

1,
3.5,
1.7,
4
0.72,
0.5,
0.45,
1.17

[4] Wu, P., He, S.P., Luo, B., Hou X.D. (2009)
Flame Furnace Atomic Absorption Spectrometry: A Review. App. Spectroscopy Reviews.
44(5), 411-437.
[5] Minczewski, J., Chwastowska, J., Dybczynski,
D. (1982) Separation and Preconcentration
Methods in Inorganic Trace Analysis. Ellis
Horwood: Chichester. 312-320.
[6] Tian, H., Chang, X.J., Hu, Z., Yang, K., He,
Q., Zhang L.N., Tu, Z.F. (2010) Activated
Carbon Modified with 4-(8-hydroxyquinolineazo) Benzamidine for Selective Solid-phase
Extraction and Preconcentration of Trace Lead
from Environmental Samples. Microchim. Acta. 171, 225-232.
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treatment of diseases and for health maintenance. At
the same time, they are also used as nutritional supplements, herbal teas and as flavoring and garnishes
[1, 2, 3, 4]. In 1980, defining medicinal plants as “a
plant type that can be therapeutic or preventive for
diseases in one or more organs or can be the precursor of any chemical-pharmaceutical synthesis”, the
World Health Organization accepted that herbal
products can be used for medical treatment [5].
Fruit and herbal teas are drinks consumed at
significant rates in Turkey and other countries. These
teas contain inorganic substances at the macro and
micro levels [6, 7].
Heavy metals can have toxic effects and cause
serious health problems, especially for fetuses, infants and children, because these groups are exposed
to more heavy metals per body weight as a result of
their consumption. If there is lengthy exposure to
heavy metals at high doses during pregnancy, it is
easy for these metals to pass into the placenta and
significant permanent damage can occur in the brain
of the fetus. As a result, learning difficulties,
memory problems and behavioral disorders such as
aggression and hyperactivity may be seen later [8,
9].
This study aimed to determine the heavy metal
residues in infusions of six different herbal teas used
for medical purposes.
Six plant samples (     ,  
 ,       ,    
  ,       ,   )
sold packaged and unpackaged were studied in the
context of this research. They were obtained from
herbalists who wildly harvested and dried them in
order to sell them. The classification of the plant
samples obtained from the herbalists for the research
was made using Davis' “Flora of Turkey and the East
Aegean Islands” and from the TUBITAK (The Scientific and Technological Research Council of Turkey) TUBIVES’ (Turkish Plant Data Service) database and the classification of the taxa was confirmed
by comparing them with samples of the species
found in each barium. The Latin names of the taxa
that form the material of the study, the families they
belong to, the parts of the plant used and the purposes for which they are used are given in Table 1.

Medicinal plants are widely consumed as beverages in many countries. Although the parts of the
plants involved and how they are used are basically
similar, these may vary depending on the region. In
addition to their positive effects on health, medicinal
plants are supplements that people should be careful
about in terms of the heavy metals they may contain
due to the environmental pollution in the places they
are grown. In this research, the Fe, As, Cd, Cr, Cu,
Hg, Ni, Pb and Al metals’ concentrations in six different medicinal plants (       
            
            )
sold in herbal stores in Aydın, Denizli, Burdur and
Isparta were determined via ICP-OES in samples
sold unpackaged and as packaged tea for infusions.
According to this study, more heavy metal residues
were detected in the herbal tea samples sold unpackaged compared to the infused teas. At the end of the
study, while the maximum amount of heavy metal in
the samples sold unpackaged was Fe (302 mg/kg),
Cd and Cr heavy metal residues were not identified
in the samples made into infusions from packaged
tea. The largest heavy metal residues were found in
  samples sold unpackaged, and the
smallest heavy metal residues were detected in the
    samples. As a result of this, it is
considered necessary for producers, sellers and consumers to be more aware of and sensitive to the risk
of heavy metals in herbal teas, and for the authorities
to monitor the producers more frequently so that
these products can be consumed in a healthier way.
$#
Herbal Shop, Medicinal Plants, Heavy Metal.

 ! 
Natural plants are a source of vitamins, antioxidants, minerals and nutrients as well as being inexpensive. In addition, these plants are used in the
treatment of many diseases. Medicinal and aromatic
plants are used as medicines in the prevention and
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Theaceae

Leaves

Tiliaceae

Dried flowers

Hypericaceae

Dried flower
buds

   
  

Compositae

Dried flower
buds

  
   

Lamiaceae


 

Lamiaceae

 
 
  
   

Leafy and
flowering
buds
Leafy and
flowering
buds

74325)2*75)
It has anticarcinogenic and antioxidant properties. There are positive
effects against diarrhea. Is effective in regulating mineral balance in
the body.
It is used as a cold remedy and as an expectorant. Helps digestion by
stimulating bile secretion.
It is used against stress and depression because of its antidepressant
properties.
It has a relaxing effect on the digestive system. Used externally to
treat wounds. It is also used by boiling in water and inhaling into the
upper respiratory tract.
It has an appetite-stimulating effect and facilitates digestion. Antiseptic properties. Also used in throat and mouth hygiene.
It has an appetite-stimulating effect. It has degassing and diuretic
properties. Accelerates blood circulation. Also has antiseptic properties.



 

Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES) was used to measure the
metal concentrations in the samples. The samples
were aerosolized on an equalizer and added to the
plasma. The samples were burned with acid and heat
before being tested with ICP-OES. A microwaveburning unit was used for this burning process.
Standards of the metals to be analyzed were prepared
at appropriate intervals and a calibration curve was
drawn. Some metals were analyzed by forming metal
hydrides. The operating conditions for the ICP-OES
instrument were as follows: RF power 1.0 kW; viewing geometry axial; Argon gas used as plasma gas
flow at the rate of 15.0 L min−1; auxiliary gas flow
rate 1.50 L min−1; nebulizer gas flow rate 0.75 L
min−1; and replicate reading time 9.0 s. Analyses
were performed with three repetitions.
The ground material (1 g DW) was extracted
with 70% acetone in a sonication bath (Julabo GmbH
sonicator) for 1 h. The plant extracts were then filtered using Whatman No. 1 filter paper. The filtrates
were concentrated by a rotary evaporator and then
air-dried under a stream of cold air. The dried extracts were kept in the dark at 10 °C until ready for
use. The dried extracts were re-suspended in 50%
methanol and used for the phytochemical analysis.

When the residue amounts of all heavy metals
were evaluated, it was determined that the highest
heavy metal concentrations, in herbs both sold unpackaged and in those in infusions, is in 
 for all heavy metals. The lowest heavy metal
concentrations, both in herbs sold unpackaged and in
infusions, were detected in       for all
heavy metals.
!
Toxic metals, which are among harmful environmental pollutants, get into living organisms by
means of air, water and especially food. Heavy metals cause various genetic, cytological, physiological
and biochemical damage to living organisms [10].
In recent years, public health organizations
have intensified their studies on this subject in order
to draw attention to the subject, on the grounds that
toxic metals which have contaminated food as a result of environmental pollution cause health problems for the consumer. The Food Commission
within the Food and Agriculture Organization
(FAO), and the World Health Organization (WHO)
have also used modern technology to identify the
amounts of toxic metals that can be found in various
foods [11].
According to the information we obtained from
the herbalists and other sources we interviewed, local people generally use the herbaceous plants sold
in the herbal stores in Aydın, Denizli, Burdur and
Isparta, and which are mostly grown around the
same geographical region, to treat diseases such as
cancer, diabetes, eczema, asthma, bronchitis,
coughs, influenza, digestive disorders, kidney stones
and other kidney disorders, circulatory system problems and for reducing inflammation [12].

! 
The results of the heavy metal analysis of the
herbal tea samples sold unpackaged are given in Table 2 and the analysis results of the heavy metals
passing into the infusions made from packaged tea
are given in Table 3.
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Fe

As

Cd

Cr

Cu

Hg

Ni

Pb

Al

155.4 ± 10.1

2 ± 0.2

0.3 ± 0.02

0.1 ± 0.01

60.5 ± 5.1

1.8 ± 0.08

5.8 ± 0.09

0.9 ± 0.09

357.4 ±32.5

87.6 ± 7.9

0.9 ± 0.09

1.1 ± 0.04

1.1 ±0.06

55.4 ± 4.8

0.7 ±0.03

3.8 ± 0.05

1 ± 0.09

456.5 ±38.5

201.7 ± 13.6

0.7 ± 0.05

0.8 ± 0.05

0.6 ± 0.03

45.4 ± 4.1

0.8 ±0.03

2.8 ± 0.03

1.2 ± 0.08

341.2 ±30.7

112.3 ± 9.1

4.1 ± 0.09

0.8 ± 0.05

0.5 ± 0.03

54.2 ± 4.5

1.2 ± 0.04

3.2 ± 0.04

2 ± 0.09

421.1 ±40.4

77.9 ± 5.5

0.6 ± 0.04

0.2 ± 0.01

0.4 ± 0.02

21.5 ± 2.9

0.5 ± 0.01

2.4 ± 0.02

0.5 ± 0.04

320.8 ±29.9

302.8 ± 25.3

5.5 ±1.1

1.3 ± 0.03

1.2 ± 0.04

75.6 ± 6.2

2.6 ± 0.08

7.7 ± 0.08

2.1 ± 0.08

705.9 ±42.2


 
21')164%6-2152*,)%890)6%/3%55-1+-1626,)-1*75-2150+.+
    
  
     
      
     
 

Fe
15.3 ± 1.7
9.2 ± 1.5
15.4 ± 1.7
14.7 ± 1.7
7.5 ± 0.9
37.8 ± 3.2

As
0.2 ± 0.01
0
0
0.1 ± 0.01
0
0.3 ± 0.02

Cd
0
0
0
0
0
0

Cr
0
0
0
0
0
0

Cu
7.2 ± 1.1
5.1 ± 0.8
2.2 ± 0.06
8.4 ± 0.08
1.9 ± 0.07
11 ± 1.3

Hg
0.3 ± 0.02
0.1 ± 0.01
0
0.2 ± 0.02
0
0.4 ± 0.03

Ni
0.2 ± 0.01
0.2 ± 0.01
0.1 ± 0.01
0
0
0.5 ± 0.02

Pb
0.1 ± 0.01
0.2 ± 0.01
0.5 ± 0.02
0.3 ± 0.02
0
0.9 ± 0.05

Al
22.7 ± 3.1
20.3 ± 2.5
30.8 ± 3.6
21.6 ± 2.7
10.5 ± 1.5
32.3 ± 3.8

required for the human body. Similar results have
been found in this study. In particular, the amounts
of heavy metals detected in the herbal teas sold unpackaged are at levels that entail a risk in terms of
health.


!

It was determined that 27.5% of the medicinal
plants sold in herbal stores in Kahramanmaraş were
used to treat digestive disorders and 19.1% for respiratory disorders and that the most commonly used
parts of the plant, in order of frequency, were flowers, seeds and fruits.
Research has shown that the solubility of metals with a 10 min. infusion time is higher than the
solubility of metals with a 5 min. infusion time and
that the solubility of metals with a 5 min. infusion
time is higher than the solubility of metals with a 2
min. infusion time [13]. In our research, we performed heavy metal analysis on samples after 10
min. of infusion.
It is thought that the high rate of metal in the
tea is caused by numerous factors, including soil
characteristics, the place the herbs are harvested, the
amount of precipitation, the height above sea level,
the genetic characteristics of the plant, chemical fertilizer and other chemicals present. Heavy metal pollution in teas sold unpackaged is considered to result
from the tools used during collection, equipment
used during transport and shipping, storage, and the
processes of drying, shredding, sterilization and
packaging in the factory [14].
It was found that the heavy metal content of
       was higher than the stated
limit values for all heavy metals except for arsenic
according to the results of a study conducted on
herbal teas [15]. In this research, when the daily intake amounts of heavy metals were evaluated, it was
determined that the amounts of Al in    
 , both in herbs sold unpackaged and in infusions, were above the Recommended Daily Intake
(RDA) values [16, 17, 18, 19, 20]. In the study he
conducted, X determined that the amount of metals
in infusions in all tea samples exceeded the amounts

Medicinal plants are widely used in human life,
especially for health reasons. Herbal teas are the
prime forms in which these medical plants are consumed. Metabolites found in herbal teas have positive effects on health. However, many medicinal
plants are at risk of exposure to heavy metals as a
result of the environmental conditions in the places
they are grown. Taking the negative effects of heavy
metals on human health into account, it is necessary
that herbal teas which are sold unpackaged in herbal
stores be more carefully produced. The results of this
research have shown that the heavy metals found in
herbal teas can even pass to infused teas and can
threaten human health. Therefore, we consider that it
is very important that the producers take the necessary precautions against the risks of heavy in herbal
teas, for the authorities to sensitively apply any legislation necessary and for the public to be aware of
this issue.
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INFLUENCE OF MINERAL AND ORGANIC ADDITIONS TO
THE SEWAGE SLUDGE AS WELL AS COMPOSTING
PROCES OF THIS MIXTURES ON COPPER AND ZINC
CONTENT IN MAIZE (ZEA MAYS L.) AND SOIL
Andrzej Wysokinski*, Stanislaw Kalembasa, Beata Kuziemska, Izabela Lozak
Siedlce University of Natural Sciences and Humanities, Faculty of Natural Science, Prusa 14 str., 08110 Siedlce, Poland

these waste substances, rich in organic matter and
nutrients for crops in agriculture, improves the physico-chemical properties of soils but, at the same time,
frequently results in an increase in the content of organic and mineral contaminants, e.g. heavy metals,
in the soils [3, 4]. Typically, heavy metal content of
sewage sludge does not exceed the existing standards in terms of their use in agriculture [5, 6] and is
the primary criterion for classifying these waste materials as useful for fertilisation.
Above-standard concentrations are most often
noted for chromium and zinc [7, 8] and less often for
cadmium and nickel [9, 10]. This is most often associated with the origin of sewage sludge which is derived either from large urban agglomerations or from
smaller ones with a significant concentration of a
particular industry sector which is the source of contamination. Frequently, the heavy metal content of
sewage sludge is not stable, and the coefficient of
variability for some of them is even greater than
100% [8, 11]. These elements are of particular interest as they may be accumulated in soil and in crops
and pose a serious threat to the entire environment
[12, 13].
In sewage sludge, a small portion of the total
heavy metal content is present in the form of mobile
fractions but most frequently they form combinations with organic and aluminosilicate fractions.
Zinc is primarily found in the fraction combined with
(Fe and Mn) oxides and residual, while copper is primarily combined with organic substance and residual [14, 15]. As a result of stabilising sewage sludge
with lime, an increase is obtained in the content of
the studied heavy metals in the ion-exchange fraction, as well as an increase in the rate of organic substance mineralization leading to the formation of
mobile forms [16].
The addition of ligite ash to sewage sludge results in a decrease in the copper and zinc content of
the forms easily accessible to plants, with an increase
in the amount of carbonate fraction [15]. The use of
sewage sludge or composts produced with sewage
sludge in agriculture for fertilisation requires that the
accumulation of heavy metals in the soil±plant system be constantly monitored [17, 18].
The aim of present study was to evaluate the

ABSTRACT
A pot experiment was conducted to evaluate the
influence of fresh and composted sewage sludge
with CaO, lignite ash, straw and sawdust fertilisation
on copper and zinc contents in maize. The concentrations of these metals were also determined in the
soil three years after the experiment was completed.
Maize fertilised with sewage sludge with the addition of CaO, lignite ash, and straw contained less
copper by, respectively, 11.4%; 3.9%; 12.5%, and
7.8% (a three-year average), and, respectively, less
zinc by 37.3%; 16.8%; and 5.1%, than after the application of these substances with no addition. The
copper content of maize fertilised with mixtures of
sewage sludge and sawdust was lower by 7.8%, and
zinc content was higher by only 1.2% than that after
the application of sewage sludge with no addition to
the soil. A higher copper content (by 2.5%) and zinc
content (by 17.0%) were found in the biomass of
maize fertilised with sewage sludge from Siedlce as
FRPSDUHG ZLWK VHZDJH VOXGJH IURP àXNyZ $IWHU
the application of composted sewage sludge from
Siedlce, maize biomass contained more copper (by
13.2%) and less zinc (by 15.9%) than after the application of fresh sewage sludge. The copper and zinc
contents in the test plant fertilised with fresh and
FRPSRVWHGVHZDJHVOXGJHIURPàXNyZZHUHVLPLODU
Copper and zinc contents in maize decreased in the
subsequent years of the experiment. The concentration of the determined heavy metals in the soil fertilised with fresh and composted sewage sludge and
its mixtures with calcium oxide, lignite ash, straw
and sawdust clearly increased but no above-standard
contamination of the soil occurred.
KEYWORDS:
sewage sludge, calcium oxide, lignite ash, straw, sawdust,
composting process, copper, zinc

INTRODUCTION
Sewage sludge, either fresh or properly processed, may be a component supplementing the fertiliser balance of agricultural land [1, 2]. The use of
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sure the optimum conditions for the composting process. After 3 months, fresh sewage sludge mixtures
froP6LHGOFHDQGàXNyZZHUHSUHSDUHGDJDLQ 
DM and 15 % DM), adding 90 and 75 g CaO, lignite
ash, straw, or sawdust into 1 kg of these materials to
achieve 2:1 ratio of dry matter to components
weight. Then, fresh and composted sewage sludge as
well as their mixtures at the amount of 1 kg were
placed into pots containing 9 kg of soil. The control
objects included the soil itself, soil with CaO, lignite
ash, straw, and sawdust addition at amounts corresponding to their mean weight introduced with fresh
mixWXUHVRIVOXGJHIURP6LHGOFHDQGàXNyZ J
DM·pot-1). Detailed scheme of the pot experiment
carried out in a greenhouse is presented in table 1.

influence of CaO, lignite ash, straw and sawdust addition to sewage sludge and composting achieved
mixtures on copper and zinc contents in test plant
and soil.
TABLE 1
Scheme of pot experiment
Fertilizers objects
Kind of sewage sludge
applied to soil

Without fertilization with
sewage sludge (control
object)

Fresh sewage sludge from
Siedlce

Fresh sewage sludge from
àXNyZ

Composted sewage sludge
from Siedlce

Composted sewage sludge
IURPàXNyZ

Fresenius Environmental Bulletin

Kind of component
added to sewage sludge
(or applied to soil**)
without addition*
with addition CaO**
with addition lignite
ash**
with addition straw**
with addition sawdust**
without addition
CaO
ash
straw
sawdust
without addition
CaO
ash
straw

TABLE 2
Some properties of soil used in experiment
Parameters
pH in 0.01 mol CaCl2 ÂGP-3
Content of:
Corganic
Ntotal
Ptotal
Ktotal
Catotal
Mgtotal
Stotal
Cutotal
Zntotal
Pavailable for plants
Kavailable for plants

sawdust
without addition
CaO
ash
straw
sawdust
without addition
CaO
ash
straw
sawdust

Value
4.0
JÂNJ-1
JÂNJ-1
JÂNJ-1
JÂNJ-1
JÂNJ-1
JÂNJ-1
JÂNJ-1
PJÂNJ-1
PJÂNJ-1
PJÂJ-1
PJÂJ-1

The soil used in the experiment, with granulometric composition of light dusty loamy sand, was
taken from the ploughing layer (Ap level) and sieved
through a 10-mm mesh. Some properties of this soil
are presented in table 2.
Fresh and composted sewage sludge, as well as
their mixtures were applied once in the 1st year (10
days before seed sowing), while the after-effects
were studied in the 2nd and 3rd year. The amounts of
examined heavy metals introduced into the soil of
experimental objects are presented in table 3. Due to
a low potassium content in the sludge and its mixtures, as well as the possibility of phosphorus retrogradation in objects with CaO application, the complementary phosphorus and potassium nutrition was
used for all pots in the 1st experimental year: 0.45 g
P (granulated triple superphosphate ± 20 % P) and
1.25 g K·pot-1 (potassium sulfate ± 49.8 % K).
Maize (Nimba cv.) was the test plant. Five
seeds were sown into every pot, and only three seedlings per pot were remained after their emergence.
The above ground parts of maize were harvested after 120 vegetation days.
Copper and zinc contents in fresh and composted sewage sludge, their mixtures with CaO, lignite ash, straw, and sawdust, as well as harvested
plant material and soil, were determined by means of
ICP-AES technique in the solution achieved from
the dry combustion of samples at 450 °C. Obtained

* only soil
** soil with addition CaO, ash, straw or sawdust, respectively

MATERIALS AND METHOD
The experiments dealt with the sewage sludge
from mechanical-biological municipal industrial
VHZDJH WUHDWPHQW SODQWV LQ 6LHGOFH DQG àXNyZ $W
the final stage of separation and concentration,
sludge from Siedlce was subjected to methane fermentation and partially de-hydrated on band press,
ZKLOHWKDWIURPàXNyZZDVVWDELOL]HGXQGHUDHURELF
conditions, and water excess was removed by centrifuging. Dry matter (DM) contents in sewage sludge
IURP6LHGOFHDQGàXNyZZHUHDQGUH
spectively. Fresh sludge was mixed separately with
calcium oxide, lignite ash, rye straw, and mixed sawdust in 2:1 ratio (on DM basis). Amounts of applied
additions to 1 kg of both sludge types were 75.0 and
72.5 g, respectively. Mixtures and native sludge
were composted in 200-L capacity plastic containers
for 3 months at room temperature. Composted materials were twice stirred, after 30 and 60 days, to en-
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TABLE 3
The amount of copper and zinc introduced into soil [g·pot -1] with fresh and composted sewage
sludge and their mixtures with CaO, lignite ash, straw and sawdust
Kind of addition to the sewage sludge
Kind of sewage sludge
Fresh sewage sludge from Siedlce
)UHVKVHZDJHVOXGJHIURPàXNyZ
Composted sewage sludge from Siedlec
&RPSRVWHGVHZDJHVOXGJHIURPàXNyZ

Element
Cu
Zn
Cu
Zn
Cu
Zn
Cu
Zn

without
addition
24.3
239.5
11.6
120.5
21.7
210.4
13.8
129.8

CaO

lignite ash

straw

sawdust

23.0
226.8
11.2
113.3
18.2
192.2
10.6
86.1

23.9
223.5
12.8
112.6
21.7
188.1
15.4
117.4

22.5
230.9
10.7
111.5
22.1
221.3
13.7
124.1

19.9
202.0
10.5
107.1
18.6
180.6
12.0
110.0

FIGURE 1
The content of cooper (a) and zinc (b) in maize according to the type of additives for
sewage sludge, average in 3 years
ash was flooded with 6 mol·dm-1HCl to decompose
carbonates, and evaporated on a sand-bath till dryness. Achieved chlorides were transferred into the
measuring flasks in 10 % HCl solution.
The difference significance between mean values of examined features was verified on a base of
variance analysis in a completely randomized system
(F±Fischer-Snedecor test), while LSD0.05values for
mean value comparisons were calculated using the
Tukey test. Statistical calculations were made using
Statistica 12 PL package (Stat Soft, Tulsa, USA).

RESULTS AND DISCUSSION
The amounts of copper and zinc introduced into
the soil on objects fertilised with fresh and composted sewage sludge from Siedlce, as well as its
mixtures with calcium oxide, lignite ash, straw, and
sawdust, was approx. two times lower than those afWHUWKHDSSOLFDWLRQRIVOXGJHIURPàXNyZ 7DEOH 
In general, the largest amounts of both heavy metals
were introduced into the pots amended with sewage
sludge without addition. The amounts of copper and
zinc introduced into soil with the fresh sewage
sludge from Siedlce with no addition and in mixtures
with all components were higher than those after the
application of the compost made of their materials.
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[19].

As regards the amounts of the studied heavy metals
LQWURGXFHGWRVRLOZLWKVHZDJHVOXGJHIURPàXNyZ
applied with no addition and in the form of mixtures
with ash, straw and sawdust, the relationships provided above were reversed.
The contents of copper and zinc in maize significantly depended on the kind of sewage sludge
used for fertilisation, the addition applied and the
year of cultivation (Figures 1a-b, 2a-b, 3a-b).
Copper content of maize fertilised with sewage
sludge with the addition of calcium oxide and straw
was lower than that after the application of these organic materials with no addition (Fig. 1a). After the
application of sewage sludge with no addition and of
their mixtures with ligite ash and sawdust to soil,
maize with a similar copper content was harvested.
Biomass of maize fertilised with sewage sludge with
the addition of CaO and lignite ash contained less
zinc by, respectively, 37.3% and 16.8% than after the
application of sewage sludge with no addition (Fig.
1b). The amounts of zinc, determined in maize fertilised with sewage sludge without addition and with
an addition of straw and sawdust, were similar. The
obtained results and data provided in the literature
indicate no increase in the heavy metal hazard as a
result of the addition of lignite ash to sewage sludge

Quantitative and qualitative assessments of the
heavy metal content indicated no significant contribution of this addition to sewage sludge to the contamination of biomass with heavy metals [20,21, 22].
The absence of a tendency towards the accumulation
of heavy metals in plants fertilised with sewage
sludge (in particular, with the addition of CaO but
also in a mixture with alkaline lignite ash) should be
associated with the effect of soil deacidification and
a decrease in their accessibility resulting from the
formation of poorly available forms of these metals,
and a reduction in their solubility in the soil solution
[23, 24, 25].
Similar effects in reducing copper content of
the test plant biomass were obtained by applying a
mixture of sewage sludge with straw and sawdust.
However, these organic additives to sewage sludge
did not contribute to the concentration of zinc in the
maize biomass. The absence of a significant impact
of the addition of straw and sawdust to sewage
sludge was also observed for the chromium and
nickel contents of test plants [22] and lead and cadmium contents of test plants [23].

FIGURE 2
The content of cooper (a) and zinc (b) in maize according to the type of sewage sludge, average in 3 years,
(f_ss_S- fresh sewage sludge from Siedlce, c_ss_S- FRPSRVWHGVHZDJHVOXGJHIURP6LHGOFHIBVVBà- fresh
VHZDJHVOXGJHIURPàXNyZFBVVBà- FRPSRVWHGVHZDJHVOXGJHIURPàXNyZ
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vated in subsequent years on the studied objects significantly decreased, while the content of copper in
this tested plant in the second and third year of cultivation was lower than in the first year (Fig. 3 a, b).
In addition to continuous controlling of the
heavy metal content of plants fertilised with sewage
sludge, theconcentration of these elements in soil
should be monitored as well. It is believed that the
application of moderate doses of sewage sludge with
a low content of heavy metals does not lead to a significant increase in their content in the soil [28]. Excessive accumulation of heavy metals in soil may result from the application of large doses of sewage
sludge with a high heavy metal content [29, 30].
In the experiment, sewage sludge and its mixtures with CaO, lignite ash, straw and sawdust were
introduced in large doses (they accounted for 10% of
the solum weight). After three years of the cultivation of maize fertilised with sewage sludge with no
additions, copper and chromium contents in the soil
were higher by 98.9% and 99.9%, respectively, compared to their amount prior to the establishment of
the experiment (Table 4). The increase in copper
content in the soil fertilised with mixtures of sewage
sludge and CaO, ligite ash, straw and sawdust, in relation to its content prior to the establishment of the
experiment, was as follows, respectively: 91.1%;
108.9%; 103.5% and 84.8%.

Controlling the content of heavy metals in
plants is very important, as their excess in feed may
trigger a number of diseases in animals [26]. The optimum copper and zinc contents in the plant material
intended for animal feed are, respectively, 12 mg Cu
and up to 60 mg Zn·kg-1 d.m. [27]. Maize cultivated
in the experiment in question contained significantly
less of these heavy metals than the above-mentioned
concentrations, thus in this regard it met the criterion
established for good quality feeds.
The copper content of maize fertilised withboth
fresh and composted sewage sludge from Siedlce
DQGàXNyZZDVKLJKHUWKDQWKDWZKHQWKHPDL]HZDV
cultivated without the application of sewage sludge
(on the control object, Fig. 2a). After the application
of composted sewage sludge from Siedlce, a higher
copper content of the test plant was obtained than after the application of this sludge in the fresh form and
after the introduction of composted sewage sludge
IURPàXNyZ )ROORZLQJWKH IHUWLOLVDWLRQ ZLWKFRP
posted sewage sludge from Siedlce and with fresh
DQG FRPSRVWHG VHZDJH VOXGJH IURP àXNyZ PDL]H
biomass with a similar zinc content to that on the
control object was obtained (Fig. 2b). In comparison
with these objects, a higher zinc content in the test
plant was obtained following fertilisation with fresh
sewage sludge from Siedlce.
Average zinc concentrations in maize culti-

FIGURE 3
The content of cooper (a) and zinc (b) in maize in subsequent years after fertilization with sewage sludge
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TABLE 4
Copper and zinc content in the soil after 3 years of experiment, mg·kg -1 D.M.
Kind of addition
Fertilizers objects

Control object
Fresh sewage sludge from Siedlce
)UHVKVHZDJHVOXGJHIURPàXNyZ
Composted sewage sludge from Siedlce
&RPSRVWHGVHZDJHVOXGJHIURPàXNyZ
Averages for combination with sludge

without
additives
Cu
Zn
1.54 13.5
3.99 32.9
2.55 23.4
3.86 31.9
2.86 23.4
3.32 27.9

CaO
Cu
1.61
3.87
2.41
3.67
2.79
3.19

Zn
13.3
29.7
24.5
30.9
21.8
26.7

ash
Cu
1.95
3.96
2.72
4.16
3.09
3.48

straw
Zn
14.1
27.7
23.8
30.7
22.9
26.3

Cu
1.55
3.83
2.69
4.07
2.98
3.39

Zn
13.9
27.1
22.4
31.1
24.1
26.2

sawdust
Cu
1.57
3.81
2.65
3.43
2.43
3.08

Zn
13.6
25.3
21.3
27.0
21.2
23.7

higher by, respectively, 110% and 74% than that afWHU WKH DSSOLFDWLRQ RI VHZDJH VOXGJH IURP àXNyZ
This relationship could have largely been due to
higher amounts of copper and zinc introduced to soil
with sewage sludge from Siedlce as compared to
WKRVHLQWURGXFHGZLWKVHZDJHVOXGJHIURPàXNyZ
An important supplement to the assessment of
the impact of fertilisation with waste materials on the
heavy metal content of soil may be a comparison of
their concentration with the standards specifying the
degree of soil contamination at which none of the
functions that the soil serves is affected [32]. Land
classified as agricultural land should contain, in kg
DM of the 0±30 cm layer, no more than 150 mg copper and 300 mg zinc [33].
The contents of the determined heavy metals in
the soil fertilised with fresh and composted sewage
sludge and its mixtures with CaO, lignite ash, straw
and sawdust after three years of the experiment were
many times lower than the values provided above
(Table 4). This confirms the absence of soil contamination with copper and zinc as a result of a single
application of sewage sludge with no additions as
well as its mixtures with calcium oxide, lignite ash,
straw and sawdust. Moreover, the tested organic and
organic-and-mineral waste materials, used for fertilisation, can be a source of copper and zinc for crops.

Zinc concentration in the soil to which sewage
sludge with the addition of CaO, ligite ash, straw,
and sawdust was introduced, after three years of the
experiment was higher by, respectively, 91.5%;
88.3%; 87.5% and 69.8% than that prior to the application of sewage sludge. The accumulation of heavy
metals in soil, increasing with the dose of sewage
sludge, is a phenomenon confirmed by numerous
studies. A reduction in the soil contamination with
heavy metals, after the application of sewage sludge,
was obtained through the addition to the sludge substances with lower concentration of these elements
[31].
These observations were confirmed by the auWKRU¶V RZQ VWXG\ LQ ZKLFK ]LQF FRQWHQW LQ WKH VRLO
fertilised with sewage sludge without additions was
higher than that following the application of its mixtures with all components. After the application of
sewage sludge without additions, the copper content
of soil was lower than that following their introduction with the addition of lignite ash and straw, but
higher than that following the application of these
waste materials with the addition of calcium oxide
and sawdust.
After three years of maize cultivation, the copper content was the highest in the soil fertilised with
sewage sludge with the addition of ligite ash, while
zinc content was the highest in the soil to which sewage sludge with no additions was introduced, which
could have been a result of, inter alia, the greatest
amount of these elements introduced to soil on the
same tested objects. The values of correlation coefficients, describing the relationships between the
amounts of copper and zinc introduced to soil in the
form of sewage sludge and its mixtures and the contents of these metals in the soil after three years of
the experiment, were, respectively, r = + 0.965 for
&XDQGU IRU=Q S 
The average amounts of copper and zinc determined in the soil fertilised with sewage sludge and
its mixtures introduced to soil in the fresh form were
slightly lower than those after the application of
compost prepared from these waste materials. The
large disparity between the contents of both tested
heavy metals in the soil was noted for the objects ferWLOLVHGZLWKVHZDJHVOXGJHIURP6LHGOFHDQGàXNyZ
After the application of sewage sludge from Siedlce,
the concentration of copper and zinc in the soil was

CONCLUSIONS
1. The addition of calcium oxide and straw to
sewage sludge decreased the copper content of
maize, while the addition of ligite ash and sawdust
had no significant effect on the copper content of
maize. Zinc content of the biomass of this plant decreased after the addition of calcium oxide and lignite ash to sewage sludge.
2. Maize fertilised with fresh and composted
VHZDJH VOXGJH IURP 6LHGOFH DQG àXNyZ FRQWDLQHG
less copper and a similar amount of zinc as compared
with its cultivation on the control object. The exception was the biomass of maize fertilised with fresh
sewage sludge from Siedlce, which contained more
zinc than when it was cultivated on the control object.
3. Copper and zinc contents in maize decreased in subsequent years of the experiment.
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[9] 0DüNRZLDN Cz. (2000) The chemical composition of sewage sludge and waste food industry
about the importance of fertilizer. Fertilizer and
Fertilization. 4(5), 131-143. (in Polish)
[10] Rutkowska, B. Szulc, W., àDEĊWRZLF]-  
Soil Environment hazard evaluation under condition of immission of heavy metals contained
in the municipal sewage sludge. Soil Science
Annual. 55(1), 203-208. (in Polish).
[11] *U]\ZQRZLF],6WUXW\ĔVNL-  $JULFXO
tural use of sewage sludge as a source of soil
contamination with heavy metals. Advances of
Agricultural Sciences Problem Issues. 472, 297304. (in Polish).
[12] Huma, H., Mushtaq, M. (2003) Effects of Sewage Sludge Application on the Heavy Metal
Content of Wheat. Canadian Journal of Soil Science. 3, 240- 248.
[13] De Browuere, K., Smolders, E. (2006) Yield response of crops amended with sewage sludge in
the field is more affected by sludge properties
than by final soil metal concentration. European
Journal of Soil Science. 57, 558-567.
[14] -DNXEXV 0 &]HNDáD -   +HDY\ PHWDO
speciation in sewage sludge. Polish Journal of
Environmental Studies. 10(4), 245-250.
[15] Kalembasa, S., Wysokinski, A. (2004) Influence of ash addition to sewage sludges and composting process of such mixtures on the content
of copper and zinc in some separated fractions.
Advances of Agricultural Sciences Problem Issues. 502, 831-838. (in Polish).
[16] 6]\PDĔVNL . -DQRZVND %   Occurrence of heavy metals forms in sewage sludge.
In: Renewable energy sources ± The New insights into sewage sludge. Part. I, Edited by
7HFKQLFDO8QLYHUVLW\RI&]ĊVWRFKRZD. 49, 117129.
[17] Shrivastava, S.K., Banerjee, D.K. (2004) Speciation of metals in sewage sludge and sludge ±
amended soils. Water, Air and Soil Pollution.
152, 219-232.
[18] Yürük, A., Bozkurt, M.A. (2006) Heavy metal
accumulation in different organs of plants
grown under high sewage sludge doses. Fresen.
Environ. Bull. 15, 107-112.
[19] Rosik-Dulewska, Cz. (2000) Sanitation of
wastewater sludge with mineral wastes as metals speciation forms. Archives of Environmental
Protection. 26(3), 29-42.
[20] Antonkiewicz, J. (2007) The influence of various ash-and-sludge ash-and-peat mixtures on
field and elements content in grass-birdsfoottrefoil mixture. Part II. Heavy metals. Advances
of Agricultural Sciences Problem Issues. 520,
265-278 (in Polish).

4. Sewage sludge applied with no additions
and with the addition of calcium oxide, lignite ash,
straw and sawdust, increased copper and zinc contents of soil to a similar extent.
5. In regard to applicable standards and regulations, no copper or zinc contamination of the plant
biomass and of the soil occurred as a result of fertilisation with sewage sludge with no additions and
with its mixtures with calcium oxide, ligite ash,
straw, and sawdust, introduced to the soil in both a
fresh and composted form.
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an earlier identification of droughts, their intensity
and surface extent. During the twentieth century,
several drought indices were developed, based on
different variables and parameters [31]. Drought
indices are very important for monitoring droughts
continuously in time and space, and drought early
warning systems are based primarily on the information that drought indices provide [32].
However, the widely accepted classification of
drought is meteorological, agricultural, hydrological and socioeconomical droughts [17, 33]. Meteorological drought is associated with a precipitation
shortage and it dependents upon its duration, which
can result in agricultural (related to soil moisture)
or hydrological drought (related to e.g. stream flow,
ground water level, reservoir storage). Socioeconomic drought addresses the monetary effects of
drought.
The majority of drought indices have a fixed
time scale. For example, the Palmer Drought Severity Index (PDSI) [21] has a time scale of about 9
months [34], which does not allow identification of
droughts at shorter time scales. Moreover, this index has many other problems related to calibration
and spatial comparability [35, 36, 37]. To solve
these problems, McKee et al. [24] developed the
Standardized Precipitation Index (SPI), which can
be calculated at different time scales to monitor
droughts in the different usable water resources.
Moreover, the SPI is comparable in time and space
[38, 39, 40]. Also, Normal Precipitation Index
(PNI) is an important index for drought classification. This index was developed for characterizing
meteorological drought severity. The trend analyze
of drought using PNI is a simple and Practical process. The purpose of this study is to establish spatial
pattern of drought based on trend analysis of PNI in
Iran.

ABSTRACT
Iran has faced adverse natural disaster such as
drought and flood because of locating drought latitudes, besides along recent years these impacts have
impressed environmental condition. The objective
of this study was analyzing spatial pattern of
drought by PNI index. In this paper, according to
the data of 40 stations in Iran during 1967-2014, the
pattern of drought changes are evaluated. Influenced zone of each station was specified by thiessen method. The results of this paper showed that
descending trend in wet areas and ascending trend
in dry areas was detected by the Pearson test in the
PNI series at 40 considered stations in recent 50
years. In other word, drought risk is increasing during recent 50 years and it will increase in future.

KEYWORDS:
PNI, precipitation, Drought Change, Iran.

INTRODUCTION
Drought is one of the main natural hazards affecting the economy and the environment of large
areas [1, 2, 3, 4, 5]. Droughts cause crop losses [6,
7, 8], urban water supply shortages [9, 10], social
alarm [11], degradation and desertification [12, 13,
14], and forest fires [15, 16]. Drought is a complex
phenomenon which involves different human and
natural factors that determine the risk and vulnerability to drought. Although the definition of drought
is very complex [17], it is usually related to a long
and sustained period in which water availability
becomes scarce [18, 19, 20]. Drought can be considered to be essentially a climatic phenomenon
[21, 22] related to an abnormal decrease in precipitation [23, 24].
Important efforts for developing methodologies to quantify different aspects related to droughts
have been made, such as the spatial differences in
the drought hazard [25, 26, 27], the prediction of
droughts by means of the use of atmospheric circulation indices [28, 29], and the mitigation of
drought effects [30]. However, more efforts have
been made to develop drought indices, which allow

MATERIALS AND METHODS
Study Area. Iran was selected as a study area
(Figure1) for a test assessment of drought change. It
covers an area of 1648195 km2, which lies between
the latitudes of 25° 14´ and 39° 42´ N and the longitudes of 44° 10´ and 63° 11´ E. Iran is divided to
eight major basins on the basis of hydrology and
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formula 1 [41] was used. An exhaustive list of the
selected stations is given in Table 1.

topography. The main rivers are Karoun, Sefidrud,
Karkheh, Zayandehrud, Dez, Atrak, Aras and Mond
that flow to the Persian Gulf, Caspian Sea and internal plains. The population of the country has
increased from 25 million in 1967 before of the
revolution to 80 million in 2016, showing three
time increase during fifty years. The elevation varies between the see level to around 5,500m in
Damavand mountain. The climate differs but in
most part of the country is arid and semi-arid with a
mean annual rainfall range of 50-1000 mm. Average precipitation of this country is 245 mm per
year. The main period of precipitation is during
winter (60% of total rainfall).
Data and methodology. The meteorological
data used in this study, consisting of monthly precipitation measurements for 40 synoptic stations
distributed fairly evenly in the country (Figure 2),
were collected from the Iran Meteorological Organization (IMO). In the present work, to determine the
adequate quantity of station with suitable scatter

FIGURE 1
Study area

TABLE 1
Name of the selected stations over the study area
Map Location
 (code)
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

Station Name

Latitude

Longitude

Elevation (m)

Abadan
Ahvaz
Arak
Babolsar
Bandar Abbas
Bandar Anzali
Bandar Lenge
Birjand
Bushehr
Chabahar
Dezful
Esfahan
Fassa
Ghazvin
Gorgan
Hamedan
Iran Shahr
Kashan
Kerman
Kermanshah
Khoram Abad
Khoy
Mashhad
Oroomieh
Ramsar
Rasht
Sabzevar
Saghez
Sanandaj
Semnan
Shahre Kord
Shiraz
Tabass
Tabriz
Tehran
Torbat Hydarieh
Yazd
Zabol
Zahedan
Zanjan

30° 22' N
31° 20' N
34° 6' N
36° 43' N
27° 13' N
37° 28' N
26° 32' N
32° 52' N
28° 59' N
25° 17' N
32° 24' N
32° 37' N
28° 58' N
36° 15' N
36° 51' N
35° 12' N
27° 12' N
33° 59' N
30° 15' N
34° 21' N
33° 26' N
38° 33' N
36° 16' N
37° 32' N
36° 54' N
37° 15' N
36° 12' N
36° 15' N
35° 20' N
35° 35' N
32° 17' N
29° 32' N
33° 36' N
38° 5' N
35° 41' N
35° 16' N
31° 54' N
31° 2' N
29° 28' N
36° 41' N

48° 15' E
48° 40' E
49° 46' E
52° 39' E
56° 22' E
49° 28' E
54° 50' E
59° 12' E
50° 50' E
60° 37' E
48° 23' E
51° 40' E
53° 41' E
50° 3' E
54° 16' E
48° 43' E
60° 42' E
51° 27' E
56° 58' E
47° 9' E
48° 17' E
44° 58' E
59° 38' E
45° 5' E
50° 40' E
49° 36' E
57° 43' E
46° 16' E
47° 0' E
53° 33' E
50° 51' E
52° 36' E
56° 55' E
46° 17' E
51° 19' E
59° 13' E
54° 17' E
61° 29' E
60° 53' E
48° 29' E

6
22
1708
-21
10
-26
23
1491
20
8
143
1550
1288
1279
13
1697
591
982
1753
1318
1147
1103
999
1315
-20
-6
977
1522
1373
1130
2048
1484
711
1361
1190
1450
1237
489
1370
1663
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FIGURE 2
Scattering of stations in Iran map
Formula 1:

N

§ CV % ·
¨
¸
© E% ¹

2

CV %

Percent of Normal Index (Formula 2) based on
wetness and dryness was classified using Table 3 to
analyze spatial pattern of wetness and dryness
trends during the period of study (1967-2014).

SD
u 100
P

N = minimum of adequate station number
CV% = coefficient of variation (%) of annual
precipitation for synoptic stations of Iran
E% = acceptable faults (%) for the determination, for this work E% is considered 15%
SD = standard deviation of annual precipitation for synoptic stations of Iran

Formula 2:

Year
1967
1968
1969
1970
1971
««
2010
2011
2012
2013
2014

Ahwaz

«

Zahedan

P=

TABLE 3
Annual Percent of Normal Index Classification
[42, 43]
PNI Value
120 <
80 to 120
70 to 80
55 to 70
40 to 55
< 40

TABLE 2
Annual Percent of Normal Index in the study
area
Abadan

Pi
u 100
P

Pi = total of precipitation in each year;
average of precipitation in the period

P = annual precipitation average for synoptic
stations of Iran
In this paper: N=40
In the present work, influenced zone of each
station was specified by thiessen method.

Station

PNI

Drought Category
Wet
Normal
Slightly Dry
Moderately Dry
Severe Dry
Very Severe Dry

Class
1
2
3
4
5
6

Zanjan

Annual Percent of Normal Index (PNI)
117.99
63.60
81.39
94.20
72.24
««
23.22
45.93
92.43
67.51
61.01

112.03
121.67
167.63
111.18
101.85
««
32.71
61.51
103.72
56.87
92.52

««
««
««
««
««
««
««
««
««
««
««

97.22
161.86
180.05
146.59
74.74
««
44.44
149.24
78.78
64.89
89.01

RESULTS AND DISCUSSION

100.85
128.69
156.87
74.63
115.00
««
84.71
116.17
130.68
100.78
98.66

While dryness or wetness class of each year
was determined using the PNI index for each station (Table 4), a spatial map of drought for all parts
of country was prepared for that year (Figure 3).
After that, for each year, the surface percentages of
the country that is located in each dry or wet category have been determined (Table 5). Using Table
5, the changes trend of the country surface percent
in each category has been determined (Figure 4).

In the next stage, for each station in every
year, annual precipitation and annual Percent of
Normal Index (PNI) have been calculated (Table 2).
After that, for each station in every year, Annual

2013
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TABLE 4
Classification of Annual Percent of Normal Index (PNI) for each station
Code
1
2
««
39
40

Station
Name
Abadan
Ahvaz
««
Zahedan
Zanjan

PNI Classes
1967
2
2
««
2
2

PNI Classes
1968
4
1
««
1
1

««
««
««
««
««
««

PNI Classes
2013
4
4
««
4
2

PNI Classes
2014
4
2
««
2
2

FIGURE 3
Spatial pattern of drought maps of Iran for each year (1967-2014)

2014
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Year
PNI Class
1
2
3
4
5
6
Total
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TABLE 5
Iran surface percentage in each class and year
1967
1968
«
2012
2013
Iran surface percentage in each class and year
11.77
52.62
«
25.68
2.34
50.76
40.97
«
48.14
49.67
0
0
«
11.56
10.29
21.45
0.90
«
7.83
24.95
6.90
2.34
«
6.77
7.59
9.11
3.14
«
0
5.12
100
100
«
100
100

2014
8.88
68.85
9.15
11.59
0
1.51
100

FIGURE 4
Changes trend of the dry or wet zones in percent for Iran
(*: significant in level of 0.05; **: significant in level of 0.01; ^: significant in level of 0.1)

2015

© by PSP

Volume 27 ± No. 4/2018 pages 2011-2018

From Figures 3 and 4 it is concluded that the
surface percent of the wet areas has been decreased
during the period of evaluation. The descending
trend is significant in level of 0.01. Also, the surface percent of the dry areas shows an ascending
trend. The surface percent of slightly dry areas has
been increased during the period of study. The ascending trend is significant in level of 0.05. Also,
surface percent of the moderate dry areas shows an
ascending trend during the period of evaluation,
with significant level of 0.1. It should be say that
surface percent of the normal, severe and very severe dry areas shows an ascending trend during the
period of evaluation, although it is not significant
based on the Pearson test.
Overall, descending trend in wet areas and ascending trend in dry areas was detected by the Pearson test in the PNI series at 40 considered stations
in recent 50 years. During this time population has
increased (three time increase during fifty years)
and population is an important factor in climate
change [44].
Most studies so far done in Iran (whole or
part of Iran) such as [43, 45, 46] showing ascending
trend of drought happening, too. In other word,
drought risk is increasing during recent 50 years
and it will continue in future.
In relation to evaluation method, most studies
so far done in Iran e.g. [43, 46] and in the world e.g.
[5, 17] have based their estimation on the changes
trend based on point changes of drought. This research was concluded based on polygon changes of
drought. The important advantage of polygon based
approach is general review of changes trend in
whole study area. Actually, this approach calculates
resultant of changes.
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The purpose of this study was to determine actual amount of sediment productions of paved (PFR)
and unpaved (UPFR) forest roads at different longitudinal slope groups (2-4%, 4-6%, 6-8%, 8-12%)
were compared to undisturbed forest land (UA) in
Kastamonu-Araç of Turkey with the help of the sediment traps. It was determinated that the total annual
amount of sediments from the UPFR was found to
be significantly higher than the amounts of sediments from the PFR and UA according to the slope
groups. There were statistically significant differences between the amounts of sedimentation from
the forest roads sides and within the UA (0.05<P).
Annual sediment production of the sites was statistically different and determinated to 2098, 2485 and
5567 kg ha-1 yr-1 for UPFR (2-4%, 4-6%, 6-8%),
2522 kg ha-1 yr-1 PFR (8-12%) and 165, 179, 195,
169 kg ha-1 yr-1 UA (2-4%, 4-6%, 6-8%, 8-12%), respectively. Also, it was found that the total amount
of sedimentation was in parallel to the monthly precipitation. It was observed that total sediment production across the study sites were less than the results of former researches. These differences may
partly be explained by less traffic density (1-3 vehicles per day), not recently graded roads, lower logging and harvesting activities during research, and
more plant cover in the current experimental sites.
The obtained data will facilitate more effective application of the methods to stabilize the cutting
slopes of a forest road.

the total length of the road that can be used for forestry services including village roads and highways
passing through forests has reached 243+000 km. In
the light of the data covering a period of 17 years
(1998-2014), 1+148 km of road is constructed on average in a year [1].
Planning and construction of a forest road is rather time-consuming and complicated process due to
the constraints related to the economic and challenging natural conditions. The construction and maintenance of forest roads are the most expensive operations during the harvesting of forest products. Furthermore, forest road construction leads to a greater
environmental impact, especially excessive sedimentation compared to the other forestry operations
due to the removal of the vegetation along the route
of the road. Sediments such as stones, pebbles and
etc. that are carried from the slopes of the forest road
and side ditches fill the beds of the runoff water excessively and increase the level of the flooding water; thus, the water in the rising flow that does not fit
into the bed causes flood. These sediments that are
carried over accumulate in the dams, leading to the
decreased efficiency and cause a negative effect on
the other sectors such as agriculture.
The cutting and embankment slopes of forest
roads interrupt the surface runoff and shallow
groundwater runoff and accumulate them in the side
ditches. The precipitation directly falls on the surface
of the forest road and cutting-embankment slopes
flow to side ditches and the slopes down the road
through surface runoff without infiltrating into the
soil. The material from erosion on the surface of the
road and side ditches and collapsing cutting slopes
increases the amount of sediments reaching the river
beds. The soils in the cutting slopes of the road slide
or are carried to the water and accumulate on the subsoil and fill the side ditches [1].
On the other hand, those operations on forest
roads that cause the least damage to the environment
are getting more and more important every day,
while the studies that explore the negative impacts of
forest roads on forest ecosystem, erosion and river
regime have become increasingly important. Therefore, forest engineers should focus on planning the
road routes by not only minimizing the road construction costs and expenses but also sedimentation.

)("$%
Erosion, Forest Roads, Road cutslope, Araç, Kastamonu
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The operationalization of forests for any kind
of forestry activities requires the construction of forest roads. According to the 2014 Report that was the
most recent report issued by the Turkish General Directorate of Forestry (GDF), the length of the road
planned to be constructed is 282+000 km, while
177+000 km has been constructed so far. In this way,
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In a study conducted by [2, 3], they found that
the amount of sedimentation due to the cutting slopes
of forest roads was 17 kg m-2 year-1. They also stated
that the amount of sediments from the cutting slopes
of forest roads increased in correlation with the soil
dispersion rate [2, 3]. Moreover, it was found that the
amount of sediments from the cutting slopes was not
associated with the increased height of the cutting
slopes.
The amount of sedimentation from the cutting
slopes of forest roads varies depending on the protective cover, height of the cutting slopes and their
distance to rivers. The quality of the road surface
treatment, traffic density and road slope also affect
the amount of sediments carried from the road sections to rivers [4]. [5] reported that the increased
slope gradient also increased the amount of sediments carried from the road network to the rivers. As
the distance between the road and rivers increases,
majority of the sediments are retained on the surface
of the forest and do not reach the rivers. Increased
height of the cutting slopes also increases the amount
of sedimentation [4]. In a study conducted by [6],
they developed a new methodology integrated with
advanced technologies such as modern optimization
techniques and GIS (Geographical Information System) techniques in order to select the optimum rout
of a forest road with least amount of sedimentation,
and established the sediment estimation model
through GIS-based network analysis method. According to the model, the annual average amount of

sediments from an optimum road network was calculated as 6.93 tons (7.70 ton km-1) while the annual
average amount of sediments from an alternative
road network was found to be 10.08 tons (12.00 ton
km-1). They neither determined the actual sediment
amounts in that study that aimed at developing a
model nor explored the differences between the
slope groups.
In this study, however, we aimed at finding the
actual amounts of sedimentation from the forest in
Kastamonu, Araç provenance in different slope
groups through the sediment traps installed in the
field. The data obtained will facilitate more effective
application of the methods to stabilize the cutting
slopes of a forest road.


&$%! &"%

%>?/C<0, This study was conducted within
the boundaries of Kastamonu Regional Directorate
of Forestry, Araç Sub-District Forestry Directorate,
Central Forestry Division (41°15ʹ 45ʺ N latitude,
33°19ʹ32ʺ E longitude). The study area is located at
an elevation of around 875 - 899 m and covered with
forests comprised of black pine ( ). 
According to the ecosystem-based functional
forest management plan of Araç Sub-District Forestry Directorate, the area is located in the transition
zone between the continental zone of the Central Anatolia and humid mild temperate zone of the Black
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Sea Region. The highest temperature is in July with
38.9°C, while the lowest temperature is in January
with -26.9°C; the mean annual temperature is 9.8°C;
the mean annual temperature during the vegetation
period is 16.4°C; the mean annual precipitation is
449.6 mm while it is 253.5 mm during the vegetation
period; the dominant wind direction is southwest and
wind speed is 28.4 m second-1. An analysis of the
data related to the measurements performed at the
station no 18215 (10.Region, Samsun, altitude is 680
m) which is the station of the Directorate General of
Meteorology and located within the boundaries of
Araç, the annual precipitation is 387.4 mm while the
mean annual precipitation is 32.28 mm (Figure.1).
Due to the elevation difference from the meteorology station and study area, the annual precipitation
was calculated as 495.4 mm while the mean annual
precipitation was found to be 41.28 mm [7, 8].
According to the soil texture analysis, the soil
in the study area moderately clay, its structure was
comprised of very fine granules, and it had a slow
permeability.
The total road length was 151700 km while the
road ratio was 11.8 m ha-1 in the study area according
to the Road Network Plan of Araç Sub-District Forestry Directorate. Around 1-3 vehicles pass through
these forest roads per day, the main types of vehicles
using the roads include 2x4, 4x4 trucks, tractors,
tractor trailers and operational vehicles.

Ribbed iron poles with a diameter of 1.2 cm
and height of 1.3 meter and plastic geotextile materials were used during the installation of the sediment traps [9, 10]. The sediment traps installed in the
side ditches of the forest roads in the study area covered a surface area 200 m-2.
This study was conducted from November
2013 to November 2014 (12 months) by collecting
sediment samples on a monthly basis. The sediment
samples transported to the laboratory were weighted
with an accuracy of 0.001 g, and oven dried for 24
hours at 105°C. The sand, silt and clay ratios of the
samples obtained from the sediment traps were analysed through Bouyoucos hydrometer method and
the soil texture was found to be clay and loamy [11].
Dispersion rate was calculated and the permeability of the soil was determined [12, 13, 14]. The
soil was found to have moderate-moderately slow
permeability.
%>,>4=>4.,6 8,6C=4=  Analysis of variance
(ANOVA) was performed to determine the amount
of sediments produced at different slope groups of
the road due to forest road construction and/or presence of the road, the amount of sediments produced
in different periods, and the differences between the
amounts of sediments due to different road types. In
order to find the source of the difference, Tukey
HSD (α = 0,05) was preferred among the multiple
comparison tests. To compare the amounts of sediments obtained from different locations (forest road
side and undisturbed area), “Test of Significance of
the Variance between two means” (independent t
test) was used. In this test, first the homogeneity of
the population is tested (Levene test), and a statistical decision is taken after the t statistic and significance level based on the accepted assumption are determined [15]. For the concerned analyses, SPSS statistical software (version 20.0 for Windows) was
used.
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79?8>= 91 %0/4708>=  As presented by Table.1 concerning the amounts of sediments at different longitudinal slope groups, the amount of sedimentation was minimum 22 g and maximum 1798 g
on the UPFR (2-4%); minimum 145 g and maximum
1317 g on the UPFR (4-6%); minimum 96 g and
maximum 8982 g on the UPFR (6-8%); minimum 76
g and maximum 4823 g on the PFR (8-12%).
The amount of sedimentation was minimum 42
g and maximum 133 g in the UA (2-4%), minimum
50 g and maximum 135 g in the UA (4-6%), minimum 62 g and maximum 140 g in the UA (6-8%)
and minimum 62 g and maximum 135 g in the UA
(8-12%).

'$ 
9.,>49891>30=0/4708>><,:=98>3019<0=>
<9,/= 
%,7:6482 8=>,66,>498 91 %0/4708> &<,:=
406/,8/,-9<,>9<C%>?/40= Sediment traps were
classified in 4 groups according to the longitudinal
grade of 2-4%, 4-6%, 6-8%, 8-12%. A total of 40
sediment traps were installed with 10 meter intervals
on the side ditches on 3 unpaved roads and 1 paved
road, each with a length of 100 meter and width of 4
m, in intervals and 4 traps in undisturbed area at the
same slope groups (Figure 2).
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$9,/&C:0

2-4%
4-6%
6-8%
8-12%

Unpaved
Unpaved
Unpaved
Paved

%0/4708>#<9/?.>4982
9<0=>$9,/=
'8/4=>?<-0/<0,
48 
,B 
48 
,B 
22
1798
42
133
145
1317
50
135
96
8982
62
140
76
4823
62
135

& 
4=><4-?>49891>30=0/4708>,>498,79?8>=-C>30<9,/69824>?/48,6=69:02<9?:= 
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383.26±31.14a

388.54±46.84a

12.117

<0,01

850.84±125.14b

& 
%>,>4=>4.,6.97:,<4=9891>30=0/4708>,79?8>=-0>A008'#$,8/' 

%0/4708>#<9/?.>4982


'#$#$
528.00±39.34


'
73.83±7.17

0@06&0=>

#
14.89
<0.001

;?,6@,<4,8.0>>0=>
>
=/
#
3.65
526
<0.05

slope), and 845 g yr-1, 169 kg ha-1 yr-1 and 0.017 kg
m-2 year-1 on the UA (8-12% slope).
The total annual amount of sediments from the
UPFR was found to be significantly higher than the
amounts of sediments from the PFR and UA according to the slope groups. According to the data obtained, the amount of sedimentation from the UPFR
at the slope group of 2-4% was 51 times higher than
the sedimentation within the undisturbed area, the
amount of sedimentation from the UPFR at the slope
group of 4-6% was 55 times higher than the sedimentation within the UA, the amount of sedimentation from the UPFR at the slope group of 6-8% was
114 times higher than the sedimentation within the
UA and the amount of sedimentation from the PFR
at the slope group of 8-12% was 59 times higher than
the sedimentation within the UA. There were statistically significant differences between the amounts
of sedimentation from the forest roads sides and
within the UA (0.05<P). It was observed that the
road had a significant impact on sedimentation (Table 3).
The maximum amount of sediments measured
in the sampling area was recorded in June 2014
while the minimum amount was recorded in July
2014. It was found that the total amount of sedimentation was in parallel to the monthly precipitation.
The amount of sedimentation in November, January,
April and March and the amount of sedimentation in
February, May and October were statistically similar
with one another (Table 4).

As known, the data should meet two assumptions in order to apply the analysis of variance. First
of all, the data must have the minimum distance
scale. Secondly, the data must have a normal distribution. The data obtained met the required assumptions since they were quantitative and the sample
size was adequate (n>30) [16].
As for the distribution of the sedimentation
amounts by the road slope groups, it was observed
that these amounts were not statistically significant
(P<0.05). Moreover, the comparison of the sources
of differences through Tukey HSD that is one of the
multiple comparison tests revealed that the road in
the slope group of 6-8% had the highest soil loss,
which was found to be statistically significant
(P<0.05) (Table 2).
The annual total sedimentation amount was
41968 g yr-1, 2098 kg ha-1 yr-1 and 0,21 kg m-2 year1
on the UPFR (2-4% slope); 49693 g yr-1, 2485 kg
ha-1 yr-1 and 0,25 kg m-2 year-1 on the UPFR (4-6%
slope); 111336 g yr-1, 5567 kg ha-1 yr-1 and 0,56 kg
m-2 year-1 on the UPFR (6-8% slope); and 50442 g
yr-1, 2522 kg ha-1 yr-1 and 0.25 kg m-2 year-1 on the
PFR (8-12% slope).
The annual total sediment amount obtained
from the sediment traps in UA was 826 g yr-1, 165
kg ha-1 yr-1 and 0.017 kg m-2 year-1 on UA (2-4%
slope); 897 g yr-1, 179 kg ha-1 yr-1 and 0,018 kg m-2
year-1 on the UA (4-6% slope); 975 g yr-1, 195 kg ha1
yr-1 and 0,020 kg m-2 year-1 on the UA (6-8%

2022

$#

! %   





!"  ! 


&
<0,5/9A891=0/4708>,79?8>=-C798>3=98'#$,8/#$ 
%0/4708>9660.>498
#0<49/=
November
2013
December
2013
January
2014
February
2014
March
2014
April
2014
May
2014
June
2014
July
2014
August
2014
September
2014
December
2014

%0/4708>#<9/?.>4982
0,8E%
421.48±34.55 ab
253.51±26.17 ab
643.65±48.82 bc
502.30±35.01 b
251.75±31.72 ab
731.48±84.75 bc
1674.16±294.39 d
261.18±31.89 ab
1101.00±166.19 c



#

23.239

<0.01

&
?>=69:0=0/4708>:<9/?.>498<,>0=<0:9<>0/48>3064>0<,>?<0/0@069:0/1<97* + 

9.,>498
Georgia, USA
Oregon, USA
Oregon, USA
Idaho, USA
Washington, USA
Papua New Guinea
Idaho, USA
New South Wales,
Australia
New Zealand
Idaho, USA
Virgin Islands, USA
Istanbul, Turkey
Istanbul, Turkey
Kastamonu, Turkey

Kastamonu, Turkey

Kastamonu, Turkey

Kastamonu, Turkey

?>=69:00=.<4:>498
Unvegetated
6-7 yr old cutslopes
New cutslopes
5 yr old cutslopes
1 yr old cutslopes
45 yr old cutslopes, soil
45 yr old cutslopes, granite
55-70 degrees
NA
NA

$0:9<>0/=0/4708>:<9/?.>498
<,>0527 C< 
5.1-11
15
37
7.5
10
15
16
25
105
16

$010<08.0
[21]
[22]
[22]
[23-24]
[23-24]
[25]
[25]
[10]
[26]
[27]

NA

3.6-5.8

[28]

Unvegetated, granite
Cover density 0.1–89%, 55–
104% gradient
Unvegetated,
2-5 m high
35 yr old cutslopes, soil
35 yr old cutslopes, paved
40 yr old cutslopes, soil
longitudinal slope
groups 2-4%
40 yr old cutslopes, soil
longitudinal slope
groups 4-6%
40 yr old cutslopes, soil
longitudinal slope
groups 6-8%
40 yr old cutslopes, paved
longitudinal slope
groups 8-12%

5.2-15

[29, 30] [31]

0.01-25

[32]

2-17

[2]

1.3
0.6

[18, 19, 20]
[18, 19, 20]

0.21

This study

0.25

This study

0.56

This study

0.25

This study

* The results obtained from the studies in different units are presented as a single unit in the standard sedimentation
column.
the non-utilized or PFR. [18] and [19] found that the
amount of sedimentation from the UPFR road was
1.96 times higher than from the PFR and 11.66 times
higher than in the UA longitudinal slope groups of
4-7%. In other studies [20-] as cited in [2], it was
found that the amount of sedimentation ranged from
0.01 to 105 kg m-2 year-1 (Table 5).

The amount of sediments from the UPFR was
significantly associated with the total precipitation
and slope and the amount of sediments from the
roads in the slope group of 2-21% ranged from 5.7
to 580 t ha-1 year-1 [2]. In a study conducted by [17],
they found that the amount of sedimentation was 130
times higher in the heavily used forest roads than in
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It was estimated in this study that the amount
of sedimentation was lower due to the lack of traffic
density in the study area (1-3 vehicle/day), limited
amount of wood production activities, lower
cutslope elevation (0.20-0.7 m), low monthly precipitation, low number and shorter duration of rainy
days. However, increased slope due to different
slope classes increased sedimentation. Furthermore,
the amount of sedimentation on the paved roads was
lower than on the unpaved forest roads. Sedimentation from forest roads was observed to increase due
to precipitation while the increased slope also resulted in an increase in sedimentation. Moreover, the
calculations showed that sedimentation from the unpaved road was higher than from the paved road and
within the undisturbed area.
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mg L−1 to 644 mg L−1 [2]. While CWs can be severely affected by high ammonia concentration and
information on the response of plants in CWs with
high pollutant concentrations is limited.
Ammonia nitrogen, one of the major pollutants
in wastewater, exists as unionized (NH3-N, unionized ammonia-nitrogen) and ionized (NH4+, ammonium ion) molecular, both of which is referred to as
ammonia or total ammonia-nitrogen [3]. Among
these forms, NH3-N is regarded as the most toxic as
it can induce oxidative stress to plants, thereby causing oxidative damage to proteins, lipids, carbohydrates, and nucleic acids [4, 5]. Besides, ammonia
can also cause suppressed growth, carbohydrate and
mineral cation deficiency, ion disorder in tissues or
plant growth regulators [6, 7].
 is a floating plant widely found in
CWs. This species grows rapidly, contains high nutrient concentrations, and can purifies local water
body [8].  uptakes ammonia naturally as less
energy is required during the ammonia assimilation
[9]. However, high ammonia concentrations can be
toxic to . As Huang et al. (2013) [10] indicated, plant growth was suppressed and the chlorophyll as well as carotenoid contents decreased after
exposing to 4 mM of aqueous ammonia for 14 days.
Although former studies have indicated the damage
on   under high ammonia concentrations
[10], the recovery of  from ammonia stress
was rarely studied.
Environmental stress stimuli, such as salt,
heavy metal, cold, and light, can affect plants by enhancing reactive oxygen species (ROS) production
[11]. Excessive ROS could cause oxidative damage
to proteins, DNA, and lipids, thereby inducing plant
injury, even death. To avoid these damages, plants
have evolved molecular defense mechanism, including antioxidant enzymes and antioxidants to limit the
formation of ROS or to promote the removal [12].
Thanks to these, plants would recover from some reversible damage as excess ROS was removed [13].
Although many plants under environmental stress
have been investigated, for  , the recovery
mechanism from ammonia stress, particularly the
antioxidative defense system, is not clear.

&'%'

  is widely used in constructed
wetlands. However, high ammonia concentrations
are toxic to  ; furthermore, the molecular
mechanisms of ammonia stress and recovery remains unknown. In this study, tolerance and recovery of ammonia-exposed  were examined by
physiological and differential proteomics. Compared
with the control group, soluble proteins were respectively reduced by 40% and 50% at ammonia of 80
(A-80) and 160 (A-160) mg L−1, and the concentrations of potassium, calcium, and magnesium decreased as well. In contrast, phosphorus increased
and reactive oxygen species (ROS) appeared. Ammonia stress evidently affected  more when
exposed to ammonia of 320 (A-320) and 640 (A640) mg L−1. Although catalase and superoxide dismutase could scavenge ROS resulting in the equilibrium of antioxidant system, the plants still experienced some sort of oxidative damage. Damages in
A-320 and A-640 were irreversible, some of which
were fatal, while damages in A-80 and A-160 were
reversible and  could fully recover after 7 or
14 d. The tolerance mechanism of  was also
investigated by differential proteomic analysis. It
was found that the proteins associated with ammonium tolerance were also involved in promoting photosynthesis, scavenging ROS, detoxifying enzymes,
and inducing nitrogen.


+)#%&:
Ammonia stress,  Proteome, Recovery.

"'%#('#"
Global application of Constructed wetlands
(CWs) has increased as CWs are cost effective, requiring low operational and maintenance expenses.
CWs have been used in high concentrations of pollutants, such as swine wastewater [1], or peaks in
some periods caused by seasonal industries or tourism with ammonia concentrations ranging from 58
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Nutrient element, enzyme activity, and soluble protein of the samples were also examined. The sample
A-0 and A-160 collected at 14 d were subjected to
differential proteome analysis for the tolerance
mechanism of .

">=;518=161718=/98=18=<The plant samples
were rinsed with deionized water, deactivated at 105
°C, and heated to constant weight at 75 °C before
pulverized. C and N contents were determined using
a CHNS element analyzer (Vario EI III, ELEMENTAR, Germany). The ground samples were also digested in a mixture of HNO3-H2O2, using a microwave digestion furnace (MARS, CEM Inc., USA) to
determine K, Ca, and Mg with an inductively coupled plasma emission spectrometer (IRIS Intrepid
IIXSP/165 nm to 1000 nm, Thermo Elemental Inc.,
USA).

Proteomic approaches are now popular in
botany, which can provide in-depth analysis of proteomic and metabolic variations in plants. Appling
proteomic technology, Aina et al.[14] revealed that
high Cd concentrations strongly induced suppression
of some regulatory proteins and metabolic enzymes.
However, current knowledge of the application of
proteomic technology rarely referred to ammonia
tolerance of wetland plants. Furthermore, identification of the functional proteins can help reveal molecular mechanisms of ammonia stress responses and
can lead to development of transgenic plants with enhanced tolerance to ammonia stress in wastewater
treatment systems.
As a primitive attempt, responses and recovery
of  exposed to ammonia stress were investigated in both physiological characteristics and in
proteomic level. In this study, the response and recovery mechanisms were analyzed and elucidated.
In-depth analysis of proteins associated with ammonia tolerance in   was expected to provide
critical information regarding enhancement of 
 performance in wastewater treatment, especially
at high ammonia concentrations.

%#& 01=1;758-=598 ROS was evaluated by
superoxide radical (O2•−) and hydrogen peroxide
(H2O2) contents.O2•− content was measured with the
method of Elstner and Heupel (1976) and calculated
with an extinction coefficient of 2.16 × 104 M−1cm−1.
H2O2 content was determined with the method of
Jana and Choudhuri [15]. Absorbance of H2O2 was
determined at the wavelength of 415 nm and the
amount was calculated on the basis of a standard
curve (%= 1.878 mM−1cm−1).

8BA71 -/=5?5=A -80 :;9=158 /98=18= Enzymes were extracted according to previously described methods[5]. Superoxide dismutase (SOD)
activity was determined through measuring the ability of extracted enzymes inhibiting photochemical
reduction of 2,4-iodiphenyl-3,4-nitrophenyl-5-phenyltetrazolium chloride (NBT). One unit of SOD
was defined as the enzyme activity that inhibited
50% of NBT photo-reduced to blue formazan [16].
Catalase (CAT) activity was determined with described methods [17]. The unit of enzyme activities
was mg protein–1. Protein content was quantified
with Bradford method [18].

$;9=158 1@=;-/=598 -80 5018=525/-=598 Total
protein extracts were prepared in the way described
by Tsugita and Kamo [19] with slight modifications.
Plant samples were initially frozen with liquid nitrogen and grounded. Afterward, 1 mL of trichloroacetic acid (1/10, w/v) and dithiothreitol (DTT, 0.07%)
in cold acetone was added into the powder samples
before incubated at −20 °C for 1 h and then centrifuged for 15 min (35,000 × , 4 °C). The precipitate
was washed with acetone containing 0.07% DTT.
The incubation and centrifugation process was repeated once. The samples were subsequently lyophilized using a freeze dryer (Uniequip, German) for
48 h.
For further extraction, lyophilized samples

!'% &"!'#&

$6-8=<-80)<  was collected from
the Nansi Lake, China. The fronds were washed with
distilled water and then cultivated in 10% Hoagland's solution for two months. The plants were
maintained in lab-scale surface flow CWs, which
were built with polyethylene barrels (20 cm in diameter and 40 cm in depth). The bottom layer of matrix
substrate was washed gravel (1 cm in diameter) and
the upper layer was washed sand (≤ 2 mm in diameter). The hydraulic retention time of the batch mode
was 14 days.
77985-<=;1<<1@:1;5718=<-80<-7:6583
The experiment was carried out in an open field in a
transparent shelter. Hoagland's solution (10%) with
(NH4)2SO4 was used to induce ammonia stress [4].
The solution was replaced every other day. Six
groups were divided according to ammonia concentrations: A-0 (0 mg L−1), A-40 (40 mg L−1), A-80 (80
mg L−1), A-160 (160 mg L−1), A-320 (320 mg L−1),
and A-640 (640 mg L−1). Each group was prepared
in three replicates. After 14 d of ammonia stress exposing, the plants were re-cultured in 10% Hoagland's solution without (NH4)2SO4 to evaluate recovery ability.
 samples were harvested at 0, 4, 10, and
14 d of ammonia stress exposing; samples were successively collected at 21 and 28 d to evaluate recovery. Same specimens of plants were collected from
five individual sites in each system. The harvested
plants were transported in ice box chiller, and stored
in liquid N2 immediately when arriving laboratory.
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mg L−1. Similar effects were reported in sweet flag
under high nutrient conditions[21]. After the ammonia stress was removed, the number of brown spots
on new leaves in A-80 and A-160 decreased, while
no obvious difference in A-320 and A-640 was observed. And their chlorophyll concentration was unable to restore to normal stage as well(Fig.1).

were placed in separate tubes and incubated with solubilization buffer (100 mM ammonium bicarbonate/8 M urea/1 mM DTT, pH 8.5) at 50 °C for 20
min. Cysteine of each sample was then carboxyamidomethylated with iodoacetamide and digested overnight with endoproteinase Lys-C. Afterward, the
mixtures were diluted to 2 M urea with 100 mM ammonium bicarbonate (pH 8.5). CaCl2 was used as
supplement to adjust final concentration to 1 mM.
The mixtures were digested overnight with porosyzme-immobilized trypsin beads [20]; the complex peptide mixtures were stored at −80 °C for further analysis.
Protein was determined using an Agilent 1200
rapid resolution liquid chromatography system (Agilent Crop., USA) and an Agilent 6520 quadrupole
time-of-flight mass spectrometer. Chromatography
separation was carried out using Poroshell SB-C18
column (3.0 mm × 150 mm, 2.7 μm, Agilent) with a
flow rate of 0.3 mL min−1 and injection volume of 20
μL. Mobile phase was a mixture of 0.1% formic
acid-water (A) and 0.1% acetonitrile (B). The gradient program of mobile phase was set as follows: 0–5
min, 5% B; 5–55 min, 5%–45% B; 55–65 min, 45%–
95% B; and 65–70 min, 95%–5% B; the process was
kept constant for 15 min. The mass spectrometer
used in this study was equipped with an electrospray
ionization source (ESI). Ionization was conducted in
a positive electrospray mode. Based on the most efficient response of compounds, the final parameters
were set as follows: fragmentor, 175 V; Vcap, 4000
V; nebulizer, 30 psi; and drying gas, N2, 10 L min−1,
350 °C. The testing mass range was set between /$
200 and 2000. MS output files were exported to
MASCOT for protein identification.

(% 
%1<:98<1<-80;1/9?1;A92/469;9:4A66
/98/18=;-=59858
=905221;18=-77985-
<=;1<<

">=;518=/98=18=<'9=-6-80"It has been
indicated that immediate effects on photosynthetic
rate and efficiency occurred during environmental
stress [22]. C and N are important nutrient elements
for plant growth. Therefore, C and N contents can be
direct indexes of ammonia stress for .
Total C contents in A-0 and A-40 were barely
changed (Table 1), compared with increasing total C
contents in CWs with high ammonia concentration.
N content presented a similar pattern. A previous
study indicated that ammonia assimilation required
much C source; with increased external ammonia
pressure, plants could accumulate high amounts of
free ammonia and C [23]. More ammonia allocated
in plant roots to protect photosynthetic parts (leaves)
from ammonia toxicity [22]. These could be the reason why C and N contents increased under ammonia
stress in this study.
Ammonia stress can cause C deficiency and
consequent ammonia toxicity, thereby influencing C
and N absorption and metabolism of plants. C and N
contents of   in A-80 recovered to normal
levels in 7 d once ammonia stress was removed,
while C and N contents of plants in A-160 needed
more time to recover. However, plants in A-320 and
A-640 were not able to recover to normal levels, and
 in A-640 died.
Therefore, higher ammonia concentration
could result in more serious damage to  ,
even irreversible damage when ammonia concentration was high enough.

-=- :;9/1<<583 -80 -8-6A<5< Results were
obtained from three replica and reported as mean ±
standard deviation (SD; n=3). Bars represented mean
± standard error. Data analyses were carried out using ORIGIN 8.0.
%&( '&"&(&&#"
In the experiment, daily observation revealed
that   growth was not suppressed until the
concentration of added ammonia reached 80 mg L−1.
Environmental stress can significantly alter plant
metabolism and growth. In several cases, environmental stress even leads to plant death. In A-640, 
 died at the end of the experiment. Excessive
ammonia elicited toxic on  , resulting in
brown spots on the leaves. The symptoms became
more evident after 4-day treatment. As treatment
time extended, interveinal blotches developed and
the leaves became desiccated. And this phenomenon
was also proved by the concentration of chlorophyll
in (Fig.1), which showed a decrease trend
when external ammonia concentration exceeded 160
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'9=-6-80" "/98=18=<58
0-A 
A-0
A-40
A-80
A-160
A-320
A-640

37.72±0.28
38.04±0.11
37.19±0.19
37.42±0.24
37.80±0.26
37.73±0.04

A-0
A-40
A-80
A-160
A-320
A-640

3.37±0.04
3.40±0.01
3.34±0.01
3.37±0.03
3.38±0.08
3.39±0.05

A-0
A-40
A-80
A-160
A-320
A-640

11.21±0.03
11.18±0.06
11.13±0.08
11.11±0.02
11.17±0.18
11.14±0.18

71-8D&8 

77985-<=;1<<
0-A
0-A 
0-A 
'9=-6)
37.67±0.12
38.02±0.10
36.97±0.06
38.13±0.12
38.23±0.12
38.04±0.39
38.41±0.40
40.13±0.15
40.18±0.16
39.17±0.13
40.30±0.31
39.01±0.10
39.79±0.29
37.04±0.30
34.54±0.06
38.32±0.15
10.01±0.52
n.d.
'9=-6")
3.36±0.06
3.30±0.01
3.30±0.21
3.62±0.02
3.69±0.11
3.26±0.04
4.34±0.03
5.52±0.01
6.25±0.07
5.64±0.02
6.58±0.02
7.24±0.08
4.63±0.02
4.66±0.04
6.30±0.03
4.46±0.21
2.53±0.46
n.d.
 "
11.20±0.19
11.51±0.02
11.23±0.73
10.54±0.04
10.36±0.32
11.68±0.05
8.86±0.14
7.28±0.04
6.43±0.05
6.95±0.05
6.12±0.06
5.39±0.07
8.59±0.09
7.94±0.01
5.49±0.03
8.61±0.45
4.07±0.87
n.d.

%1/9?1;A
0-A



0-A 

37.71±0.07
38.72±0.20
37.92±0.60
38.40±0.04
34.79±0.15
n.d.

37.75±0.28
38.80±0.00
37.63±0.02
37.72±0.20
35.10±0.25
n.d.

3.38±0.06
3.72±0.11
3.32±0.02
5.32±0.15
6.05±0.02
n.d.

3.42±0.02
3.51±0.01
3.39±0.04
3.49±0.09
5.93±0.01
n.d.

11.16±0.22
10.42±0.33
11.43±0.13
7.22±0.20
5.75±0.04
n.d.

11.05±0.15
11.05±0.03
11.09±0.12
10.81±0.34
5.92±0.03
n.d.

n.d., not determined.
&96>.61:;9=158Soluble protein content of 
 was significantly affected by ammonia stress
(Fig.3). The content in A-40 was similar to that in A0. Since the content decreased significantly when
ammonia was over 80 mg L−1, this indicated that
high ammonia concentrations could cause protein
damage or degradation in . Furthermore, severe ammonia toxicity was induced because the high
ammonia content was released by degraded proteins
[25]. After 14 d of ammonia exposure, soluble protein contents decreased to 0.17 and 0.14 mg g−1 fresh
weight in A-80 and A-160, corresponding to approximately 40% and 50% losses compared with the control group, respectively. This trend was consistent
with the nutrient concentrations in  . This
suggested that photosynthesis in  was inhibited [10]. Soluble protein contents of  in A80 and A-160 recovered to normal levels after 14 d
of cultivation without ammonia stress. However, A320 nor A-640 failed to recover from ammonia
stress

%#&61?16<The concentrations of two kinds of
ROS, namely, O2•− and H2O2, were found to be influenced by different levels of ammonia stress
(Fig.4). This promotion in ROS production revealed
that oxidative stress could be induced by ammonia.
ROS in A-40 were almost at the normal level similar
to that in A-0; by contrast, ROS remarkably increased in other ammonia-treated groups. O2•− concentrations increased by approximately 40% and
55% in A-80 and A-160 at 14 d, respectively, compared with control group. Likewise, H2O2 concentrations increased by approximately 52% and 67% in

C/N ratio, reflecting nutrient use efficiency and
functions, is a proper indicator to suggest growth status of plant organs [24]. The C/N ratios of 
in A-0 and A-40 were stable during the experiment,
indicating that 40 mg L−1 ammonia elicited no side
effect on   growth. However, this ratio decreased remarkably when ammonia concentration
reached 80 mg L−1. Since that low C/N ratio means
negatively effect on plant growth, it could conclude
that decreased C/N ratios indicated negative influence of ammonia on  growth.
#=41;8>=;518=161718=<High ammonia concentration could reduce most nutrient elements, such
as K, Ca, and Mg. After 14 d of exposure to 80 and
160 mg L−1 ammonia, K content in   decreased to 92% and 80% of the original level, respectively (Fig.2A). However, both groups recovered to
normal K contents after 7 and 14 d re-cultivation in
10% Hoagland solution. The K content could only
be recovered partially at 320 mg L−1 ammonia. Ca
and Mg concentrations in   shared similar
pattern with K content (Fig.2B,2C). By contrast, P
concentrations increased as ammonia concentration
increased (Fig.2D). This finding was consistent with
the report of Britto and Kronzucker [7], demonstrating that K+, Ca2+, and Mg2+ concentrations decreased
due to ammonia toxicity, whereas PO32− concentrations in tissues increased. Indeed, ammonia can influence the ion absorption of plants [7]; ion lack from
plants may also contribute to nutrient element deficiency. Thus, ammonia stress caused an imbalance
in nutrient elements in   and inhibited
growth.
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A-80 and A-160 at 14 d, respectively. O2•− and H2O2
contents in A-320 and A-640 reached peak concentration at 3d. Then, ROS concentrations subsequently decreased to less than the normal level.
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ROS are produced by metabolism under the
control of the antioxidant system to protect cells in
defense system of plants. However, superfluous ammonia, in the redox circulation of , produced
excessive active oxygen free radicals when exposed
to ammonia stress [10]. If extra ROS was not scavenged promptly, it would cause oxidative damages,
such as DNA fracture and lipid peroxidation [5]. In

A-640
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activities changed little. The increase in enzyme activities was quite evident in A-160, indicating the oxidative stress resistance of .
SOD and CAT activities of plants in A-320 and
A-640 were remarkably decreased compared with
those in the control group. Although excessive free
radicals could be eliminated by CAT and SOD, the
removal capacity was limited by the amount of the
enzymes. When free radicals overwhelmed both, the
antioxidant system was destroyed and the enzyme
activities were decreased remarkably. Huang et al.
[10] also suggested that SOD and CAT activities
were suppressed by high ammonia stress levels in
plants.
During the recovery stage, normal activities of
SOD and CAT in A-160 recovered gradually; by
contrast, the activities in A-320 did not recovered.
Furthermore, the plants in A-640 died. The experiments indicated that ROS contents in   decreased when ammonia stress was removed; likewise, excessive free radicals decreased.

!&.-<105018=525/-=598-80:;9=158</6-<<5
25/-=598The analysis of stress-responding proteins
is necessary to understand the molecular foundation
of ammonia stress response of   (Table 2).
Compared with the control group,  in A-160
exhibited evident stress response and subsequently
recovered once ammonia stress was removed. Therefore, samples from A-160 and A-0 were chosen to
investigate the tolerance mechanism by differential
proteome analysis.
Five types of proteins, including CAT, Mn-superoxide dismutase (Mn-SOD), peroxidase (POD),
ribulose-1,5-bisphosphate carboxylase/ oxygenase
(Rubisco), and glutamine synthetase (GS), were
identified (Table 2) and classified on the basis of
their biological roles. CAT, Mn-SOD, and POD involved in scavenging ROS and detoxifying enzymes.
Rubisco and GS were related to photosynthesis and
nitrogen metabolism, respectively. Changes of these
proteins revealed different molecular level responses
to ammonia stress; furthermore, these changes reflected various metabolic variations.
Plants can adjust ROS levels under stress by
scavenging ROS with CAT, POD, or SOD, which
were identified in this study. CAT, POD, and MnSOD were upregulated under ammonia stress compared with the control group; this result indicated
that these enzymes correlated with ammonia stress.
This finding was consistent with that in previous
study, in which these proteins were responsive to environmental stress condition [27]. Overexpression of
these enzymes was important to protect proteins
against denaturation and to scavenge ROS. Furthermore, overexpression was another factor causing
variation in antioxidant enzymes under ammonia
stress.

this study, excessive ROS accumulated as the ammonia stress increased. Consequently, oxidative damages were found in nutrient elements (C, N, K, Ca,
and Mg) and soluble proteins in A-80, A-160, A320, and A-640.
In the recovery experiment, the ROS levels of
 in A-80 and A-160 returned to normal level
when ammonia stress was removed, as excessive
ROS was scavenged. However,   in A-320
and A-640 could not completely recover from oxidative damage even at the end of the recovery stage.
Since ROS could not be consumed in these two
groups, severe damage in proteins, nutrient elements, or even nucleic acids can occur [4].

A-0

A-40

A-80

A-160

A-320

A-640

(%
%1<:98<1<92-8=59@50-=5?1<A<=1758
=9
05221;18=/98/18=;-=598<92-77985--80;1/9?
1;A-2=1;;179?-6<=;1<<&#'
8=59@50-8= 18BA71 -/=5?5=51< Plants generate SOD and CAT to remove excess free radicals and
to balance antioxidant system. SOD catalyzes O2− to
H2O2, thereby removing O2−; CAT catalyzes H2O2 to
H2O and O2. Hence, the changes of SOD and CAT
can reflect the status of the antioxidant system under
environmental stress [26]. SOD and CAT activities
of (Fig.5) are consistent with ROS variation
under ammonia stress. In A-160, the SOD and CAT
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accession
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In addition to expressing antioxidant enzymes,
plants could also react to stress by slowing metabolic
processes. One of the downregulated proteins related
to   metabolism was Rubisco, which was
consistent with the changes in soluble protein. Nagy
et al. [28] obtained similar results from research on
wheat under drought stress. Rubisco is the key enzyme catalyzing carbon assimilation in plants. Rubisco plays an important role as a chaperone during
stress and increases under environmental stress. This
finding was confirmed in our study. As excess ROS
was formed at high ammonia concentration, lipid peroxidation occurred and further photosynthesis was
inhibited. Considering previously reported performance of rubisco in leaf senescence [29], it can be
inferred that rubisco degraded rapidly under ammonia stress and nitrogen was translocated to support 
 growth.
Analogous to rubisco in carbon metabolism,
GS is important in nitrogen metabolism. GS acts at
the center of nitrogen flow in plant nitrogen metabolism and can assimilate ammonia into glutamine,
then it will transport and distribute throughout a
plant. In this study, GS was downregulated by ammonia stress (Table 2). GS was prone to degrading
under oxidative stress conditions. Ortega et al. [30]
reported that oxidized GS could more easily degrade
than the non-oxidized one in soybean root. As ammonia stress induced excessive free radicals, it was
reasonable that the co-occurrence of increased oxidative stress and downregulated GS in this study.
Santos et al. [31] also found that GS activity in sunflower leaves decreased under salt stress because of
the decrease in plastidial GS.
GS was also considered as a good indicator of
drought stress tolerance of wheat [28]. Thus, GS,
along with other proteins identified in the study,
could also be used as an index for  cultivars
in terms of ammonia stress tolerance in wastewater
treatment systems. Furthermore, regulatory mechanisms under leaf senescence or environmental stress
involved in a regulatory network [28]. Therefore,
further studies are necessary to determine the functions of related proteins in a regulatory network exposed to ammonia stress.

High ammonia stress level could damage 
. Physiological analysis results revealed that the
negative influence on  was exacerbated with
external ammonia concentration.  died in A640. Although excessive ROS can be partially scavenged by CAT and SOD, oxidative damage occurred
in A-80, A-160, A-320, and A-640.  in A-80
and A-160 successfully recovered to normal conditions, whereas  in A-320 partially recovered
when ammonia stress was removed.
Five photosynthesis-related proteins, ROSscavenging enzymes, and nitrogen metabolism-related proteins were identified. Protein regulation was
consistent with physiological changes in ; in
particular, photosynthesis and nitrogen metabolism
decreased, thereby promoting ROS removal and increasing the contents of detoxifying enzymes. Thus,
these proteins can illustrate the ammonia tolerance
of  in the cultivation systems. In conclusion,
 is recommended for wastewater treatment
with ammonia concentration of less than 80 mg L−1
or with occasionally high ammonia concentrations
no more than 320 mg L−1.
"#) !"'&
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main waste material of mining [1]. This waste material not only occupies valuable land area, it also results in serious environmental pollution [2, 3].
Therefore, coal gangue is often used as a backfill matrix in land reclamation areas in order to repair mine
subsidence and to solve the problem of excess waste
piled up on the land surface.
However, the characteristics of backfilled matrices differ from those of natural soil, and they can
have harmful effects on the hydraulic characteristics
of topsoil. Cheng et al. found that a general higher
water holding capacity have been observed in fly ash
than coal gangue reconstructed soil [4]. In contrast,
Wang et al. found that there were significant differences in water content between surface soil layers (030 cm) and filling material layers (50-80 cm), and
the surface volumetric water content of column filling with coal gangue is significant lower than soil
[5]. Different filling matrices affect bulk density,
structure, water and nutrient contents of surface soil,
and that crop growth is also affected. There have
been numerous investigations on the effects of backfilled matrices on reclaimed soil, but the characteristics of these matrices have been poorly investigated.
An investigation on infiltration rates (starting, constant and average rates) by Hu et al. showed that a
mixed ratio sample of soil and coal gangue rapidly
decreased infiltration rates (starting and average
rates) with increasing soil: coal gangue ratios; constant infiltration rates increased [6]. Coal gangue,
consisting of rock fragments with particles greater
than 2mm, and having a high number of macropores,
has high infiltration rates and low moisture contents.
Fine structured soil combined with coal gangue can
improve the pore structure of the coal gangue, therefore making a more effective matrix which can be
used as a filling material for land reclamation. Therefore, studying the characteristics of mixed matrices
is very important. Transport properties of air and water in soil are also important to determine soil quality
and their influence on plant growth.
This study therefore investigates the effects of
mixing fly ash, silty clay loam and loamy soil to hydraulic conductivity and air permeability in coal
gangue. Results from this investigation will provide
greater understanding for using mixed matrices for
land restoration.

ABSTRACT
Hydraulic conductivity and air permeability of
surface soil in land reclamation using waste material
has important implications for land restoration. Coal
gangue, a waste material of coal extraction, is one of
the most used materials in China for land reclamation. This material, however, consisting of rock fragments and having a high number of macropores, has
high infiltration rates and poor water holding capacities. Coal gangue also contains heavy metal elements which are readily leached and pose environmental problems for local groundwater sources. In
order to identify the most suitable soil matrix for
land reclamation, we investigated the effects of coal
ash, silty clay loam and loamy sand on infiltration
and air permeability in coal gangue. Results of the
van Genuchten model accurately fitted the water
characteristic curves of samples and showed that the
presence of coal ash and silty clay loam in coal
gangue can improve the saturated moisture content.
The formation of mixed matrices creates more flow
channels in the soils and reduces cumulative infiltration and ks. Coal gangue mixed with silty clay loam
effectively improves air permeability in the samples.
ka values of coal gangue are less than those for the
coal gangue- fly ash mixture (G-A) for low water
content; coal gangue mixed with fly ash will decrease air permeability. We found that silty clay
loam is the most effective medium to improve coal
gangue properties.
KEYWORDS:
coal gangue, mixture matrices, hydraulic conductivity, air
permeability

,1752'8&7,21
With recent rapid expansion of the mining industry in China, China has become one of the largest
coal producing and consuming countries in the word;
in 2015 China produced 3.65 billion tons of coal.
The solid waste of coal production, coal gangue, accounts for 15%~20% of all raw coal, and it is the
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FIGURE 1
Map of the Huainan region and the sketch map of sampling points
TABLE 1
Particle size distribution of the coal gangue
Sample
Coal gangue

Particle content/%
<2mm 2mm~5mm
19.25
17.50

5mm~10mm
25.58

PP
37.67

The initial moisture content/%
0.83

TABLE 2
Physical properties of the fly ash, silty clay loam and loamy sand
(International soil science society textural class)
Samples
Coal ash
Silty clay loam
Loamy sand

d<0.002mm
content
(kg/kg)
0.102
0.312
0.200

GPP
content
(kg/kg)
0.768
0.687
0.049

GPP
content
(kg/kg)
0.130
0.001
0.751

MATERIALS AND METHODS

Saturated
content
(g/g)
0.493
0.474
0.334

water

Organic
matter
(g/kg)
0.96
11.75
6.87

Routine methods were used to characterize the fly
ash, silty clay loam and loamy sand. Particle size distribution was measured using a Rise-2006 laser particle size analyzer. The saturated water content was
determined by oven drying material to a constant
mass at 105ć for 24h. The organic matter content
was determined by redox reaction with potassium dichromate titration. All of the results for these analyses are shown in Table 2.
The coal gangue was thoroughly mixed with
air-dried fly ash, silty clay loam and loamy sand at
20% gravimetric proportion. The coal gangue and
mixtures were set for 0.05g g-1 in initial moisture
content with raw coal gangue being the control.

Sampling sites and processes. The samples
were all collected from Huainan, Anhui province,
east China (Fig. 1). Huainan city is located in the
temperate zone of the continental monsoon climate
area: it has 2279 annual average sunshine hours, a
mean temperature range of 14.3 to 16.0Ԩ, mean annual rainfall of 937 mm and a relative humidity of
76%.
Coal gangue samples were collected from coal
waste piles at Panyi coal mine and fly ash was collected at Huainan coal fly ash factory. Silty clay
loam and loamy sand samples were extracted from 5
to 10cm depths at the Dong Chen ecology garden and
from the Huaihe river shore, respectively (Fig. 1).
Particle size distribution of the coal gangue was determined by dry sieving through 2mm, 1cm and 5cm
meshes, results of which are shown in Table 1. The
soil samples were air-dried and sieved through a
0.5mm mesh to remove impurities in the laboratory.

Measurements. The coal gangue and mixed
samples were placed into cutting rings (height 6cm,
inner diameter 10cm) to a depth of 5cm to obtain a
bulk density of 1.53g cm-3. The samples were then
placed into water for 24h to fully saturate to determine their saturation moisture content. We estab-
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the sample column was covered with coarse filter paper. Prior to analysis, the cores were place in water
until a constant mass was achieved before being left
to drain freely for12 hours to reach field capacity.
We then establishing and maintained a constant 2cm
head of water on the surface of the soil samples using
a Mariotte bottle (Fig.2). The time of initial water
flow was recorded and cumulative infiltration rates
were determined from the initial volume of water
supplied from the Mariotte bottle, measured at timed
intervals, until a constant flow rate was achieved
[11]. The coal gangue mixed samples were then left
to saturate and analysis was repeated to determine
saturated hydraulic conductivity.
Air permeability (ka) was measured using a
falling-pressure method [12], the schematic diagram
is shown in Figure 3. The sample matrix was packed
as per the method for the cumulative infiltration. The
columns were then sealed with rubber pistons to create a sealed area (thus ensuring the surface area was
not exposed to the air). The lower surface of the samples was not sealed leaving these exposed to the air.
An inflator was used to input air into the air chamber
to pressurize the upper surface of the sample. The air
inlet was then closed ensuring that air could only escape by passing through the samples. A U-tube manometer was connected to the column to measure the
air pressure at the upper surface of the sample. Air
pressure changes were recorded over time and air
permeability was calculated by:

lished the soil water characteristic curve (SWCC) using a Multi-fold pF Meter (DIK-3423). The SWCC
describes the relationship between soil water content
and soil suction, a key parameter to determine unsaturated hydraulic conductivity [7]. In order to further analyze soil water content and soil suction,
equations by Brooks and Corey (BC)(eq.1) [8] and
van Genuchten(VG)(eq.2) [9] were used to fit the experimental data. The BC model equation is:
ș െ șU
KG 1
ൌ ൬ ൰ ሺሻ
șV െ șU
K
whereǡ șV is the saturated water content; șU is the
residual values of the soil water content; K is soil
suction; KG is the value of air entry suction; and N is
the empirical constant.
The VG equation is given by:
P
ș െ șU

ൌ
൨
ሺሻ
șV െ șU
  ሺĮKሻQ
where ǡ Į , K and m are empirical constants
where m=1-1/n.
We then used RETC software to select the best
model to fit the data. After fitting the curve, the
equivalent diameter D (um) was determined as:

ሺሻ
'ൌ
6
where, S is soil suction (cm H2O).
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where, V is the volume of the air chamber and
the blank space of organic glass columns (m3); L is
the length of the sample P  ȝ LV JDV YLVFRVLW\
(1.86×10-5 Pa s); A is the cross-sectional area of the
specimen (m2); Patm is the atmospheric pressure
(101.3 kPa). S was calculated using the following
equation:

FIGURE 2
Schematic diagram of the water effluent volume
measuring system

s

ª P 0  Patm P t  Patm º
In «
» / t (5)
¬ P 0  Patm P t  Patm ¼

where, P(0) is the initial pressure; and P(t) is the
air pressure at time t.

FIGURE 3
Schematic diagram of the air permeability measuring system

RESULTS AND DISCUSSION

To analyze cumulative infiltration and saturated hydraulic conductivity, samples were measured using the constant head method [10]. Coal
gangue and mixed samples were uniformly packed
into organic glass columns (height 20cm, inner diameter 10cm) to obtain a bulk density of 1.53g cm-3
at a height of 10cm. The inner walls of the glass columns were coated with petroleum jelly prior to sample filling to ensure water and air passed through the
samples and not along the column walls. The base of

The water characteristic curve. The BC and
VG models were used to fit the data from RETC software, the fitted results are shown in Table 3. We
found that the BC and VG equations effectively fitted the SWCCs, but the R2 values showed the VG
model to indicate a better fit than the BC model. The
equivalent diameters and pore distributions are
shown in Table 4.
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TABLE 3
Fitting parameters of the water characteristic curve form equations proposed by BC and VG.
Brooks and Corey model
hd
N
3.45
0.35
0.88
0.52
4.13
0.29
0.98
0.46

Samples
C-G
G-A
G-C
G-S

R2
0.997
0.964
0.994
0.904

van Genuchten model
Į
mn
2.65
0.38
1.18
0.50
2.16
0.32
3.05
0.35

R2
0.998
0.994
0.994
0.974

TABLE 4
The equivalent diameter and pore distribution of coal gangue and sample mixtures
Sample

>300
6.39
1.88
3.69
3.05

C-G
G-A
G-C
G-S

150~300
0.70
0.40
0.46
0.67

60~150
0.48
0.22
0.27
0.37

equivalent diameter/um
15~60
6~15
0.62
0.17
0.05
0.10
0.42
0.12
0
0.17

0.22

G-A

G-C

G-S

Water content (g/g)

0.20
0.18
0.16
0.14
0.12
0.10
0.08
0

200

400

600

800

1000

2.4~3
0.03
0.02
0.03
0.08

%
<2.4
7.88
18.22
13.77
10.85

mainly residual water content was influenced by capillary pores; more capillary pores in a sample resulted in greater water binding capacity. Miller et al.
discovered that with increasing soil particle diameter, capillary porosity decreased and aeration porosity had increased [13]. Silty clay loam has more fine
particles than fly ash, thus the G-C mixture naturally
had more capillary pores than the G-A mixture.
However, we found that the G-C mixture had more
macropores and fewer capillary pores; and more
macropores than the G-S mixture. Results in Table 4
show that the G-A sample had fewer pores >300 um
in diameter than in the G-C sample (1.88% and
3.69%, respectively). Pores<2.4 um in diameter accounted for 18.22% and 13.77% in G-A and G-C respectively. This indicates that the silty clay loam
mixture was more effective in improving the structure and pore distribution of coal gangue than fly ash.
This finding is supported by Aoyama et al. who
found that long-term application of organic matter
(OM) resulted in an increase of water-stable aggregates [14]; stable aggregates being one criteria for
judging soil structure. As the OM content of the silty
clay loam mixture was greater than that in the coal
ash (Table 2), the silty clay loam mixture can therefore create more stable aggregates in the coal
gangue. Results showed that although all of the
mixed samples increased water binding capacity and
improved sample structure, addition of the silty clay
loam mixture to the coal gangue had the greatest effects.

Figure 4 shows the SWCCs which have the best
fit for the coal gangue and the three sample mixtures.
It can be seen that samples retained water under low
suction pressure; increases in suction pressure resulted in the water contents of the samples to rapid
decrease until only residual water was left in the
samples. This result indicates that pore distribution
in the samples was nonuniform; Table 4 shows that
the equivalent diameters of the sample matrices were
mainly distributed in>300 and <2.4 um pore diameters. Coal gangue (C-G) recorded the lowest residual
water content and the coal gangue-fly ash mixture
(G-A) recorded the highest. Residual water content
results for coal gangue-silty clay loam mixture (GC) were greater than those for coal gangue- loamy
sand (G-S).
C-G

3~6
0.13
0.07
0.15
0.28

1200

Soil suction (cm H2O)

FIGURE 4
Estimated relationship between water content
and suction from equations proposed by van
Genuchten. (C-G, coal gangue; G-A, coal
gangue-fly ash mixture; G-C, coal gangue-silty
clay loam mixture; G-S, coal gangue-loamy sand
mixture).

Saturation water content and field capacity.
Results for saturation water content and field capacity (Fig. 5) show G-A to be the greatest, followed by
G-C. The saturation water content of G-S was the
lowest, however the field capacity result for this
mixture was slightly higher than that for C-G. Coal
gangue contains a high proportion of large rock fragments, particles having a size distribution ranging
from 2mm to 1cm (Table 1). In contrast, fly ash, silty
clay loam and loamy sand were mainly composed of

Results from particle size distribution analysis
indicated that the coal gangue contained a large proportion of rock fragments, therefore indicating that
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ash, silty clay loam and sandy loam all, to differing
degrees, decreased macropores in the samples and
increased micropores (Table 4). Yunbo et al. noted
that there are a variety of polycyclic aromatic hydrocarbons in coal gangue which can be washed out of
the waste residue into local water courses. They also
highlighted that coal gangue contains a large number
of major elements, such as Si, Al, Fe, S, Ca, Mg, etc,
which can also lead to groundwater pollution by
long-term leaching [17]. Because coal gangue has
high infiltration rates which can result in heavy metals readily passing through the matrix, using coal
gangue as a land reclamation fill matrix can lead to
groundwater pollution. Thus, permeability is an important factor to consider when evaluating whether a
matrix is suitable for use as part of the reconstructing
soil [18]. Reducing cumulative infiltration of the
mixed matrix will therefore as a vertical barrier reduce heavy metals leaching from the coal gangue
and therefore reduce contamination of groundwater
sources [19].

fine particles (Table 2). Combining the ash, silty clay
loam and loamy sand with coal gangue therefore
changed the porosity condition, as seen in Table 4.
Results showed that the majority of pores (equivalent diameter and pore distribution) in the samples
were <3um and >150um in diameter, diameters
mainly achieved after the different matrices were
mixed. Azooz et al. found that pores with a diameter
<7.5 um were effective for retaining plant available
water and pores with a diameters>150 um were effective for freely draining water [15].Therefore, the
field capacity of our samples coincide with the volume ratio of total porosity with pores<7.5um in diameter. Coal gangue mixed with fly ash, silty clay
loam and loamy sand had a positive effect on the development of pores<7.5um in diameter which led to
an increase in field capacity. Bhattacharyya et al.
found that saturation water content was affected by
texture and the specific surface of the soil material;
a sandy clay loam soil can therefore effectively increase water storage and transmission properties
[16]. Therefore, mixed with fly ash and silty clay
loam, the saturation water content of coal gangue increased.
However, for the G-S sample, the saturation
water content decreased as the sample texture was
coarser and the specific surface was smaller than for
G-A or G-C, both of which increased the total pore
space in the coal gangue. Although silty clay loam
has more fine particles than fly ash, the G-A mixture
had a higher saturation water content than G-C because fly ash has a greater specific surface.

0.30

Saturation water content
Field capacity

Water content (g/g)

0.25
0.20
0.15
0.10
0.05
0.00

Cumulative effluent and saturated water
conductivity (ks). Cumulative effluent results for
coal gangue and the mixed samples were shown in
Figure 6. It can be seen that infiltration rates were
fastest for the coal gangue and slower for the mixed
samples. This result indicates that the addition of fly

C-G

G-A

G-C

G-S

FIGURE 5
Saturation water content and field capacity after
mixing with fly ash (G-A), silty clay loam (G-C)
and loamy sand (G-S)

Cumulative effluent (ml)

30
C-G

G-A

G-C

G-S

25
20
15
10
5
0

Cumulative effluent (ml)

30
25
20
15
10
5
0

0

2

4

6

8

10

12

Time (minute)

0

2

4

6

8

10

12

Time (minute)

FIGURE 6
Cumulative infiltration over time for coal gangue (C-G), fly ash mixture (G-A), silty clay loam mixture
(G-C) and loamy sand mixture (G-S)
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Mixed samples with fly ash, silty clay loam and
loamy sand had lower ks values than raw coal gangue
(Fig. 7). The ks of coal gangue was considerably
greater than the mixed matrixes, probably being attributed to a greater volume of macropores (Table 4).
Poulsen et al. found macropores to almost be a complete determinant of ks [20]. G-A had a lower volume
of macropores than G-C and G-S (Table 4), yet ks for
G-A was higher than G-C and G-S. This result is
probably related to the high micropore content of this
sample which was effective for water percolation
[21]. The shorter water flow breakthrough time indicated that G-A had better pore continuity which resulted in a more fluent flow of water through the soil
column. Osunbitan et al. found that a relatively low
coefficient of linear regression between total porosity and ks indicated that total porosity was not the major determinant of ks; they suggested that the result
was influenced by macropore continuity [22].

Air permeability
2
10
ka (m /10 )

4.0

Saturated hydraulic conductivity
Ks (cm/s)

2.0
1.5

4

6

8

10

12

14

16

18

20

Water Content (g/g)

FIGURE 8
Estimated relationship between ka and water
content
Although C-A has a higher ks, it tended to have
a lower ka and declined faster than G-C and G-S,
suggesting the existence of a blockage effect. The ka
values of G-A were always below the ka values of CG, C-C and C-S, indicating a higher number of
macropores (Table 4). Blackwell et al. also found
that ka is mainly controlled by soil pore size distribution, especially the volume of soil macropores [23].
However, although C-G contains more macropores
than G-C and G-A, the value of ka for C-G was less
than G-C and G-A for water content, thus indicating
that ka also depends on the continuity of macropores.
Moldrup et al. found that ka is not only controlled by
the volume of macropores, but also by the continuity
of the macropores. Furthermore, they showed that ka
was more dependent on soil structure (pore connectivity and continuity) [24].
When the water content increased to approximately 8%, ka values for C-S fell to below the value
for C-G. However, the ka values of G-C were always
higher than C-G as a whole. Thus, we find that coal
gangue mixed with the silty clay loam can effectively improve air permeability.

0.5
0.4
0.3
0.2
0.1
0.0

G-C

2.5

0.0

0.6

G-A

3.0

0.5

Saturated hydraulic conductivity

C-G

2

C-G R =0.998
2
G-A R =0.997
2
G-C R =0.993
2
G-S R =0.962
Fitted

3.5

1.0

0.8
0.7
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G-S

FIGURE 7
Comparison of saturated hydraulic conductivity
(ks) after mixing with fly ash, silty clay loam and
loamy sand
Air permeability (ka). Results in Figure 8
show water content and ka of coal gangue had a
strong positive linear relationship (R2= 0.998); results for water content and ka of the mixed matrices
had strong power function relationships(R2=0.997,
0.993, 0.962 for G-A, G-C and G-S, respectively).
With an increasing water content, the ka of the three
mixtures initially decreased faster than that for C-G;
the water content at 8.0%, 12.5% and 15.0% for GA, G-C and G-S, respectively, then decreased at a
slower rate. This result was probably related to the
presence of a blockage effect in the samples where
water blocked the pores to effectively prevent air
transmission. As the three mixed samples contain
more micropores than C-G, they filled up with water
which resulted in air being unable to pass through the
samples. Compared with the rates of decrease for ka,
the rate of decrease is consistent with micropore content: the rate of decrease increased with increasing
micropore content. We can therefore conclude that
the rate of decrease for ka is predominantly controlled by micropore content.

CONCLUSIONS
This investigation into the effects of fly ash,
silty clay loam and loamy sand on hydraulic conductivity and air permeability of coal gangue showed
that the BC and VG model all effectively fit the
SWCCs. The porosity condition significantly influenced water content. The particle composition is a
major reason influences the soil porosity condition.
Coal gangue mixed with fly ash, silty clay loam and
loamy sand can improve the structure and pore distribution of coal gangue, which decreased
macropores and increased micropores. The presence
of fly ash and silty clay in coal gangue had a positive
effect on the saturated moisture content and field water content of coal gangue. The mixed matrices had
more flow channels and more organic matter than
coal gangue which decreased cumulative infiltration
and ks. Cumulative infiltration and ks were mainly
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[4] &KHQJ:%LDQ=)'RQJ-+DQG/HL6*
 6RLOSURSHUWLHVLQUHFODLPHGIDUPODQGE\
ILOOLQJVXEVLGHQFHEDVLQGXHWRXQGHUJURXQGFRDO
PLQLQJ ZLWK PLQHUDO ZDVWHV LQ FKLQD 7UDQVDF
WLRQV RI 1RQIHUURXV 0HWDOV 6RFLHW\ RI &KLQD
  
[5] :DQJ-/L;%DL=DQG+XDQJ/  
7KHHIIHFWVRIFRDOJDQJXHDQGIO\DVKRQWKHK\
GUDXOLFSURSHUWLHVDQGZDWHUFRQWHQWGLVWULEXWLRQ
LQUHFRQVWUXFWHGVRLOSURILOHVRIFRDOPLQHGODQG
ZLWK D KLJK JURXQGZDWHU WDEOH +\GURORJLFDO
3URFHVVHV  
[6] +X =+ :DQJ '/ +X 4< DQG /L ;
  ,QILOWUDWLRQ ODZV RI ZHDWKHULQJ JDQJXH
6FLHQFHRI6RLO :DWHU&RQVHUYDWLRQ  

[7] <XVRI0)6HWDSD$67DMXGLQ6$$0D
GXQ$$ELGLQ0+=DQG0DUWR$  
7KH VRLOZDWHU FKDUDFWHULVWLF FXUYH RI XQVDWX
UDWHGWURSLFDOUHVLGXDOVRLO  
[8] %URRNV5+DQG&RUH\$7  +\GUDXOLF
3URSHUWLHV RI 3RURXV 0HGLD 2Q WKH SROLWLFDO
HFRQRP\RIVRFLDOGHPRFUDF\0F*LOO4XHHQ V
8QLYHUVLW\3UHVV
[9] *HQXFKWHQ079  $FORVHGIRUPHTXD
WLRQIRUSUHGLFWLQJWKHK\GUDXOLFFRQGXFWLYLW\RI
XQVDWXUDWHGVRLOV 6RLO6FLHQFH6RFLHW\RI$PHU
LFD-RXUQDO  
[10] .OXWH$'LUNVHQ&DQG.OXWH$  +\
GUDXOLFFRQGXFWLYLW\DQGGLIIXVLYLW\ODERUDWRU\
PHWKRGV ,Q .OXWH $ (G  0HWKRGV RI VRLO
DQDO\VLV3DUW$JURQ0RQRJU1R$6$DQG
666$0DGLVRQ:,±
[11] 5DGXORYLFK5  6RLOPDFURSRUHVL]HGLV
WULEXWLRQ IURP ZDWHUEUHDNWKURXJKFXUYHV 6RLO
6FLHQFH6RFLHW\RI$PHULFD-RXUQDO  

[12] /L+-LDR--DQG/XN0  $IDOOLQJ
SUHVVXUHPHWKRGIRUPHDVXULQJDLUSHUPHDELOLW\
RIDVSKDOWLQODERUDWRU\ -RXUQDORI+\GURORJ\
 ± 
[13] 0LOOHU 1$ DQG +HQGHUVRQ --   2U
JDQLF PDQDJHPHQW SUDFWLFHV RQ DWKOHWLF ILHOGV
SDUWWKHHIIHFWVRQSOD\LQJVXUIDFHFKDUDFWHU
LVWLFVDQGVRLOSK\VLFDOSURSHUWLHV&URS6FLHQFH
  
[14] $R\DPD0$QJHUV'$DQG1 'D\HJDPL\H
$  3DUWLFXODWHDQGPLQHUDODVVRFLDWHGRU
JDQLF PDWWHU LQ ZDWHUVWDEOH DJJUHJDWHV DV DI
IHFWHGE\PLQHUDOIHUWLOL]HUDQGPDQXUHDSSOLFD
WLRQV&DQDGLDQ-RXUQDORI6RLO6FLHQFH  

[15] $]RR]5+$UVKDG0$DQG)UDQ]OXHEEHUV
$-  3RUHVL]HGLVWULEXWLRQDQGK\GUDXOLF
FRQGXFWLYLW\DIIHFWHGE\WLOODJHLQQRUWKZHVWHUQ
FDQDGD6RLO6FLHQFH6RFLHW\RI$PHULFD  


controlled by macropores and pores continuity. The
rate of decrease for ka was mainly controlled by micropore content, both the volume of macropores and
continuity. Coal gangue mixed with silty clay loam
can effectively improve air permeability.
Results from this investigation have shown that
a coal gangue mixed matrix affects hydraulic conductivity and air permeability. Our results showed
that a mixed matrix of silty clay loam and coal
gangue is most effective for improving coal gangue
properties. This mixture had increased residual water
content, saturation water content and field capacity
compared to the raw coal gangue. Water retention in
the soil matrix would therefore be beneficial to vegetation development. The addition of silty clay decreased the cumulative infiltration and saturated water conductivity of coal gangue which can reduce the
cumulative infiltration which will prevent heavy
metals within the coal gangue entering the groundwater, therefore reducing contamination. Combining
silty clay loam with coal gangue also improved air
permeability, one of the necessary conditions for
vegetation growth which can influence the gas exchange of soil and air to further affect plant respiration and photosynthesis. Thus, our study provided
new information which can be used in the management of reclamation programs and improve plant
growth.
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treatment cost, the death of fish etc. Electrochemical
oxidation technology takes advantage of the effect of
applied electric-field, by a series of chemical reactions, electrochemical or physical processes taking
place in a specific electrochemical reactor, to
achieve the aim of removing the pollutants in
wastewater or recycling the useful material. In the
electrochemical process, ammonia is removed by either direct or indirect electrochemical oxidation process, which is oxidized into nitrogen gas. In recent
years, electrochemical oxidation has gathered public
attention for it allows for a higher efficiency, less occupied area, without secondary-pollution. Moreover,
it has been successfully applied in the purification of
wastewater from domestic sewage [1, 2], landfill
leachates [3, 4], tanneries [5, 6], phenols [7, 8], dye
production [9], textile industry wastewater [10, 11],
refractory organic compound degradation [12, 13],
coking wastewater [14], chemical industry [15-17],
commercial formulation [18, 19] etc. But there are
few reports on the study of low-concentration of ammonia nitrogen. This study seeks to use electrochemical processes to treat the secondary effluent from
wastewater treatment plants(WWTP) to identify the
processing effect on the low-concentration ammonia
nitrogen wastewater.

To investigate the electrochemical degradation
of low concentration ammonia nitrogen contained in
the secondary effluent from wastewater treatment
plant(WWTP), the effect of various operating factors, including initial chloride ion, current density,
pH and plate distance, were studied. The results revealed that the higher the initial chloride ion concentration was, the better the ammonia nitrogen removal
effect was. When the initial chloride ion concentration was 300 mg/l, the energy consumption was relatively low and current efficiency was relatively
high. Meanwhile, removal of ammonia nitrogen increased with the current density improved. In addition,
when the current density was 10mA/cm2 and retention
time of 10 min, the ammonia nitrogen concentration
was almost reaching to 0 mg/L. By increasing current
density continually, current efficiency could be reduced for the surplus electricity would be consumed
by the electrolysis of water, because alkalescence
condition was conductive to the removal of ammonia, and electrochemical oxidation rate of ammonia
reached the maximum value 0.49mg·L-1·min-1 when
the pH was about 10. For plate distance of 2 cm, the
removal efficiency was not obviously increased. It
was found that the ammonia electro-oxidation course
followed first order kinetics.




#!"#"

88*:*<=; The electrochemical device consisted of the DC power supply, electrolytic cell and
electrode plates. The schematic diagram of main apparatus is shown in Fig.1. The direct stabilized current supply can output the current varied from 0 to
35A and the voltage ranged between 0 to 50V, which
is produced by Beijing Dahua electrical company.
The electrolytic cell was made of synthetic glass, with
a dimension of 160 x 150 x 160 mm, and an effective
volume of 3.8l. Tests were carried out using an electrolytic device which consisted of stainless steel cathode plates and titanium anode plates coated with noble metals which include Ru, Ir etc. There are 5 pairs
of the anodes and cathodes with the specification of
each plate being 50 ×100 ×1.2 mm and the surface
area ratio of cathode to anode is 1.

(&!"
Electrochemical oxidation, ammonia nitrogen, energy
consumption, oxidation rate
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There are many forms of nitrogen in the
wastewater such as molecular nitrogen, organic nitrogen, ammonia nitrogen, nitrate nitrogen and nitrite nitrogen, etc. And ammonia nitrogen is the
main product. Excessive ammonia nitrogen in
wastewater will reduce the dissolved oxygen, and
stink and black the water, thus affecting the survival
of aquatic plants. In addition, excess nitrogen discharged into water can contribute to eutrophication
and induce serious consequences such as deterioration of water quality, the increase of wastewater
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!*? ?*<.: 9=*42<A The wastewater used for
this study was taken from eastern suburb wastewater
treatment plant in Tangshan areaevery time the
water treatment amount was 3L. The ammonia nitrogen concentration of the raw sewage was 1.4mg/l1.8mg/l and electrical conductivity was 1200μs/cm,
as well as the pH changes from 6 to 8.

@8.:25.6<*4 5.<17-; In this experiment,
static state was adopted and 3L wastewater was
added at one time to study the effects of different initial chloride ions, current densities, initial pH values, constant pH values and plate distances on ammonia nitrogen removal. Samples were collected at
5, 10, 15, 20, 25 and 30 min in order to measure the
removal of ammonia, at the same time, record the
voltages.
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//.,<; 7/ -2//.:.6< 262<2*4 ,147:2-. 276; 76
*55762*62<:70.6:.57>*4As is shown in Fig. 2,
the removals of ammonia nitrogen versus retention
time at various current densities with the plate distance of 1 cm were depicted. In Fig.2 (a), there was
remarkable influence on the removal of ammonia nitrogen when the chloride ion concentration increased
from 0 to 500 mg/L, when the initial chloride ion
concentration was 300, 400, 500mg/land it took 25,
25, 20min for the ammonia concentration to reduce
from 1.7mg/L to 0mg/L respectively. In the time
view, there was no obvious degradation effect difference on the removal of ammonia. As is shown in Fig
2(b), ammonia oxidation rate increased linearly with
the initial chloride ion concentration, the correlation
coefficient was 0.99759, indicating that the increase
of chloride ion was favorable for the removal of ammonia, that was for the concentration of chloride ion
played a great role in the concentration of hypochlorite ion, the higher the concentration of chloride
ion was, the higher the concentration of hypochlorite
ion was. In addition, ammonia oxidation rate increased linearly with the chloride ion concentration
from 0-500mg/L. Previous studies have reported
similar tends that the ammonia oxidation rate increased linearly with the chloride ion concentration
from 80-400mg/l [20].
Fig.2 (c) shows the effects of initial chloride ion
on energy consumption. As depicted in Fig. 2 (c), the
energy consumption decreased with the increase of
initial chloride ion, due to the increase of chloride
ion, generating stronger oxidizing intermediate ClO-.
Therefore, it could reduce the energy consumption.
Moreover, energy consumption reduced little with
the initial chloride ion concentration raging from
300mg/L to 500mg/L. After comprehensively considering the energy consumption and that initial
chloride ions could not increase indefinitely, it was
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concluded that the optimal initial chloride ions concentration was 300mg/l.

//.,<;7/-2//.:.6<,=::.6<-.6;2<2.;76*5
5762*62<:70.6:.57>*4Fig. 3 shows the removals
of ammonia nitrogen versus retention time at various current densities with the plate distance of 1 cm.
Setting the current densities were4mA/cm²,
6mA/cm²8mA/cm², 10mA/cm² and 12mA/cm², respectively to analyze the effects of different current
densities on ammonia nitrogen removal. The result
was shown in Fig. 2.

 


  

As is shown in from Fig 3(a), at the same retention time when the current density was relatively low
with the increase of current density, the removal of
ammonia nitrogen increased. Concurrently, as
shown in Fig.3(b), there was a good linear relationship between the current density and ammonia oxidation rate. The higher current density was set, the
better ammonia oxidation rate was got. Besides, the
correlation coefficient was 0.9877, which indicated
that current density had a remarkable influence over
the removal of ammonia. But that was not increase
indefinitely, when the current density increased to a
certain degree and the removals increased slowly,
that’s for the excessive electrons went directly to the
electrolyte instead of reacting on the plates’ surface.
In addition, Fig.3(a) illustrates that at a current density of 10mA/cm2, the ammonia nitrogen concentration was almost approach to 0 mg/L in ten minutes,
if increasing the current density continually, the excessive electric quantity would be consumed by the
electrolysis of water, high current density will generate large amounts of oxygen, and preventing the
chloride ion and ammonia from touching with the
plates surface, thus reducing the current efficiency.
As is shown in Fig.3(c), the relationship between current density and energy consumption was
depicted. At the same electrolysis time, the energy
consumption increased with the increase of current
density and the energy consumption between different current densities changed obviously. When the
current density was lower, the energy consumption
increased little with the prolonging of the electrolytic
time. In addition, when the current density was less
than or equal to 10mA/cm2, the energy consumption
was obtained to the maximum value in ten minutes.
And energy consumption curves were nearly parallel
over ten minutes. Taking the influence of current
density and electrolytic time over the energy consumption into consideration, both the current density
and electrolytic time should be reduced to the greatest extent on premise that ammonia nitrogen removal
demand could be satisfied. Therefore, the optimal
current density was 10mA/cm2.

//.,<;7/262<2*4876*55762*62<:70.6:.
57>*4In this experiment, sulfuric and sodium hydrate was applied to adjust the pH of electrolyte.
Fig.4 shows the effects of initial pH on ammonia nitrogen removal. As shown in Fig.4(a), it could be
concluded from the experiments that initial pH had
little effect on ammonia electro-oxidation removal,
on the whole, the solution in alkalescence condition
exhibited better ammonia removal effect than in
acidic condition. This was consistent with Agnieszka
Kapalka’s experiments [21], in which Ni/Ni(OH)
was used as the electrode plates and it showed that
the ammonia removal effect is related to pH, when
the pH value is higher than 7, the ammonia removal
effect will be better. As shown in Fig. 4(b), ammonia
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ammonia concentrtionmg/ L

oxidation rate reached the highest level in alkalescence circumstance, which was better than
strong acidic and alkaline conditions. Under acidic
conditions ammonia oxidation rate increased with
the increase of initial pH, and reaching it’s maximum
when the pH was equal to 5. Similar results were reported by CHEN Jinluan [22]. Previous studies have
reported thatfree chlorine first increased then
dropped with the increase of pH, and reaching the
max content when the pH was equal to 7 [23]. In addition, the content of free chlorine would taper off
when the PH value was greater than 7. According to
mechanism of ammonia removal, indirect oxidation
removal of ammonia depends mostly on the strong
oxidizing medium, which generated by the chloride
ion contained in the water. That’s basically in line
with the previous experiment results [24]. Fig.4(c)
shows the variety of pH values during the electrochemical oxidation. The results clearly demonstrated
that the electrolyte pH decreased with the retention
time prolonged when the initial pH ranging from 3
to 8. That’s because chlorine dissolved in wastewater
during the electrolysis process, the reaction taking
place were shown in the following equations (equation 3-1 and 3-2), meanwhile, hydrogen ions would
be generated as well. Therefore, the electrolyte PH
decreased with the retention time prolonged. Liang
Li have observed that when chlorine ion coexists
with ammonia, ammonia nitrogen was oxidized to
HCl by free chlorine (equation 3-4 and 3-5), thus
making the pH of the solution decreased with the increase of electrolysis time [25]. When the initial pH
was about 10, the pH of the solution decreased with
the increase of electrolysis time, reducing to the minimum in 75 minutes, then it increased gradually,
that’s because ammonia has been degraded completely, the main reaction in this stage is the O2 and
H2O reaction of OH-(equation 3-5). The pH of the
solution changed little during the electrochemical
oxidation process when the initial pH was 12, because the hydrogen ions quantity generated in this
process were not enough to change it.
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//.,<;7/-2//.:.6<84*<.-2;<*6,.;76*557
62*62<:70.6:.57>*4As is shown in Fig.5, the influence of plate distance for the removal effect of ammonia nitrogen was exhibited. The results revealed
that the plate distances were too large or too small
were not favorable for the ammonia removal.
Through Reducing the plate distance, the strength of
the electric field between the plates increased, which
led to migration rate of the charged ion increased as
well as increased the chance of direct electrochemical reaction. Meanwhile, passivation would occur on
the plates surface when plate distance was small,

2 +  2 →  +  − +  +
(3-1)

 ↔  − +  +
(3-2)

2  3 + 3 →  2 + 3 + 3 2
(3-3)

2  3 + 3 − →  2 + 2  + 2  2
(3-4)
−

2 +  2 + 2 − → 2 +  −
(3-5)
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which would consume more energy. In addition, energy consumption increased with the plate distance
because the ohmic resistance between the plates became large, and a high voltage was needed to
maintain a moderate current density. As is shown in
Fig.5(b), ammonia oxidation rate decreased with the
increase of plate distance, namely, the wider the
plate distance was, the longer the diffusion distance
of hypochlorite ion was. When all of these problems
were considered together, 1.5cm was the appropriate
plate distance in this study.
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# 
6*4A;2;7/<1.326.<2,;7/.4.,<:7,1.52,*47@2-*<276?2<18*:*5.<.:;
Initial chloride ion concentrate C0
(mg·L-1)
reaction rate constant (k/min-1)
correlation coefficients R Square
Current density (j/mA·cm2)
reaction rate (constant k/min-1)
correlation coefficients R Square
Constant pH value
reaction rate constant(k/min-1)
correlation coefficients R Square
Plate distance mm
reaction rate constant (k/min-1)
correlation coefficients R Square

100

200

300

400

500





0.0524
0.9373
4
0.0337
0.9658
3.76
0.1548
0.9634
5
0.1008
0.8078

0.0797
0.8501
6
0.0621
0.97533
5
0.1746
0.8623
10
0.0379
0.8233

0.1876
0.8763
8
0.1226
0.8253
6.08
0.1792
0.9207
15
0.2111
0.8832

0.1892
0.8017
10
0.1942
0.8155
8.12
0.1940
0.7964
20
0.1877
0.8585

0.1937
0.8840
12
0.2924
0.8444
9.54
0.2377
0.9494







10.18
0.2566
0.8864







11.96
0.1815
0.8982








6*4A;2; 7/ <1. 326.<2,; 7/ .4.,<:7,1.52,*4
7@2-*<276 As is shown in Fig.6, the relationship
among ln(C0/Ct) and initial chloride ion, current density and plate distance in the electrochemical oxidation process were shown in Fig.6a, Fig.6b and
Fig.6d. There was a good linear relationship between
ln(C0/Ct) and electrolysis time. Correlation coefficients R Square for each aggressive equation were
above 0.8. Meanwhile, the high correlation well testified ammonia electro-oxidation reaction according
with first order kinetic, while initial chloride ion and
current density were under the experiment range.
According to the first order kinetics, slope of the line
represented the reaction rate constant KK values
in different conditions showed in Table 1. And the
table reveals that under different chloride ions concentration and current densities circumstances, reaction rate constants were quite different, which indicated that chloride ion and current density have a significant influence on the reaction rate constant. Besides, Fig. 6c shows the relationship between
ln(C0/Ct) and electrolysis time. There was a good linear relationship between ln(C0/Ct) and the electrolysis time following first-order kinetics. There was less
difference among different pH values, which indicated that pH has little influence on the reaction rate
constants.

plate distances were too long or too small were not
favorable for the ammonia removal. There was no
obvious increase in the removal effect when the plate
distance reaches 2cm.Besides, process of ammonia
removal by electrochemical oxidation was basically
in accord with the first order kinetics law, the reaction rate constant clearly depended on current density, initial chloride ion as well as plate distance.
&#"
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In this study,    L. plant extract was
applied on carp at acute and sub-chronic durations
in different periods (4 and 30 days) and at different
doses (5, 10 and 20 ppm). After the application,
adrenocorticotropic hormone (ACTH), cortisol and
aldosterone hormone levels were determined in the
serum. It was found out that there was a significant
increase at ACTH level in 10 and 20 ppm groups at
acute and in all dose groups at sub-chronic periods
when compared to control group (p<0.05). It was
found significant that cortisol hormone level decreased at acute period 10 and 20 ppm in dose
groups but, in all dose groups at sub-chronic period
cortisol level increased according to the control
group (p<0.05). It was determined that aldosterone
hormone levels increased significantly at acute
period in all dose groups related to the control
group and at sub-chronic period, it also increased at
10 and 20 ppm groups (p<0.05). Increasing of serum ACTH levels at acute and sub-chronic period
and serum cortisol levels at sub-chronic period was
thought as an adaptive organization towards to
overcome the stress which caused by the application of rosehip extract on the fish.



terial, antifungal, disinfection, prophylactic etc.)
[1]. These used medicine have known to have many
side effects for environment and human health (the
usage of antibiotics for the growth of the resistant
bacterial strains and the presence of antibiotics left
in the muscles of the trade fish) [2-4]. For this reason, it is insisted to find out harmless and permanent methods for the growth and the health of the
fish [4]. Within the suggested solutions, it is
thought to use organic, environmentally friendly
edible plants with therapeutic effect and their natural products [4-8]. Because of the extract contents
(alkaloids, terpenoids, tannins, saponins, glycosides, flavonoids, phenolic, steroid and volatile
fatty acids), it is reported that they have various
positive effects such as the growth of the fish, appetizer, improvement of immune system, maturing of
cultural species, aphrodisiac and anti-pathogen [7,
9]. However, the little changes occurred in the
aquatic ecosystem such as heat, pH, pollution, applications etc. cause stress in the fish [10, 11]. Fish
make some arrangements against the stress to survive and maintain [12-15]. These arrangements are
biological responses as physiological, immunological and behavioural. Fish make arrangements as
physiologically through endocrine system [16]. It
activates hypothalamic–pituitary–interrenal axis
(HPI) to meet the increased energy need [14, 17,
18]. From the HPI axis, corticotropin-releasing
hormone (CRH) stimulates adrenocorticotropic
hormone (ACTH) and cortisol hormone secretion
[19]. It is reported that the levels of the plasma
cortisol in the fish is important to understand the
stress [20-22]. Furthermore, it is reported that they
are important tools to understand and evaluate the
physiological reactions of the bio-markers belonging to the endocrine system in the fish [23].
The members of the Rosaceae family are used
as food and medical purposes because of their contents (phenolic compounds, vitamins, anions and
cations) [24]. It is known that    decreas-

)'"#
        ACTH, cortisol, aldosterone



$"%$

In recent years, natural solutions have been
tried to decrease the cost of bait, the growth of fish
and health as an alternative supplementary material.
To prevent economical loss, the exogenous hormone and medicine are used as alternative in fisheries to support the growth and cure (such as antibac-
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Group: 4 days, 5 ppm    extract
Group: 30 days, 5 ppm    extract
Group: 4 days, 10 ppm    extract
Group: 30 days, 10 ppm    extract
Group: 4 days, 20 ppm    extract
Group: 30 days, 20 ppm    extract

@<:*,<2768:7,.-=:.The fruits of   
 were collected from Gaziantep province (Turkey) in June, 2012 and identified by Dr. Hasan
Akgul from Department of Biology, Faculty of Art
and Sciences, Akdeniz University (Turkey). The
air-dried fruits of     were grounded in a
mechanic grinder to a fine powder, weighed precisely in a digital balance. Certain amount of powdered material was Soxhlet-extracted with ethanol
(absolute, Merck) during 12 hours at 60oC. Fruit
extracts were filtered (Whatman gared No 4) and
alcohol was removed from the extract under vacuum by Rotary Evaporator (Heildolph Heizbad HB
Digit). The residue was kept at 4 oC and dissolved
in normal saline for the experimental treatment
[28].

es the cholesterol, improves the immune system as
it contains polyphenol compounds (proanthocyanidins and catechins) and has antioxidant, antidiabetic, anti-inflammatory effects [25-27]. However,
the researchers are mostly carried on mammals as
model animals. It is unknown whether rosehip has a
therapeutic effect on carp or other fish species. In
this study, we aimed to determine the effect of the
extracts obtained from the fruit of (    L.)
on serum ACTH, cortisol and aldosterone of carp in
different doses and periods.

2.
3.
4.
5.
6.
7.

$"#$#

625*4; The carps used in the experiment
have the weight of 100-140g and length of 2022cm. The study's Ethics Committee approval was
issued by the Faculty of Veterinary, Selcuk University (letter No. 365, dated 02.26. 2013). The fish
used in the experiment were transported from
Yedikir Fisheries Farm, which is run by the 73rd
Branch Office of General Directorate of State Hydraulic Works, Ministry of Forest and Water Affairs, to the laboratory and were fed in 250-L glass
aquariums (depending on the specific density of
fish 10 g/L) for 15 days, and their adaptation to the
environment was ensured. The experiment was
carried out with a semi-static system in natural light
(12h light-12h dark). During the experiment, fish
were nourished with Pinar pellet feed (45% protein,
19% fat, 3% crude fiber) once a day.

'*<.:9=*42<A,:2<.:2*The water used in the
experiment was first passed through a central water
treatment unit in order to fix its total hardness and
pH and from there, it was transferred into glass
aquariums. The water quality criteria of aquarium
water before and after treatment are given in Table
1.
@8.:25.6<*4 -.;206 The experimental
groups were arranged in different periods (4-30
days) and doses (5-10-20 ppm).
1. Control group: only nourished with the pellet
feed during the experiment

477-;*584.;*6-17:576*4*6*4A;2;After
the experiment, the blood of the fish was taken into
the glass tubes from the dorsal aorta with “direct
tail-cut method”. Blood samples were centrifuged
at +40C and 5000 rpm and the serums were kept at 400C until analysis. For analysing ACTH (Cusabio,
China), cortisol (DRG, USA) and aldosterone
(DRG, USA), measurement kits with ELISA method were used.

#<*<2;<2,*4 *6*4A;2; Statistical analysis was
carried out using the SPSS 10.0 statistical program
(SPSS Inc., Chicago, IL, USA). All data were expressed as arithmetic means ± SE. For the analysis
of the experimental parameters, one-way ANOVA
followed by Duncan’s multiple range test was used.
Student-t test was used to determine the differences
between acute and sub-chronic durations of the
same dosage group. Value of p<0.05 was considered to be statistically significant.

$ 
$1.,:2<.:2*7/?*<.:=;.-26<1..@8.:25.6<

'*<.:!=*42<A
:2<.:2*

 
  

 

 

76<:74
./7:.
/<.:
<:.*<5.6< <:.*<5.6<
11.8 ±0.2
12.2 ±0.1
7.6±0.1
7.9±0.1
7.8±0.1
7.1±0.3
27.4±1.2
31.6±1.4

@8.:25.6<*4:7=8;
885-7;.
885-7;.
./7:.
/<.:
./7:.
/<.:
<:.*<5.6<
<:.*<5.6< <:.*<5.6<
<:.*<5.6<
12.0 ±0.3
12.1±0.4
12.3±0.2
12.2±0.3
7.6±0.2
7.8±0.1
7.6±0.1
7.9±0.2
7.9±0.2
7.0±0.3
7.4±0.1
7.0±0.2
28.0±0.8
32.4±0.9
27.5±0.6
31.8±0.7

885-7;.
./7:.
/<.:
<:.*<5.6<
<:.*<5.6<
12.1±0.1
12.4±0.2
7.6±0.1
7.8±0.1
7.8±0.1
7.1±0.2
27.6±0.7
31.8±0.4

152.4±1.3

147.6±1.1

153.1±1.2

148.4±1.4

152.3±1.2

147.5±1.1

152.5±0.9

148.5±0.6

4.6±0.2

5.2±0.4

4.7±0.1

5.1±0.3

4.7±0.1

5.3±0.2

4.8±0.1

5.3±0.3
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805
84.3 ± 1.56b, y
86.3 ± 2.90b
140.8 ± 0.68x, *
190.7 ± 1.41a
156.3 ± 0.87w, *
192.1 ± 2.40a
157.8 ± 1.05w, *

7:<2;74
805
419.8 ± 1.30a, z
415.5 ± 1.25a
459.1 ± 2.98y, *
369.6 ± 5.10b
605.5 ± 7.57x, *
242.0 ± 1.25c
780.5 ± 12.30w, *

4-7;<.:76.
574
32.1 ± 2.49d, y
63.9 ± 0.86c
27.7 ± 2.07y, *
74.1 ± 0.97b
39.3 ± 0.69x, *
93.1 ± 2.02a
53.0 ± 1.88w, *

Differences between different letters in the same column are important.
[a, b, c, d]
indicates the significant differences acutely (4 days) exposed to dosage groups (p<0.05).
[w, x, y, z]
indicates the significant differences sub-chronically (30 days) exposed to dosage groups (p<0.05).
* indicates the significant differences between acutely and sub-chronically exposed to same dosage groups
(p<0.05).

32] and it meets the increased energy need against
"#%$##%##
to stress [33, 34]. In the studies on carp and on
other fish, it is reported that plasma cortisol levels
In this research,     L. extract was
increase after the stress [19, 33, 35] and related to
applied to the carp (  L.) at different
this reason, the increase in the glucose level is due
doses (5, 10 and 20 ppm) at acute (4 days) and subto meet the energy demand of the fish tissues
chronic periods (30 days). At the end of the applica(brain, gill and muscle) [33, 34].
tion, ACTH, cortisol and aldosterone hormone
The development of the acute and chronic
levels were determined in the collected serums
stress
response shows quite difference. Energy
(Table 2). As seen in Table 2, ACTH levels inmetabolism plays a key role to meet the long period
creased significantly at acute period in 10 and 20
stress at chronic duration [36]. In this study, it was
ppm dose groups according to the control group
found significant that cortisol decreased according
(p<0.05), it also increased significantly at subto the control group at acute period 10 and 20 ppm
chronic period in all dose groups (p<0.05). It was
in dose groups, it increased at sub-chronic periods
found significant that serum cortisol levels de(p<0.05) (Table 2). Hosoya et al. indicated in their
creased at 10 and 20 ppm acute period groups and
studies that free cortisol level did not increase after
increased at sub-chronic period according to the
the acute stress in haddock [35]. It is reported that
control group (p<0.05). Also in this research where
free and total plasma cortisol level does not inthe rosehip extract was applied, it was determined
crease on Atlantic salmon in short period stress but
statistically significant according to the control
increases in long period stress (after 4 weeks) [14].
group that Aldosterone levels increased at all acute
It is reported with the studies carried on mammals
period groups, at sub-chronic period at 10 and 20
that some certain chemicals have a direct effect on
ppm dose groups (p<0.05).
endocrine tissue that produces cortisol and as a
It is reported that stress has negative effect on
result of cytotoxicity the cortisol secretion is dethe growth, reproduction, metabolism, energy balclined [16]. It is thought that the rosehip extract
ances and immune system of the organisms [29,
application at acute period decreases the cortisol
30]. It is also known that chronic stress causes
level on the kidneys permanently by showing toxideath in organisms as a result of the defence mechcologic effect. It seems that cortisol increase at subanisms deficiencies (adrenaline deficiency, infecchronic level supports this opinion.
tion, exhaustion phase). Thus, it is crucial to know
In the stress occurred in Teleost fish, corticothe reasons of the stress arisen from the applications
steroids
take place in a wide range in physiological
in the fish production. At the end of the study, it is
arrangements
such as immune reactions, energy
determined that there was a significant increase at
metabolism
and
osmoregulation [29]. Aldosterone
ACTH levels which causes stress in dose groups
is only seen at a lowest level in teleost fish [37].
that rosehip extract was applied at acute and subMineralocorticoid function in general regulates the
chronic periods on the carp (p<0.05) (Table 2). The
balance of ions and water [29, 38]. Although it is
response of the fish against stress is characterised
limited, it is known from the above mentioned
with the activation of the neuroendocrine system
results, it supports the regulation of the aldosterone
and the stimulus of the hypothalamus. The next step
osmoregulation function in teleost fish. As seen in
is resulted in metabolic and physiological changes
Table 2, it was found important that aldosterone
[22, 31]. In the literature, the fish under stress actilevels increased in the dose groups that the rosehip
vates HPI axis (ACTH and cortisol secretion) [30,
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extract was applied at acute period 5, 10 and 20
ppm, at sub-chronic period 10 and 20 ppm
(p<0.05). Corticosteroid production (glucocorticoid
and mineralocorticoid) in the fish is arranged by
HPI axis. In this study, it is a question to increase
aldosterone level related to the increase at ACTH
level.

[3] Romero Ormazábal, J.M., Feijoó, C.G., Navarrete Wallace, P.A. (2012) Antibiotics in aquaculture use, abuse and alternatives. In: Health
and Environment in Aquaculture (eds. Carvalho, E.D., David, J.S. and Silva, R.C.).
INTECH Open Access Publisher, 159p.
[4] Reverter, M., Bontemps, N., Lecchini, D.,
Banaigs, B. and Sasal, P. (2014) Use of plant
extracts in fish aquaculture as an alternative to
chemotherapy: current status and future perspectives. Aquaculture. 433, 50-61.
[5] Panigrahi, A. and Azad, I.S. (2007) Microbial
intervention for better fish health in aquaculture: the Indian scenario. F. Physiol. Biochem.
33, 429–440.
[6] Lee, S., Najiah, M., Wendy, W. and Nadirah,
M. (2009) Chemical composition and antimicrobial activity of the essential oil of Syzygium
aromaticum flower bud (clove) against fish
systemic bacteria isolated from aquaculture
sites. Front. Agricult. Chin. 3, 332–336.
[7] Citarasu, T. (2010) Herbal biomedicines: a new
opportunity for aquaculture industry. Aquacult.
Int.18, 403–414.
[8] Olusola, S.E., Emikpe, B.O., Olaifa, F.E.
(2013) The potentials of medicinal plants extracts as bio-antimicrobial in aquaculture. Int.
J. Med. Arom. Plant.3, 404–412.
[9] Chakraborty, S.B. and Hancz, C. (2011) Application of phytochemicals as immunostimulant,
antipathogenic and antistress agents in finfish
culture. Rev. Aquacult. 3, 103–119.
[10]Cabello, F.C. (2006) Heavy use of prophylactic
antibiotics in aquaculture: a growing problem
for human and animal health and for the environment. Environ. Microbiol. 8,1137–1144.
[11]Quesada, S.P., Paschoal, J.A.R., Reyes, F.G.R.
(2013) Considerations on the aquaculture development and on the use of veterinary drugs:
special issue for fluoroquinolones-a review. J.
Food Sci. 78, 1321–1333.
[12]Lawrence, A.J. and Hemingway K.L. (2008)
Effects of pollution on fish: molecular effects
and population responses. John Wiley & Sons
Inc., New York., 144-153.
[13]Dini, L., Lanubile, R., Tarantino, P., Mandich,
A. and Cataldi, E. (2006) Expression of stress
proteins 70 in tilapia (  
) during confinement and crowding stress.
Ital. J. Zool. 73, 117-124.
[14]Fast, M.D., Hosoya, S., Johnson, S.C. and
Afonso, L.O. (2008) Cortisol response and
immune-related effects of Atlantic salmon
(     Linnaeus) subjected to short-and
long-term stress. Fish Shellfish Immun. 24,
194-204.
[15]Peter, M.S. (2011) The role of thyroid hormones in stress response of fish. Gen. Comp.
Endoc. 172, 198-210.

%#
We have studied the effects of rosehip and
terebinth extracts on some physiological parameters
of carp in our previous studies [28, 39]. In this
research, it is determined that     extract
actives HPI axis which causes stress on carp at
acute and sub-chronic periods and it results in an
important increase at ACTH, cortisol (sub-chronic
period) and aldosterone levels. At acute period, it is
thought that with the decreasing of cortisol level,
the extracts of this plant have temporary cytotoxic
effect on the endocrine cells which produce cortisol
in the kidneys. When the negative effects caused by
the secretion HPI axis hormones on the fish considered, it is found out that     L extract
applied doses are effective. Furthermore, it is
thought that determining the stress levels for the
health and growth of the fish are important with the
suggested organic and environmentally friendly
edible plants with therapeutic effect.
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are immunological, physiological, hormonal and behavioural for animals [1].
It is reported that endocrine organs, especially
pituitary gland, can be used as biomarkers in determining the effect of various pollutants [2]. Also belonging to endocrine system, these biomarkers can
be beneficial in interpreting health conditions of fish
as well as other vertebrates and in defining the effects of various nutrition diets on growth and development in aquaculture. Although fish growth depends on the control of growth hormones, fish rely
on thyroid and reproduction hormones for health
growth. It is reported that Hypothalamic-pituitary
thyroid axis (HPT) hormones play a vital role on reproduction metabolism due to their effects on energy
metabolism, lipid metabolism, reproduction [2-6]
and genetic transcription [7, 8]. In their study on
Oryzias latipes fish species, Tagawa and Hirano
state that partial depletion of T3 and T4 hormones
greatly influences incubation, survival and developmental features of juvenile fish [9]. Other studies
suggest that thyroid gland inhibition causes larval
and juvenile fish not to go through metamorphosis
[10] and exogenous T3 and T4 application causes
early metamorphosis [11].
Terebinth is among the species spread over
Mediterranean region and Asia, and it possesses antimicrobial, anti-inflammatory, anti-parasitic and cytotoxic effects due to the flavonoids it contains. Its
leaves are used for burn treatment, and its gum is utilized to treat respiration and urine system diseases
[12, 13]. These studies are mostly carried out on
mammals as model animals. In our previous study
GH and IGF-1 levels were investigated in carp [14].
Studies on plants extract with therapeutic effect on
this and other kinds of fish are limited. Therefore,
our study aims to determine the effects of varying
doses (5, 10 and 20 ppm) of terebinth (Pistacia terebinthus, L.) extracts on TSH and thyroid hormone
levels (FT3, TT3, FT4 and TT4) of fish for 4 and 30
days. It is though that the acquired results would
serve as a basis for future studies on physiology,

ABSTRACT
The objective of this study was to evaluate
the effects of terebinth extracts on serum thyroid
stimulating hormone (TSH) and thyroid gland activity [free and total triiodothyronine (FT3 and
TT3) and free and total thyroxine (FT4 and TT4)]
of common carp which were acutely and subchronically exposed (4 and 30 days) to 5, 10 and
20 ppm of dosage. 5 ppm of terebinth extract applied at acute and sub-chronic durations did not significantly affect free and total thyroid hormone levels of carp fish. The decrease in FT3 and TT3 levels
and the increase in FT4 and TT4 levels in 10 and 20
ppm dose groups are significant (p<0.05). The increase of serum TSH levels in 10 and 20 ppm groups
were significant (p<0.05) in acute phase when compared to control group. The decrease in all groups at
sub-chronic phase was determined to be significant
(p<0.05). These results suggest that new metabolic
regulations for adaptation were performed by common carp through HPT axis against the stress caused
by terebinth extracts of varying doses.

KEYWORDS:
Pistacia terebinthus, Cyprinus carpio, TSH, FT3, TT3,
FT4, TT4.

INTRODUCTION
Recently, there are scientific researches seeking alternative natural solutions effecting animal
health and growth in economically significant domesticated animals and aquaculture. These attempts
rather depend on therapeutic and edible plants. However, there are very few studies on investigating the
chemical features, pharmacological and physiological effects of many plants. Most plants cause toxic
stress due to their contents. Animals present different
reactions when they encounter stress factors (environmental, physical, chemical etc.). These reactions
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SODFHG LQ JODVV WXEHV E\ XVLQJ ³GLUHFW WDLO-cut
PHWKRG´%ORRGVDPSOHVZHUH centrifuged at +4 oC
and 5000 rpm and the serums were kept at -40 oC
until analysis. FT3, FT4, TT4, and TT3 analyses of
blood serums were conducted with Roche brand
Modular E170-model device with Electro- Chemiluminescence (ECL) method and its measurement kits.
TSH (Cusabio, China) analysis was done with specific fish measurement kits with ELISA method [15].

health, and growth of this and other fish species.

MATERIALS AND METHODS
Animals. The carps used in the experiment
have the weight of 100-140g and length of 20-22cm.
The study's Ethics Committee approval was issued
by the Faculty of Veterinary, Selcuk University (letter No. 365, dated 02.26. 2013). The fish used in the
H[SHULPHQWZHUHWUDQVSRUWHGIURP<HGLNÕU)LVKHULHV
Farm, which is run by the 73rd Branch Office of
General Directorate of State Hydraulic Works, Ministry of Forest and Water Affairs, to the laboratory
and were fed in 250-L glass aquariums (depending
on the specific density of fish 10 g/L) for 15 days,
and their adaptation to the environment was ensured.
The experiment was carried out with a semi-static
system in natural light (12h light-12h dark). During
the experiment, fish were nourished with Pinar pellet
feed (45% protein, 19% fat, 3% crude fiber) once a
day.

Water Quality Criteria. The water to be used
in the experiment was first passed through a central
water treatment unit in order to fix its total hardness
and pH, and from there, it was transferred to glass
aquariums. The water quality criteria of aquarium
water before and after treatment are given in Table
1.
Statistical Analysis. Statistical analysis was
carried out using the SPSS 10.0 statistical program
(SPSS Inc., Chicago, IL, USA). All data were expressed as arithmetic means ± SE. For the analysis
of the experimental parameters, one-way ANOVA
IROORZHGE\'XQFDQ¶VPXOWLSOHUDQJHWHVWZDVXVHG
Student-t test was used to determine the differences
between acute and sub-chronic durations of the same
dosage group. Value of p<0.05 was considered to be
statistically significant.

Extraction Procedure. The fruits of Pistacia
terebinthus were collected from Gaziantep province
(Turkey) in June, 2012 and identified by Dr. Hasan
Akgul from Department of Biology, Faculty of Art
and Sciences, Akdeniz University (Turkey). The airdried fruits of Pistacia terebinthus were grounded in
a mechanic grinder to a fine powder, weighed precisely in a digital balance. Certain amounts of powdered material were Soxhlet-extracted with ethanol
(absolute, Merck) during 12 hours at 60 oC. Fruit extracts were filtered (Whatman gared No 4) and alcohol was removed from the extract under vacuum by
Rotary Evaporator (Heildolph Heizbad HB Digit).
The residue was kept at 4 oC and dissolved in normal
saline for the experimental treatment [14].

RESULTS
In this study, terebinth (Pistacia terebinthus L.)
extract was applied to common carp acutely (4 days)
and sub-chronically (30 days) at varying doses (5, 10
and 20 ppm). FT3, TT3, FT4, TT4, and TSH levels
were defined for blood serums of fish after the application (Table 2).

Experimental Design, Blood Samples and
Hormonal Analyses. The experimental groups were
arranged in different periods (4-30 days) and doses
(5, 10 and 20 ppm). Following the experiment, blood
from dorsal aorta of 7 fish from each group was

Change in Thyroid Hormones at Acute and
Sub-Chronic Phases. Terebinth (Pistacia terebinthus L.) extract was applied to common carp acutely
(4 days) and sub-chronically (30 days) at varying
doses (5, 10 and 20 ppm). As seen in table 2, it was

TABLE 1
The criteria of water used in the experiment
Experimental Groups
Water Quality
Criteria
Temperature(oC)
pH
Dissolved O2
Suspended Solids
Total Hardness
(CaCo3)
Total Nitrate

Control
Before
After
treatment
treatment
11.8 ±0.2
12.4 ±0.1
7.6±0.1
7.9±0.1
7.8±0.1
7.1±0.3
27.4±1.2
31.6±1.4

5 ppm dose
Before
After
treatment
treatment
12.4 ±0.3
13.1±0.4
7.6±0.2
7.8±0.1
7.9±0.2
7.0±0.3
28.0±0.8
32.4±0.9

10 ppm dose
Before
After
treatment
treatment
12.3±0.2
13.2±0.3
7.6±0.1
7.9±0.2
7.4±0.1
7.0±0.2
27.5±0.6
31.8±0.7

20 ppm dose
Before
After
treatment
treatment
12.1±0.1
12.8±0.2
7.6±0.1
7.8±0.1
7.8±0.1
7.1±0.2
27.6±0.7
31.8±0.4

152.4±1.3

147.6±1.1

153.1±1.2

148.4±1.4

152.3±1.2

147.5±1.1

152.5±0.9

148.5±0.6

4.6±0.2

5.2±0.4

4.7±0.1

5.1±0.3

4.7±0.1

5.3±0.2

4.8±0.1

5.3±0.3
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TABLE 2
Experimental results of serum TSH and thyroid hormone levels after terebinth extract
application to carp.
Groups
Control
5ppm
10 ppm
20 ppm

Exposure
time (day)
4
30
4
30
4
30

Free T3
(ng/dl)
4.48±0.50a, x
4.38±0.40a
4.18±0.33x
2.95±0.13b
2.78±0.30y
2.70±0.28b
2.50±0.15y

Free T4
(ng/dl)
0.46±0.04b, y
0.50±0.12b
0.55±0.14y
1.65±0.22a
1.92±0.50x
1.65±0.13a
1.82±0.66x

Total T3
(ng/ml)
1.58±0.01a, x
1.49±0.07a
1.62±0.07x
0.86±0.05b
0.53±0.02y, *
0.77±0.04b
0.44±0.04y, *

Total T4
(nmol/L)
22.3±0.16b, z
23.7±0.13b
23.5±0.11z
41.7±0.18a
37.5±0.16 y, *
41.5±0.10a
48.5±0.19x, *

TSH
(ng/ml)
4.52±0.15b, x
4.63±0.07b
3.47±0.09y, *
4.91±0.05a
3.23±0.01y, *
4.98±0.03a
3.26±0.01y, *

Differences between different letters in the same column are important.
[a, b]
indicates the significant differences acutely (4 days) exposed to dosage groups (p<0.05).
[x, y, z]
indicates the significant differences sub-chronically (30 days) exposed to dosage groups (p<0.05).
* indicates the significant differences between acutely and sub-chronically exposed to same dosage groups
(p<0.05).
thyrotropin-releasing hormone (TRH) release decreases and therefore causes decrease in thyroid
gland hormone release [28-30]. It is reported that the
same mediators effect and reduce gene expression of
deiodinase enzyme, which converts T4 into biologically active T3 [28]. It is stated that these regulations
are intended to protect animals from stress and adapt
to the new conditions [30]. Thyroid hormone activity
of fish is regulated by HPT axis [8]. Fish react in thyroid gland activity differently based on type, reaction, intensity and duration of stress [31]. As seen in
table 2, it was determined that 5 ppm terebinth extract applied acutely and sub-chronically did not affect thyroid gland activity of carp fish significantly.
As seen in the said table, the decrease in FT3 and
TT3 levels in 10 and 20 ppm dose groups is significant (p<0.05). Although there was no thyroid pathology in previous studies, it was seen that there was
failure in thyroid hormone release. These degenerations are referred as "euthyroid sick syndrome"[2830]. The most frequent disorder in thyroid hormones
is low FT3 and TT3 levels [32]. It is reported that
5'deiodinase enzyme, which converts T4 into biologically active T3 as a result of the inhibition by regulative molecules (cytokines) released against toxicological substances, effects and reduces gene expression [28]. It is also stated that deiodinase enzyme
may be faster than inactive or T3 degraded synthesis
[32]. The increase in FT4 and TT4 levels in this
study shows similarities with the results of this syndrome. This outcome brought the idea that it may
have resulted from the effect of 5'deiodinase enzyme
which converts T4 into biologically active T3 on
gene expression. There was no available study on the
effect on this plant extract on thyroid gland activity
in fish or other vertebrates.
As seen in table 2, the change in TSH levels of
5 ppm group in acute phase compared to control
group was insignificant while the increase in 10 and
20 ppm groups was significant (p<0.05). It suggested
that 5 ppm dose of terebinth extract at acute phase
did not have any toxicological effect. The mild increase of thyroid hormones at the same phase may
have resulted from negative feedback regulation of

determined that 5 ppm terebinth extract applied
acutely and sub-chronically did not affect the thyroid
hormone levels of common carp significantly. The
same table shows that the decrease in FT3 and TT3
levels and the increases in FT4 and TT4 levels are
significant (p<0.05).
Change in TSH at Acute and Sub-Chronic
Phases. As seen in Table 2, terebinth (Cyprinus carpio L.) extract was applied to common carp acutely
at varying doses (5, 10 and 20 ppm). According to
the experimental results, the change in TSH levels of
5 ppm group in acute phase compared to control
group was insignificant while the increase in 10 and
20 ppm groups was significant (p<0.05). It was determined that the decrease (p<0.05) in all groups in
sub-chronic phase (30 days) was significant (Table
2).

DISCUSSION
It is lately reported that stress caused by
changes in their life conditions urge fish to carry out
adaptive physiological and metabolic regulations
[16-20]. It is stated that immune-stimulating substances increase defensive mechanisms or immune
responses so that animals become more resistant [21,
22]. It is reported that there is a growing interest recently in using plant extracts as immunostimulants
[23, 24]. It is stated in researches that plant extracts
used as external agents activate immune system [2527]. As a result of immunological responses, some
regulative mediators are released. These mediators
(such as interleukin 1, 6 and tumour necrosis factor)
carry out physiological regulations through hypothalamus located in central nervous system. Metabolic activity is the foremost among these regulations. Thyroid hormones are the most significant regulators of metabolic activity it is reported that especially toxicological stresses are suppressed by immunological mediators (IL1, 6 and TNF) at hypothalamic level over this axis [28]. It is reported that, as
a result of the suppression of these mediators, firstly
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[7] Li, W., Zha J.M., Spear, P.A. Li, Z.L. Yang,
L.H. Wang, Z.J. (2009) Changes of thyroid hormone levels and related gene expression in Chinese rare minnow (Gobiocypris rarus) during 3amino-1,2,4-triazole exposure and recovery.
Aquatic Toxicology. 92, 50±57.
[8] Liu, S., Chang, J., Zhao, Y., Zhu, G. (2011)
Changes of thyroid hormone levels and related
gene expression in zebrafish on early life stage
exposure to triadimefon. Environ Toxicol Pharmacol. 32,3, 472-7.
[9] Tagawa, M. and Hirano, T. (1991) Effects of
thyroid hormone deficiency in eggs on early development of the Medaka, Oryzias latipes. The
Journal of Experimental Zoology. 257, 360-366.
[10] Miwa, S. and Inui, Y. (1987) Effects of various
doses of thyroxine and triiodothyronine on the
metamorphosis of ounder (Paralichthys olivaceus). General and Comparative Endocrinology.
67, 356-363.
[11] Brown, D.D. (1997) The role of thyroid hormone in zebrafish and axolotl development.
Proceedings of the National Academy of Sciences. 94, 13011-13016.
[12] Baytop, T. (1984) Therapy with medicinal
plants in Turkey (p. 520). Istanbul University
Publications Pub. No: 3255, Faculty of Pharmacy Pub. No: 40, Istanbul.
[13] Bakirel, T., Sener, S., Bakirel, U., Keles, O.
Sennazli, G. Gurel, A. (2003) The investigation
of the effects of P. terebinthus L. Upon experimentally induced hypercholesterolemia and atherosclerosis in rabbits. Turkish Journal of Veterinary Sciences. 27, 1283±1292.
[14] Dogru, A., Akgul, H., Erdogan, K., Polat, H.,
Kandemir, S., Yilmaz, S., Dogru, M.I., Orun, I.
(2014) The Effects of Terebinth Extracts on
Common Carp (Cyprinus carpio L.) Serum
Growth Hormone, IGF-1, Serum Glucose and
Total Protein Levels. Fresen. Environ. Bull. 23,
1997-2001.
[15] Dogru, M.I., Polat, H., Erdogan, K., Dogru, A.,
Kandemir, S., Orun, G., Yilmaz, S., Akgul, H.
and Orun, I. (2016) Effects of rosehip extracts
on common carp (Cyprinus carpio L.) TSH and
thyroid gland activity. Fresen. Environ. Bull. 25,
4708-4713.
[16] Barton, B.A. and Iwama, G.K. (1991) Physiological changes in fish from stress in aquaculture with emphasis on the response and effects
of corticosteroids. Annual Review of Fish Diseases. 1, 3-26.
[17] Gamperl, A.K., Vijayan M.M., Boutiler, R.G.
(1994) Experimental control of stress hormone
levels in fishes: techniques and applications.
Rev. Fish Biol. Fish. 4, 215±255.

TSH increase in 10 and 20 ppm doses. The decrease
in TSH levels in all doses at sub-chronic phase (30
days) was significant (p<0.05). It suggests that this
plant extract caused stress in sub-chronic level and
caused adaptive regulations to overcome stress.

CONCLUSION
These results suggest that terebinth extract
which was applied to carp fish at varying levels
causes toxicological stress, and fish carry out adaptive regulations against it. Considering the ingredients of terebinth plant, further research is needed to
determine the substance that caused these results. It
was also suggested that application dosage of this
plant extract may have critical importance in fishes
and vertebrates.
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On the basis of the advantages of ACE²including high selectivity, perceived relative environmental safety, and efficient inhibition in sucking and
biting pest insects²it is widely used in agriculture,
worldwide. However, this extensive application of
such neonicotinoids has provoked a major problem,
that is, their exertion of extreme toxic effects on nontarget economical insects such as honeybees and
silkworms [4], the acute sublethal treatment of ACE
on the behavior of the honeybee (Apis mellifera)was
studied and indicated ACE could affected physiology or behavior of honeybee through locomotor activity, sucrose gustatory sensitivity, water responsiveness, and olfactory learning and memory[5].
Furthermore, the accumulation of ACE in soil can
also result in serious concerns about inhibition of soil
respiration and phosphatase activity [6]. Moreover,
in recent years, ACE residues in crops are receiving
considerable attention with respect to their potential
toxicity to humans [7, 8], with the publication of reports regarding headaches, dizziness, nausea, vomiting, and other symptoms after the inhalation of ACE
as a pesticide [9-11]. These reports have promoted
active investigations into methods for the biotransformation of neonicotinoids, particularly because
ACE remains stable, even under submerged conditions, and is not affected by field capacity nor levels
of submerged moisture. Bioremediation of ACE pollution is therefore recognized as a cost-effective and
reliable method of removal. More generally, microbial degradation is considered to be an efficient
³JUHHQ´ VROXWLRQ IRU HOLPLQDWLQJ HQYLURQPHQWDOO\
polluting chemicals [12, 13]. Therefore, it is essential to study the microbiological degradation of ACE,
both in terms of its biology and its application to environmental remediation.
This review presents an overview of recent advances in the microbiological degradation of ACE
through pure culture microorganisms, as well as
pathways for the degradation of ACE, behavior of
ACE in soil, effects of environmental conditions on
the degradation of ACE in soil, and research into
prospects for the bioremediation of ACE-contaminated ecosystems.

ABSTRACT
A member of the neonicotinoid class of systematic broad-spectrum insecticides, Acetamiprid
(ACE) has been extensively used in agriculture, and
because of its massive application, adverse effects on
ecology and the environment have also been increasing. These effects include the contamination of water
and soil and the disruption of biogeochemical cycles,
and their impact has led to an increasing trend toward
research involving available microbial methods for
ACE degradation. This review summarizes progress
in research on microbiological degradation of ACE,
including organisms capable of degrading ACE,
SDWKZD\VIRU$&(ELRGHJUDGDWLRQ$&(¶VEHKDYLRU
in soil, and the effect of environmental conditions on
soil ACE degradation, as well as the prospects for
ACE elimination. In addition, we review a broader
spectrum of knowledge regarding the biodegradation
of ACE, and we attempt to place this information
into context with the most recent and sometimes surprising research results.
KEYWORDS:
Biodegradation, Acetamiprid, Soil, Neonicotinoid Insecticide

INTRODUCTION
Acetamiprid(ACE),((E)-N1-[(6-chloro-3-pyridyl)methyl]-N2-cyano-N1-methylacetamidine), a
member of the group of chloropyridinyl neonicotinoids, has been considered to be a favorable choice
for controlling insects, given its activity against numerous sucking and biting insect pests, including
aphids, whiteflies, thrips, leaf miners, beetles, some
lepidopteran species [1], and fleas on dogs and cats
[2, 3]. As a neonicotinoid insecticide, ACE acts as an
agonist at the nicotinic acetylcholine (Ach) receptors
RI LQVHFWV¶ FHQWUDO QHUvous system synapses, but at
high levels that accumulate at nicotinic synapses-and
similarly to over-accumulation of Ach at such synapses-blocks neurotransmission, thus interfering
with stimulus conduction, leading to obstruction of
nervous system pathways and to insect paralysis and
eventual death.

Organisms capable of degrading ACE. In recent years, ACE residues in crops have been receiv-
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sp.strain AAP-1, could synchronously enhance the
degradation efficiency of ACE and CTN [15]. Moreover, beyond the aforementioned organisms, there
are also some other strains that can bio-transform
ACE; are shown in the following table (Table 1).

ing considerable attention due to their potential toxicity to humans. There are, of course, many research
reports describing the metabolism of ACE, and a
number of microorganisms capable of degrading neonicotinoids have been identified. For example, one
previous study examined the elimination of ACE
from a liquid medium by the white-rot fungus Phanerochaete sordida YK-624 [10] and reported that, after 15 days of incubation, 45% and 30% of ACE was
eliminated under ligninolytic and non-ligninolytic
conditions, respectively. In addition, the bacteria
Stenotrophomonas maltophilia CGMCC 1.1788 and
Rhizopus sp. have also been reported to metabolize
ACE via N-demethylation to IM 2-1 [9-11]. Further,
the bacteria Pigmentiphaga sp. ACE-1, Pseudoxanthomonas sp. ACE-7, Ochrobactrum sp. D-2, D-12,
Rhodococcus sp. BCH2, and Stenotrophomonas sp.
THZ-XP, and the yeast Rhodotorula mucilaginosa
IM-2 metabolize ACE via the proposed N-deacetylation, C-demethylation, or oxidative cleavage of the
N-cyanoimine group to IM-1-4, which is further metabolized by Rhodococcus sp. BCH2 to IC-0 or by R.
mucilaginosa IM-2, Rhodotorula mucilaginosa R1
and Pigmentiphaga sp. D-2 to IM1-3 [14]. In addition, it is notable that a new functional strain, AC,
reformed through protoplast fusion of Pseudomonas
sp. CTN(chlorothalonil)-4 and Pigmentiphaga

Metabolic Pathways of ACE Biodegradation
in Microorganisms. Many studies of the metabolites of the microorganisms in table 1 have been performed to verify the environmental fate of ACE, and
a variety of analytical techniques have been applied
for analyzing its biodegradation based on distinct
properties of metabolites,such as the UV-Vis absorption spectra, Thin layer chromatography (TLC) analyses, High Performance Liquid Chromatography
(HPLC), Liquid Chromatography-Mass Spectrometry (LC-MS) for IM1-4, Gas Chromatography-Mass
Spectrometer (GC-MS), Nuclear Magnetic Resonance (NMR) Spectra, FTIR spectrum, High-resolution electro spray ionization mass spectra (HR-ESIMS) and so on. Consequently, about five main types
of ACE metabolites have been detected and identified during ACE biotransformation by pure culture
strains or soil microbial consortia. This, in turn, led
to the elaboration, in many of the studies, of various
ACE-degradation pathways.

TABLE 1
Summary of microorganisms capable of biodegrading ACE
Microorganisms
Pseudomonas sp. strain FH2
Rhodotorula mucilaginosa strain
IM-2
Stenotrophomonas maltophilia
CGMCC 1.1788
Pigmentiphaga sp. strain AAP-1

Metabolic product
ND
IM1-3, IM1-4

Phylogenetic group
Ȗ-Proteobacteria

Reference
[6]

Urediniomycetes

[11]

IM2-1

Ȗ-Proteobacteria

[9]

IM1-4

ȕ-Proteobacteria
Saccharomycetes

[16]

Pichia guilliermondii W1

ND

Rhizopus sp.

IM2-1㸪IM1-3㸪
IM1-4㸪IM2-3

Mucormycotina

Phanerochaete sordida YK-624

IM2-1

Agaricomycetes

Stenotrophomonas sp. THZ-XP

IM1-4

Rhodotorula mucilaginosa R1

IM1-3

Urediniomycetes

penicillium sp. X1

ND

Eurotiomycetes

Rhodococcus sp. BCH2

IM1-4 and IC 0

Actinobacteria

Pseudoxanthomonas sp. AAP-7
Pigmentiphaga sp. D-2
Ochrobactrum sp. D-12

IM1-4
IM 1-3 and IM1-4

Ȗ-Proteobacteria
ȕ-Proteobacteria

[4]
[18]
[19]

IM1-4

Į-Proteobacteria

[20]

IM1-2, IM1-4

Į-Proteobacteria

[14]

Ensifer meliloti CGMCC 7333
Fusant-AC

Ȗ3URWHREDFWH
ULD

ND

[11]
[11]
[10]
[17]
[10]

[11]

[15]

i. ACE served as both carbon and energy source during ACE biodegradation.
LL7KHDEEUHYLDWLRQVOLVWHGXQGHUWKH³0HWDEROLFSURGXFW´FROXPQRIWKHWDEOHDUHWKHVDPHDVWKRVHUHIHUUHGWRLQ
figure 1; ND = not determined.
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methyl-N-(pyridin-3-ylmethyl)imidofor-mamide,
IM-1-4 and IM-1-3, respectively [19]. The fifth and
final pathway was proposed by Zhou et al.
(2014)[14]; they indicated that the nitrogen-¿[LQJ
bacterium Ensifer meliloti CGMCC 7333 with its niWULOHK\GUDWDVH 1+DVH VSHFL¿FDOO\WUDQVIRUPHGWKH
neonicotinoid insecticide ACE to its (N-carbamoylimine derivate) IM-1-2 by means of HPLC,
LC-MS and NMR analysis. Interestingly, the unstable IM-1-2 could not be further degraded by this nitrogen-¿[LQJEDFWHULXPEXWZDVLQVWHDGK\GURO\]HG
to the derivate ACE-NH through the N-carbamoylimine group; the ACE-NH was further converted to the derivative ACE-NH2. Subsequently,
ACE-NH2 was cleaved to the major metabolite IM1-4 [14]. It is worthwhile to note that this is the only
article which reported and thoroughly described
NHase, with respect to cloning the responsible genes
involved in the degradation pathway, and this study
has improved the understanding of the corresponding enzymatic biochemical mechanism of ACE biotransformation. Moreover, all the products proposed
above are less toxic than ACE, which suggested that
the method of microbiological ACE degradation is
essential for environmental protection. The related
metabolic pathways of ACE biodegradation are
shown in detail in figure 1.

The metabolic pathway for ACE degradation
has been studied in apple, cabbage, carrots, cotton,
honeybee, mice, spinach, and soil bacteria [21, 22].
There are five main metabolic pathways to biodegrade ACE. First, we observed that six recently isolated strains metabolized ACE via the proposed Cdemethylation, oxidative cleavage, or N-deacetylation of the N-cyanoimine group to 1-(6-chloropyridin-3-yl)-N-methylmethanamine
(IM-1-4),
which is further metabolized by Rhodococcus sp.
BCH2 to 6-chloronicotinic acid (IC-0) based on UVVis absorption spectra analysis, FTIR, (HPLC) and
GC±MS results [4] or by R. mucilaginosa IM-2 to
1¶-[(6-chloropyridin-3-yl)methyl]-N-methylacetamide (IM-1-3) by HR-ESI-MS)analysis [10]. The
second metabolic pathway involves N-demethy-lation to form (E)-N-[(6-chloro-3-pyridyl)-methyl]-Ncyano-acetamidine (IM2-1) from ACE biodegradation, which was associated with Phanerochaete sordida YK-624 and Stenotrophomonas maltophilia
CGMCC 1.1788 according to HPLC-MS/MS and
NMR Spectra analysis results, [9, 10]. It is interesting to note that the strain Pigmentiphaga sp. D-2 utilized the third and fourth pathway of ACE degradation, and the metabolites were identified in terms of
the HPLC-ESI-MS analysis results as Nc-cyano-N-

FIGURE 1
Proposed metabolic pathways of ACE metabolism in microorganisms. Abbreviations denote the following:
IM-1-4 (1-(6-chloropyridin-3-yl)-N-methylmethanamine)[4, 11, 14, 16-18, 20]; IC-0 (6-chloronicotinic
acid)[4]; IM2-1 ((E)-N-[(6-chloro-3-pyridyl)-methyl]-N-cyano-acetamidine)[9, 10]; IM-1-2 (N-carbamoylimine derivate)[14]; IM-1-3 (Ncc-[(6-chloropyridin-3-yl)methyl]-N-methylacetamide)[11, 19].
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considered an essential problem and has been discussed in many studies [27, 28]. In the study of Cavas T et al. (2012) [27], CaCo-2 cells, a validated in
vitro model for the human intestinal epithelium,
were selected for experiments, and these studies
demonstrated the in vitro cytotoxicity and genotoxicity of technical grade ACE on CaCo-2 cells. Zhang
et al. [28] and Samiran et al. [29] investigated the effects of ACE on mice and Wistar rats, and they noted
that ACE had deleterious effects on male reproductive function and suppressed both cell mediated immune response and the antibody-forming ability of
lymphocytes in female Wistar rats, acting potentially
through its metabolites, which induced oxidative
stress. In addition, based on liquid chromatography
with tandem mass spectrometry (LC±MS/MS),
Marin A et al. (2004) [30] also clarified the human
hazards of ACE by assessing the exposure of greenhouse workers to ACE. Most of these papers reported that pesticide residues pose one of the major
environmental health problems due to their potential
adverse effects on non-target organisms, and suggested that ACE should, therefore, be used in a restricted and cautious manner to protect animals and
other organisms. In contrast, Bibhuti et al. (2012)
[31] LQGLFDWHGWKDW$&(SURGXFHGVLJQL¿FDQWHOHYD
WLRQLQRQO\WKUHHHQ]\PHVZLWKQRVLJQL¿FDQWHIIHFW
observed on total plasma protein, blood cholinesterase, lactate dehydrogenase, and five additional enzymes. That study also revealed that ACE at recommended concentration is a mild-risk insecticide in
buffalo calves. Taken together, the available studies
therefore suggest that far more research is needed to
clearly understand the influence of ACE residues on
soil and other organisms.

Behaviors of ACE in soil. There have been
many reports concerning the effects of pesticides on
soil enzyme activities, studies that demonstrate differences in the responses of soil enzymes to pesticides [23-25]. Yang et al. (2004) found mefenacet
strongly inhibited soil urease activity in a concentration-dependent manner, but stimulated phosphatase
activity; by contrast, quinclorac could inhibit proteinase, hydrogen peroxidase, phosphatase, and urease activities, which demonstrated that the higher the
concentration of applied pesticides, the more significant the inhibition observed to these enzyme activities, and the longer time necessary to recover to the
level of controls [26]. Unfortunately, in the case of
ACE, there is only a relatively small amount of available information about the influence of this new pesticide on soil enzyme activities and soil respiration
[6]. Yao et al. (2006) indicated that a normal field
(0.5 mg kg-1 dried soil) dose of ACE would not pose
a threat to soil enzymes, but could potentially pose a
threat to soil respiration. However, when ACE concentration was increased (5 mg kgí1 and 50 mg kgí1
dried soil), the threat to soil phosphatase and respiration increased, and the enzyme activities in soil
treated with these high concentrations of ACE were
dramatically (P < 0.05) lower than control after incubation [6]. Actually, the effects of this pesticide on
soil is generally a long-term process, closely related
to other soil characteristics, such as the presence of
other pesticides, physico±chemical characteristics of
soil, heavy metal concentrations and other factors.
Taken together, these studies imply a wellknown and quite intimate set of connections between
soil characteristics and ACE behaviors²the efficiency of ACE degradation may be, directly or indirectly, strongly influenced by the composition of the
surroundings. For example, soil adsorption might reduce the concentration of ACE in contact with microorganisms; this is important because ACE is stable to hydrolysis at environmental temperatures, and
biodegradation is reported to be the most significant
mechanism for its dissipation from soil.
Given these observations, it is noteworthy that
a bacterial strain capable of effectively degrading
ACE has been isolated from soil and characterized
by authors. Consequently, it is conceivable that these
identified microorganisms, which could degrade
ACE efficiently in soil, would both decrease the concentration of ACE, and could subsequently provoke
additional changes in soil. For example, diminishment in ACE toxicity would affect the behavior of
soil enzymes[26]; moreover, some changes caused
E\WKHPHWDEROLWHVRI$&(DIIHFWLQJVRLOV¶ELRORJLFDO
and biochemical properties might influence the
structure of soil; and, in addition, these metabolites
might act as growth factors for certain other soil microbes or as inhibition factors for certain soil enzymes.
Furthermore, the potential human toxicity of
the residues present in the environment has been

Effect of environmental conditions on the
degradation of soil ACE. ACE is a chloronicotinoid
insecticide, and its residues in crops are receiving
considerable attention due to their potential toxicity
to humans; hence, many articles have reported investigations of microbial ACE degradation under different conditions of laboratory-reared soil. ACE could
be degraded more quickly by microbes from soil and
mixed microbial enrichment culture. One of these
studies clarified that the half life of ACE was 5.0 d
in unsterilized soil, 8 times shorter than in sterilized
soil [32]. It wasreported that the half-life values of
ACE in chili (Capsicum annum L.) were in the
range2.24±4.84 days[8]. But in contrast with the
controls, several bacteria and fungi have been reported to be capable of degrading ACE more slowly.
Pseudomonas sp. FH2 was reported to degrade
53.3%±96.7% of ACE in different media within 14
days [6], the white-rot fungus Phanerochaete sordida YK-624 was reported to transform 45% and
30% of ACE within 15 days under ligninolytic and
non-ligninolytic conditions, respectively[33]. In the
study of Gupta S et al. (2008), residues of ACE in
soil dissipated with half-lives of 11.1 days under UV
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TABLE 2
Summary of factors in soil that can influence
ACE elimination

light and 19.1 days under sunlight, respectively [34].
And Zhou et al. [14] described that the newly identified nitrogen-¿[LQJ EDFWHULXP Ensifer meliloti
CGMCC 7333 could degrade 65.1% of ACE in 96 h,
with a half-life of 2.6 days rather than controls that
was not incubated. To summarize, the degradation of
ACE was obviously influenced by environmental
conditions.
ACE degradation in soil primarily depends
upon the species and numbers of microbes with the
required degrading ability in the contaminated soil.
It is well known that the degradation of ACE in soil
was induced by microorganisms, and the factors that
affect microbial activity could cause some difference
with respect to its degradation in soil. Moreover,
temperature and pH also play an essential role in its
degradation. Wang et al. (2010) [20] demonstrated
that degradation of ACE occurred at 25±35 °C and
pH 6±8, whereas Yang et al. (2013) [19] clarified
that the optimal conditions for ACE degradation occurred at temperatures ranging from 30 °C to 45 °C
and pH values ranging from 5 to 10. In addition, the
effect of initial pesticide concentration on biodegradation is also an important parameter that reveals the
correlation between cell biomass and biodegradation
rate [4]. In the study of Phugare S et al. (2013), the
researchers indicated that the biodegradation rate
was 85% for 50 mg L-1 ACE concentration, with the
degradation rate decreased to 14% at 250 mg L-1 in
comparison with the controls. Wang et al. (2013)
[20] also illustrated that high concentration would
inhibit degradation.
Beyond these parameters, there are also many
other physicochemical factors that can affect the efficiency of ACE degradation, such as metal ions,
light, and the presence of other co-subrates. It was
found that K+, Ca2+ and Co2+ enhanced the biodegradation of ACE, while ACE degradation was significantly inhibited by Zn2+, Fe2+, Cu2+ and Ni2+ compared with the controls[16]. Moreover, in another
study the researchers demonstrated that adding additional glucose or ammonium chloride would delay
ACE biodegradation [20], but that enhanced degradation occurred with extra glucose or ammonium nitrate, which could be regarded as a second carbon or
nitrogen source to be co-metabolized [18]. It is notable that photolysis is also an efficient way to eliminate ACE in the environment, some studies under
sunlight and UV-light revealed that ACE is unstable
to light, especially UV wavelengths[34, 35], so some
substances coexist could influenced its efficiency,
like photocatalysts (such as TiO2 and Degussa P25),
the surfactants (such as sodium dodecylbenzene sulfonate and Tween-80 ) [35, 36] . Finally, some other
reports indicated that a matrix or matrices present in
soil may also slow down the removal process[37].
Beyond the aforementioned factors, some others
could affect degradation of ACE were summarized
in the following table 2.

Parameters
Temperature

Descriptions
Range of 30-37

Reference

Metal ions

K+,Ca2+,Co+,Zn2+,Fe2+,Cu2+,
Ni2+,Mg2+,Al3+,Mn2+
Range of 3-11

[16]

Initial concentrations
Carbon
sources
Nitrogen
sources
Matraix

Range of 50-600 mg.L-1

[4, 16]

Sucrose, glucose, yeast extract
NH4Cl, (NH4)2 SO4,
NaNO3, NH4NO3
Woodchip biochar

[18, 20,
33]
[4, 17, 18,
20]
[37]

Light

Sunlight, UV-light

[34, 38]

Oxidative
stress
Bacterial
communities
Surfactants
Photocatalysts

SOD, CAT

[4]

Phyllospher microbes

[39]

SDBS, CTAB, Tween-80
TiO2, Degussa P25

[35]
[36]

pH values

Genes Responsible for the ACE Biodegradation. Currently, many studies have reported various
pathways involved in the biodegradation of ACE.
However, only a little about genes was reported to be
responsible for the ACE elimination. The nitrile hydratase (NHase) gene was cloned from the NitrogenFixing Bacterium Ensifer meliloti CGMCC 7333,
which coded a cobalt-type NHase composed of an asubunit, b-subunit, mediated the hydration of ACE
to metabolites IM-1-2[14]. In fact, the NHase has
been reported for hydrolyzing nitrile to the corresponding amide by amidase[40]. Interestingly,
CGMCC 7333 NHase catalyzed the hydration of
ACE to IM-1-2, whereas IM-1-2 was not further degraded by CGMCC 7333 and would be converted to
ACE-NH due to chemical hydrolysis, ACE-NH was
then transformed to ACE-NH2, which was subsequently cleaved to IM-1-4 (Fig. 1)[14] Actually, the
Ensifer meliloti CGMCC 7333 was isolated from
THI(Thiacloprid)-contaminated soil, which has the
same N-cyanoimine group as ACE and also belongs
to neonicotinoid insecticides. These presentations
above would elucidate that the same structural components correspond to chemical compounds are hydrolyzed by the same enzyme or metabolized by the
same microbes.
Besides, cytochrome P450-enzyme-system was
also involved in the N-demethylation of ACE accompanied with some degrading strains. It has been
reported that cytochrome P450 in white-rot fungi
was essential in degrading various obstinate aromatic compound , such as the Phanerochaete sordida YK-624, which was related to catalyze demethylation and detoxification of ACE. Another studies
indicated that the hydroxylation of ACE by Stenotrophomonas maltophilia CGMCC 1.1788 could
proceed neonicotinoid insecticide imidacloprid
(IMI). However, cytochrome P450 in the same S.
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aspects could be responsible for the elimination of
ACE, which indicated more attention should be paid
to this research area.

maltophilia CGMCC 1.1788 demethylize ACE, and
the activity of enzymes in cytochrome P450-enzyme-system was promoted by adding reduced nicotinamide adenine dinucleotide (NADH) but was
critically inhibited through the increase of piperonyl
butoxide (PB) [9, 41].

ACKNOWLEDGEMENTS
This work was supported by grants from the
Chinese National Natural Science Foundation
(31100083, 41501304), the Foundation for Young
Talents in College of Anhui Province, the Natural
Science Foundation from Educational Commission
of Anhui Province (KJ2015A049), Provincial Natural Science Foundation of Anhui (1508085MC49),
The Open Project Program of the Collaborative innovation center of modern bio-manufacture Anhui
university(BM2015010), and the Innovation Team
of Scientific Research Platform of Anhui Province,
China. No. KJ2015TD001.

DISCUSSION
ACE belongs to the chloropyridinyl neonicotinoid class of systemic broad-spectrum insecticides,
which has been widely applied in controlling insects
for crop protection, and for this reason, the biotransformation of ACE has garnered significant attention
from the research community. There are about 15
types of microorganisms isolated and identified from
contaminated agricultural soil that are able to use
ACE as sole carbon and energy source, as well as
nitrogen source for growth. This body of research
additionally established that fungi can also degrade
neonicotinoid compounds, such as the white-rot fungus Phanerochaete sordida YK-624 [33] and the
yeast Rhodotorula mucilaginosa IM-2 [11]. Moreover, many metabolites have been produced in soil biogeochemical cycles or in other diverse ecosystems,
but do not provide ideal conditions for the bioremediation of ACE; and some products like IC-0 are
more readily dissolved in water leading to secondary
pollution, although most metabolites are less toxic
than ACE itself.
Therefore, new strategies for mitigating ACE
contamination should be developed on the basis of
previous studies, especially directed at isolating and
identifying new strains or stable microbial communities that can absolutely eliminate ACE or its potentially harmful metabolic byproducts. The high ability
of fusant-AC strain to CTN and ACE degradation
were verified, which implied a potential role of
fusant strains in the development of novel strategies
for the bioremediation of ACE contaminated environments. Beyond these prospective studies are
those focused on the genome, because there is limited knowledge regarding key genes or enzymes in
ACE degradation. For example, Wilkinson et al.
(1972) [42] indicated that ACE is biotransformed in
the honeybee by Phase I enzymes, mainly by mixed
function oxidases that convert ACE into more polar
metabolites that are more readily excreted; NHase
from CGMCC 7333 and P450-enzyme-systems-mediated demethylation was responsible for the biotransformation of ACE [9, 14]. These sparse studies
remind us that cloning the genes involved in the degradative pathway may help to understand the corresponding enzymatic biochemical mechanism of
ACE biotransformation. In other ways, photocatalysts and surfactants were also found to catalyze the
photodegradation of ACE under the condition of oxygen and light [35, 36]. To sum up, all descriptions
above suggest that probable mechanisms in various
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a limiting economic factor for industrial applications.
A dye can be divided into negative, positive,
and neutral ions. However, bentonite can only adsorb positive ions through ionic exchange [12, 13].
Previous research results implied that the bentonite
clay has more affinity for the cationic dye, where the
electrostatic force contributes to the interaction between clay and dye. It therefore ensues that the negative net charge of the bentonite clay is suitable for
the attraction of a cationic dye such as methylene
blue. Bentonite has insignificant adsorption capability on anions because of the basic structure of its surface [14]. The key step in the treatment process to
remove dyes from wastewater using bentonite is removing the anions.
In this study, the common surfactant CTAB and
the anionic dye Orange II were selected as an example. The treatment effect of treating Orange II with
bentonite combined with CTAB was studied though
a simulation experiment. The influences of parameters, such as the amount of surfactant, pH, temperature, and reaction time, were discussed. The experimental results could provide a method for directly
using surfactants combined with bentonite in treating
organic wastewater.

The adsorptions of Orange II by bentonite
with/without cetyltrimethylammonium bromide
(CTAB) were tested and compared. The influence
factors, such as surfactant amount, pH, contact time,
and temperature, on the removal of Orange II were
studied. Results showed that the presence of the cationic surfactant, such as CTAB, could greatly enhance the removal efficiency of Orange II compared
with the system supplied with only bentonite. The
role of the CTAB on the adsorption was discussed
and the mechanism of the adsorption was proposed.
The highest removal rate of Orange II appeared at
pH<3. When the pH value was increased from 3 to 5,
the removal rate dropped by 30% to 50%. The removal rate of Orange II decreased by 5% to 10%
when the temperature was higher than 25 °C.
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Bentonite, CTAB, Orange II, Adsorption.
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Adsorption (sorption) techniques are widely
used to remove certain classes of chemical pollutants
from wastewaters, particularly those that are difficult
to destroy using the conventional wastewater treatment process [1, 2]. These techniques use adsorbents
that are inexpensive and do not require additional
pretreatment before their application. Bentonite,
which is a rich clay mineral, consists of layers of two
tetrahedral silica sheets that sandwiches one octahedral alumina sheet [3-5]. This mineral is efficient in
removing organic pollutants from wastewater after
modified with a cationic surfactant [6-8].
The traditional technology for organobentonites to remove organic pollutants from wastewater
includes two steps, namely, organobentonite synthesis and application for pollutants removal from water.
The synthesis process involves pulverizing bentonite
and agitated mixing it with a surfactant solution,
such as cetyltrimethylammonium bromide (CTAB),
for several hours; the product is then centrifuged,
washed, dried, and ground [7, 9-11]. The modification process is complex and time consuming. It also
requires great amounts of water and power, which is

" !"!

<5,602,38(1(8,60(17The wastewater was
produced by placing 300 mg of Orange II into a 1000
mL flask and diluting to scale. The bentonite used in
the experiment was produced by Inner Mongolia
Rock Group Co. Ltd. (China). The exchanging volume of positive ions was 120 mmol/100 g. The
CTAB, FeCl2 •7H2O, HCl, and NaOH were all AR
grade. A UV-2400 ultraviolet spectrophotometer, a
THZ-C desktop oscillator, a thermo high-speed tabletop centrifuge, and a Mettler Toledo acidometer
were utilized.

,8/4+7Bentonite (0.05 g), CTAB (20 mL),
and Orange II (with different concentrations) were
all placed into a 22 mL centrifuge tubes, whose lid
were tightly covered with PTFE membrane. At 25 °C
and 150 r/min, the centrifuge tubes were shaken for
3 h. When the adsorption equilibrium was achieved,
the tubes were centrifuged for 10 min at 25 °C and
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into two fractions, I and II, to analyze the trend of the
Orange II removal on bentonite with different CTAB
concentrations. In Zone I, when the surfactant concentration was relatively low, the removal rate of Orange II increased with the CTAB concentration because the bentonite anions was combined with
CTAB and was no longer hydrophilic. The organic
phase contained in the bentonite also increased,
thereby enhancing the adsorption capability. Fig. 3
shows that these Orange II molecules were adsorbed
into the interlamellar, and d001 increased from 3.75
nm to 4.83 nm.
The rising trend of the Orange II removal became gentle with the continuous increasing of CTAB
concentration in Zone II. The critical point for the
adsorption is CTAB at 180 mg/L. When the CTAB
concentration reached 270 mg/L, it is the critical micelle concentration (CMC) of CTAB.

3000 r/min. A certain amount of supernatant was accurately transferred into a colorimetric tube, and distilled water was added up to the marking. The absorbance was measured after all of the preliminary
works.
!#"!!#!!!

+74658043 4- 6(3.,  43 ,384308, The
experiment proceeded at 25 °C and 150 r/min to
prove the adsorption of Orange II to bentonite. The
initial concentration of Orange II was 30 mg/L and
270 mg/L. The isotherm (Fig. 1) showed that the adsorption amount of Orange II on bentonite was very
low. The total adsorption amount was almost 0. The
result was affected by the bentonite structural surface potential. The bentonite clay has a strong negative charge, which help the bentonite to attract positively-charged ions to itself when hydrated. However, the negative charge hindered the adsorption of
the anion adsorption [15].
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At the critical point, the CTAB amount was approximately 1.31 mmol/g bentonite, which was
about 200% cation exchange capacity (CEC) of bentonite. The mole ratio of the maximum adsorbed
amount of Orange II to CTAB was nearly 1:2
(0.71:1.31 mmol/g). Orange II might have been adsorbed through the anionic exchange with the bromide ion from the CTAB molecule, which was fixed
into the interlayer of bentonite by the van der Waals
hydrophobic interactions. In the first process, CTA+
was first anchored in the interlayer of bentonite by
cationic exchange. When the CTAB amount exceeded 100% CEC, the CTAB molecule was adsorbed. Van der Waals hydrophobic interactions are
suggested in such cases and lead to a bilayer of interdigitated alkyl chains. The bond for bromide ion
could be an active site for dye adsorption. When the
anionic exchange occurred, the counter-ion bromide
was desorbed and replaced with the anionic dye.
When the added amount of CTAB exceeded the 200%
CEC of bentonite, the adsorption capacities hardly

0
0

20

300

# 
--,*84-8/,03080(1*43*,386(80434-"43
8/,746580434-6(3.,

--,*8 4- !96-(*8(38 24938 43 8/, "6,(8
2,38In 20 mL of synthetic wastewater, the original
concentration of Orange II was 30 mg/L. The bentonite amount was 50 mg. The effect of CTAB on the
adsorption is shown in Fig. 2. The figure was divided
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that range. The mole of exchanged Br- was calculated (shown in Figure 4) and found it linearly increased with the increase of adsorbed mole of Orange II. It is surprisingly found that almost two Brisolated from CTMA+ led to one Orange II ion adsorbed on bentonite in the range of 100%-200% CEC.
In summary, the CTAB worked as the glue to help
the dye adsorbed on the bentonite.

--,*84-5438/,(+746580434-6(3.,
In 20 mL of simulation wastewater, the original concentration of Orange II was 30 mg/L. The effect of
pH on the adsorption is shown in Fig. 5. The bentonite amount was 50 mg/L and the pH was between 2
and 12. The effect of pH on Orange II adsorption was
obvious, that is, the higher the pH, the lower the removal rate. When the pH was 2, the adsorption got
the highest amount about 97.5%. As the increase of
the pH, the adsorption decreased to 55.1%. The adsorption of these charged dye groups onto the adsorbent surface is primarily influenced by the surface
charge on the adsorbent, which is in turn influenced
by the solution pH value. At low pH range, there are
more hydrogen ions than hydroxide ions in the solution. The hydrogen ions can neutralize the negative
charge on the edge of bentonite layer, which weakened the repulsion between the adsorbent and negative dyes[18]. When the pH value increased, the hydroxide concentration increased, which decreased
the adsorption amount. However, in the adsorption
of cationic dyes, the results trend is in the opposite
direction. The adsorption of the cationic dye increases from 29% to 91% with an increase in pH of
the solution from 2.0 to 9.0 and then remains almost
constant [13].

increased. This result may be attributed to steric hindrance.
41,4-"43(+74658043The concentration of the desorbed counter-ion bromide was analyzed. The desorbed bromide molar amount is almost
equal to that of adsorbed Orange II, as shown in Figure 4, which can be the solid evidence for the adsorption mechanism.
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The adsorbed amounts of Orange II and CTAB
were calculated. The results are 399.6 mg/g (1.15
mmol/g) and 787.2 mg/g (2.16 mmol/g), respectively. It is found that the maximum adsorbed
amount mole ratio of Orange II to CTAB is close to
1:2. It could be supposed that Orange II was adsorbed by anionic exchange with bromide ion from
the CTAB molecule that was adsorbed into the interlayer of bentonite by van der Waals hydrophobic interactions. The residual concentration of bromide
was determined to reveal its state in the system. It
was found that almost all the bromide ions were remained in the solution. Normally, when the adsorption of CTAB was above 100% CEC, the counter ion
Br- would be adsorbed with CTA+ as ion pairs onto
bentonite by tail-tail interactions [16, 17]. However,
almost all Br- dissociated from adsorbed CTA+ in
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#  
--,*84-8,25,6(896,438/,6,24:(14-
6(3.,

--,*84-",25,6(896,438/,"6,(82,384-
=, $(78,;(8,6 In 20 mL of simulation
wastewater, the original concentration of Orange II
was 30 mg/L and the amount of bentonite was 50 mg.
The effect of temperature on adsorption capacity was
investigated by measuring the adsorption capacity at
various temperatures, namely, 15, 25, 35, 45 and
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55 °C. The effect of different temperatures on the adsorption is shown in Fig. 6.
The trend of the effect of temperature on the removal rate was almost constantly dropping. This was
because the adsorption capability of the surfactants
positive ions decreased with the increasing temperature. The removal rate of Orange II descended by 5%
to 10% when the temperature was higher than 25 °C.
This observation reveals that the adsorption
process is slightly exdothermic. This may be caused
by the increased tendency of adsorbate ions to be adsorbed from the solution into the dye-clay interface.
The adsorption capacity does not change as much
when the temperature increases from 15 to 55 °C,
suggesting the adsorption behavior is insensitive to
the changes of temperature in this range. The overall
temperature influence is weak for the adsorption of
Orange II, which probably indicates the low activation energy in the predominantly ionic system.
#!!
With the assistant of CTAB, the removal rate of
Orange II by bentonite could reach 96.6% from 3%.
The best amount of CTAB added into bentonite was
equal to 200% CEC. The factors that might influence
the adsorption process such as CTAB, pH value and
temperature, were investigated. The results showed
that the highest removal rate of Orange II occurred
at pH<3, and the removal rate dropped by 30% to 50%
when the pH value was increased from 3 to 5. The
effect of reaction temperature on Orange II removal
was discussed. The CTAB worked as the glue to help
the dye adsorbed on the bentonite. The bromide ion
from CTAB supplied the active site for dye adsorption.
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only because of their colour, but also because decomposition products of many dyes having toxic,
carcinogenic or mutagenic effect on living organisms [1]. Textile dyes are more stable than others because of their complex structures. Basic dyes, which
have metals in their structure, are considered one of
the most toxic substances [2]. Non-fixed basic dye
that may be discharged in the effluent is limited up
to 3 % by EPA-OECD [3].
Many different methods have been proposed
for the removal of dye such as coagulation, flocculation, biological uptake, ozonation, membrane filtration, chemical oxidation, photocatalytic degradation,
adsorption, and ion exchange [4-6]. Adsorption in all
these methods mentioned seems more advantageous
one because it is relatively cheap, easily applicable
and eco-friendly. Activated carbon (AC), which having high surface area and porous structure and various characteristics of surface depending on raw materials and carbonization routes, is most commonly
used adsorbents in the dye removing process [7].
When the AC is saturated with adsorbate, it is needed
to be separation from water and to be regeneration
for reuse [8].
AC is commonly separated by using of the
methods such as filtration, flotation and sedimentation after the adsorption process. On the other hand,
the mixing with other impurities, blockage of filter
and high operation costs are important limitations for
using of these methods. Especially, the separation of
AC powder from water stream is more difficult. Accomplishment of this problem is possible by gaining
easy separable properties to AC. Magnetic modification of AC is evaluated as a feasible method to enhancing the separation properties of the adsorbent.
Thus, magnetically modified AC can be easily separated from water stream by applying external magnetic field. Recently, magnetic separation method is
widely used due to low-cost, simplicity, being quick
in separation and high efficiency [9].
The magnetic constituents of adsorbent are
magnetic iron oxides (magnetite, maghemite or their
mixtures). The recyclability, low toxicity and chemical stability of magnetic activated carbon (MAC)
are provided by addition of magnetic iron oxide
(Fe3O4) [10]. MAC is prepared by combining AC
with magnetic particles produced chemical co-precipitation, adsorption, mixing etc. Chemical co-precipitation methods, alkaline precipitation of ferrous

In this study, adsorption of basic dye (Basic
yellow X-5GL) was investigated by magnetically
modified activated carbon, which is easily separated
from aqueous medium. The effect of adsorption variables was determined by using Design of Experiment (DOE). Also, the characterization adsorption
process was investigated. Central Composite Design
(CCD), which also describes interaction effect of independent variables, was used for obtaining the
model equation for the adsorption process. Three important variables (initial concentration of the dye, initial pH of the solution and amount of adsorbent)
were studied using CCD for the process. We designed our experiments to obtain a quadratic model
of 20 trials consisting factorial, stars and center
points. ANOVA results show that good correlation
between the predicted and experimental values. The
statistical evaluations show that the results of DOE
are properly fitted, considering the determination coefficient (R2=0.99) for dye removal. The highest adsorption capacity (181.4 mg/g) was obtained under
the conditions of 0.66 g/l of the sorbent dosage, 9.34
of the initial pH and 234 mg/l of the dye concentration.


'&!"
Paramagnetic activated carbon, Basic Yellow X-5GL, Design of Experiment

#!$#
Increased industrialization leads to an increase
in the amount of pollutants. Especially, resistant to
biological degradation of organic pollutants pose
major risks to drinking water and the environment.
These pollutants must be treated due to toxic effects
of decomposition products for life. Dye in
wastewaters, which have synthetic origin and complex aromatic structure, is an important part in the
organic pollutants. The consumption of the dyes increases about 6 % per year by the increasing the demand in some industries such as food, chemicals, paper, textile, printing inks, pharmaceuticals and paints
etc. In particular, the discharge of dye-containing effluents into the water environment is undesirable, not
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stirred until cooling at room temperature. The MAC
was separated by filtration and repeatedly washed
with distilled water up to suspension pH of 7.0. The
obtained MAC were dried at oven at 80 °C for 24 h
and kept in desiccators for the experiments.
The commercial basic dye (Basic yellow X5GL) was obtained from a local textile firm in Turkey and was used in the experiments without making
any changes. A standard stock solution of the basic
dye (1000 mg/l) was prepared by dissolving in distilled water.
The flask containing 50 ml of dye solution having various concentrations and certain amount of
MAC was placed in a shaker operating at 150 rpm
and constant temperature. The samples were taken
from capped flask to determine of residual dye in solution at predetermined contact period. The MAC
was removed from samples by centrifuged (4000
rpm, 10 min). The absorbance of dye solution was
measured by using a spectrophotometer at 424 nm.
The adsorption density q (mg/g) was calculated
by using fallowing equation.

and ferric salts in the presence of AC and then by
heating of the aqueous suspension, are simplest and
most often used one [7].
Adsorption process is mainly affected by the
adsorbate concentration, temperature, adsorbent
dosage and pH. These independent variables are optimized for maximum adsorption density. Classically, optimization is made by changing one variable
while others keeping constant in the same time. But
it requires large experimental run, extra time and material to find out the behaviour of process. These limitations can be overcome by using DOE. DOE techniques are widely used in various fields of chemical
engineering [11]. The optimum conditions and the
interactions between independent variables can be
determined by using DOE. Also, the response of the
investigated process is estimated with the help of the
obtained model equation under different conditions.
Response surface methodology (RSM) is a DOE approach to identify the optimum conditions for multivariable systems [12].
In this study, adsorption of basic dye (Basic
yellow X-5GL) was investigated by MAC, which is
easily separated from aqueous medium. The effects
of adsorption variables were determined by using
DOE. Also some characteristics of the adsorption
process such as kinetics and isotherms were investigated.

$ % #  &

E.1

Where, Co and Ct are the concentrations (mg/l)
of Basic Yellow X-5GL (BYX) at initial and any
time, respectively. m is the dosage of adsorbent (g).
V is volume (l) of the dye solution.

#!"#"
!"$#""$""
RSM comprises a body of methods for exploring to optimum operating conditions through experimental methods [13]. It can be obtained a functional
relationship between a response variable and a set of
design variables. It is possible to obtain an expression between response values with independent variables by using RSM. CCD, which also describes interaction effect of independent variables, was used to
obtained model equation.
Three important variables (initial concentration
of the dye, initial pH of the solution and amount of
adsorbent) were studied using CCD for removing
basic dye from aqueous solutions. We designed our
experiments to obtain a quadratic model consisting
of 23 trials plus a star configuration and six center
points. Then, the results of the CCD were used to fit
a quadratic equation by a multiple regression procedure. Planning of experimental matrix and statistical
analysis of results were conducted by using the Design Expert software (Version 8.0, Stat-Ease, Inc.,
Minneapolis, USA).
MAC was prepared by a chemical co-precipitation method. Iron salts mixture (15.2 gr FeCl3.6H2O,
7.9 gr FeSO4.7H2O) and commercial AC (5 g) were
mixed in 400 ml under vigorous magnetic stirring.
To precipitate iron oxides onto AC, NaOH (5 M) was
added dropwise to raise the pH of suspension to
about 10 at 70 °C. Afterward, the suspension was

Three independent variables that important for
adsorption process were selected to determine the effect on removal efficiency by using DOE. This methodology allows to investigate both the effect of variables such as initial pH, dye concentration and adsorbent dosage on the removing of dye and mutual
interaction effect between variables on density of adsorption. The results of experimental study and predicted values obtained from proposed model equation are shown together in Table 1.
The quadratic model was selected considering
the lack of fit, R2 and adjusted R2. The statistic values obtained from ANOVA analysis by using Design
Experiment software are given in Table 2.
The full factorial rotatable quadratic model
equation in terms of actual factors are given in Eq.2.
Y(adsorption dencity, mg/g) = 110.994 107.965 x1 + 0.898 x2 + 0.689 x3 + 0.673 x1 x2 -0.063
x1 x3 + 0.005 x2 x3 + 22.411 x12 -0.130 x22 -0.001
x 32
E2
The terms with positive sign has an effect to increase adsorption density. The variance coefficient
has relatively low values (4.858), adjusted R2 values
(0.976) and the correlation coefficient (R2) value of
0.987 are very close to 1. These values imply that the

2076

#"

  $ 

 





  !




# 
4(;90>,>7,904,5;(3(5+79,+0*;,+9,:<3;:

model is appropriate to describe of adsorption process. According to results, the predicted quadratic
model can describe the change of variables about 99
%. The predicted values and actual values plots are
given in Fig1.
ANOVA results of quadratic model equation
were given in Table 3. It is shown that, the linear effect of dosage of adsorbent and dye concentration
and quadratic effect of dosage are important for predicted model due to low   (<0.005). The effect of initial pH was relatively important on adsorption process while the mutual effect of variables not
important for response according to   
. The regression equation was solved by numerical methods suggested Meyers and Montgomery [12]. The optimum values of independent variables were found as dosage of adsorbent at minimum
point (0.66 g/l); initial pH and dye concentration at
maximum tested point (9.32 and 234 mg/l, respectively). It has been found that the optimal values at
endpoints as expected for the adsorption process.
The 3D plots show that mutual effects of tested variables on adsorption of BYX (Fig. 2a, b, c). The dye
adsorption density increases by increasing the BYX
concentration as linearly. It is shown from Fig. 2b
that the maximum adsorption density (140 mg/g)
was obtained under the conditions of high dosage
and dye concentration. When the initial pH increases
from 2.34 to 9.34, the adsorption density increases
slightly.



x2
x1
x3
8 
50;0(3
!<5 6::(.,
?,*65* ,>7
7
mg/g
g/l
mg/l
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
0.66
2.34
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50

4.00
4.00
8.00
8.00
4.00
4.00
8.00
8.00
6.00
6.00
2.64
9.36
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00

100.00
100.00
100.00
100.00
200.00
200.00
200.00
200.00
150.00
150.00
150.00
150.00
65.91
234.09
150.00
150.00
150.00
150.00
150.00
150.00

90.84
48.87
93.02
49.29
142.0
89.23
141.70
96.18
138.8
60.65
76.02
88.83
42.34
117.6
88.93
88.23
89.69
85.31
89.15
85.46

Y
879,+
mg/g
88.76
44.38
90.90
49.21
136.86
86.13
141.07
93.03
142.29
64.57
82.31
89.92
45.04
122.34
87.58
87.58
87.58
87.58
87.58
87.58
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2FI
Quadratic
Cubic
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7.39
4.38
5.08
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The adsorption kinetic models are important to
explain the sorption mechanism. The pseudo first order and pseudo-second order model were tested by
using experimental data. The expressions of models
are given in Eqs.3-4. The constant of kinetic models,
experimental adsorption capacity and regression coefficients are given in Table 3. It can be seen that regression coefficient of pseudo-second order kinetic
model equation more close to 1 (larger than 0.96).
Also, the calculated adsorption capacity values are
fitted to the experimental adsorption capacity for this
model. Therefore, it can be concluded that the sorption behaviour depending on time is obeying to
pseudo-second order model which is based on the
rate limiting step may be chemisorption.
  #  $   #
,
(first-order kinetic model)
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equilibrium data, are important for application of adsorption process. Langmuir and Freundlich isotherm
models were used to analyzed BYX adsorption isotherms. Expressions of isotherms are given in Eqs.
5-6. The equilibrium data were obtained from experiments conducted at various initial dye concentrations (150-350 mg dye/l) and temperatures (2055°C). The isotherm constant and regression coefficients are tabulated in Table 5. It is seen that Langmuir isotherm model depicts well the data of equilibrium for adsorption process. The maximum monolayer adsorption capacity was calculated as 181.82
mg/g at 50 °C.


$

 !


(Langmuir isotherm)

E5

Where,  is the sorption capacity (mg/g) at
equilibrium,  is the dye concentration (mg/l) at
equilibrium,  is the maximum adsorption capacity (mg/g) and  is sorption constant related to affinity of binding sites or bonding energy (l/mg).

E3

,

(pseudo-second-order kinetic model) E4

50 ˚C

35 ˚C

20 ˚C


Where,  and  (mg/g) are the amounts of
E6
 $   (Freundlich isotherm)
basic dye on the MAC at the equilibrium and any
time (t), respectively, and k1, k2 are rate constants for
Where, Kf is roughly representing the sorption
the pseudo first order and the pseudo second order
capacity and 1/n is the constant related to the adsorpadsorption models.
tion intensity.
The adsorption isotherms, calculated from

# 
%9,:<3;:6-8<(+9(;0*,8<(;065

7=(3<,
"6<9*,
%(3<,
96)
Model
87.629
< 0.0001
Sig.
x1(Dossage)
380.358

3.645
0.0853
x2- (Int.pH)
376.252

x3-(Int.Cons)
0.189
0.6728
x1 x2
1.050
0.3296
x1 x3

# 
#/,9,.9,,::065*6,--0*0,5;:(5+9(;,*65:;(5;:-69205,;0*46+,3:
65*
:,<+6",*65+9+,905,;0*
>78,
09:;9+,905,;0*
#
(mg/l)
8, 
8, 
2
2


!
!
(mg/g)
(min-1)
(mg/g)
(mg/g)
(g/mgmin)
150
0.8349
0.0019
89.846
0.996
0.0002
99.010
127.981
200
0.9177
0.0025
103.400
0.988
0.0001
93.458
134.126
250
0.7842
0.0017
101.443
0.999
0.0002
95.238
131.602
300
0.7785
0.0015
99.464
0.959
0.0001
90.909
127.294
350
0.9196
0.0042
48.618
0.999
0.0003
72.464
71.991
150
0.9740
0.0040
93.084
0.991
0.0001
133.333
135.834
200
0.9046
0.0027
96.188
0.995
0.0002
131.579
149.934
250
0.9471
0.0028
87.086
0.991
0.0002
117.647
132.367
300
0.9088
0.0028
89.095
0.996
0.0002
120.482
136.728
350
0.9403
0.0036
81.614
0.971
0.0002
109.890
117.886
150
0.9491
0.0056
97.514
0.996
0.0002
144.928
142.769
200
0.9699
0.0034
126.875
0.982
0.0001
161.290
172.627
250
0.9209
0.0023
135.084
0.991
0.0001
151.515
177.497
300
0.9469
0.0034
119.582
0.995
0.0001
161.290
172.423
350
0.9313
0.0031
142.594
0.958
0.0001
161.290
181.883
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R2

qmax(mg/g)

K (l/mg)

R2

0.999
0.997
0.998

126.58
133.33
181.82

0.519
0.504
0.491

0.361
0.276
0.790

Kf
(mg/g)
243.88
160.18
130.08



$"


n
6.119
24.691
14.992

[6] Kavak, D. (2017 Adsorption of Cr(III) From
Aqueous Medium by Hazelnut Shell and Batch
Design. Fresen. Environ. Bull. 26, 1784-1790.
[7] Safarik, I., Horska, K., Pospiskova, K., Safarikova, M. (2012) Magnetically Responsive Activated Carbons for Bio- and Environmental Applications. International Review of Chemical
Engineering. 4(3), 346-352.
[8] Zhang, Y., Xu, S., Luo, Y., Pan, S., Ding, H., Li,
G. (2011) Synthesis of mesoporous carbon capsules encapsulated with magnetite nanoparticles
and their application in wastewater treatment.
Journal of Materials Chemistry. 21(11), 36643671.
[9] Kakavandi, B., Jonidi, A., Rezaei, R., Nasseri,
S., Ameri, A., Esrafily, A. (2013) Synthesis and
properties of Fe 3 O 4-activated carbon magnetic nanoparticles for removal of aniline from
aqueous solution: equilibrium, kinetic and thermodynamic studies. Iranian Journal of Environmental Health Science & Engineering. 10(1), 1.
[10]Kakavandi, B., Jonidi Jafari, A., Rezaei Kalantary, R., Nasseri, S., Esrafili, A., Gholizadeh, A.,
Azari, A. (2016) Simultaneous adsorption of
lead and aniline onto magnetically recoverable
carbon: Optimization, modeling and mechanism. Journal of Chemical Technology and Biotechnology. 92(12), 3000-3100.
[11]Dai, Y., Du, C., Yu, H., Zhang, D., Tanaka, S.
(2016) Effect of Contact Time, Solution PH,
Dosage of Adsorbent, and Regeneration on Adsorption Behavior of Lead using Nitric Acid
Treated Carbon Material. Fresen. Environ. Bull.
25, 3513-3517.
[12]Tanyildizi, M.Ş. (2011) Modeling of adsorption
isotherms and kinetics of reactive dye from
aqueous solution by peanut hull. Chemical Engineering Journal. 168(3), 1234-1240.
[13]Lenth, R.V. (2009) Response-Surface Methods
in R, using RSM. Journal of Statistical Software. 32(7), 1-17.

The results show that the model equation proposed by DOE software are well fitted, considering
the determination coefficient (R2=0.99) for dye removal. ANOVA results show that good correlation
between the predicted and experimental values. The
linear effects of dye concentration and adsorbent
dosage and quadratic effect of adsorbent dosage
played important role on the removal efficiency due
to low   (<0.005). Three-dimensional response surface plots which are demonstrated simultaneous effect of independent variables were plotted.
The highest adsorption capacity (181.4 mg/g) was
obtained at low dosage value (0.66 g/l) and high initial pH (9.34) and dye concentration (234 mg/l) values. In this study, results showed that the mathematical model equation can predict the value of adsorption capacity with high compliance. Langmuir isotherm and pseudo-second order kinetic models can
be used to describe adsorption process with high regression coefficient.
!!"
[1] Dos Santos, A.B., Cervantes, F.J., van Lier, J.B.
(2007) Review paper on current technologies
for decolourisation of textile wastewaters: perspectives for anaerobic biotechnology. Bioresource Technology. 98(12), 2369-2385.
[2] Marungrueng, K., Pavasant, P. (2006Removal
of basic dye (Astrazon Blue FGRL) using
macroalga Caulerpa lentillifera. Journal of Environmental Management.78(3), 268-274.
[3] Hessel, C., Allegre, C., Maisseu, M., Charbit, F.,
Moulin, P. (2007) Guidelines and legislation for
dye house effluents. Journal of Environmental
Management. 83(2), 171-180.
[4] Zhu, X., Wang J. (2017Comparison of Sulfamethazine Adsorption by Multi-Walled Carbon
Nanotubes (MWCNTS) And Magnetic
MWCNTS From Aqueous Solution. Fresen. Environ. Bull. 26, 579-589.
[5] Olya, M.E., Pirkarami, A., Mirzaie, M. (2013)
Adsorption of an azo dye in an aqueous solution
using
hydroxyl-terminated
polybutadiene
(HTPB). Chemosphere. 91(7), 935-940.
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ple, arthropods with piercing-sucking mouthparts
multiply extraordinarily fast (aphids, scale insects,
psyllids, spider mites) and reach enormous numbers
in cities. The largest numbers of arthropods inhabiting trees in cities can be found in roadside zones
[12-17].
The crown condition of trees is commonly
used as an indicator of its health and vitality. Two
main crown condition criteria that are assessed are
the loss of foliage area or defoliation and crown
discoloration [18]. Defoliation reduce tree’s photosynthetic capacity and discoloration may lead to
higher herbivore damage due to the increase in
soluble nitrogen in the leaf tissues, which attracts
invertebrate herbivores [19]. Insects are the most
common pests causing defoliation on trees [20].
Discoloration can be caused by several environmental stresses, e.g. drought or nutrient deficiency,
pests, and diseases, e.g. fungi or viruses [21].
Old tree alleys are becoming more and more
rare in the urban landscape. In order to preserve
those crucial historical objects as long as possible,
their health condition needs to be monitored. The
example of such an assumption is a maple alley
which leads to the historical Marcelin manor in
Poznań. For the last decade, two fragments of this
alley have been used in different ways. The aim of
the study was to determine whether the mentioned
changes impacted the health condition of trees.


%#$ %!$

The research was conducted in the years
2014–2015. Poznań (53o24’30’’N, 16o 56’3’’ E) is
located in a moderately warm climate zone with
average yearly temperature 8.5oC, and average
yearly rainfall 520 mm. The season of 2014 characterized with the cool spring with a high amount of
rainfall, the very warm beginning of summer, and
the autumn with rainfall near the long-term standard. The season of 2015 was dry with the tempera-

The health condition of the sycamore maple
growing in different urban environmental conditions was evaluated. A location did not affect the
concentration of phosphorus, potassium, magnesium, and calcium in leaves. However, the plants
differed in the nitrogen content. Trees growing
along a heavy-traffic route were more numerously
inhabited by insects and more susceptible to pathogenic fungi than trees growing along a road with
pedestrian traffic. Four orders of insects, mites, and
slugs were identified on the sycamore maple. The
dominant insect species was  " !
 (Schrank, 1801). Two species of pathogenic
fungi have been identified: $   and
%! ".


)(!#$
Urban greenery,   "!"   "
!  $  ,
%!  ",
nutritional status of plants



 %#!&%! 
Trees constitute a vital element of green areas
that serve a number of functions in the urban environment, including ecosystem functions such as
improving air quality, decreasing ambient temperature, reducing noise pollution, as well as improving
the aesthetical quality of public spaces and playing
a recreational role [1–6]. Trees that are in a good
health condition fulfill their functions the most
thoroughly; yet, trees growing in cities are exposed
to the influence of many unfavorable conditions,
such as excessive drought, as well as the toxification of soil and air, which impacts negatively their
health conditions [7-11]. Urban vegetation has, to a
large extent, lost its natural immunity against herbivore attacks. Some invertebrate species, for exam-
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ture comparable to the previous year. The research
area was an old sycamore alley.
The health condition of trees growing in the
alley with the sycamore maple was evaluated. The
mentioned alley accompanies an access road to the
old manor Marcelin, located within the area of
Poznań. Due to changes in the transport system in
the city, along with the creation of a big shopping
centre, the trees that composed it were found in
divergent habitat circumstances. The part of the
alley was found beyond vehicular traffic, with minor hardened grounds encumbered only by pedestrian and cycling traffic within the area of crowns,
whereas the remaining trees had been undergoing a
strong pressure connected with vehicular traffic.
The changes took place in 2005.
The research was conducted on 70 specimens
of the sycamore maple  "!" L. The
age of trees was estimated at 70–100 years, and the
median of the circumferences of the trees was 142
cm.
The research was conducted at two sites. The
first site (S) comprised a group of trees growing in
the southern part of the alley between Łubieńskiej
Street and the manor in Marcelin. The trees grow
here in the distance of 0,5 m from the unhardened
strip of a road, which is exposed not only to exhaust
fumes, but also to a strong soil compaction. The
second site (N) comprised trees that grew on a
section located north off of a junction with the
Łubieńska Street (Fig. 1). That section of the alley



was excluded from vehicular traffic. A 5-metre
wide pedestrian-bicycle path, paved with concrete
blocks, runs along the row of the trees. Trees grow
here on the strip of grass approximately 1,5 m from
the path. Luvisols developed from sandy loam are
found all over the area.
%2//?+6>+=39890=;//-98.3=398The overall
condition of the trees was evaluated with the visual
method created by Kosmala [22]. The visual evaluation of a tree’ condition, if conducted by experienced people, is considered a method which yields
objective and repetitive results [22, 23]. The visual
method takes into consideration the condition of the
crown (branches, shoots and leaves), trunk, and
roots of the tree (including the evaluation of soil
quality in the rooting zone).
The damage to particular tree parts is taken into consideration as well as pest infestation or infection with pathogens. The degree of damage is described as a % share of the total. We converted
particular tree features related to the condition of
the tree into points. A tree could have a maximum
score of 100 points on a five-level scale, where: 015 points means very bad condition, 16-45 bad
condition, 46-75 average condition, 76-95 good
condition, 96-100 very good condition. We converted the score into degrees related to tree vitality
phases (very good – expansion phase, medium
degree – weakening, bad degree – stagnation, very
bad degree – resignation phase).

&# 
%2/</-=398<90+66/B$E<9>=2</-=398@3=2?/23->6+;=;+003- E89;=2</-=398@3=2:/./<=;3+8+8.
-B-6381=;+003-+E96.7+89;38+;-/638
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% 
/+6=2-98.3=39890=;//<38"9C8+F38
Locality
The southern part of alley (S)
The northern part of alley (N)



Number of trees in health class
good
medium
bad
5 (31,3%)
11 (68,8%)
0
20 (37%)
32 (59,3%)
2 (3,7%)

Mean number of
points
71
72


%2/ +<</<<7/8= 90 =2/ <936 -97:+-=398 +8.
=2/ -98-/8=;+=398 90 /6/7/8=< 38 =2/ 6/+?/< 90
<B-+79;/ In June for chemical analysis leaves
samples were taken. From each localization 6 independent biological replicates were prepared. The
leaves samples were sampled from the outer belt of
the crown, along its entire circumference at heights
from 2,5 to 3,5 m. After drying and mineralization
in strong acids the total concentration of N, P, K,
Ca, Mg, Na were determined. The content of K, Ca,
Mg was determined using absorption spectrophotometry. For analysis of P spectrophotometric
methods were used. Total N was determined by the
micro-Kjeldahl procedure [24]. The evaluation of
nutritional status of leaves was based on recommendations for macroelements published by
Kacperska i in. [25]. The results of our research
were also compared with the content of sodium in
leaves sampled from  ! trees growing along the street in different location in Poland
[15, 26]. Using Eijkelkamp penetrometer the soil
compaction of upper soil layer was measured. The
measurement was performed in a row of the trees,
at a distance of 1m from the trunk. Before assessing of the soil compaction, the turf (north part
of alley) or gravel used to harden the road (south
part of alley) was removed. On both sides 6 measurements were done.

%2/ 9-->;;/8-/ 90 2+;70>6 0+>8+ 380/<=381
=2/ 6/+?/< 90 <B-+79;/ Ten plants were selected
on each site to be used for evaluating the threat of
harmful fauna infesting the tress. Twice a month,
from the beginning of May, till the end of September, a sample of 100 leaves was collected from the
ten plants. This sample was then taken to the laboratory of the Department of Entomology and Environmental Protection. The leaves were checked, and
the cause of damage identified on the basis of pest
developmental stages or symptoms of pest feeding.

%2/ 9-->;;/8-/ 90 .3</+</< 98 <B-+79;/
The assessment of the health condition was conducted in the growing season of 2015. At both sites,
leaf samples were collected from 16 sycamore
maples. The material for research was collected
from the middle and bottom part of the crown—10
leaves from each tree at each observatory sessions.
Pathogenic leaf infections were assessed according
to a new adopted scale based on a percentile participation of leaves with symptoms or pathogenic

structures in relation to the overall number of examined leaves: 0 – leaves with no disease symptoms
nor pathogenic structures; I – 1–4% of leaves with
disease symptoms and pathogenic structures; II –
5–20% leaves with disease symptoms and pathogenic structures; III – 21–50% of leaves with disease symptoms and pathogenic structures; IV – 51–
90% of leaves with disease symptoms and pathogenic structures; V – 91–100% of leaves with disease symptoms and pathogenic structures, then the
average degree of infection was calculated [27].
The identification of fungi was conducted
based on its macro- and microscopic characteristics
with the aid of identification keys [28–31].


#$&%$ $&$$! 

%;//< -98.3=398 The average point evaluation of the tree condition amounted to 71.6 points
(Table 1). The condition of the majority (61.4%) of
trees was assessed as average (43 specimens), the
condition of 35.7% of trees (25 specimens) was
assessed as good, and the condition of 2.9% of trees
(2 specimens) was assessed as bad. No trees have
been recorded as belonging to the class of trees
with a very good or very bad condition. The condition of trees not encumbered with vehicular traffic
(the northern part) transpired to be a little better
than that at the section where the access road was
still in use (the southern part). The average point
evaluation for the southern alley reached 71 points,
and the majority of trees were in the medium health
class (11 specimens, that is 68.8%). The trees located in the northern part of the alley obtained 72
points, and the condition of the majority of trees
was assessed as average (32 specimens, that is
59.3%). Among health problems recorded while
conducting a visual assessment of tree health conditions, many decaying fragments could be enumerated that occurred after the removal of branches. A
large number of trees contained deadwood in the
crown as well as a significant number of partly
dried leaves. These damages can be connected to a
drought that occurred in the previous growing session. The soil compaction influenced the evaluation
of circumstances related to the environment of the
growth of tree roots, which also contributed to the
overall tree conditions, including the crown reduction.
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% 
%2/-2/73-+6-97:9<3=39890=;//6/+?/<
Locality
The southern part of alley (S)
The northern part of alley (N)
Recommendation by [25]

N
2,40 b
1,80 a
1,71-2,98

P
0,25 a
0,25 a
0,19-0,32

% d.w.
K
Ca
1,45a
0,80 a
1,55 a
0,90 a
0,60-1,29
0,86-1,47

Mg
0,25 a
0,25 a
0,15-0,47

% 
3<=9038?/;=/,;+=+<:/-3/<380/<=3816/+?/<9038"9C8+F38

Na
0,015 a
0,002 a
-



Taxonomic position of pest
Class, order and family
Insecta: Hemiptera: Sternorrhyncha: Aphidoidea: Drepanosiphidae
Insecta: Hemiptera: Sternorrhyncha: Coccoidea: Eriococcidae
Insecta: Coleoptera: Curculionidae
Insecta: Lepidoptera: Tortricidae
Insecta: Diptera: Cecidomyiidae
Arachnida: Acari: Eriophyidae
Gastropoda: Pulmonata: Helicoidea: Helicidae

Species
 "! (Schrank)
%"  (Walker)
%" ! !"" (Fernie)
!"  Signoret
%" ! (Shilsky)
(Zeller)
   (Hűbner)
  (Linnaeus)
 "" (Bremi)
% (Nalepa)
!  (O.F. Muller)
 (Linnaeus)

The differences in the health condition between the northern and southern part of the alley
are not clear. It can result from the fact that a
change in the usage of the road occurred only in
2005.

$936 -97:+-=398 +8. =2/ -98-/8=;+=398 90
/6/7/8=< 38 =2/ 6/+?/< 90 =2/ <B-+79;/. In the
southern part of the alley in the row of trees, the
surface of soil compaction was considerably higher
(1.7 kg cm-2) than in the northern part (1.17 kg cm2
). It was probably caused by a periodic car parking
between the trees. Higher soil compaction hinders
the infiltration of rain water and the exchange of air
(aeration), and exacerbates thermal conditions,
which in consequence impacts fauna and flora negatively [32, 33].
The evaluation of the state of the maple’s nutrition was conducted based on the chemical analysis of leaves. The results are presented in the Table
2. The contents were similar to one another or identical. The location did not influence plants’ feeding
on phosphorus, potassium, magnesium, and calcium. Only the nitrogen content in the leaves of trees
growing in the northern part was distinctly lower
than in the southern part. Despite all this, macronutrient contents contained in leaves fell within (N, P,
Mg, Ca) or slightly exceeded (K) the scopes recommended by Kacperska et al. [25]. What is worth
noting is low sodium content in the leaves. In the
samples collected from the maples growing in the
alley, Na reached only 0.015-0.002 %, whereas the
leaves of maples growing in Poznań along a road
with quite heavy traffic contained 0.01% of Na
[15], in the centre of Gdynia 0.023–0.049% of Na
[26], and in Olsztyn 0.032% of Na [34]. Such a
significant difference proves that along its whole

length, the alley was not or was treated only slightly
with sodium chloride during the winter.
As it has been already mentioned, the leaves
of the trees growing in the southern part of the alley
contained more nitrogen than the leaves of the trees
growing in the northern part. It can be due to an
annual nitrogen fertilization of fields adjacent to the
southern part. Numerous studies show that the use
of high doses of nitrogen fertilizers had an impact
on the incidence of crop diseases [35, 36]. Although
it is clear that the presence of nitrogen affects disease, the underlying mechanisms remain unclear
[37].
Moreover, a positive relation was recorded between nitrogen content in tree leaves and the presence of aphids [38]. The reproduction of aphids
stimulates a high concentration of amino-nitrogen
composed of many amino-acids in the phloem sap
of actively growing and senescing leaves [39].
According to Baczewska et al. [40], the increase of
nitrogen content by 1% (from 2.5 to 3.5%) in the
leaves of the Crimean Linden ( & "’)
was accompanied by the increase in the number of
aphids by 90%.

+;70>6 0+>8+ 380/<=381 =2/ 6/+?/< 90 =2/
<B-+79;/ The season of 2014 was characterized
by the cool and humid spring, the very warm beginning of the summer with the rainfall near the
norm, and the warm and dry autumn. Such meteorological circumstances were conducive to the
development of insects in the growing season.
The most numerous insects that appeared on
the leaves of the sycamore were aphids, hence in
the overall evaluation of damages was a high percentage of changes caused by insects with the piercing-sucking mouthpart (69%). It dominated over
damages caused by the biting mouthpart (31%).
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with heavy traffic (S), it occurred significantly
more numerous than on the site not exposed to such
a strong stress-inducing factor (N). Significantly
large differences concerning the degree of inhabitation of leaves were observed during the spring and
summer, when the aphid population at this site was
over twice the size (Fig. 2).

The sycamore was inhabited by 3 aphid species:
 " ! (Schrank), %" 
 (Walker), and %"  ! !""
(Fernie) (Table 3)
Both sites differed in the degree of inhabitation by given aphid species.  !  was a
dominating species on both sites, but on the site

&# 
!-->;;/8-/90 +8. 986/+?/<+==2/<9>=2$+8.
89;=2 90<B-+79;/+66/B
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% 
%2/38./A90:9@./;B736./@380/<=+=398987+:6/<38
Locality
The northern part of
alley (N)
The southern part of
alley (S)
Average for the
observation date

Dates of observation
5 IX

21 IX

3X

Average
for location

43,91 d

54,62 de

59,35 ef

25,42 A

30,81 c

55,32 de

67,16 ef

72,75 f

41,4 B

15,39 B

49,45 C

60,73 D

65,88 D

1 VII

15 VII

1,11 a

5,16 b

5,82 b
3,06 A

Means in columns followed by the same letters are not significantly different at according to α = 0,05 level Duncan test
%
%2/38./A90,6+-5<:9=6/+0.3</+</380/<=+=398987+:6/<38
Locality
The northern part of
alley (N)
The southern part of
alley (S)
Average for the
observation date

Dates of observation
5 IX
21 IX

3X

Average for
location

27,91 c

47,33 d

9,44 A

23,23 c

45,82 d

69,64 e

17,23 B

13,14 B

36,32 C

57,95 D

1VII

15 VII

0a

0a

5,82 b

0a

0a

0A

0A

Means in columns followed by the same letters are not significantly different at according to α = 0,05 level Duncan test
The other two aphid species,  and
 ! !"" , occurred on sycamore leaves not
numerously in comparison with the inhabitation of
!  Both Chaitophorinae species, unlike
as it was with the common sycamore aphid, were
more numerously represented on the site with little
vehicular traffic (N). A monophagous  
was more numerous than oliphagous  ! !"
" (Fig. 2). These findings confirm earlier
observations concerning the occurrence of ! !"
"  within urban circumstances on the Norway maple [41]. In the research conducted in Poznań in the years 1991–1995,  ! !"" was
also more often and more numerously encountered
on trees at park sites rather than on trees growing at
sites near streets. It would thus indicate that the
situation with the northern site is similar to what
can be encountered within park areas in Poznań.
Assuming that the planting of trees along the
whole length of the alley over a decade ago was the
same, the presented results give hope that even a
short period of exclusion of stress-inducing factors
from the environment, like a period of the decade in
this case, can lead to the improvement of the condition of trees.
Apart from aphids on the leaves of the sycamore, the signs of the occurrence of 
% (Nalepa) in a form of characteristic
3 mm red growths and  " "
(Huebner), which causes the distortion of leaf
blades, were recorded. The samples contained also
individual Tortricidae specimens, %"  
! beetles (Shlisky), and slugs (Table 3).

3</+</< 90 =2/ <B-+79;/ During the research conducted in the period from July to October
2015, the symptoms of two fungal diseases were
observed on an   "!"  observed: powdery mildew on maples and black spot leaf disease
on maples. The first of these diseases was present in
the beginning phase in the form of the mycelium
mould on the upper side of a leaf blade, which
appeared at the beginning of July, the second only
at the beginning of September. On  "!
" trees growing on the site with vehicular traffic
(S), more symptoms were observed of these diseases than on the site not encumbered with vehicular
traffic (N). This was especially well-visible during
the last sessions of the research (September–
October), where as a result of both diseases, the
decorative features of trees were significantly diminished. The infection rate by powdery mildew on
maples at the southern site was 16% higher than on
the northern site. A similar relation occurred in the
case of the black spot leaf infection on maples (Tables 4, 5). 
Microscopic studies of the field collection
gathered from both sites confirmed the presence of
causers of these two diseases. On maple leaves
coming from the last observation sessions, the occurrence of dark brown and round fruiting bodies
(cleisthothecia) $  (Wallr) Homma
with characteristic uncinate- or cane-curved appendages was recorded.   , except for 
 "!" ,is responsible for powdery mildew
on such species as, among others,  !, 
",   %#",  "", and 
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!!" [42]. The other fungal species identified
during the microscopic research was %! 
" (Pers.) Fr., whose characteristic black
pycnida were observed on infected maple leaf
blades. These results confirm an earlier research
conducted in a dendrological garden in Przelewice
[43]. (Kocanowski and Adamska, 2013). The occurrence of these two species on an  "!
" was there recorded, and an infection caused by
these fungi decreased the decorative qualities of
trees. Wilkaniec et al. [15] also received similar
results in a research conducted within the area of
Poznań. They demonstrated the occurrence of 
 and  " on !  trees,
and leaf infection caused by these species was
higher near communication paths. When it comes to
the causer of black leaf infection on maples ( 
" –   "), similar results
were received by Dzięgielewska and Adamska [44].
They demonstrated that   fungi caused
larger damages of plants at a site with heavier traffic when compared to a site less polluted.


! &$! $

## $
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soy sauce production [2]. The caramel wastewater
was characterized by high chemical oxygen demand
(COD) and intense brown color. The discharge of the
caramel wastewater into the environment would
cause the reduction of photosynthetic activity and
dissolved oxygen concentration in aquatic environments [3]. Additionally, there were reports indicating that the toxicity and carcinogenicity of caramel
pigment could affect aquatic plants and animals [4,
5].
The researches about the treatment of caramel
wastewater were reported rarely [6-8] in recent
years. There were some reports about treating the
wastewater containing melanoidin. The melanoidin
is the Maillard reaction product which accounts for
the deep color and high COD of the caramel pigment
wastewater [1, 9] and was found in other food industry wastewater. The treatments of the wastewater
containing melanoidin involved biodegradation [10,
11] coagulation [12] and chemical oxidation [13,
14]. However, these studies were carried out in a
model wastewater and these results could not represent a real treatment for the caramel wastewater.
The Fenton process is a homogenous advanced
oxidation process involving a series of catalytic reactions between hydrogen peroxide and ferrous ion
in an acidic solution. The process could produce the
highly oxidative hydroxyl radicals (OH), which
could react with the dissolved species, remove color
and decrease the chemical oxygen demand [15]. Because of the high efficiency and operational convenience, the Fenton method has been widely used in
wastewater treatment [16] since it was first discovered by Fenton. The Fenton reaction and mechanism
were followed [17, 18]:
Fe2+ + H2O2 ՜ OH- + OH + Fe3+
(1)
(2)
OH + Fe2+ ՜ Fe3+ + OH(3)
OH + OH ՜ H2O2
(4)
OH + H2O2 ՜ H2O + HO2
(5)
Fe3+ + H2O2 ՜ Fe(OOH)2+ + H+
(6)
Fe3+ + H2O ՜ [Fe(OH)]2+ + H+
2+
3+
(7)
Fe + HO2՜ Fe + HO2
(8)
Fe3+ + HO2՜ Fe2+ + H+ + O2

ABSTRACT
Caramel pigment wastewater, a kind high
chemical oxygen demand (COD) and intense brown
color industry wastewater came from the caramel
pigment production process, was treated by the combined ultrasound and Fenton (US-Fenton) process.
The factors such as ultrasound (US) power, the dosage of hydrogen peroxide, initial pH, the dosage of
the ferrous and reaction time that might affect the
treatment efficiency were investigated. The results
indicated that the synergetic effect of ultrasound and
Fenton improved the treatment efficiency significantly, the color and COD removal by US-Fenton
process reached 87.6% and 79.9% within 5 min compared to Fenton process (49%, 49.1%) and other processes. A set of experimental conditions were optimized: the initial pH was 3.0, the US power was 100
W, the ratio value of hydrogen peroxide to COD was
0.5, the ratio value of hydrogen peroxide to ferrous
ion was 20, reaction time was 5 min. The study of
pH and H2O2 dosage indicated that the US-Fenton
process was available when pH was 9 and the process reduced the usage of H2O2. With the aid of UVVis spectra, IR, GC-MS and LC-MS, the substances
in the caramel wastewater before and after US-Fenton process were discussed.

KEYWORDS:
Caramel wastewater, Ultrasound-Fenton, Decolorization,
Chemical oxygen demand (COD), wastewater analysis

INTRODUCTION
Caramel pigment, a food additive enable food
color and special flavor, is widely used in food, soft
drink, and condiment. With a great annual global
caramel pigment consumption of over 200,000 tons
[1], a serious environmental concern from caramel
pigment wastewater raised. It was reported that because of the using of caramel pigment, approximately 10 tons wastewater was generated from 1-ton
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process. The objectives of this work were to (1) compared the color and COD removal efficiency of the
real caramel wastewater by ultrasound (US), H2O2,
US-H2O2, Fenton and US-Fenton processes and investigated the key factor in the US-Fenton process;
(2) investigated and optimized the experimental conditions of US-Fenton process such as initial pH, ultrasound power, reaction time, H2O2 dose and ferrous dose for the maximum COD and color removal;
(3) analysed and discussed the substances in the caramel wastewater before and after US-Fenton process
through UV-Vis, IR, GC-MS and LC-MS.

Sonochemical oxidation is a process involving
ultrasound cavitation, which taking place in an extremely small interval time and releasing large energy in the small space at the same time [19]. The
cavitation would produce hotspots, strong acoustic
streamings, and high shear stress microjets near the
bubble wall or the solid surface and ultimately produce the highly reactive free radicals and turbulence
in the solution [20-22]. During the sonochemical oxidation process, the water and dissolved oxygen molecules in the solution would be converted into reacWLYHVSHFLHVVXFKDVOH, hydrogen atom (H), (O)
atom and hydroperoxyl radicals (OOH)(Eqs.(9)(12)) [23], the pollutants would be degraded by these
free radicals and the pyrolysis [16].
H2O ՜ OH + +

Fresenius Environmental Bulletin

MATERIALS AND METHODS

(9)

Materials.H2O2 (30%, w/w) and FeSO4·7H2O
from KeLong Chemical (Chengdu, Sichuan) were
used without any further purification. 1M NaOH and
1M H2SO4 solution were prepared for the pH adjustment. The deionized water was used as dilution water. The caramel wastewater collected from a condiment factory in Meishan Sichuan was pretreated by
coagulation before the experiments. The COD and
color intensity of the wastewater used in the study
were approximately 5000 mg/l, 4300 in platinum-cobalt (Pt-Co) units, respectively.

O2 ՜ O
(10)
(11)
O + H2O ՜ OH
(12)
+22 ՜ HO2
The combination of ultrasound and Fenton, taking the advantages of the two methods, could promote the process converting Fe3+ into Fe2+, which
would boost the process H2O2 to OH [24] and reduce the H2O2 dosage [25]. The US-Fenton process
has been applied in the decolorization of wastewater
containing various dyes [15, 26, 27]. Zhou, Özdemir
and Weng [25, 28, 29] used the combination of ultrasound and Fenton for the treatment of the real raw
industry textile wastewater and reached a satisfied
COD and color removal.
The decolorization by both Fenton process and
sonochemical oxidation has been widely studied,
however, there is no any report about the investigation on decolorization of the caramel wastewater.
This study aimed to treat the real caramel wastewater
by a combined ultrasound and Fenton(US-Fenton)

Sonochemical reactor. The sonication was
performed by an ultrasonic generator (JY96-II, Scientz, Ningbo) equipped with a titanium probe transducer (Figure 1). The tip of the probe was 0.6 cm in
diameter and was vertically set in the middle of the
beaker under liquid layer 1.5 cm. The sonication was
administered in pulses with a 50% duty cycle 60
kHz.

),*85(
([SHULPHQWDOVHWXSRI86)HQWRQDSSDUDWXV
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The H2O2 dosing method. In order to investigate that whether there is an effect reducing the dosage of H2O2, the ratio of H2O2 to COD was defined
in the experiment. According to the charge conservation principle: In a redox reaction, the quantity of
electron contributed from reductant is equal to the
amount of electron oxidant got. The electrons contributed from the wastewater could be estimated by
the COD of wastewater; the H2O2 captured electrons
was calculated according to Eqs.(13) and (14). When
the hypothesis that all H2O2 react following Eq. 13
and all OH from H2O2 were used for the wastewater
treatment is acceptable, the theoretical amount of
H2O2 used to treat the wastewater with 1 g COD was
estimated at 4.25 g H2O2 (pure H2O2). Therefore, the
ratio of H2O2 to COD was defined in the experiment:
When H2O2: COD was 1, it meant that the amount of
H2O2 was exactly enough to oxide the wastewater,
and the COD of wastewater was 0 mg/L (theoretically) after the H2O2 was added and reacted with
wastewater.
H2O2 + Fe2+ ՜ OH- + OH + Fe3+
(13)
(14)
OH + e- ՜ OH-
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Color removal efficiency = (U-U0)/U0*100% (16)
The pH of the solution was measured using a
pH meter (PHS-3E, Yoke, Shanghai).
A UV-vis Spectrophotometer (UV-1800, Shimadzu, Japan) was used to determine the caramel
wastewater as well as the treated wastewater.
Infrared (IR) spectra were recorded on a Fourier transform infrared spectrometer (WQF-520
FTIR, Rayleigh, Beijing).
GC-MS analysis was performed with the Agilent-5975C mass spectrum equipped with the gas
chromatographic separation system (Agilent$ 7KHVDPSOHZDVLQMHFWHGDWȝ/ZLWKRXWGL
lution, the mass spectra were scanned in the range of
30-400 amu, the ion source mode was EI, the ion
source temperature was 220 °C. The temperature
procedures: preheat for 10 min at 50°C; initial temperature was set at 60 °C and maintained for 5 min;
the temperature rose to 270 °C with the rate at 30
°C/min and maintained for 5 min.
LC-MS analysis was performed with TSQ
Quantitive triple quadrupole mass spectrometer
(Thermo) equipped with a C18 column (4.6 * 250
PPȝP$JLOHQW 7KHPRELOHSKDVHZDVP0
acetic acid/ammonium acetate buffer solution and
the flow rate was set at 0.1 ml/min.

Experimental procedures. A 100 ml
wastewater was treated by US-Fenton process in a
200 ml beaker. A batch of dilution water adjusted
pH to 11 was prepared at an exact volume of 27 ml
in a set of Centrifuge tubes before the experiments.
The study was performed to obtain the best experimental condition by investigating the ultrasound
power, the H2O2 dosage, the initial pH and the Fe2+
dosage in sequence after a comparison between different methods. The procedures were: (1) adjusted
the pH of wastewater to a given value; (2) added the
ferrous sulfate and stirred until the FeSO4·7H2O dissolve in the solution; (3) induced the ultrasound
when the H2O2 was added to the solution; (4) pipette
3 ml sample from the solution at a given time point
into the centrifuge tubes containing 27 ml dilution
water adjusted pH to 11, mixed and got the supernatant for measurement of COD and color intensity after a centrifugation at 5000 rpm for 10 min.

RESULTS AND DISCUSSION
Comparison between different methods.
Five different methods, namely ultrasound (US),
H2O2, US-H2O2, Fenton, and US-Fenton were carried out at initial pH of 3. The U/U0 profile as a function of time and the final color and COD removal in
75 min by different methods were displayed in Figure 2 and Figure 3 respectively. As shown in Figure
3, the removal of color and COD was little by US or
H2O2 alone: color and COD removal were 9.4% and
10.2% when the US process was carried out alone;
while under the single H2O2 process, color and COD
removal were 11.8% and 13.9%. Both the US-H2O2
and Fenton methods received a better result that an
approximately 50% removal in COD and color were
reached, although the US-H2O2 method color removal was 27.9%. It is notable that the ultrasound
combined Fenton achieved a highest removal efficiency among the five different methods, the color
and COD removals were 79.9% and 87.6%. The
wastewater comparison between before and after
US-Fenton process indicated there was an obvious
decolorization in the wastewater (Figure 5). The USFenton process not only had a better decolorization
but also had a faster rate than the other four methods
according to Figure 2 and Figure 6, the U/U0 profile
showed that the US-Fenton process got the maximum decolorization only within 5 min, the change
profiles of COD (Figure 4) also indicated that the
COD of caramel wastewater could decrease to approximately 1000 mg/L within 5 min. Therefore the

Analytical methods. Chemical oxygen demand (COD) was measured by the colorimetric
method using a spectrophotometer (V-1800,
Mapada, Shanghai) according to the standard methods(APHA 1998). The COD removal efficiency was
determined according to the following equation:
COD
removal
efficiency
=
(CODCOD0)/COD0*100%
(15)
The caramel wastewater color intensity was
recorded in platinum±cobalt (Pt-Co) units by a colorimeter (SD9012AB, XINRUI, Shanghai). The
color intensity of wastewater was compared to that
of a platinum±cobalt standard solution and the Pt-Co
units were recorded as U. The color removal efficiency was determined according to the following
equation:
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),*85(
7KHFRORUUHPRYDOSURILOHE\GLIIHUHQWPHWKRGV&RQGLWLRQS+ +2&2' +2)H 
XOWUDVRXQGSRZHU :FDUDPHOZDVWHZDWHU POWLPH PLQ

),*85(
7KHILQDO&2'DQGFRORUUHPRYDOHIILFLHQF\E\GLIIHUHQWPHWKRGV&RQGLWLRQS+ +2&2' 
+2)H XOWUDVRXQGSRZHU :FDUDPHOZDVWHZDWHU POWLPH PLQ
the amount of OH produced from sonolysis was insufficient [26]. The H2O2 is the source of the OH,
but for the lack of catalyst, a simple operation adding
H2O2 into the wastewater only got an unsatisfied result compared to the US-H2O2 and Fenton process
which could produce much more OH because of the
aid of ultrasound and the catalyst(Eq.(17) and (1)).
From the Figure 2, any one of the US, H2O2, Fenton

US-Fenton process is more suitable to treating the
caramel wastewater.
Although sonolysis could degrade the pollutants through pyrolysis and producing 2+>@, the
results from the Figure 2 and Figure 3 indicated a
single ultrasound process was less effective in treating the caramel wastewater, the reason might be that
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from the Fe(OOH)2+ and [Fe(OH)]2+(Eq.(18) and
(19)) which hindering the Fenton process (Eq.(5)
and (6)). At the same time, the turbulence from the
ultrasound could boost the reaction rate through improving the mass transfer rate.

or the US-H2O2 was not the key factor improving the
removal in the US-Fenton process. There might be a
synergistic effect between the US and Fenton. The
synergistic effect and good removal might come
from the following reasons: On the one hand, the
Fenton process could produce enough OH, the process could removal most of color and COD; On the
other hand, the introduction of ultrasound, as an aid
for Fenton, would help boost the Fe2+ concentration
and enhance the production of OH by releasing Fe2+

H2O2 ՜ OH

(17)

Fe(OOH)2+ ՜ Fe2+ + OH2

(18)

[Fe(OH)]2+ ՜ Fe2+ OH

(19)

),*85(
&KDQJHSURILOHVRI&2'RIFDUDPHOZDVWHZDWHUGXULQJ86)HQWRQSURFHVV&RQGLWLRQS+ 
+2&2' +2)H XOWUDVRXQGSRZHU :FDUDPHOZDVWHZDWHU POWLPH PLQ

),*85(
7KHFRORURIFDUDPHOZDVWHZDWHU D FDUDPHOZDVWHZDWHUEHIRUH86)HQWRQSURFHVV E FDUDPHO
ZDVWHZDWHUDIWHU86)HQWRQSURFHVV &RQGLWLRQS+ +2&2' +2)H XOWUDVRXQG
SRZHU :FDUDPHOZDVWHZDWHU POWLPH PLQ 
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),*85(
7KHFDUDPHOZDVWHZDWHUDWGLIIHUHQWWLPHSRLQWGXULQJWKH86)HQWRQSURFHVV D DWPLQ E DW
PLQ F DWPLQ G DWPLQ H DWPLQ I DWPLQ&RQGLWLRQS+ +2&2' 
+2)H XOWUDVRXQGSRZHU :FDUDPHOZDVWHZDWHU POWLPH PLQ

),*85(
7KHHIIHFWRIXOWUDVRXQGSRZHURQWKHGHFRORUL]DWLRQRIFDUDPHOZDVWHZDWHU&RQGLWLRQS+ 
+2&2' +2)H FDUDPHOZDVWHZDWHU PO

Effect of ultrasound power. Acoustic power
was an important factor affecting the formation of
H2O2 in an ultrasound system [26, 30, 31]. The effect
of ultrasonic power introduced into US-Fenton process was investigated when pH was 3, H2O2:COD
was 0.5 and Fe2+ to H2O2 was (molar ratio) 20, respectively. The results of the different introduced ultrasound irradiation power were presented in Figure
7 and Figure 8. From the Figure 7, all experimental

groups received a rapid decolorization, the color removal reached 60% or 80% within 5 min. The final
removal of color and COD increased as the induced
power increased from 50 W to 250 W, but the removal increased not significantly when the power
was above 100 W as Figure 8 shown. This was because that when the power increased from 50 W to
100 W, the power introduced into the wastewater enhanced the production of Fe2+(Eq.(18) and (19)),
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which ultimately raised the amount of 2+LQWKHVR
lution(Eq.(1)); when the power reached 100 W, the
Fenton process reach its maximum removal, the USFenton process turned into the single ultrasound process due to the lack of H2O2 when power ranging
from 100 W to 250 W. According to the results
shown Figure 3, the single ultrasound process was

Fresenius Environmental Bulletin

useless for treating the caramel wastewater, so there
is no further significant improvement on the color
removal when the ultrasound power became higher
and the single ultrasound process became the main
way treating the wastewater. The power of 100 W
was selected in the following study.

),*85(
7KHHIIHFWRIXOWUDVRXQGSRZHURQWKHILQDO&2'DQGFRORUUHPRYDOHIILFLHQF\&RQGLWLRQS+ 
+2&2' +2)H FDUDPHOZDVWHZDWHU POWLPH PLQ

),*85(
7KHHIIHFWRI+2GRVDJHRQWKHGHFRORUL]DWLRQRIFDUDPHOZDVWHZDWHU&RQGLWLRQS+ 
+2)H XOWUDVRXQGSRZHU :FDUDPHOZDVWHZDWHU POWLPH PLQ
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),*85(
7KHHIIHFWRI+2GRVDJHRQWKHILQDO&2'DQGFRORUUHPRYDOHIILFLHQF\&RQGLWLRQS+ 
+2)H XOWUDVRXQGSRZHU :FDUDPHOZDVWHZDWHU POWLPH PLQ

reported(Eq.(4)) [32, 33]. Therefore the ratio of 0.5
was chosen.

Effect of H2O2 dosage. The dosage of H2O2
was essential because the H2O2 is the source of 2+
in the Fenton process [25] (Eq. (1)). The amount of
H2O2 added into the US-Fenton process was studied
by varying the H2O2 to COD ratio from 0.25 to 1.5
and other conditions remained constant. As Figure 9
and Figure 10 indicated, the removal efficiency increased when the ratio increased from 0.375 to 0.5,
the decolorization efficiency was improved more
significantly compared to the COD removal. In the
US-)HQWRQ SURFHVV WKH 2+ DUH SURGXFHG WKURXJK
two reactions: (1) H2O2 reacting with Fe2+(Eq.(1)),
namely the Fenton process. (2) the H2O2 self-decomposition under the influence of ultrasound(Eq.(17))
[26]. So when the ratio was below 0.5, the color removal is negligible because of the lack of the H2O2.
Even the color intensity increased as shown in Figure 9, this might be that some intermediates with
deep color were produced due to the incomplete oxidation during the process. It was notable when the
ratio of H2O2 to COD was 0.5, the value is less than
the theoretical value, the process also reached an
84.3% COD removal, the result meant a less H2O2
usage in US-Fenton process. This might be due to
the ultrasound synergistic effect that reduced the
amount of reagent [15]. It was found in Figure 10
that the color and COD removal increased slightly
when the ratio was above 0.5, this was because that
the H2O2 was surplus and the excessive H2O2 turned
LQWRWKH 2+ VFDYHQJHU ZKLFKKLQGHUHGWKH IXUWKHU
degradation of wastewater as previous researchers

Effect of initial pH. The initial pH of the solution played a significant role in the Fenton process
because it affected the activity of the hydrogen peroxide decomposition and the solubility of Fe 2+ and
Fe3+, which ultimately affect the production of 2+
radical [26,34]. The color and COD removal were
studied respectively when the solution initial pH was
1Ȼ3Ȼ5Ȼ7 and 9. The result (Figure 11 and Figure
12) was consistent with previous Fenton research
[35], the optimal COD removal and decolorization
was obtained when the pH was 3. While there was
an interesting result that when the initial pH was 9,
the COD and color removal were still as high as
83.2% and 91.2%, the result was contrary to Fenton
research [35, 36]. This might be due to the contribution of ultrasound, which increased the precipitation
dissociation to the Fe2+, Fe3+ (Eq.(20) and (21)) [37,
38], as well formed the synergistic effect of USH2O2 process which also could treat the wastewater
as presented in Figure 3 [26, 38, 39].
Fe(OH)2 ՜ Fe2+ + 2OH3+

Fe(OH)3 ՜ Fe + 3OH

-

(20)
(21)

Effect of Fe2+ dosage. It was well-known that
the utilization of H2O2 was dependent on the dosage
of Fe2+ [40], besides the Fe2+ dosage was crucial to
reduce the amount of the sludge and treatment cost
[41]. The mole ratio of H2O2 to Fe2+ was investigated
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and results were displayed in Figure 13 and Figure
14. The removal efficiency increased as the dosage
of Fe2+ increased when the ratio value changed from
25 to 15. when the ratios were 15 and 20, the COD
and color removal reached the maximum value 84.3
and 90.3%, respectively. While the removal efficiency began to decrease when the Fe2+ dosage was
increased continuously, the decolorization fell to

Fresenius Environmental Bulletin

59.4% from 87.6% when the ratio value was 5. The
Fe2+ was a catalyst which could enhance the production of 2+ ZKHQ DGGHG LQWR WKH )HQWRQ UHDFWLRQ
within a threshold, but the Fe2+ turn into a radical
scavenger which decreases significantly the amount
RI 2+ (T(2)) in the solution when the dosage is
excessive. So the optimum molar ratio of H2O2 to
Fe2+ was 20.

),*85(
7KHHIIHFWRIS+RQWKHGHFRORUL]DWLRQRIFDUDPHOZDVWHZDWHU&RQGLWLRQ+ 2&2' 
+2)H XOWUDVRXQGSRZHU :FDUDPHOZDVWHZDWHU POWLPH PLQ

),*85(
7KHHIIHFWRIS+RQWKHILQDO&2'DQGFRORUUHPRYDOHIILFLHQF\&RQGLWLRQ+2&2' 
+2)H XOWUDVRXQGSRZHU :FDUDPHOZDVWHZDWHU POWLPH PLQ
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),*85(
7KHHIIHFWRI)HGRVDJHRQWKHGHFRORUL]DWLRQRIFDUDPHOZDVWHZDWHU&RQGLWLRQS+ 
+2&2' XOWUDVRXQGSRZHU :FDUDPHOZDVWHZDWHU POWLPH PLQ

),*85(
7KHHIIHFWRI)HGRVDJHRQWKHILQDO&2'DQGFRORUUHPRYDOHIILFLHQF\&RQGLWLRQS+ 
+2&2' XOWUDVRXQGSRZHU :FDUDPHOZDVWHZDWHU POWLPH PLQ

and was responsible for the intense color [42]. The
results showed that the characteristic absorbance
peak at 276 nm decreased very quickly within the initial 5 min, then maintained constant, and there was
no other new UV-Vis absorbance peak coming about
during the US-Fenton process. The change profiles
of UV-Vis results were coincident to the change profiles of color removal (Figure 2) and COD removal
(Figure 4).

Discussion for the wastewater before and after US-Fenton process. The change profiles of UVVis during the US-Fenton process were observed in
Figure 15. The UV-Vis spectra indicated that the caramel wastewater before oxidation process was characterized by a main band with the absorbance peak
at nearly 276 nm and an intense absorbance region
ranging from 190 to 250 nm. The peak in the ultraviolet region at 276 nm was related to the benzene
rings which contained abundant charge conjugation
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changed from long chain structure to ring structure
(Table 1, Table 2).
The mass spectrums of LC-MS results between
the caramel wastewater and the treated caramel
wastewater after US-Fenton were displayed in Figure 18. The raw caramel wastewater result showed
some major molecular peaks at m/z values of 83.23,
39.24, 181.02, 233.20, 303.4, 319.48 and 376.16.
While after the combined US-Fenton treatment,
some main molecular peaks at m/z values 303.45 and
319.48 disappear; some new product ion peaks at
(m/z) 279.14 and 316.22 were observed; at the same
time, the relative abundance of molecular peaks at
(m/z) 139.34 and 376.15 increased significantly.
The information of compounds mainly displayed in the mass spectrum was analyzed and
showed in Table 3. From the mass spectrum, the
main substances in the wastewater before the USFenton process were 2,3-dihydro-5-methylfuran
(C5H8O), 4-Nitrophenol (C6H5NO3), L-Tyrosine
(C9H11NO3), 3-(3-ethyl-1-methylazepan-3-yl) phenol (C15H23NO), Pipemidic acid (C14H17N5O3), Mycophenolic acid (C17H20O6), 7,8-Dimethyl-10ribitylisoalloxazine (C17H20N4O6). After a US-Fenton process, some compounds such as a Pipemidic
acid (C14H17N5O3) and Mycophenolic acid
(C17H20O6) disappeared, besides other compounds
Doxepin (C19H21NO) and Butalamine (C18H28N4O)
came out in the water.

The infrared (IR) spectroscopy of the caramel
wastewater samples before and after US-Fenton was
shown in Figure 15. The IR results of wastewater before US-Fenton process were similar to a previous
report [43], the stretching frequencies ( Q ) are at
3420, 2929, 1647, 1419 and 1056 cm-1, the corresponding groups including ±NH, -C-H, aldehydes(CHO), C-N and C-O. The IR stretching frequencies
(Q ) of wastewater turned to 3455, 1604, 1361 and
1138 cm-1 after a US-Fenton process, the corresponding groups including -NH, Carbon-carbon
double bond (C=C), N=O bond and C-O.
The dark brown color caramel came from Maillard reaction products [1] which were known ranging
from small molecules to extremely large polymers
[44], so it was a big challenge to characterize the
substances in the caramel wastewater. There were
the GC-MS and LC-MS information for the caramel
wastewater before and after US-Fenton process in
Figure 17, Figure 18 and Table 1, Table 2.
The information of GC-MS (Figure 17) indicated that there were 9-Octadecenamide (C18H35NO)
which came from the main peak at 12.16 min and
other substances whose content was less but the
structure was complex in the wastewater before the
US-Fenton process. While the main peak and the
corresponding 9-Octadecenamide disappeared from
the total ion chromatogram (TIC) after the US-Fenton process, as well the predominant structure

),*85(
&KDQJHLQWKH89YLVVSHFWUDRIFDUDPHOZDVWHZDWHUGXULQJ86)HQWRQSURFHVV&RQGLWLRQS+ 
+2&2' +2)H XOWUDVRXQGSRZHU :FDUDPHOZDVWHZDWHU POWLPH PLQ
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),*85(
7KH,5VSHFWUDRIZDVWHZDWHUEHIRUHDQGDIWHU86)HQWRQSURFHVV&RQGLWLRQS+ +2&2' 
+2)H XOWUDVRXQGSRZHU :FDUDPHOZDVWHZDWHU POWLPH PLQ

),*85(
7KH*&06WRWDOLRQFKURPDWRJUDPRIFDUDPHOZDVWHZDWHUEHIRUHDQGDIWHU86)HQWRQSURFHVV
$ERYHEHIRUHWKH86)HQWRQSURFHVV%HORZDIWHUWKH86)HQWRQSURFHVV
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),*85(
7KHPDVVVSHFWUXPRI/&06RIFDUDPHOZDVWHZDWHUEHIRUHDQGDIWHU86)HQWRQSURFHVV
$ERYHEHIRUHWKH86)HQWRQSURFHVV%HORZDIWHUWKH86)HQWRQSURFHVV
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TABLE 1
The GC-MS analysis of the caramel wastewater before US-Fenton process
No.

RT(min)

Molecular
Formula

Molecular
Weight

1

4.02

C6H14O2

118

2

12.16

C18H35NO

337

3

13.29

C30H50

410

4

14.49

C23H32O

324

5

14.66

C19H36O3

312

6

14.99

C26H44O5

436

7

15.40

C28H46O

398

8

16.22

C21H36O4

352

9

16.50

C18H34O3

298

10

16.50

C21H38O2

322

11

16.72

C17H32O2

268
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TABLE 2
The GC-MS analysis of the caramel wastewater after US-Fenton process
No.

RT
(min)

Molecular
Formula

Molecular Weight

1

4.02

C6H14O2

118

2

11.54

C14H22O

206

3

11.65

C19H30O2

290

4

11.84

C29H50O

414

5

11.90

C26H44O5

436

6

12.10

C23H32O

324

7

12.18

C20H30O4

334

8

12.24

C21H36O2

320

9

12.34

C25H36O7

448

10

14.87

C20H32O3

320

11

14.91

C29H50O2

430
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TABLE 3
7KHPDVVVSHFWUXPRI/&06DQDO\VLVRIFDUDPHOZDVWHZDWHUEHIRUHDQGDIWHU86)HQWRQSURFHVV
No.

Identified color containing compounds
Structure
m/z value
Chemical name

Sample
before
after

1.

83.23

2,3-dihydro-5-methylfuran (C5H8O)

+

+

2.

139.34

4-Nitrophenol
(C6H5NO3)

+

+

3.

181.02

L-Tyrosine
(C9H11NO3)

+

+

4.

233.20

3-(3-ethyl-1methylazepan-3-yl)
phenol
(C15H23NO)

+

+

5.

303.4

Pipemidic acid
(C14H17N5O3)

+

-

6.

319.48

Mycophenolic acid
(C17H20O6)

+

-

7.

376.16

7,8-Dimethyl-10ribitylisoalloxazine
(C17H20N4O6)

+

+

8.

279.14

Doxepine
(C19H21NO)

-

+

9.

316.22

Butalamine
(C18H28N4O)

-

+

+ present, - absent
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[2] Li, X., He, N., Li, T., Deng, Y., Ma, C., Sauli,
E. and Zhang, F. (2014a) Removal of Caramel
Pigment by Electrocoagulation and Re-Usage of
Sludge for the Preparation of Nanoparticles.
Science of Advanced Materials. 6(4), 822-7.
[3] Mohana, S., Acharya, B.K. and Madamwar, D.
(2009) Distillery spent wash: Treatment technologies and potential applications. Journal of
Hazardous Materials. 163(1), 12-25.
[4] MacKenzie, K.M., Boysen, B.G., Field, W.E.,
Petsel, S.R.W., Chappel, C.I., Emerson, J.L. and
Stanley J. (1992) Toxicity and carcinogenicity
studies of Caramel Colour IV in F344 rats and
B6C3F1 mice. Food and Chemical Toxicology.
30(5), 431-43.
[5] Peña, M., Coca, M., González, G., Rioja, R. and
GarcÕғa, M.T. (2003) Chemical oxidation of
wastewater from molasses fermentation with
ozone. Chemosphere. 51(9), 893-900.
[6] Kai, S. and Na, Z. (2008) Research on the application of Fenton oxidation to remove Caramel
color of sauce wastewater. Water & Wastewater
Engineering. z1, 181-3.
[7] Zuo, J.L., Jun-Sheng, L.I., Che, C.B., Huang,
L.K., Chang-Yong, W.U., and Peng, Z.X.
(2010) Study on removal of caramel color
wastewater by H2O2/Fe2+ and H2O2/Fe2+/UV.
Journal of Harbin University of Commerce
(Natural Sciences Edition). 6, 660-1.
[8] Li, X.L., He, N.Y., Li, T.T., Deng, Y., Ma, C.,
Sauli, E. and Zhang, F.Q. (2014b) Removal of
Caramel Pigment by Electrocoagulation and ReUsage of Sludge for the Preparation of Nanoparticles. Science of Advanced Materials. 6(4),
822-7.
[9] Yaylayan, V.A. and Kaminsky, E. (1998) Isolation and structural analysis of Maillard polymers: caramel and melanoidin formation in glycine/glucose model system. Food Chemistry.
63(1), 25-31.
[10] Limkhuansuwan, V. and Chaiprasert, P. (2010)
Decolorization of molasses melanoidins and
palm oil mill effluent phenolic compounds by
fermentative lactic acid bacteria. J Environ Sci
(China). 22(8), 1209-17.
[11] Santal, A.R., Singh, N.P. and Saharan, B.S.
(2011) Biodegradation and detoxification of
melanoidin from distillery effluent using an aerobic bacterial strain SAG5 of Alcaligenes faecalis. J Hazard Mater. 193, 319-24.
[12] Liang, Z., Wang, Y., Zhou, Y., Liu, H. and Wu,
Z. (2009) Variables affecting melanoidins removal from molasses wastewater by coagulation/flocculation. Separation and Purification
Technology. 68(3), 382-9.
[13] Dwyer, J., Kavanagh, L. and Lant, P. (2008) The
degradation of dissolved organic nitrogen associated with melanoidin using a UV/H2O2 AOP.
Chemosphere. 71(9), 1745-53.

CONCLUSION
Several treatment processes, ultrasound (US),
H2O2, US-H2O2, Fenton, and US-Fenton, were performed for the treatment of caramel wastewater and
investigating the key factor in the US-Fenton process. The results showed that the US-Fenton process
was the best one among these methods and none of
the ultrasound (US), H2O2, US-H2O2 and Fenton was
the key factor. The result indicated that there was a
synergistic effect boosting the wastewater treatment
significantly in the US-Fenton process. The US-Fenton process received a high COD and color removal
efficiency within 5 min. The investigation of H2O2
dosage also indicated that the ultrasound could reduce the dosage of H2O2 when the H2O2:COD was
0.5, the COD removal of wastewater reached 84.3%.
The study of the initial pH indicated that the US-Fenton process also received a satisfied treatment when
pH was 9 although the best treatment was when pH
was 3, the advantage that when pH was 9 the process
also was available was better than the Fenton process. The caramel wastewater before and after USFenton process was analyzed and discussed through
UV-vis spectra, IR, GC-MS, and LC-MS. The information of GC-MS indicated the main peak which
meaning
the
substance
9-Octadecenamide
(C18H35NO) disappeared, and there was some new
substance coming out in the wastewater after a USFenton process. The result of MS spectrum of LCMS indicated that, after a US-Fenton process, some
compounds such as a Pipemidic acid (C14H17N5O3)
and Mycophenolic acid (C17H20O6) which is for the
color disappeared, some new compounds Doxepin
(C19H21NO) and Butalamine (C18H28N4O) were produced in the water.

ACKNOWLEDGEMENTS
This work was supported by China Postdoctoral
Science
Foundation
(Grant
No.
2015M572477), the State Key Laboratory of Oil Gas
Reservoir Geology and Exploitation (Southwest Petroleum University) of China under Grant (Open
Fund PLN1134), SWPU Pollution Control of Oil &
Gas Fields Science & Technology Innovation Youth
Team (2013XJZT003) and Open Projects of Key Laboratory of Development and Application of Rural
Renewable Energy, Ministry of Agriculture, PR
China (open fund 2015004).

REFERENCES
[1] Kamuf, W., Nixon, A., Parker, O., Barnum,
G.C. and Williamson D. D. (2003) Overview of
caramel colors. Cereal Foods World. 48(2), 649.

2107

© by PSP

Volume 27 ± No. 4/2018 pages 2091-2109

Fresenius Environmental Bulletin

[29] Weng, C.-H., Lin, Y.-T., Liu, N. and Yang, H.Y. (2014) Enhancement of the advanced Fenton
process by ultrasound for decolorisation of real
textile wastewater. Coloration Technology.
130(2), 133-9.
[30] Merouani, S., Hamdaoui, O., Saoudi, F. and
Chiha, M. (2010) Influence of experimental parameters on sonochemistry dosimetries: KI oxidation, Fricke reaction and H2O2 production.
Journal of Hazardous Materials. 178(1±3),
1007-14.
[31] Naddeo, V., Belgiorno, V., Kassinos, D., Mantzavinos, D. and Meric S. (2010) Ultrasonic
degradation, mineralization and detoxification
of diclofenac in water: Optimization of operating parameters. Ultrasonics Sonochemistry.
17(1), 179-85.
[32] Chu, L., Wang, J., Dong, J., Liu, H. and Sun, X.
(2012) Treatment of coking wastewater by an
advanced Fenton oxidation process using iron
powder and hydrogen peroxide. Chemosphere.
86(4), 409-14.
[33] Li, Y. and Zhang, A. (2014) Removal of steroid
estrogens from waste activated sludge using
Fenton oxidation: Influencing factors and degradation intermediates. Chemosphere. 105, 2430.
[34] Zhang, H., Choi, H.J. and Huang, C.-P. (2005)
Optimization of Fenton process for the treatment of landfill leachate. Journal of Hazardous
Materials. 125(1±3), 166-74.
[35] Li, Y. and Zhang, A. (2014) Removal of steroid
estrogens from waste activated sludge using
Fenton oxidation: Influencing factors and degradation intermediates. Chemosphere. 105, 2430.
[36] Babuponnusami, A. and Muthukumar, K.
(2014) A review on Fenton and improvements
to the Fenton process for wastewater treatment.
Journal of Environmental Chemical Engineering. 2(1), 557-72.
[37] *UþLü, , 2EUDGRYLü, M., VujeYLü ' DQG
Koprivanac, N. (2010) Sono-Fenton oxidation
of formic acid/formate ions in an aqueous solution: From an experimental design to the mechanistic modeling. Chemical Engineering Journal. 164(1), 196-207.
[38] Pradhan, A.A. and Gogate, P.R. (2010) Degradation of p-nitrophenol using acoustic cavitation
and Fenton chemistry. Journal of Hazardous
Materials. 173(1±3), 517-22.
[39] Song, Y.L., Li, J.T. and Chen, H. (2009) Degradation of CI Acid Red 88 aqueous solution by
combination of Fenton's reagent and ultrasound
irradiation. Journal of Chemical Technology
and Biotechnology. 84(4), 578-83.
[40] Lin, J.-G. and Ma, Y.-S. (2000) Oxidation of 2Chlorophenol in Water by Ultrasound/Fenton
Method. Journal of Environmental Engineering.
126(2), 130-7.

[14] Dwyer, J. and Lant, P. (2008) Biodegradability
of DOC and DON for UV/H2O2 pre-treated melanoidin based wastewater. Biochemical Engineering Journal. 42(1), 47-54.
[15] Siddique, M., Farooq, R. and Price, G J. (2014)
Synergistic effects of combining ultrasound
with the Fenton process in the degradation of
Reactive Blue 19. Ultrasonics Sonochemistry.
21(3), 1206-12.
[16] Gogate, P.R. and Pandit, A.B. (2004a) A review
of imperative technologies for wastewater treatment I: oxidation technologies at ambient conditions. Advances in Environmental Research.
8(3±4), 501-51.
[17] Fenton, H.J.H. (1894) LXXIII.-Oxidation of tartaric acid in presence of iron. Journal of the
Chemical Society, Transactions. 65, 899-910.
[18] Walling, C. (1975) Fenton's reagent revisited.
Accounts of Chemical Research. 8(4), 125-31.
[19] Gogate, P.R. and Pandit, A.B. (2004b) Sonophotocatalytic reactors for wastewater treatment: A critical review. AIChE Journal. 50(5),
1051-79.
[20] Leighton, T. (1994) The Acoustic Bubble (Academic, London). Chap 2, 67-128.
[21] Young, F. (1999) Cavitation. Imperial College
Press. London.
 Mason, T.J. and Lorimer, J.P. (2002) Applied
sonochemistry. The uses of power ultrasound in
chemistry and processing. Weinheim: WileyVCH, 1-48.
[23] Pang, Y.L., Abdullah, A.Z. and Bhatia, S.
(2011) Review on sonochemical methods in the
presence of catalysts and chemical additives for
treatment of organic pollutants in wastewater.
Desalination. 277(1±3), 1-14.
[24] Mehrdad, A. and Hashemzadeh, R. (2010) Ultrasonic degradation of Rhodamine B in the
presence of hydrogen peroxide and some metal
oxide. Ultrasonics Sonochemistry. 17(1), 16872.
[25] Özdemir, C., Öden, M.. ùDKinkaya, S. and
Kalipçi, E. (2011) Color Removal from Synthetic Textile Wastewater by Sono-Fenton Process. CLEAN ± Soil, Air, Water. 39(1), 60-7.
[26] Weng, C.H., Lin, Y.T. and Yuan, H.M. (2013)
Rapid decoloration of Reactive Black 5 by an
advanced Fenton process in conjunction with ultrasound. Separation and Purification Technology. 117, 75-82.
[27] Basturk, E. and Karatas, M. (2014) Advanced
oxidation of Reactive Blue 181 solution: A comparison between Fenton and Sono-Fenton Process. Ultrasonics Sonochemistry. 21(5), 1881-5.
[28] Zhou, T., Lu, X., Wang, J., Wong, F.-S. and Li,
Y. (2009) Rapid decolorization and mineralization of simulated textile wastewater in a heterogeneous Fenton like system with/without external energy. Journal of Hazardous Materials.
165(1±3), 193-9.

2108

© by PSP

Volume 27 ± No. 4/2018 pages 2091-2109

[41] Ozdemir, C., Oden, M.K., Sahinkaya, S.,
Kalipci E. (2011) Color Removal from Synthetic Textile Wastewater by Sono-Fenton Process. Wiley-VCH, Weinheim, Allemagne.
[42] Zhang, H., Zhang, J., Zhang, C., Liu, F., Zhang,
D. (2009) Degradation of C.I. acid orange 7 by
the advanced Fenton process in combination
with ultrasonic irradiation. Ultrasonics Sonochemistry. 16(3), 325-30.
[43] Agarwal, S.K.D., Johary, P.C., and Misra, D.S.
(1974) Infrared spectrophotometric characteristics of caramels and melanoidins. In: Proceedings of 15th International Society of Sugarcane
Technology. 1388-1392.
[44] Bharagava, R.N. and Chandra, R. (2010) Biodegradation of the major color containing compounds in distillery wastewater by an aerobic
bacterial culture and characterization of their
metabolites. Biodegradation. 21(5), 703-11.

Received:
Accepted:

02.06.2017
12.01.2018

CORRESPONDING AUTHOR
Guihong Lan
College of Architecture and Environment,
Sichuan University,
610065 Chengdu ± China
e-mail: guihonglan416@sina.com

2109

Fresenius Environmental Bulletin

"!

 #  





    




%'%! !AB$%#! 7$  
1##"%!#$)&'%#$  

$.34*)*@*8 @02!@:*9 


1

Faculty of Pharmacy, Department of Pharmaceutical Toxicology, Istanbul Yeni Yuzyil University, Istanbul, Turkey
2
Faculty of Pharmacy, Department of Pharmaceutical Toxicology, Istanbul University, Istanbul, Turkey



$%#%

2]. Humans can be exposed to organic UV filters
through two pathways; directly using cosmetics
(dermal absorption) and indirectly through the food
chain, for example by contaminated fish [3]. Aquatic
contamination with UV filters can be directly by
swimming and/or bathing by consumer or indirectly
by wastewater [4]. Residues of these substances can
accumulate in in biota and wildlife due to their high
lypophilicity, therefore should be considered as environmental contaminants [5]. These persistent
chemicals have been determined in various water
samples [6] and fish [7] and several samples of human such as breast milk [8] and placenta [9].
The growing concern about possible adverse
effects results the need of guidelines. In the European Union (EU), 27 UV filters are listed in Annex
VII of the Cosmetics Directive and in the USA, 16
UV filters are included in the sunscreen monograph.
The maximum concentrations of organic UV filters
are determined by Cosmetic Directives showing variations of up to 15% in different countries [10, 11].
The content of UV filters in products complied with
the maximum allowable concentrations are regulated
by EU Cosmetic Directive [12]. Directive
76/768/EEC indicates that the maximum authorised
concentration of HMS, BP-3 and 4-MBC in cosmetic products is 10%, 10% and 4%, respectively
[13].
Recent studies showed that UV filters can interfere with endocrine system and classified as an endocrine disruptors chemicals (EDCs). UV filters display estrogenic activity by altering estrogen signalling through interacting with Erα and ERβ. ERα and
ERβ have similar structural and functional properties, however, their transcriptional activity and tissue
distributions are different [4, 14]. When the EDCs
bound to ERs, these chemicals can result in adverse
effects at the cellular level and alterations in transcriptional activities and expressions of target genes
[15, 16]. ER activities can be modified directly by
interactions with ERs and/or indirectly by interactions with transcription factors such as aryl hydrocarbon receptor (AhR) or by modulation of metabolic enzymes that are crucial for estrogen synthesis
and metabolism [10, 14, 17]. ERα binding sites typically contain an estrogen response element (ERE)
that has a primary role on the regulation of several
estrogen target genes including trefoil factor-1

Endocrine disruptors chemicals including UV
filters as cosmetic ingredients has been associated
with developmental and reproductive abnormalities
in wildlife and is suspected to interfere with human
endocrine systems. Over the past few years, 
and o investigations showed that some organic
UV filters have potential effects as endocrine disruptors. In this study, three extensively used UV filters
(4-Methylbenzylidine camphor (4-MBC), Benzophenone-3 (BP-3) and Homosalate (HMS)) were
evaluated by gene expression levels of pS2, aryl hydrocarbon receptor, estrogen receptor α, β in MCF-7
cell line. In the MCF-7 cell proliferation assay, these
UV filters exhibited estrogenic activity, comparable
to 17-β-estradiol (E2) of 100 pM. The estrogenic potency was found as HMS>BP-3>4-MBC. The UV
filters have been shown to increase the proliferative
activity and alter estrogen-regulated gene expression
in MCF-7 cell line. It was observed that 4-MBC and
BP-3 have similar effects on gene expressions. HMS
may display estrogenic activities through the classical estrogen-response pathway via the ERα and AhR
in MCF-7 cell line. Taken together with UV filters
broad expression, results suggest that HMS was able
to induce pS2 gene expression and the greatest response was observed as approximately 1-fold
change at the both lowest and highest concentrations.


)(!#$
UV filters, cell culture, gene expression, estrogen-regulated genes
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UV filters in cosmetic products are extensively
used worldwide to protect skin, eye and immun system against the hazardous effects caused by UV radiation. Increasing application of these substances in
all age groups has an important role in respect of
economy and health care. UV filters are used by
every social class for skin protection and by manufacturers for increasing the durability, stability, the
shelf life of a wide variety of cosmetic products such
as skin and hair care, lotions, creams, fragrances [1,
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medium into each well of 24 well plates. After an
overnight incubation, these chemicals were added to
wells starting at final concentration of 100 µM in 1%
DMSO. 100 pM E2, 1% DMSO and 1% SDS were
used as estrogenic, solvent and positive controls, respectively. Exposure medium was changed every after day and in the 6th day 200 µl MTT dye at the final
concentration of 5 mg/ml was added into each well.
After 3 h incubation, the solution was removed carefully, and 1 ml of DMSO was added per well. After
5 min shaking with an orbital shaker at 150 rpm, the
absorbance was measured at 590 nm with Epoch microplate spectrophotometer (BioTek, Winooski,
USA). The half-maximal effective concentrations
(EC50) were calculated using the concentration-response curve. Proliferation index, relative proliferation index were calculated to comparing to E2. The
proliferative effect (PE) of a compound was defined
as (maximal mean cell count obtained with the test
chemical)/(mean cell count in the chemical-free medium).The relative proliferative effect (RPE) is calculated as 100X (PE of test compound-1)/(PE of E21) [23]. 

.5.>78.992655*3?929Cells were seeded
at 25x104 cells in a final volume of 3mL culture medium into each well of 6-well plates. Followed by
overnight incubation for cell attachment, test chemicals were added to wells at the final concentrations
of 25, 12.5, 6.25 and 3.12 µM in 1% DMSO. DMSO
(1%) and E2 (100 pM) were used as solvent control
and postcalibrator, respectively. After 24 h treatment
cells were collected by trypsinization and washed
with culture medium twice and re-suspended in 200
µL PBS. RNA isolation was performed by using
Roche RNA isolation kit and followed by cDNA
synthesis by using Roche cDNA synthesis kit according to the manufacturer’s instructions. 
pS2, AhR, ERα and ERβ, gene expressions
were performed by using LightCycler 480 Probes
Master and RealTime Catalog Assays on the Roche
RealTime LightCycler 480 platform according to the
manufacturer’s instructions. cDNA was added at the
50 ng in the final 20 µL reaction mix and β-actin
(ACTB) was used as housekeeping gene.
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 ,.33 78632/.8*:265 UV filters stimulated the proliferation of MCF-7 cells in a dose dependent manner as compared to E2 (100 pM). The
maximum proliferative effects of tested chemicals
were observed 3.12 µM. EC50 for 4-MBC, BP-3 and
HMS were calculated as 2.75 µM, 2.24µM and 1.46
µM, respectively. At concentrations above 100 µM,
we observed a significant decrease in number of viable cells, showing that these UV filters may be cytotoxic to these cells at high concentrations. Therefore, endocrine disrupting effects were assessed at

(TFF1), also known as pS2 [18]. pS2 is a secretorial
protein from MCF-7 which is an excellent  
model. MCF-7 cell lines provide key insights into
the regulation of gene expression and cell proliferation by estrogen, therefore extensively used in studies of estrogen responses [19, 20].
4-MBC, BP-3 and HMS are very frequently
used organic UV filters in cosmetics [11]. During the
past decade, increasing concerns about organic UV
filters lead to investigate the endocrine distrupting
activities of these substances [21, 22]. In the present
study, we aimed to evaluate the expression levels of
several estrogen-regulated genes (pS2, AhR, ERα,
Erβ,) in 4-MBC, BP-3 and HMS exposed MCF-7
cell line.


%#$ %!$

1.42,*39*5-8.*0.5:9The UV filters 3-(4methylbenzylidene) camphor (analytical standard,
Cat.No.6658), Benzophenone-3 (pharmaceutical
secondary standard, Cat.No. PHR1074) and Homosalate (pharmaceutical secondary standard,
Cat.No. PHR1085) were obtained from Sigma-Aldrich (St. Louis, Missouri, USA). 17β-Estradiol
(Cat.No. PHR1074) was purchased from Merck Millipore (Darmstadt, Germany), 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium bromide (MTT),
sodium dodecyl sulphate (SDS), dimethyl sulfoxide
(DMSO), and recombinant human insulin were purchased from Sigma-Aldrich (St. Louis, Missouri,
USA). Phosphate buffered saline (PBS), cell culture
medium and all other supplements were purchased
from Multicell Wisent (Quebec, Canada), and sterile
plastic materials were purchased from Corning (Amsterdam, The Netherlands). RNA isolation and
cDNA synthesis kits, LightCycler 480 Probes Master and RealTime Catalog Assays were purchased
from Roche Diagnostics (Indianapolis, USA). 

.33,;3:;8.The human breast cancer -MCF7- cells were obtained from American Type Culture
Collection (ATCC) and grown in Dulbecco’s Modified Eagle’s Medium/Ham’s Nutrient Mixture F-12
(DMEM-F12) supplemented with 0.01 mg/mL insulin, 10 % fetal bovine serum (FBS) and penicillinstreptomycin (100 U-100 µg/mL) at 37 °C in a humidified atmosphere with 5 %CO2. In every 3-4 days
when the cells reached 70-80 % confluence subculturing was performed. Stock solutions of the test
chemicals were prepared by dissolving in DMSO in
sterile glass volumetric flasks at the 10 mM final
concentrations and kept at -20°C by avoiding from
light.

"8632/.8*:26599*?%%The proliferation
assay was performed as described by Heneweeer et
al. [3] with minor modifications. Cells were seeded
at 1x105 cells/well in a final volume of 1mL culture
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non-cytotoxic concentrations. The estrogenic potency according to EC50, it was found as HMS >BP3>4-MBC.The relationship of concentration-relative
proliferative effect (RPE) of estrogenic activity of
tested UV filters is shown in the Fig.1.

dose-dependent relation was observed with the BP3, a 60.9% up-regulation of AhR was found at the
lowest concentration and up-regulation was decreased with the increasing concentrations. The upregulation of AhR was more slightly in 4-MBC treatment; also we observed slightly down-regulation
only in the lowest concentration (Fig. 2B).
ERα expression was up-regulated by all UV filters; however, changes were more slightly with 4MBC treatment. ERα expression was increased with
the decreasing concentrations of BP-3 and the upregulation was approximately 50% at the lowest concentration. The strongest effects were observed with
the HMS; ERα expression was 2.2-fold up-regulated
at the lowest concentration, and up-regulation was
decreased with the increasing concentrations. 4MBC, BP-3 and HMS were down-regulated ERβ in
general. ERβ was down-regulated 100% with the
lowest concentration of HMS, controversially upregulated 15% at the highest concentration. (Fig. 2C,
Fig. 2D).

.5..>78.99265pS2, AhR, Erα and Erβ gene
expressions were selected to evaluate their sensitivity to UV filters as shown Figure 2. 4-MBC and BP3 caused similar regulations in all four genes,
whereas HMS showed different regulations. The expression levels of pS2 decreased with both 4-MBC
and BP-3 treatment, however, increased with HMS
treatment. pS2 was up-regulated with 76% in the
lowest concentration of HMS and up-regulation was
decreased with the increasing concentrations. Also
we observed 1.2 fold up-regulations in the highest
concentration of HMS (Fig. 2A).
The expression level of AhR was increased
with both 4-MBC and BP-3 treatment, controversially decreased with HMS treatment. A reverse
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to our results Heneweer et al. [3] reported the estrogenic potency of BP-3 greater than 4-MBC. Environmental estrogens not only induced cell proliferation but also increase the expression of pS2 gene
[26]. The pS2 gene is widely used as a biomarker for
assessing estrogenicity in breast cancer cells, but not
in normal mammary cells [18]. There are limited
studies that evaluated pS2 gene expression of 4MBC and BP-3 [3, 27] and pS2 protein levels in exposure of 4-MBC, BP-3 and HMS [23]. These authors found both 4-MBC and BP-3 increased the pS2
secretion and gene expression in MCF, controversially, we found decreased the expression levels of
pS2 with both 4-MBC and BP-3 treatment. However, there have been no previous reports about HMS
exposure. We found that HMS was able to induce
pS2 gene expression and the greatest response was
observed as approximately 1-fold change at the both

Endocrine disrupting chemicals (EDCs) with
estrogenic effects may elicit major effects regulated
by endogenous estrogens, expression of estrogenregulated genes, the production of hormones and coordinate diverse process such as cell proliferation
[24]. Primary way of understanding the molecular
mechanisms of EDCs are to determinate the expression of estrogen-regulated genes in estrogen-responsive cells [25]. In this study, HMS, 4-MBC and BP3 were tested for their estrogenic potencies with
MCF-7 proliferation assay as well as expression levels of several estrogen-regulated genes (pS2, AhR
ERα, ERβ,).
In the MCF-7 cell proliferation assay, based on
the order of estrogenic potency was found as
HMS>BP-3>4-MBC when compared to E2. Similar
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lowest and highest concentrations. Possibly, estrogenic properties of HMS are strong enough to elicit
pS2 gene transcription after 24 h in our findings as
well as stimulate pS2 protein synthesis and secretion
after 72 h [23].
The AhR can be activated by a wide range of
classes of xenobiotic substances therefore AhR is
considered to function as a xenosensor. A common
response of AhR is to alter gene expression and estrogenic signalling in MCF-7 [27, 28]. Several genes
are identified as a target for cross-talk pathway between ER and AhR ERα-mediated estrogenic activity was reduced by AhR activation, thus AhR may
impair antagonistic effect on ER signalling [29, 30].
Schlecht et al (2004) demonstrated effects of BP-3
on AhR expressions in adult overiectomized rats.
The present study was the first study which showed
that 4-MBC, BP-3 and HMS have an impact on AhR
gene expression in MCF-7 cell lines. The expression
level of AhR was increased with both 4-MBC and
BP-3 treatment, controversially decreased with
HMS treatment. The up-regulation of AhR was more
slightly in 4-MBC treatment; also we observed
slightly down-regulation only in the lowest concentration. Activated AhR may lead to important
changes in cellular homeostasis and cause degradation of ERα where EDCs decreases the level of ER
gene by proteasome-dependent pathway [29, 31].
This degradation may play an important role in antiestrogenic activity of EDCs [32].
The expression profile of both ERs depends on
ratio of ERα/ERβ and ERα gene expression is higher
due to lower expression of ERβ [10, 33]. ERβ opposes transcriptional and proliferative functions ERα
due to inhibit cell proliferation in MCF-7 [34]. We
found that ERα expression was up-regulated by all
UV filters and down-regulated ERβ in MCF-7 cell
line. The finding was in accordance with [35], who
demonstrated that UV filters were found to be
mainly ERα-agonists. In the present study, 4-MBC
and BP-3 slightly up-regulated ERα and, similarly, it
was reported same findings for ERα/ERβ in different
estrogen-responsive mammary tissues [36]. In our
study 4-MBC is the least active UV filters for expression of ERα and Erβ. It is well known that a phenolic ring is important for estrogenic activity [15],
therefore affinity to ERs of 4-MBC may decrease because of absence of a phenolic ring. It was shown
that BP-3 metabolized by CYP1A1 which are regulated by estrogen via ERα and AhR [20, 37]. Although BP-3 has an estrogenic activity  study,
its metabolite benzophenone-1 (BP-1) is reported to
possess even greater estrogen receptor binding affinity compared to BP-3 [4, 38] and estrogenic activity
of BP-1 is likely to be ERα mediated rather than ERβ
[39]. The binding affinity of BP-3 appears to also
vary depending on the ERα and Erβ [10, 23]. We observed that BP-3 slightly up-regulated ERα in dosedependent manner. Similarly, BP-3 was found weak
estrogenic activity in different  systems due

to its phenolic structure and low molecular weight
within the range 200-250 g/mol [22, 27, 40]. In the
present study, the strongest effects were observed
with the HMS; ERα expression was 2.2-fold up-regulated and ERβ expression was down-regulated
100% with the lowest concentration. The estrogenic
activity of HMS was similar on HELN cell lines
[41]. They demonstrated that HMS activated HELN
cell line ERα more efficiently than HELN ERβ.


! &$! 

In conclusion, the organic UV filters are extensively used at levels greater than many others for
what chemicals however, very few research are subjected in this field. This study provides a broad assessment of the estrogenic profile of these three
widely used UV filters at molecular level. We
showed for the first time that 4-MBC, BP-3 and
HMS have an impact on AhR gene expression and
HMS has impact on pS2 gene expression in MCF-7
cell line. This study shows that 4-MBC and BP-3
caused similar regulations in all four genes, whereas
HMS showed different regulations. The highest effect of ERα and Erβ expression was observed with
HMS while the lowest was with 4-MBC. HMS increased pS2 gene transcription after 24 h in MCF-7.
As a consequence, present knowledge is not enough
to provide an extensive knowledge of endocrine activity of organic UV filters. Further investigations on
endocrine activity of organic UV filters are needed.
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OMW is well-known as a critical environmental problem in the Mediterranean basin countries that
accounts for ~95% of the world olive oil production
because of its acidic pH and the high amounts of
toxic organic load and structure polyphenol content
with low biodegradability making it very difficult to
be purified [1]. The maximum biochemical oxygen
demand (BOD) and chemical oxygen demand
(COD) concentrations of OMW can reach values up
to 110 and 170 g L-1, respectively [1], while the presence of phenolic compounds at concentrations ranging between 1.5 and 10.2 g Lí1 [2,3] increases the
toxic load, causing OMW unsuitable for further use.
Among the different organic pollutants in
OMW, phenols are considered the major pollutants
since they are harmful to plants, animals and human,
even at low concentrations Environmental Protection Agency (EPA) has set a limit of 0.1 mg/L of
phenol in wastewater [4]. While the World Health
Organization (WHO) sets a 0.001 mg/L as the limit
of phenol concentration in potable water [5]. The
large number and amount of phenolic compounds in
OMW decelerates and hinders COD removal in biological processes, reducing their economic viability.
Its impact extends to have antimicrobial effect, genotoxicity effect on animal and human cells, phytotoxicity effect due to phenolic content and some organic acids produced during storage, and toxicity bioassay of aquatic life [6]. More than 30 phenolic
compounds (polyphenols) have been identified in
OMW, the major polyphenols are tyrosol (2-(4-Hydroxyphenyl) ethanol) and 3-hydroxytyrosol, other
polyphenol such as caffeic, p-coumaric, vanillic and
ferulic acids has been found in less amount [7, 8, 9].
Various conventional treatment methods have
been tested for the removal of phenolic compounds
from wastewater. The most common methods were
extraction, membrane separation, ion exchange,
steam distillation, photocatalytic degradation process through oxidation by O3 [10], Fenton reagent
[11], enzymatic and chemical oxidation, electrochemical techniques (such as, electrocoagulation
process) [12], or using nanocomposite materials;
TiO2, V2O5, WO3 with activated carbon [13], in addition to biological methods (anaerobic or aerobic)

ABSTRACT
Olive mill wastewater (OMW) represents a significant environmental problem in the Mediterranean region. It has extremely high concentrations of
phenolic compounds, which creates an unpleasant
odor and phytotoxic impact. In this study, we evaluated a developed cost effective and eco-friendly media of granular activated carbons impregnated with
surface active materials. The percentage removal of
phenolic compounds from OMW samples was significantly enhanced by using oxidized granular activated carbon (GAC-OX) impregnated with Span 20
soaked for 15 days, yielding a percentage removal of
97.94 r 2.30%. The maximum adsorption of phenolic compounds into impregnated media was tested
under optimum conditions; 10 mM surfactant concentration, 25 ºC, and 15 days of contact time. 1HNMR, 13C-NMR, and direct photometric method
were used for the detection of the efficiency of the
used adsorbent media in the remediation of OMW.
The results of this study showed that the used adsorbent media provided an economical way for OMW
remediation.

KEYWORDS:
Olive mill wastewater, granular activated carbon, nonionic
surfactants, phenol.

INTRODUCTION
The insufficiency and limited access to water
resources, especially in Mediterranean countries
considered a major issue. This requires protecting
the water currently available from possible contamination with pollutants. Olive oil extraction industry
plays an important role in the economy of the Mediterranean countries. However, olive oil production
systems result in low quantities of desired product
and high quantities of unwanted by products socalled "olive mill wastes" (OMW). These wastes can
be considered as both a resource to be recovered and
a waste to be treated.
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[14]. However, these methods are too expensive to
find a wide application and have the problem of low
efficiency (15-22 %, for physiochemical method)
and generation of toxic products especially for high
phenol concentration in wastewater [15]. In contrast,
removal efficiencies of advanced treatment methods
are satisfactory, but the operational costs entailed are
not economically viable. Furthermore, combined
methods appear to be time consuming. Therefore,
there is a need to develop alternative methods that
are environmentally friendly and more cost effective.
Adsorption process is believed to be highly an
efficient technique in removing contaminates and
dealing with OMW treatment. Al-Malah et al. [16],
and Azzam et al. [17] have used activated clay as
sorbent materials for phenolic compounds contained
in OMW and reported that sorption of phenols was
reversible and mainly due to hydrophobic interactions. Furthermore, Garcia-Araya et al. [18] studied
the adsorption of three polyphenols on a commercial
granular activated carbon with relatively small surface area. Additionally, Galiatsatou et al. [3] addressed the issue of using activated carbon directly
on OMW for lowering the COD and BOD values of
the waste but without focusing on the specific adsorption of polyphenols. On the other hand, adsorption using activated carbon is the most widely used
technique for the removal of organic compounds and
heavy metal ions [1, 3, 19, 20]. Many researchers
KDYH RYHUFRPH WKH SUREOHP RI DFWLYDWHG FDUERQ¶V
high cost through developing low cost and high capacity alternative adsorbents from conventional and
non-conventional wastes [19, 20]. As an illustration,
Zogorski et al. [21] studied the kinetics of adsorption
of phenols on GAC. They observed approximately
that 60% to 80% of the adsorption occurs within the
first hour of contact, followed by a very slow approach to the final maximum equilibrium concentration due to extremely large surface area, with varying porous structure consisting of a network of interconnected macropores, mesopores and micropores
[3, 22].
Recently, surfactants have been used for the
isolation of phenolic compounds from wastes because no need for inexpensive equipment and organic solvents, and the energy consumption are relatively low [23, 24]. The surfactant enhanced aquifer

remediation (SEAR) treatment method, provide
more suitable technology; especially it requires low
amounts of surfactants without the need for using a
toxic organic solvent. Odeh et al. [23] used a new
type of surfactant (sodium polypropylene oxides sulphate having a branched hydrocarbon chain) (propoxyle group)-(sulphate) to enhance the olive oil
mill wastewater remediation using a modeled sample of OMW. Al Bawab et al. [24] used modified extended surfactant (sodium polypropylene oxide sulfate combined with cationic hydrotropes tetra butyl
ammonium bromide (TBAB)) for treatment of
OMW. AbuDalo et al. [25], showed that the removal
of copper (II) from acidic water was enhanced by using an activated carbon impregnated with carboxybentotriazole.
The aim of the present study was to develop an
environmentally friendly and a cost-effective media
of oxidized granular activated carbon (GAC) impregnated with active materials (nonionic surfactants) for sequestering organics and phenolic compounds from OMW. According to our knowledge
these surfactants are not used yet to enhance the remediation of the OMW, and are readily biodegradable under aerobic conditions, and their eco-toxicity
is low [26].

MATERIALS AND METHODS
Materials. Phenol (Acros, USA), Potassium
dihydrogen phosphate and 4-aminoantipyrine (Purum, Switzerland), Potassium ferricyanide (PEKING`S, China), Di-potassium hydrogen phosphate
(Riedel-de Haen, Germany), Ammonium hydroxide
(Lonover, USA), Sorbitan monoleate (Span 80) (ICI
Surfactants, USA), Sorbitan monolaurate (Span 20)
and polyoxyethylene-2-oleyl ether (Brij 93)
(UNIQEMA, USA). Calgon granular activated carbon (MRX-P) with specific properties of 900 m2/g,
apparent density of 0.5 g/ml pHpzc 7.2, mesh size of
10 x 30, and of bituminous origin was obtained from
Calgon Carbon Corporation (Catlettsburg KY,
USA). Distilled water was used to prepare surfactant
solutions. All other chemicals were reagent grade
and purchased from Sigma-Aldrich or Fisher Scientific companies.

TABLE 1
The main characteristics of olive mill wastewater (OMW) samples
Parameter
Total COD
Soluble COD
BOD5
Polyphenols
Total Dissolved Solid (TDS)
Total Volatile Solids (TVS)
Total Suspended Solid (TSS)
a

Valuea
40.0-220.0
32.0-176.0
23.0-100.0
5.0-80.0
30.60-58.20
21.30-45.90
1.40-36.0

Parameter
Organic Nitrogen
Carbohydrate
Phosphorous
Magnesium
pH
Total Bacteria (106 col/mL)
Total Yeasts and Fungi (106 col/mL)

Value in unit of μg/L, unless is indicated.
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Valuea
0.154-1.106
3.0-80.0
0.1-0.9
0.2-0.9
3.0-5.9
5
5
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TABLE 2
Percent removal of phenolic compounds soaking with media (concentration of surfactants =10 mM) for
(contact time= 1 day and 15 days).
Contact time
1 day

15 days

1 day

15 days

Media types
GAC-OX-Span 80
GAC-OX-Span 20
GAC-OX-Brij 93
GAC-OX-Span 80
GAC-OX-Span 20
GAC-OX-Brij 93
GAC-Span 80
GAC-Span 20
GAC-Brij 93
GAC-Span 80
GAC-Span 20
GAC-Brij 93

% removal of phenolic compounds
79.30 r 0.20
78.70 r 6.10
68.71 r 5.50
91.45 r 1.10
97.94 r 2.30
80.07 r 2.10
59.48 r 0.30
77.94 r 4.36
65.93 r 2.69
86.25 r 1.00
97.03 r 2.10
79.55 r 2.00

Loading GAC and GAC-OX with Surfactants. Three non-ionic surfactants were used (Span
20, Span 80, and Brij 93). In 250 ml Erlenmeyer
flasks, 100 ml of surfactant solutions with concentrations of 10, 30, and 55 mM were added to 2.0 g of
oxidized (GAC-OX) and non- oxidized (GAC) carbon, and then the mixtures were heated using a water
bath shaker at 50 ºC for 4 hours. The mixtures were
gravity filtrated, air dried forming the loaded media
(GAC and GAC-OX impregnated with nonionic surfactants), and then stored in small bottle for treating
OMW samples.

OMW Samples. OMW used in this study was
freshly collected in 20 L polyethylene bottles from
the sink of wastewater olive mill (Bilal Plant-Jordan). It is a modern and automated mill located in
north western of Jordan, in Balqa governorates
(Mahis ±Balqa). The samples of OMW were obtained in November 2015 from a three-phase full automatic press. Upon reception, the OMW samples
were filtrated to get rid of the total suspended solid
(TSS) materials. The pH was adjusted to a range of
2-3 by using hydrochloric acid (2 M) to avoid phenolic compounds decomposition. The samples were
stored in dark aspirators at 22 qC to avoid photo-decomposition. The general characterizations of olive
mill wastewater are summarized in Table 1. The values in Table 2 are in good agreement with those reported in literature [27].

Adsorption Experiments. The adsorption process of phenolic compounds was achieved by adding
OMW solution to the loaded sorbent media (5% by
weight) in 15 ml test tubes. The mixtures were vigorously shaken by vortex for 2 minutes, and then the
suspension mixtures were centrifuged and the clear
supernatant (phenolic compounds) was analyzed by
direct photometric method as described by Lenore,
et al., [28] using UV/Visible spectrophotometer.
NMR measurements (1H and 13C ±NMR) were recorded using a BRUKER ASCENDTM 500 MHz spectrometer; the solvents used are deuterated dimethyl
sulfoxide (D6-DMSO) and deuterium oxide (D2O).
The effect of surfactant concentration and contact
time on adsorption process was studied.

Phase Diagram Determination. Titration
method was used to determine the ternary phase diagrams of phenol/water/surfactant systems. The
samples were prepared with several compositions of
two components (phenol/surfactant) in the range
from 10 to 100% by weight, and then the solubility
regions were determined by adding small amount of
water to the mixture of phenol/surfactant. To confirm the extent of the solubility regions, the mixtures
were shaken and centrifuged for 10 minutes at 2000
rpm, then, the turbidity and clarity point were observed.

RESULTS AND DISCUSSIONS
GAC Oxidation Treatment. The modification
of commercial granular activated carbons MRX-P
referred to herein as GAC (100 g) involved oxidation
by 500 ml of 1.0 M HNO3 at 90ºC for 4 hours with
consequent washing with deionized water until the
effluent had reached pH>3.0 Subsequently, the oxidized versions of Calgon GACs MRX-P (referred to
herein as GAC-OX) were dried in the oven at 90 ºC
for two days and kept in a desiccators for batch experiments The particle size was 150 μm using Microtrac Zetatrace particle size and zeta potential analyzer).

Phase Diagrams. The phase diagram was used
to understand the relation between different association of the surfactant, water, and organic pollutant
and to estimate the relative amounts of phases within
a multiphase area in different application. Three surfactants, sorbitan monolaurate (Span 20), sorbitan
monoleate (Span 80), and polyoxyethylene-2-oleyl
ether (Brij 93) were used. Chemical structures of the
used surfactants are shown in Figure 1.
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FIGURE 1
The chemical structures of surfactants, Sorbitan monolaurate (Span 20), sorbitan monoleate (Span 80),
and polyoxyethylene-2-oleyl ether (Brij 93).
extended up to 60% phenol and 1% Span 80 and 1%
phenol and 93 % Span 80.
Figure 2c shows the phase diagram of water/
phenol/ Brij 93 system. In this figure, the Brij 93 surfactant used for the remediation of a modeled sample
of water polluted with phenols, in which the solubility of the phenol in water enhanced up to 85% of
phenol and corresponding to 9% of Brij 93 (region
2). Two phase regions, solid and liquid (Region 1)
was observed close to the phenol edge (100% phenol) and was extended up to 78% phenol and 1% Brij
93 and 1% phenol and 99% Brij 93 Two phase region liquid and liquid (region 3) was observed close
to the water edge (100% water) and was extended up
to 67% phenol and 1% Brij 93 and 1% phenol and
98 % Brij 93.
It can be concluded from Figure 2 that by adding surfactants, the separation was enhanced and became more efficient. In addition, the entire region
that was observed in one liquid phase converted to
two liquid phase regions, and the solubility of a partially soluble compound (such as polyphenols) in
aqueous solution is enhanced. However, the separation process is not favorable by using high concentration level of surfactants. Also, as seen from phase
diagrams the most important region is the two-phase
region (L+L), which formed organic and aqueous
phase. It is important to note that, one phase contains
higher concentrations of phenol and another phase
contains lower concentrations levels of phenol. The
surfactants have great potential to draw up phenols
from aqueous phase toward organic phase.

The ternary phase diagrams of water/phenol/Span20, water/phenol/Span80, and water/phenol/Brij 93 systems are shown in Figures 2. In which
all ternary systems formed three different type of
phases such as one liquid phase, two liquid phases
(organic and aqueous phases) close to water edge
(100% water), and two phases (liquid and solid). Additionally, the phase behavior of all systems shown
in Figure 2 showed that the surfactants have great
potential to draw up phenols from aqueous phase toward organic phase.
Figure 2a shows the phase diagram of water/
phenol/ Span 20 system. In this figure, the Span 20
surfactant used for the remediation of a modeled
sample of water polluted with phenols, in which the
solubility of the phenol in water enhanced up to 83%
of phenol and corresponding to 8% of Span 20 (region 2). Two-phase region solid and liquid (region
1) was observed close to the phenol edge (100% phenol) and was extended up to 80% phenol and 1%
Span 20 and 12% phenol and 88% Span 20. Two
phase region liquid and liquid (region 3) was observed close to the water edge (100% water) and was
extended up to 70% phenol and 1% Span 20 and 1%
phenol and 97 % Span 20.
Figure 2b shows the phase diagram of water/
phenol/ Span 80 system. In this figure, the Span 80
surfactant used for the remediation of a modeled
sample of water polluted with phenols, in which the
solubility of the phenol in water enhanced up to 78%
of phenol and corresponding to 6% of Span 80 (region 2). Two phase region solid and liquid (region 1)
was observed close to the phenol edge (100% phenol) and was extended up to 78% phenol and 1%
Span 80 and 1% phenol and 97% Span 80. Two
phase region liquid and liquid (region 3) was observed close to the water edge (100% water) and was

Direct Photometric Method. The percentage
removal of phenolic compounds by the developed
media was calculated by using equations 1. Direct
photometric method was used to detemine the
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phenolic concentration in the OMW samples. Samples were reacted with 4-aminoantipyrine in presence of potassium ferricyanide, K3Fe(CN)6, the solution mixed properly to form a reddish-brown color
of antipyrine dye. This dye is kept in aqueous
solution for 15 min. and its absorbance measured at
500 nm. Finally, the concentration was determined
photometrically using the calibration curve.

Fresenius Environmental Bulletin

(1)
where, [OMW]Pre is the phenolic concentration
in untreaterd OMW (in the unit of ppm), and
[OMW]Post is the phenolic concentration after OMW
treatment with GAC and GAC-OX (in the unit of
ppm)

(a)

(b)

(c)
FIGURE 2
(2a) Ternary phase diagram for water/phenol/Span 20; (2b) Ternary phase diagram for
water/phenol/Span 80; (2c) Ternary phase diagram for water/ phenol/Brij 93.
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addition of the nonionic surfactants to the pores of
granular activated carbon improved phenolic compounds removal even further by decreasing the electronegativity inside the micropores of GACs. The
presence of the nonionic surfactants inside the micropres of activated carbon makes the pores approximately neutral. Therefore, polar and ionic species
are less readily adsorbed than organic molecules. On
the other hand, the effect of Van de Waals forces
should not be neglected and may dominate the adsorption processes of phenolic compounds [18]. In
this study, an interaction could take place between
the ±OH group of the phenolic compounds and the
carboxylic or hydroxyl groups on the surfactants that
impregnated with the activated carbons, so-called
donor-acceptor complex.
Abu Dalo et al. [25] showed that for the oxidized version of MRX-P (GAC-OX), the fraction of
oxygen considerably increased by 11%., simultaneous to a decrease in carbon content, which had reduced from 84% to 65%. On the other hand, hydrogen, nitrogen and sulfur fractions of GACs did not
significantly change with the oxidation process. Our
results showed that the % removal of phenolic compounds by GAC-OX-Surfactants media is higher
than that observed for GAC-Surfactants media.
From this, we could conclude that the adsorption of
surfactant on GACs depends on both the charge of
the carbon surface, and the hydrophilic type of the
head group of the surfactant. This result is consistent
with that observed by Abu Dalo et al [25] for removal of copper ions with GAC impregnated with
carboxybenzotriazole.
Table 2 shows that GAC and GAC-OX impregnated with Span 20 and Span 80 were more efficient
in phenolic compounds removal from OMW than
that with Brij 93. This could be attributed to the differences in chemical structures of the surfactants
(Figure 1). In Span 20 and Span 80, the sorbitan head
group have many free (-OH) functional groups,
which enhances the removal of phenolic compounds
from OMW. However, the structure of Brij 93 contains one terminal (-OH) group and bulky aliphatic
group, so the GAC and GAC-OX impregnated with
Brij 93 showed lower % removal of phenolic compound than that with Span 20 and Span 80. These
results are in a good agreement with previous studies, in selected surfactants to adsorb phenolic compounds [30, 31]. They have reported that the adsorption process of phenolic compound was increased by
selected surfactant that have low number of (Polyethylene oxide groups), which leads to increase percentage removal of phenols.
An update in all OMW treatment methods in
Jordan were discussed in recent review in 2017 [32].

Adsorption of phenolic compounds is carried
out using GAC-OX and GAC adsorbent media,
impregnated with three different concentrations of
surfactants (10, 30, and 55 mM). The results showed
that 10 mM is the optimum surfactant concentration
of the two media. The percent removal of phenolic
compounds from OMW using GAC and GAC-OX
impregnated with 10 mM of Span 20, Span 80, and
Brij 93 in contact time of 1 and 15 days were
summarized in Table 2. The results for 30 and 55
mM is not shown, since the percentage removal of
phenolic compounds was very low, the highest value
was obtaind as follow: 45.35% for 30 mM GACOX-Span 80 and 25.53% for 30 mM GAC-Span 80,
31.10% for 55 mM GAC-OX-Span 80 and 17.34%
for 55 mM GAC-Span 80.
The percentage removal of phenolic
compounds from OMW was highly dependent on the
surface chemistry of adsorbent, surfactants
concentrations, and contact time. The results also
showed that the percent removal increases within 15
days during soaking with media without mixing. After 15 days, the percent removal was reduced, which
may be due to phenolic compounds desorption. Furthermore, it is found that the optimum surfactant
concentration (which corresponding to highest % removal of phenolic compounds) of the two media is
10 mM, which is below the critical micelle concentration (CMC) of the used surfactants, while at high
concentration of surfactants, namely 30 and 55 mM,
a large reduction in the % removal of phenolic compounds was observed, this might be due to locking
or coating (i.e. forming saturated surface) the surface
of the sorbent media.
There are several factors affecting the adsorption equilibrium and capacity, including surface
area, pore size distribution, adsorbent dose and surface chemistry, and the solubility of the adsorbate.
Generally, the adsorption increases with decreased
adsorbate solubility [29]. Microporosity of activated
carbons controlled the extent of adsorption with the
mechanism of micropore filling being the most plausible route of adsorption, and the activated carbons
with well-developed porosity, especially in the mesopore region favor phenol adsorption [3, 22]. However, the accessibility of the porous system is of predominant importance, especially for large molecules
that exhibit a slow diffusion transport in narrow
pores. This urges the need for a short distance between the wider pores that facilitate transport and
more narrow pores in which effective adsorption
takes place. In practice this may be achieved by establishing a well-developed mesopore structure [3].
The results of this study showed that the
impregnation of GAC and GAC-OX with the
nonionic surfactants (Span 20, Span 80, and Brij 93)
causes filling the micropore of the activated carbon
establishing a well-developed mesopore strcuture.
Thus, the affinity of phenolic compounds for these
new adsorbent material was enhanced. Moreover,

NMR measurement. To ensure the efficiency
of phenolic compounds removal from polluted
OMW, NMR spectroscopy was used. Phenolic com-
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pounds exhibit 1H-NMR signal in the aromatic region (above ~ 7 ppm), absence of such signals is a
direct proof on the removal efficiency. Figure 3
shows the 1H-NMR spectra of GAC and GAC-OX
with span 20 and brij 93 after separation from the
globule (organic) phases. The spectra show no signals at all in the characteristic area of pehnolic compounds. Figure 4 shows the 13C-NMR spectra, of the
samples above. The 13C-NMR spectra also proved

Fresenius Environmental Bulletin

that the OMW samples were free of phenolic
compounds after treated by GAC and GAC-OX
impregnated with surfactants since there were no
peaks of phenolic compounds at 120 ppm. Thus, we
can conculd that the aqueous phase was free from
any phenolic compounds. Similar data were
observed for Span 80, the NMR spectra were not
shown here.

FIGURE 3
H-NMR spectrum, (a) GAC-OX-Span 20, (b) (GAC-Span 20), (c) GAC-OX-Brij 93, (d) GAC-Brij 93.

1

FIGURE 4
C-NMR spectrum, (a) GAC-OX-Span 20, (b) (GAC-Span 20), (c) GAC-OX-Brij 93, (d) GAC-Brij 93.
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CONCLUSIONS
Although the characteristics of OMW are significantly depend on climate, olive fruit cultivation
and oil extraction practices, OMW can be considered
as a multicomponent solution in which the dissolved
molecules (mainly organic compounds) may influence each other adsorption behavior and can compete for the same active sites of GACs. The developed media of oxidized activated carbons impregnated with Span 20 and 80, showed an excellent performance for the removal of phenolic compounds
from OMW samples with optimum conditions of 10
mM surfactant concentration, at 25 ºC, and 15 days
of contact time. The adsorption process of both phenols and total organics might be predominantly controlled by the hydrophilic type of the head group of
the surfactant, and the surface chemistry of the activated carbon. The developed media provides an economically promising treatment technology that requires low amounts of surfactants and one step treatment method. Furthermore, this method could be expanded to pilot scale investigations.
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supercritical water create a homogeneous reacting
fluid, significantly reducing the mass transport limitations, making it an ideal medium for processing. In
the absence of oxygen, carbon compounds gasify in
supercritical water. In the presence of oxygen, the
compounds rapidly oxidise to CO2 and H2O. Most of
the commercial systems currently in operation generally have a residence times on the order of minutes
or less [12-15]. The short residence time is due to the
conditions that supercritical water provides. Indeed,
the high temperature causes the reaction to occur extremely rapidly [16]. Furthermore, recent studies
into the behaviour of hydrothermal flames in SCWO
have also demonstrated the capacity to operate at
near complete conversion with very short residence
times [17].
Homogeneous catalyst acts independently by
molecules or ions, the active centre is homogeneous,
having a high activity. Homogeneous catalysis reacts
in mild conditions, and the reaction performance is
loyal, which has a specific selectivity. Activity and
selectivity of homogeneous catalysis can be deployed and fine designed by selecting ligand, solvent
conversion, adding accelerators and other factors.
Soluble transition metal salts, in particular copper
sulphate, are known as effective catalysts in the oxidation of model pollutants and real wastewaters [1820].
The aim of our study was to investigate how
copper sulphate and other transition metal salts may
affect the SCWO of sewage sludge upon batch experiments.

ABSTRACT
Effect of supercritical water oxidation of sewage slaudge was carried out in a lab-scale reactor.
Experiments were implemented to investigate the effect of temperature, H2O2 dose, residence time and
concentration of catalyst on oxidation of the municipal sewage sludge. The results showed that supercritical water oxidation is effective for removing organic compounds from municipal sewage sludge.
Homogenous catalyst, FeSO4 and CuSO4 addition
significantly increased TOC removal. TOC removal
reached 95.8% under optimum conditions.

KEYWORDS:
sewage sludge, wastewater treatment, soluble catalysts,
supercritical water oxidation.

INTRODUCTION
With the widespread use of biological
wastewater treatments, a large amount of sewage
sludge is produced. Sewage sludge (SS) from a
wastewater treatment plant contains high levels of
organic matters and proteins, and therefore is a potential substrate for producing hydrogen [1-6]. However, the presence of heavy metals in sewage sludge
restricts its use, whether it is applied to gasification
or fertiliser. Heavy metals in sewage sludge are considered as toxic catalyst for gasification and reduced
the gasification efficiency seriously [7-10]. Moreover, the fertiliser of sewage sludge also results in a
higher content of heavy metals in the food chain, ultimately causing metabolic disorders and chronic
diseases in humans [11].
To reduce the toxicity of sewage sludge which
attributes to heavy metals, great efforts on pretreatment have been made in the last several decades. As
a basic overview, the development of supercritical
water oxidation (SCWO) as a technology has mainly
been focused on the destruction of organic wastes.
Beyond the critical point of water (374°C, 22.1
MPa), most organic compounds become soluble;
similarly, oxygen is infinitely miscible in water at
these conditions. Conversely, many salts that are soluble in liquid water become insoluble at supercritical
conditions. The solubilised organic compounds in

EXPERIMENTAL
Materials. The sludge consisted of approximately 40% primary and 60% secondary sludge obtained from the belt presses at the processing plant.
Before any experiment, the pasty sludge was unfrozen and suspended in 200 ml water to reconstitute
the sludge. The metallic salts CuSO4 (copper(II) sulphate anhydrous, Analytical reagent) and
FeSO47H2O (iron(II) sulphate heptahydrate, Analytical reagent) were purchased from Shanghai.
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510°C for 540 s. Figure 1 shows TOC removal at different residence time. The results appeared that residence time had a significant effect on sewage sludge
conversion.

SCWO experiments. SCWO of the sewage
sludge was carried out in a 0.6-l batch autoclave. After loading the sludge suspension (total organic carbon, TOC0 = 500 ± 2000 mg/l) and the catalyst
(CuSO4 or/and FeSO4, 100±400 mg/l), the reactor
was closed, purged using Ar and heated to the reaction temperature. The introduction of air was considered as time zero for the reaction. Different experiments were performed changing the reaction temperature (430-510°C) and/or the air pressure (20-30
MPa), air flow (50-300 ml/min), H2O2 dose (100±
400 mg/l), stirring speed (1150-1500 r/min), pH
(6.5-8.4) and solids concentration (400-500 mg/l).

Effect of H2O2 dose. A series of experiments
were conducted to determine the effect of H2O2 dose
on SCWO of sewage sludge. The experimental results are presented in Fig. 2. As can be seen, TOC
removal increased with increasing H2O2 dose. 79.9%
of TOC were removed when H2O2 dose was 400
mg/l.

Analytical methods. After reaction, the whole
suspension was recovered from the reactor and the
TOC content of the supernatant and the solid, recovered after filtration, were measured using a Shimadzu 5000 TOC analyser.

RESULTS AND DISCUSSION
Effect of reaction temperature. Reaction temperature is an important parameter affecting the removal of pollutants during the SCWO of organic
compounds. Generally, the higher reaction temperature is, the higher pollutant removal and the reaction
rate are.
Effect of reaction temperature on TOC removal
was investigated at 430, 450, 470, 490 and 510°C.
Available results are shown in Fig. 1. As it is expected, temperature rising increased the TOC removal. TOC removal reached 71.5 and 79.9% after
60 and 540 s at 510°C, respectively.

FIGURE 2
Effect of H2O2 dose on SCWO of sewage sludge
(temperature 510°C)
Influence of catalyst. It is shown that significant TOC removal reached (Fig. 3). Adding FeSO4
and CuSO4 significantly increased TOC removal.
The maximum TOC removal is 96.11% in the presence of CuSO4 as opposed to 79.9% without adding
CuSO4. The maximum amount of TOC that could be
removed is 98.9% in the presence of FeSO 4 as opposed to 79.9% without adding FeSO4. It is indicated
that FeSO4 and CuSO4 are capable of direct oxidation of a significant amount of TOC in sewage
sludge.
g

FIGURE 1
Effect of temperature on SCWO of sewage
sludge (conditions: residence time - 60 to 540 s;
H2O2 dose - 400 mg/l)
FIGURE 3
Effect of catalyst on SCWO of sewage sludge
(conditions: residence time - 60 to 540 s; H2O2
dose - 400 mg/l; temperature 430°C)

Effect of residence time. The sewage sludge
conversion experiments were conducted at 430-
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[8] Dede, G. and Ozdemir, S. (2016) Effects of Elemental Sulphur on Heavy Metal Uptake by
Plants Growing on Municipal Sewage Sludge. J
Environ Manage. 166, 103-108.
[9] Nielsen, L. And Bandosz, T.J. (2016) Analysis
of Sulfamethoxazole and Trimethoprim Adsorption on Sewage Sludge and Fish Waste Derived Adsorbents. Micropor Mesopor Mat. 220,
58-72.
[10] Wirth, B., Reza, T. and Mumme, J. (2015) Influence of Digestion Temperature and Organic
Loading Rate on The Continuous Anaerobic
Treatment of Process Liquor from Hydrothermal Carbonization of Sewage Sludge. Bioresource Technol. 198, 215-222.
[11] Urrutia, C., Sangaletti-Gerhard, N., Cea, M.,
Suazo, A., Aliberti, A. and Navia, R. (2016)
Two Step Esterification±Transesterification
Process of Wet Greasy Sewage Sludge for Biodiesel Production. Bioresource Technol. 200,
1044-1049.
[12] Zhang, Y.R., Zhang, L.J. and Zhao, T.T. (2015)
Supercritical Water Gasification of Oily
Wastewater. Oxid Commun. 38(2), 803807.
[13] Wang, Y.B. and Li, Q. (2015) Treatment of Petrochemical Wastewater Via Supercritical Water
Oxidation with Nano-Fe2o3. Oxid Commun.
38(3), 1373-1377.
[14] Miller, A., Espanani, R., Junker, A., Hendry, D.,
Wilkinson, N., Bollinger, D., Abelleira-Pereira,
J.M., Deshusses, M.A., Inniss, E. and Jacoby,
W. (2015) Supercritical Water Oxidation of A
Model Fecal Sludge Without The Use of A CoFuel. Chemosphere. 141, 189-196.
[15] Ma, L., Chen, X. and Zhao, M. (2015) Study on
Supercritical Water Oxidation of Petrochemical
Wastewater. Oxid Commun. 38(3), 1378-1383.
[16] Li, H.X., Li, C., Jiao, C.Q. and Wang, S. (2015)
Characterization of Cerium Dioxide Nanoparticles Prepared by Supercritical Water Oxidation.
Ceram Int. 41(8), 10170-10176.
[17] Akhiani, H., Nezakat, M., Penttilä, S. and
Szpunar, J. (2015) The Oxidation Resistance of
Thermo-Mechanically Processed Incoloy 800ht
In Supercritical Water. J Supercrit Fluid. 101,
150-160.
[18] Chen, Z., Wang, G.W., Yin, F.J., Chen, H.Z.
and Xu, Y.J. (2015) A New System Design for
Supercritical Water Oxidation. Chem Eng J.
269, 343-351.
[19] Civan, F., Ozaltun, D.H., Kipcak, E. and Akgun,
M. (2015) The Treatment of Landfill Leachate
Over Ni/Al2o3 by Supercritical Water Oxidation. J Supercrit Fluid. 100, 7-14.
[20] Lv, W.Y. and Shuang, H.Q. (2015) Oxidation of
Phenolic Wastewater with Glycol in Supercritical Water. Oxid Commun. 38(2), 796-802.

CONCLUSIONS
Effect of supercritical water oxidation of sewage sludge was investigated. The following conclusions were drawn:
(1) Experimental results indicated that increasing reaction temperature and residence time can improve TOC removal.
(2) Greater than 80% TOC removal from sewage sludge was achieved using SCWO with adding
the catalyst. Homogenous catalyst, FeSO4 and
CuSO4 showed effective removal for sewage sludge.
(3) It was concluded that SCWO with adding
the catalyst is effective for removing organic compounds from sewage sludge.
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the air pollutants including formaldehyde, benzene,
methylbenzene, ethylbenzene, dimethylbenzene, etc.
Among the various pollutants, formaldehyde is of
particular interest due to its abundance and adverse
health effects [8]. The low level formaldehyde could
provoke eye and throat irritation, chest tightness and
shortness of breath. High-dose exposure to formaldehyde could lead to the acute poisoning, chronic
toxicity and even cancer [9-10], hence it is classified
as carcinogenic to humans (Group 1) by the World
Health Organization.
The indoor formaldehyde is connected with
several indoor sources associated with the indoor
decoration. For example, it can be emitted by the
wood-based products used during the decoration,
which is assembled with the urea-formaldehyde and
phenol-formaldehyde resins. In addition, formaldehyde is also presented in the paints, varnishes and
carpets [11, 12]. Chi et al. [13] reiterated that decoration pollution was the primary indoor pollution
within the first 12 months after decoration. To avoid
the healthy risk of the formaldehyde, the Chinese indoor air quality standard was issued in 2002, in
which 0.1 mg/m3 of formaldehyde was considered
preventive of negative effects on humans (GB/T
18883-2002). However, there are still a large magnitude epidemiology studies showing the adverse
health is associated with indoor air pollution in terms
of morbidity and mortality. It is estimated that about
110,000 people die from the indoor air pollution in
China every year. Ningbo, Taizhou and Wenzhou,
the three eastern coastal cities of Zhejiang province,
are recognized as nouveaux riches regions in East
China. The fast development of the economy in the
last three decades has made people rich and eager to
improve quality of their life. Lots of people there
choose to promote the indoor decoration by using
large quantities of building materials, such as wood,
paints and wool products. However, this style of living may aggravate the indoor pollution. Up to the
date, several studies have been done to investigate
the level and the emission source of indoor formaldehyde around the world [14-18]. However, it is still
necessary to investigate the distribution characteristics of formaldehyde in newly decorated rooms in
these regions, which are identified as nouveaux

ABSTRACT
The indoor air samples taken from 768 newly
decorated rooms in Ningbo, Taizhou and Wenzhou
between November 2014 and October 2016 were analyzed to detect the concentration of formaldehyde,
benzene, toluene, ethylbenzene and xylene. Meanwhile, the temperature, relative humidity and air
pressure of those rooms were also recorded. The results showed that the formaldehyde concentration
ranged from 0.000476 to 0.789 mg/m3, with the
mean concentration of 0.136±0.116 mg/m3. 47.9%
of the rooms exceeded the permitted formaldehyde
concentration defined in Chinese national standard
for indoor air quality (GB/T 18883-2002). Significant positive correlations were found between the
formaldehyde and temperature (r=0.358, P<0.01),
humidity (r=0.128, P<0.05), and the significant negative correlation was found between the formaldehyde and air pressure (r=-0.291, P<0.01). The highest formaldehyde concentration was observed in
June and July, which could be due to the high temperature and humidity in these two months. The formaldehyde concentration in the drawing rooms and
bedrooms was significantly higher than that of classrooms and halls. Besides, no positive correlations
were found between the formaldehyde and benzene,
toluene, ethylbenzene and xylene, suggesting that
they might come from different sources.

KEYWORDS:
Indoor, Decorated, Formaldehyde, Distribution, Correlation

INTRODUCTION
The indoor air quality (IAQ) has attracted more
and more public concern since people spend most of
their time within the enclosed living space [1-6]. The
poor IAQ is linked to sick building syndrome (SBS)
[7]. On the other hand, due to the improved living
standard, people pay much more attention to the indoor decoration, especially in the developing countries. This could increase the exposure of humans to
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Sampling methods. The sampling was carried
out according to the Standard of Indoor Environmental Pollution Control of Civil Engineering (GB
50325-2010). Windows and doors were closed during sampling. Samples were taken at a height of 1.5
m above the floor. Formaldehyde was sampled at 0.5
L/min for 20 minutes. After the sampling, both ends
of the sampling tube were sealed, and samples were
brought back to lab for immediate analysis. Benzene,
toluene, ethylbenzene and xylene were sampled at
0.2 L/min for 60 minutes using charcoal sorbent
tubes. Samples were stored at -20 oC and analyzed
within 48 h. Besides, the temperature, relative humidity and air pressure were recorded during the
sampling.

riches regions in the subtropical zone. As it is
known, different lifestyles and meteorology conditions can result in different distribution characteristics of indoor formaldehyde. It is impossible to help
the occupants escape from the negative health effect
of indoor formaldehyde before the distribution characteristics are figured out.
In this study, 768 indoor air samples were taken
from newly decorated rooms in Ningbo, Taizhou and
Wenzhou city over two years. The concentrations of
formaldehyde, benzene, toluene, ethylbenzene and
xylene in the samples were determined. Besides, the
correlation between the formaldehyde and sampling
time, type of room, temperature, humidity, air pressure, as well as benzene, toluene, ethylbenzene and
xylene was also discussed to reveal the distribution
characteristics of formaldehyde in the newly decorated rooms.

Analytical methods. Formaldehyde was analyzed by the MBTH method through a UV-VIS spectrophotometer (GB/T 18204.26-2000). Benzene,
methylbenzene, ethylbenzene and dimethylbenzene
were extracted from charcoal tubes using 2 mL carbon disulfide. The solvent was transferred into GC
vials and analyzed by a gas chromatograph (GC Agilent 7890A), which was equipped with FID detector
XVLQJWKH FDSLOODU\FROXPQ PîPPîȝP
CD-:$6 $OLTXRWVRIȝ/ZHUHLQMHFWHGLQWRWKH
capillary column. Injector and detector temperatures
were set at 150 and 250 oC, respectively. Oven temperature was programmed at 65 oC for 10 min and
then 5 oC/min to 90 oC.

MATERIALS AND METHODS
Sampling period and sites. 768 indoor air
samples, collected between November 2014 and October 2016, were taken from the newly decorated
rooms in Ningbo, Taizhou and Wenzhou city, which
were three adjoining coastal cities located in
Zhejiang province in China (Fig. 1). The three cities
feature a subtropical monsoon climate, with a permanent population of 19,952,297 distributed over a
31292 km2 land. Samples were collected between
November 2014 and October 2016. The types of the
rooms include the drawing room, bedroom, Hall,
conference room and classroom.

Statistical methods. Statistical analysis was
performed by SPSS 19.0. Independent samples t-test
was conducted to elucidate the equality of means for
the formaldehyde concentration in different months
and room types. Correlation was analyzed between
the formaldehyde and temperature, humidity, air
pressure, benzene, toluene, ethylbenzene and xylene.

RESULT AND DISCUSSION
Concentration of formaldehyde. The average
formaldehyde concentration of the sampled rooms
was 0.137±0.116 mg/m3 (Fig. 2). The maximum
concentration was 0.794 mg/m3, which was approximately 7 times higher than the permitted concentration defined in the Chinese standard for indoor air
quality (GB/T 18883- IRUPDOGHK\GH 
mg/m3). The formaldehyde concentration obtained
in this study is higher than the result of Guo et al.
[15], which shows the average formaldehyde concentration of newly decorated rooms is 0.107±0.095
mg/m3 in Hangzhou city of Zhejiang province,
China. Besides, it is also higher than that of Canada,
France, Japan and Sweden [14, 16, 19, 20]. Among
the 768 samples, 47.9% of them exceeded the permitted concentration. The above results suggest that
the newly decorated rooms in Ningbo, Taizhou and
Wenzhou city are so polluted that special measures

FIGURE 1
Map of sampling location
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average
formaldehyde
concentration
was
0.134±0.114 mg/m3 for the phase I and 0.139±0.119
mg/m3 for phase II. That is to say that no valid
measures have been taken to reduce the indoor formaldehyde pollution for the newly decorated rooms.

0.8

3

Concentration of formaldehyde (mg/m )

must be taken to control the pollution. However, it
seems that the indoor pollution has not attracted serious attention. If the study is divided into two
phases, including the phase I from the November
2014 to October 2015 and the phase II from the November 2015 to October 2016, no significant difference could be found between the two phases. The
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that of humidity. This result suggests that the temperature and air pressure play a more important role
in influencing the indoor formaldehyde distribution,
when compared with the relative humidity.

Correlation between formaldehyde and the
meteorological condition. As shown in Fig. 3(a),
the formaldehyde concentration was significantly
positively correlated with the room temperature
(r=0.358, P<0.01). This result was consistent with
the previous studies [13, 19, 21], which manifested
that temperature played a key role in influencing the
indoor formaldehyde. Formaldehyde is a volatile organic compound. A high temperature can facilitate
the release of formaldehyde from the building materials. Zhang et al. [21] investigated the effect of temperature on the emission parameter of indoor formaldehyde, and concluded that the increase of the temperature could decrease the partition coefficient and
increase the diffusion coefficient.
The positive correlation was also found between the formaldehyde and relatively humidity
(Fig. 3(b), r=0.128, P<0.05). As it is known, formaldehyde has a high solubility in water. The high moisture in the air could induce the rapid absorption of
formaldehyde, which will destroy the equilibrium
between the building materials and adjacent air. It in
turn promotes the emission of formaldehyde from
the building materials. In other words, the increase
of the humidity could decrease the partition coefficient and increase the diffusion coefficient of formaldehyde in building materials.
Different from the temperature and humidity,
the formaldehyde was negatively correlated with the
air pressure (Fig. 3(c), r=-0.291, P<0.01). High air
pressure is believed to be advantageous to the convection of the indoor air. The increase of indoor air
convection can help the indoor formaldehyde diffuse
into a larger space. Therefore, the indoor formaldehyde concentration decreases.
It should be noted that the absolute value of
correlation coefficient between the formaldehyde
and temperature, air pressure was far greater than

Monthly variation of formaldehyde distribution. As is shown in Fig. 4, the monthly formaldehyde concentration showed a unimodal distribution. The average formaldehyde concentration in
June and July was 0.232±0.209 and 0.220±0.138
mg/m3, respectively, which was significantly higher
than other months (P<0.05). 75.0% of the samples
collected in June and 84.8% of the samples collected
in July exceeded the permitted concentration. The
lowest average formaldehyde concentration was observed in January, which was 0.068±0.038 mg/m3.
20.5% of the samples collected in January exceeded
the standard. This result is generally consistent with
Guo et al. [15] and Weng et al. [4], which demonstrates that the formaldehyde concentration in summer is significantly higher than that in winter. In
Ningbo, Taizhou and Wenzhou, compared with the
other months, June and July usually have a relatively
high temperature, relative humidity and low air pressure, while the meteorology characteristics are almost the opposite in January. The variation of the
meteorological characteristic of each month results
in the different distribution of formaldehyde. As illustrated in this study, the high temperature, relative
humidity, and low air pressure are prone to seduce
the release of formaldehyde from the building materials. Therefore, high formaldehyde concentration
was recorded in June and July, while the low formaldehyde concentration was recorded in January. That
is, the intensified release of formaldehyde probably
happens in the summer season for the newly decorated rooms, which reminds us to pay more attention
on the control of indoor formaldehyde pollution.
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Formaldehyde concentration in different type of rooms
TABLE 1
Correlation between the formaldehyde and benzene, toluene, ethylbenzene, xylene

Formaldehyde
Benzene
Toluene
Ethylbenzene
M-xylene

Formaldehyde
1
-0.288**
-0.020
-0.030
0.083

Benzene
-0.288*
1
0.081
0.258**
0.159**

Toluene
-0.020
0.081
1
0.156**
0.127*

Ethylbenzene
-0.030
0.258**
0.156**
1
0.783**

xylene
0.083
0.159**
0.127*
0.783**
1

Correlation between the formaldehyde and
BTEX. BTEX, including benzene, toluene,
ethylbenzene and xylene are another category of crucial indoor pollutants. The correlation analysis results showed that no positive correlation was found
between the formaldehyde and benzene, toluene,
ethylbenzene and xylene (Table 1). This result indicates that the formaldehyde and BTEX might come
from different sources. Some studies have showed
that the BTEX mainly originate from outdoors as vehicle emission and industrial combustion [22, 23].
Some other researchers pointed out that the indoor
combustion contributed to the indoor BTEX pollution. For example, Hazrati et al. [1] reported that the
heating system, gas stove, samovar and tobacco
smoking were the main source of BTEX. Huang et
al. [24] indicated that the cooking activities contributed to the indoor BTEX. These results suggest that
the BTEX mainly came from the combustion, which
was different from that of formaldehyde. Compared
with the formaldehyde, only 11.7% sampled rooms
exceed the permitted concentration of benzene, toluene, ethylbenzene and xylene defined in Chinese
standard for indoor air quality (GB/T 18883-2002,
EHQ]HQHPJP3WROXHQHPJP3, xylene
 PJP3). It further indicates that the main
sources of formaldehyde and BTEX are different
from each other.

Concentration of formaldehyde in different
types of rooms. The sequence of average formaldehyde concentration in all types of rooms was as followed: bedroom > drawing room > conference room
> classroom > hall (Fig. 5). Formaldehyde concentrations of bedroom and drawing room were significantly higher than that of hall and classroom
(P<0.05). 51.6% of the bedroom and 50.0% of the
drawing room exceeded the permitted formaldehyde
concentration defined in Chinese national standard
for indoor air quality, while only 36.8% of classroom
and 20.7% of the hall exceeded the standard. This
result is not surprising as the decorations of bedrooms and drawing rooms are far more excessive
than that of halls and classrooms according to our
site investigation. People use more wood-based materials and paints for ceiling, flooring and cabinet in
the bedroom and the drawing rooms. They also arrange more kartel, wooden sofa as well as the wallSDSHUWRµLPSURYH¶WKHFRPIRUWRIWKHUHVidential living. Compared with the bedrooms and drawing
rooms, the halls and classrooms have a larger space
and use less formaldehyde concentrated materials. It
indicates that residential pollution is a more serious
issue than the public place pollution. It is advised
that people in these regions need to adjust their lifestyle to mitigate the residential pollution, such as
avoiding the excessive home decoration and using
formaldehyde-free material.



© by PSP

Volume 27 ± No. 4/2018 pages 2131-2137

Fresenius Environmental Bulletin

[2] Klepeis, N.E., Nelson, W.C., Ott, W.R., Robinson, J.P., Tsang, A.M., Switzer, P., Behar, J.V.,
Hern, S.C. and Engelmann, W.H. (2001) The
national human activity pattern survey
(NHAPS): a resource for assessing exposure to
environmental pollutants. Journal of Exposure
Analysis & Environmental Epidemiology. 11,
231-252.
[3] Lai, H.K., Jantunen, M.J., Künzli, N., Kulinskaya, E., Colvile, R. and Nieuwenhuijsen,
M.J. (2007) Determinants of indoor benzene in
Europe. Atmospheric Environment. 41, 91289135.
[4] Weng, M.L., Zhu, L.Z., Yang, K. and Chen,
S.G. (2010) Levels, sources, and health risks of
carbonyls in residential indoor air in Hangzhou,
China. Environmental Monitoring and Assessment. 163, 573-581.
[5] Stamatelopoulou, A., Saraga, D., Asimakopoulos, D., Vasilakos, C. and Maggos, T. (2017)
The link between residential air quality and childreQ¶V KHDOWK )UHVHQ (QYLURQ %XOO  176.
[6] Cetin, M., Sevik, H. and Saat, A. (2017) Indoor
air quality: The samples of Safranbolu Bulak
Mencilis Cave. Fresen. Environ. Bull. 26, 59655970.
[7] Luengas, A., Barona, A., Hort, C., Gallastegui,
G., Platel, V. and Elias, A. (2015) A review of
indoor air treatment technologies. Reviews in
Environmental Science and Bio/technology. 14,
499-522.
[8] Salthammer, T., Mentese, S. and Marutzky, R.
(2010) Formaldehyde in the indoor environment. Chemical Review. 110, 2536-2572.
[9] Main, D.M. and Hogan, T.J. (1983) Health effects of low-level exposure to formaldehyde.
Official Publication of the Industrial Medical
Association. 25, 896-900.
[10] Logue, J.M., McKone, T.E., Sherman, M.H. and
Singer, B.C. (2011) Hazard assessment of
chemical air contaminants measured in residences. Indoor Air. 21, 92-109.
[11] Liang, W.H. and Yang, X.D. (2013) Indoor formaldehyde in real buildings: Emission source
identification, overall emission rate estimation,
concentration increase and decay patterns.
Building and Environment. 69, 114-120.
[12] Yu, C.W.F. and Kim, J.T. (2012) Long-term impact of formaldehyde and VOC emissions from
wood-based products on indoor environments;
and issues with recycled products. Indoor and
Built Environment. 21, 137-49.
[13] Chi, C.C., Chen, W.D., Guo, M., Weng, M.L.,
Yan, G. and Shen, X.Y. (2016) Law and features
of TVOC and formaldehyde pollution in urban
indoor air. Atmospheric Environment. 132, 8590.

Implication. The result of this study could provide reference to prevent the human exposure to the
indoor formaldehyde pollution. As approximately
half of the newly decorated rooms exceed the warning threshold of the formaldehyde, it is unwise to use
new rooms immediately. The pollution is especially
serious in residence, which requires people to decrease the strength of the residential decoration and
use more formaldehyde-free materials. The result
also reveals that the high temperature and relative
humidity could facilitate the release of formaldehyde. Because the intensified release of formaldehyde usually occurs in the summer, to prevent the
healthy risk, newly decorated room should not be
used before it goes through a summer season.

CONCLUSIONS
The newly decorated rooms are seriously polluted by the formaldehyde in Ningbo, Taizhou and
Wenzhou city. 47.9% the newly decorated rooms exceeded the Chinese standard for indoor air quality
with the respect of formaldehyde pollution. The bedrooms and drawing rooms posed a higher formaldehyde concentration than the classrooms and halls, indicating that residential pollution is a more serious
issue than the public place pollution. Moreover, the
formaldehyde concentration of samples collected in
June and July were significantly higher than other
months, which might be due to the high temperature,
high humidity and low air pressure in the two
months. No positive correlation was found between
the formaldehyde and benzene, toluene, ethylbenzene and xylene, suggesting that they were from different sources. Although serious pollution is found
in the newly decorated rooms, it seems that inadequate attention has been paid to mitigate the pollution. It is recommended that the newly decorated
room should not be used before it goes through a
summer season.
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wards, finally leading to permafrost degradation.
[3-6]Ground temperatures at the bottom of lakes
have been found to typically be equal or higher
than 0Ԩ with the only exception being TLs with
depths shallower than that of the frozen depths of
permafrost which have the ground temperatures
at the bottom of lakes below 0Ԩ[8].
With the warming of the global climate, the
TLs on the Qinghai-Tibet Plateau have greatly
increased in number [8]. From 1969 and 2010,
the number of TLs had increased by approximately 534 [9]. Some studies have indicated that
TLs are one of the most adverse impacts on the
embankment stability of the Qinghai-Tibet railway. The closer the embankment is to a TL, the
greater is the thermal effect [10-11].
The temperature gradient of water in TLs is
a major factor affecting the heat exchange and
water infiltration between the TL and underlying
permafrost [12-13]. What is more, the variations
in temperatures of the TL are mainly affected by
the change of climate [14]. So the thermal regimes of a lake over the seasons are vital in determining the thermal effect of a TL on the underlying permafrost [15-16]. Therefore, the present study considered the TL as a kind of surface
condition. A statistical analysis was adopted to
investigate the differences of thermal regimes
between a TL and the NG with the change in air
temperature for one year. Then, the thermal effect
of the TL on the underlying permafrost and the
heat exchange between them during different
thermal regimes of the TL and NG were analyzed.
Lastly, the formation time of the TL was also
estimated.

INTRODUCTION

MATERIALS AND METHODS

Thermokarst lakes (TLs) are widely distributed throughout the permafrost regions of the
world as a result of thawing of ice-rich permafrost [1-2]. Numerous studies have indicated that
TLs have an obvious thermal effect on the underlying permafrost with the existence of TLs
often increasing the ground temperature at depths
and forcing the permafrost table to move down-

Experiment sites. The experiment sites
were located on two sides of the Gonghe-Yushu
Highway in the eastern Qinghai-Tibet Plateau
(Fig.1). This Highway extends from Ela Mountain to Qingshuihe Town for approximately 360
km. The experiment sites (97.83°E, 34.24°N)
were all within the continuous ice-rich and
ice-satiation permafrost where the swamping

ABSTRACT
The thermokarst lakes can greatly change
the ground-surface conditions and thermal regimes of underlying permafrost. We attempted to
investigate the thermal impact of thermokarst
lakes on underlying permafrost. A field contrast
experiment was designed along a highway to
measure the temperature differences at the same
depths under the thermokarst lake (TL) and natural ground (NG). The monitoring results showed
that: 1) Compared with the NG, the TL lengthened the thawed period and shortened the frozen
period of TL; 2) The TL increased the thawing
index and decreased the freezing index of underlying permafrost, respectively; 3) The TL lowered the permafrost table to be -14m and increased the annual average ground temperatures
by about 5.3Ԩ and 1.7Ԩ at the depth of -1.5 m
and -10 m compared with the NG, respectively
and made the geothermal gradient below -2.5m
be positive for one year; 4) The heat absorption
of permafrost under the TL mainly occurred during the thawed period and was about 12,614.6
N-»P2 accounting for 78% of the annual heat absorption which was about 1.5 times of that under
the NG. But the heat dissipation of permafrost
under the TL was reduced by N-»P2 being
almost 85% of the annual heat dissipation under
the NG for one year.
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wetland and frost-heaving earth-hummocks were
found to be well developed, with an approximate
elevation of 4,725 m. The ground temperature
was generally less than -1.5Ԩ. The strata were
divided into three layers: a silt layer from 0.0 m
to -3.5 m, a gravel layer from -3.5 m~-5.5 m, and
silt clay from -5.5 m and below (the ground surface was the zero coordinate point and the upward coordinate was positive).

The changes of temperature and precipitation in the experiment sites from Mar of 2014 to
Mar of 2015 are shown in Figure 2. The average
annual air temperature for the area was -2.2Ԩ,
and the highest and lowest air temperatures were
12.1Ԩ in July and -21.2Ԩ in January, respectively. The heaviest precipitation was mainly
between June and October, with 85% of the annual rainfall occurring.

FIGURE 1
Location of the experiment sites

FIGURE 2
Temperature and precipitation in the experiment sites from Mar of 2014 to Mar of 2015
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Data collection. The TL here is about 2×103
m in size (Fig. 3), with a maximum depth in the
center of about 1.0 m. Seven boreholes for
ground-temperature measurements at depths were
drilled along the direction starting from the lake
center on one side of the embankment (Borehole
#1), through the embankment (Boreholes #3 - #6)
and ending on the other side of the embankment
(Borehole #7, Fig. 4). The physical parameters of
mediums in the boreholes are shown in Table 1.
In order to investigate the thermal differences
between the TL and NG, temperature measurements of two boreholes (Borehole #1 and #7)
were analyzed. Borehole #1 was located in the
center of the TL and Borehole #7 was on the other side of embankment. The interval of sensors at
Borehole #1 and #7 varied with depths, starting

at 0.2 m and 0.5 m under the water surface, respectively. At depths of between 0.5 m ± 4 m, the
sensors were spaced at intervals of 0.5 m; at
depths of between 4 m ± 10 m the intervals were
1.5 m; and at depths between 10 m to 20 m the
interval was 2 m. The positions of temperature
sensors at Borehole #7 were the same as those for
Borehole #1 within 10 m under the surface. The
sensors were produced by the State Key Laboratory of Frozen Soil Engineering, with a measurement accuracy of ±0.05Ԩ and a resolution of
0.01Ԩ. The temperature data were automatically
acquired and saved using a data logger. A whole
one-year stable dataset for both sites (Borehole
#1 and #7) from March 5, 2014 to March 5, 2015
are analyzed in this paper.

2

FIGURE 3
Photos of the monitoring embankment
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FIGURE 4
Sketch of monitoring embankment and temperature Boreholes
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TABLE 1
Physical parameters of mediums [17]
Ud (kgm3 )

Layer
Water

917ice/ U (T )

liq

W(%)

O f (Wm1ć- 1 )

C f ( Jm3ć- 1 )

Ou (Wm1ć- 1 )

Cu ( Jm3ć- 1 )

100

2.2

4.19 u 106

0.57

1.94 u 106

6

1.11

2.54 u 106

Silt

1840

15

1.02

2.24 u 10

Gravel

1840

35

1.45

1.81 u 106

1.28

2.34 u 106

Clay

1890

35

1.93

2.37 u 106

1.18

3.22 u 106

Note: U (T ) indicates the density of liquid water is a function of temperature
liq

TABLE 2
Time of different periods at Borehole #1 (BH1) and Borehole #7 (BH7)
Period

Temperature/Ԩ

Frozen

BH1
<0

BH7
<0

Thawing
Thawed
Close to 4Ԩ
Freezing

-0.09~0.1
>0.1
4 0.05
4Ԩ~0

-0.03~0.08
>0.1
none
0.19~0

The beginning time/(y/m/d)

Duration of time/days

BH1
2014/3/5
2014/11/24
2014/4/9
2014/5/8
2014/9/23
2014/10/31

BH1
35
102
29
138
38
24

BH7
2014/3/5
2014/11/4
2014/5/25
2014/6/1
none
2014/10/11

BH7
81
122
7
132
none
24

-15Ԩ, which was lower than that of the ground at
the same depth as BH7. But water temperatures
at other depths of BH1 were all higher than the
ground temperatures at the same depths of BH7.
These results show that the latent heat released
by the freezing of water hindered the frozen front
of water from moving down, and even caused the
water to not be completely frozen in December of
2014.

RESULTS AND DISCUSSION
Considering the depth of the water body in
this TL was 1 m, the measurements at the two
boreholes were analyzed and compared from the
surface to -1 m and below -1 m, respectively. The
first part of the results included in this analysis
and comparison were the variations in water
temperatures and ground temperatures from the
surface to -1 m, and the second part included the
variations in ground temperatures at depths of
below -1 m.

(2) Thawing. There was a significant thawing period at BH1 compared with the BH7, because the volume of ice in the TL was greater
than that of the NG, and more heat was consumed
during that period. Besides, the two surface conditions of TL and NG had different heat resources
and heat conduction mechanisms. For the NG, the
heat resource was limited to the increase of surface temperature, and heat conduction function in
soil is expressed as,

Variations in temperatures from surface
to -1m. Based on the change of temperature
measured at a depth of -0.2m (Figure 5), the
thermal regimes of the Borehole #1 (BH1) and
Borehole #7 (BH7) are divided into five and four
periods in Table 2, respectively.

wT
wt

(1) Frozen. Fig.5 shows that the frozen period at BH1 began 20 days later than at BH7 in
November of 2014. The possible reason was the
water temperature of TL was higher than the soil
temperature of NG. Moreover, the specific heat of
water is also greater than that of thawed soil, so a
large amount of heat is consumed in the formation of ice. The duration of frozen period at
BH1 was 66 days shorter than at BH7 because
the heat conductivity coefficient of ice is two
times that of permafrost [18] and the higher temperature of permafrost under the TL makes water
become warmer, earlier. So, the water temperature in the surface of TL is more sensitive to the
increase in air temperature.
During this period, the minimum temperature of water at a depth of -0.2 m at BH1 was

1 w ª
wT º
1
wA( z )I
A( z )(k
) 
A( z ) wz «¬
wz »¼ A( z ) U c wz

(1)

where T is the temperature, t is the time, z is the
vertical distance below the NG, A(z) is the transverse area at z, k is the thermal diffusion coefficient, ȡLVWKHGHQVLW\FLVWKHVSHFLILFKHDW  is
the heat source term, = 0.
But the heat resources of water in the TL
include the increase of surface temperature, inner
solar short-wave radiation penetration (>0) and
the higher temperature at the lake bottom. The
heat conduction mechanism with convection can
be expressed as [19-21]:
wT
1 w ª
wT º
1
wA( z )I
(2)
« A( z )md (ke  ked  km )
»
wt

A( z ) wz ¬

wz ¼

A( z ) U c

wz

where T is the temperature, t is the time, z is the
vertical distance below the lake surface, A(z) is
the transverse area at z, md is the mixed degree
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coefficient, md=1 when the depth of lake is 1m,
ke is the eddy diffusion coefficient caused by
wind, ked is the diffusion coefficient caused by
convection, ked 1.04 u108 ( N 2 )0.43 , N 2 g (wU )
U

Ra

g E'T U L3

(4)
DP
where g is the acceleration of gravity, ȕ is the
coefficient of thermal expansion, ȕ ȡ ȡ7 ,
T is the water temperature, ¨T is the temperature
change in ¨t, ȡ is the water density, L is the convection length, which L=1m, Į is the temperature
conductivity of water moleculeˈĮ Nm ȡ&P), CP is
the specific heat at constant pressure of a water
molecule, and ȝ is the viscous coefficient whose
relation with water temperature is as shown in
Figure 6.
Fig.5 shows that the water temperature at
the surface decreases decreased on September 23
of 2014. As shown in the Fig.6, the coefficient of
YLVFRXV ȝ LQFUHDVHV LQFUHDVHG ZLWK WKH GHFUHDVH
of in water temperature. So the Ra decreased by
formula (4) and the ked decreased, which weakened the buoyancy convection, increased the
GHQVLW\ JUDGLHQW ȡ] DQG FUHDWHG an obvious
stratification in the vertical direction of the water
body. Therefore, the thermal mechanism in the
water was gradually transformed from the heat
conduction with convection (formula (2)) to the
heat conduction (formula (1)). Moreover, the
water heat specific was larger, the water heat
conductivity coefficient was smaller, and water
density was the maximum at 4Ԩ. So these factors
above reduced the rate of fall in temperature and
kept the water temperature close to 4Ԩ in for the
next 38 days.

wz

[22],
ȡ
is
the
density
of
water,
1.68
U (1  1.9549 u105 T  277 ) u103 (Figure 6),
km is the thermal diffusion coefficient of a water
molecule, c is the specific heat,  is the heat
source term, and the solar radiation absorbed at
the depth of z is expressed [23],
I (1  E1 )Qs ( S ) exp(K Z )
(3)
where ȕ1 is the lake surface albedo, QS (S) is the
downward solar short-wave radiation, Ș is the
attenuation coefficient of solar radiation in the
water, and Z is the vertical distance below the
surface.
During this period, the three heat resources
acted simultaneously in the water body, and the
vertical temperatures of water changed synchronously. The heat absorbed in the water body was
all used to thawing the ice, and the phase transformation point between ice and water is 0Ԩ, so
obviously, the water temperatures remain at
0Ԩobviously and do not increase until the ice is
completely thawed.
(3) Thawed. Compared with BH7, the duration of the thawed period at BH1 was longer. The
important reasons for this were that the solar radiation penetration in the water body was 5-7
times of that in the same volume of soil and the
higher temperature at the lake bottom extended
the thawed period.
During this period, the ground temperature
decreased with the increase of depth at BH7,
while the vertical temperature of water increased
synchronously at BH1. Because of the inner solar
radiation penetration in the whole water body,
and the convection during the increase of temperature from 0Ԩ to 4Ԩ and during the decrease
of temperature from 14.8Ԩ to 4Ԩ, the vertical
mixture of water temperature was accelerated.

(5) Freezing. Fig.5 shows a freezing period
from 4Ԩ to 0Ԩ at BH1, while BH7 was in the
frozen period. The vertical gradient of water
temperature during the freezing period was more
obvious than that during the thawing period. This
was perhaps related to the development of ice
during the two periods.
During the thawing period, ice was thawing
and the heat was transferred from both the surface and the bottom to the centre of water body.
This was typical for the mixing of a water body.
All of the heat absorbed was used to thaw ice, so
the water temperatures kept close to 0Ԩ at every
depth.
In contrast, heat was released only with the
decrease in temperature at the surface of the lake.
Thin ice was produced when the water temperature at the surface was below 0Ԩ, then the ice
temperature at the surface gradually decreased as
air temperature declined. The new ice was only
formed at the interface of ice and water, and this
interface moved down as the ice became thicker.
Meanwhile, because of the high temperature at
the lake bottom, there was an obvious temperature gradient and a stable stratification in the vertical direction of lake. Moreover, the heat from
the bottom of the lake was still being absorbed
and a large amount of heat needed to be exhaust-

(4) Close to 4°C. There was close to a 4°C
thermal period before freezing at BH1, while
BH7 had already entered the freezing period.
Before September 23 of 2014, the water temperatures at depths were higher than 4Ԩ, then water
temperature at the surface decreased from the
maximum to 4Ԩ with the decrease in air temperature. Fig. 6 indicates that the water was denser
at the surface than in the lower at this condition,
then the natural buoyancy convection triggered
by the difference in density made vertical temperature of water decrease to 4Ԩ in a very short
WLPH ¨W 7KH VWUHQJWK RI QDWXUDO EXR\DQF\ FRQ
vection can be calculated with the Rayleigh
number [24]:
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ed during the process of phase transition, but heat
dissipation only occurred at the surface of the
lake and parts of this heat dissipation were used
to lower the ice temperature. So, the water temperature was 0Ԩ at the interface of ice and water

only and water in the lower lake decreased slowly.
Then, from October 19 to December 15, the lake
surface entered a frozen period, while water
temperatures at depths of -0.5 m and -1 m remained at about 4Ԩ and decreased slowly.

a BH1

b BH7
FIGURE 5
Variations in the temperatures from surface to -1m at BH1 and BH7 over one year

FIGURE 6
Curves of water density and coefficient of viscosity with temperature
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a BH1

b BH7

FIGURE 7
Monthly variations in the vertical temperature from surface to -1m at BH1 and BH7

a BH1

b BH7
FIGURE 8
Variations in the ground temperature at the same depth at BH1 and BH7 over one year
Fig.7 (a) shows the range of temperatures
were from -8.8Ԩ to 11.9Ԩ at a depth of -0.2 m
and from -1.5Ԩ to 10.9Ԩ at a depth -1.0 m at
BH7, which were all greater than that of BH7
whose ranges were from -7.5Ԩ to 6.0Ԩ and from
-5.3Ԩ to 2.3Ԩ at the same depths, respectively
(Fig.7b). This indicates that the surface condition
of TL had more heat conduction capacity at high
temperatures compared with the surface condition of NG.

Fig.8 shows that the ground temperatures at
BH1 were higher than that at BH7. The former
were all above 0Ԩ, while the latter were all below 0Ԩ. Above -7 m, the ground temperatures
both changed cyclically at BH1 and BH7, and the
amplitudes of ground temperatures decayed with
increased depth. But the ground temperature at a
depth of -10 m did not change with the seasons at
either BH1 or BH7.
Fig.8 also indicates that the maximum vertical difference of ground temperatures at BH1
was greater than that at BH7 because the heat
absorbed by the soil at each depth within the TL
was far greater than that under the NG. Besides,
more heat was used for the phase transition between ice and water in permafrost under the NG
which reduced the variation in ground tempera-

Variations in temperatures below -1m
over one year. In order to explore the differences
of ground temperature under the two surface
conditions of TL and NG, the temperatures monitored below -1 m at BH1 and BH7 were compared and analysed.
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to determine the heat conductivity capacity of the
surface condition. Table 3 shows the freezing and
thawing indexes of air at BH1 and BH7 within -1
m and indicates that the thawing indexes within
-1 m of BH1 were all more than 1.5 times of that
of the air, but the freezing index of BH1 was less
than 50% of the air. Meanwhile, all the freezing
and thawing indexes of BH7 were less than those
of the air, but the ratio of the freezing index between BH7 and air was about two times of the
ratio of the thawing index. It also showed that the
freezing and thawing index of BH1 increased and
decreased with depth, respectively. However, the
freezing and thawing indexes of BH7 all decreased with depth. These results suggest that the
surface condition of TL could prolong the warming seasons of underlying permafrost compared
with the NG, because the thawed period of TL
was much longer than that of NG and the TL
could also delay the coming of the cold season.
Fig.10 shows in detail the monthly average
geothermal profiles at BH1 and BH7. As can be
seen from this figure, the permafrost table at BH1
was degenerated to about -14 m, significantly
lower than that at BH7 whose permafrost table
was -2.5 m. The geothermal gradient below -2.5
m at BH1 was positive for the whole year, while
the temperature gradient at BH7 was positive
only from May to November, indicating that the
TL may change the geothermal gradient from
negative to positive in cold seasons, which is
useful for the heat absorption of underlying permafrost.

tures. At BH7 above -7 m, due to the heat conductivity coefficient of frozen soil being larger
than that of thawed soil, the vertical differences
of ground temperature during the frozen period
was greater than that during the thawed period.
However, at BH1 above -7 m, the vertical differences of ground temperature during the thawed
period were greater than that during other periods.
This was because during the thawed period, the
heat convection and solar radiation increased the
rising amplitude of the temperature at the lake
bottom to create a higher temperature gradient
between the lake bottom and underlying permafrost, and made a greater thermal effect on the
underlying permafrost.
The average ground temperatures at depths
from -1.5 m to -10 m at BH1 and BH7 are shown
in Fig. 9 which indicates that the ground temperature at a depth of -1.5 m and -10.0 m under the
TL was higher than that of the NG by about 5.3Ԩ
and 1.7Ԩ, respectively. At BH1, the ground temperature under the TL decreased significantly
with increasing depth. This may have been the
result of the high-temperature at the lake bottom
which was a huge thermal source for the underlying permafrost to create an increase the ground
temperature.
Comparison of the variations in temperatures on two different surface conditions.
Based on the results and analysis in sections
above, the variations in temperatures of the two
different surface conditions are concluded and
compared.
The freezing and thawing indexes are used

FIGURE 9
Average temperatures at the same depth from -1.5m to -10m at BH1 and BH7
TABLE 3
The contrast of the freezing and thawing indexes among the air, BH1 and BH7
Index

Air

Freezingg
index/Ԩ day

-1670.20

Thawing
index/ԨÂday

893.70

Depth/m
-0.2
-0.5
-1.0
-0.2
-0.5
-1.0

BH1
-844.77
-302.10
-17.45
1425.21
1539.71
1715.10
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BH7
-1031.64
-909.49
-684.12
563.30
360.63
202.04

BH1/Air
0.51
0.18
0.01
1.59
1.72
1.92

BH7/Air
0.62
0.55
0.41
0.63
0.40
0.23
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FIGURE 10
Monthly average variations geothermal profile at BH1 and BH7
TABLE 4
The measured temperatures at the same depth of BH1 and BH7
Types
Depth/m
-0.2
-0.5
-1.0
-1.5
-3.0
-5.0
-7.0
-10.0
-15
-20

Average temperature/Ԩ
BH1
BH7
Difference

Maximum temperature/Ԩ
BH1
BH7
Difference

BH1

1.61
3.40
4.64
3.87
2.70
1.91
1.33
0.56
-0.29
-0.70

17.38
16.21
15.07
8.46
4.23
2.63
1.71
1.15
0.07
0.05

-15.57
-6.39
-0.76
0.03
0.78
1.03
0.85
0.38
-0.32
-0.39

-1.30
-1.50
-1.31
-1.36
-1.34
-1.32
-1.25
-1.17

2.91
4.9
5.95
5.23
4.04
3.23
2.58
1.73

8.41
6.87
3.81
-0.20
-0.44
-0.95
-0.99
0.02

8.97
9.34
11.26
8.66
4.67
3.58
2.70
1.13

Minimum temperature/Ԩ
BH7
Difference
-9.19
-8.10
-6.35
-3.45
-2.29
-1.80
-1.47
-1.34

5.38
1.71
5.59
3.48
3.07
2.83
2.32
1.72

er than those at BH7, indicating that the surface
condition of the TL had a stronger endothermic
capacity than the NG, but the exothermic capacity
of the TL was not as effective. The maximum
differences between the maximum and minimum
temperatures between BH1 and BH7 were
11.26Ԩ and 5.59Ԩ, respectively, at depths of
-1.0 m at the lake bottom implying the lake bottom temperature was an important factor in the
thermal effect of TL on the underlying permafrost.
As described before, the lake bottom temperature
was the main heat resource for the underlying
permafrost.

Table 4 indicates that the average temperature increased from -0.2 m to -1.0 m and decreased from -1.0 m to -2 m at BH1, respectively.
While the average temperature decreased from
-0.2 m to -0.5 m and increased from -0.5 m to -10
m at BH7, respectively. All average temperatures
at BH1 were greater than those at BH7, and the
difference between them increased from -0.2 m
to -1.0 m and decreased from -1.0 m to -10 m,
respectively indicating the surface condition of
TL may have affected the difference in temperature in the vertical column of the underlying
permafrost.
The extremes between the minimum and
maximum temperatures were all at a depth of
-0.2 m at BH1, because the surface water temperature was more sensitive to the air temperature described before. Within -1 m, the differences in maximum temperatures at BH1 were
less than those at BH7, while the differences in
minimum temperatures at BH1 were much great-

Comparison of the variations in the exchange of heat on two different surface conditions. It was found that, through the heat exchange between the water surface and air, the TL
could remarkably change the thermal regimes
and budget of the underlying permafrost. In order
to analyze and evaluate the degree of thermal
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during the process of heat transfer in soil, it was
still possible to approximate and analyse the heat
exchange on the two surface conditions according to the calculation results. Fig. 11 illustrates
that the endothermic periods of the permafrost at
BH1 and BH7 were mainly distributed from June
15 of 2014 to Jan 29 of 2015. The time were the
thawed and close 4Ԩ periods for the BH1 and
thawed and freezing periods for the BH7, respectively. However, in February of 2015, the permafrost at BH7 was determined to be in undergoing
an exothermic process, while the permafrost at
BH1 was still in an endothermic process. While
the permafrost at BH1 was still in an endothermic
process implying the endothermic time period of
permafrost under the TL was longer than that of
the NG by about half a month. Fig.11 shows the
maximum heat flux of permafrost at BH1 was
 :»P2, which was greater than that at BH7
ZKHUHWKHPD[LPXPYDOXHZDV :»P2). The
minimum heat flux of permafrost at BH1 was
-:»P2 which was higher than that at BH7 by
-:»P2. The results indicate that the enhanced
degree of endothermic capacity of permafrost
under the TL was less than the decreased degree
of exothermic capacity. And it which verifies that
the TL inhibits the exothermic process and
weakens the original capacity of heat-dissipation
of the underlying permafrost.

effect from the TL on permafrost and engineering
around, the principle of heat conduction was used
to approximately estimate heat flux at BH1 and
BH7 from -2.5m to -3 m in one year due to the
permafrost table of NG being -2.5 m.
The heat calculation in this study was based
on the following considerations:
(1) At BH1, the ground temperature was
always above 0Ԩ. Therefore, there was no moisture migration, and the thermal conductivity coefficient of thawed soil was used for the heat
conduction;
(2) At BH7, because the soil was always
frozen from -2.5 m to -3 m, the moisture migration and phase changes were neglected in the heat
estimation by using the thermal conductivity coefficient of frozen soil.
The one-dimensional heat conduction formula was used as follows [18]:

qz

O

T T
wT
| O 3 2.5
wZ
0.5

(5)

where qz is the heat flux (W/m ); Ȝsoil is the thermal coQGXFWLYLW\ FRHIILFLHQW RI VRLO : PÂԨ));
T3 and T2.5 are the ground temperatures at depths
of -3 m and -2.5 m, respectively (Ԩ); -0.5 m is
the soil thickness between these two layers. According to the Table1, thermal conductivity of
frozen soil was 1.02 W» PÂԨ) and thermal conductivity of thawed soil waV:» PÂԨ).
Although there was a vertical hysteresis
2

FIGURE 11
Heat flux of the permafrost from -2.5m to -3 m at BH1 and BH7
TABLE 5
Yearly heat flow from -2.5 to -3 m on the two conditions during different thermal periods
Release
Absorb
Release
Absorb
BH7
BH1
heatN-ÂP-2
heat N-ÂP-2
heatN-ÂP-2 heat N-ÂP-2
Frozen
3575.8
-1545.6
Frozen
3586.9
-15454.1
Thawing
136.3
-925.5
Thawing
1136.2
0.0
Thawed
12614.6
0.0
Thawed
8723.2
0.0
Close to 4Ԩ
1472.9
0.0
874.3
0.0
Freezing
2038.1
0.0
Freezing
18673.9
-2471.1
Total quantity
15484.4
-15454.1
Total quantity
Days in absorbing
277
Days in absorbing
259
Heat balance in one
Heat balance in one
16,202.8
30.3
year
year
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Table 5 shows the endothermic and exothermic details of permafrost from -2.5 m to -3 m
at BH1 and BH7 in different thermal periods. It
indicates that the number of the annual endothermic days of permafrost at BH1 was greater
than that at BH7 by about 18 days, and the intra-annual heat budget of the permafrost at BH1
was about 535 times of that of at BH7. The intra-annual heat budget of the permafrost at BH1
ZDV N-»P2, and the total endothermic
quantity was significantly 7.5 times greater than
the exothermic quantity. The intra-annual heat
budget of the permafrost at %+ZDVN-»P2,
and the endothermic and exothermic quantities
were close to the balance. The endothermic quantity of the permafrost at BH1 was approximately
1.2 times greater than that at BH7, while the exothermic quantity was only the 15% of BH7. As a
result, the thermal effect of TL on the underlying
permafrost was mainly that it reduced the annual
exothermic quantity of the underlying permafrost.
This is conformed to the phenomenon detailed in
the section of 3.1, because the TL had a longer
thawed period and it cooled slowly to delay the
permafrost into the being frozen.
The endothermic process of permafrost at
BH1 was mainly during the thawing period,
when the heat budget remains remained positive,
and the maximum (12,614.6 kJ»m2) was made
occurred during the thawed period occupying
accounting for 78% of the annual endothermic
quantity. During the frozen period, the exothermic of permafrost at BH1 was -1,545.6 kJ»m2,
occupying about 63% of the annual exothermic
quantity. All of the entire annual exothermic process of permafrost at BH7 was within the frozen
period, with a quantity was of -N-»P2
being almost equal to the annual endothermic
quantity.
It is known that TLs are formed by the degradation of permafrost in endothermic regimes
for long periods in permafrost regions. In this
study, it was found that the TL produces thermal
accumulation on the underlying permafrost and
the thermal effect from TL can increase the temperature of underlying permafrost to create differences in ground temperature between TL and
NG. Consequently, in accordance with the ground
temperatures under the TL and NG at the same
depths on March 5 of 2015, the total heat flow
for each layer of soil within -20 m under the TL
from the beginning time of TL being formed to
March 5 of 2015 was evaluated using the function as:
Q'

So, an integral from -1.5 m to -20 m was
carried out and the total endothermic quantity of
the lower layers was calculated at about 1.2 × 107
N-»P2. Then, as detailed in Table 5, the heat exchange of permafrost under the TL was estimated
about as 16,202.8N-»P2 for one year during the
monitoring period. So the formation time of TL
was further calculated to be about 7,546 years
using the two values above. However, the thermal effect of TL on underlying permafrost was
observed to decrease with the decline of temperature difference between the lake bottom and the
underlying permafrost as time flowed. Moreover,
the endothermic quantity of the deeper permafrost had also been neglected in this calculation
above. Therefore, it was determined that the intra-annual thermal effect of the TL on underlying
permafrost from 2014 to 2015 was lower than
that in the previous years, and the formation time
of this TL estimated above was found to be larger.
So, it can be said that the formation time of this
TL in this study was far less than 7,546 years.

SUMMARY AND CONCLUSIONS
In order to study the thermal effect of TL on
the underlying permafrost in essence, the monitoring temperatures at BH1 and BH7 in the experimental field were compared and analysed.
The conclusions are observed as follows:
1. Compared with the NG, TL had two different thermal periods, e.g. the periods with temperatures close to 4ć and from 4ć to 0ć, had
a longer thawed period and delayed the coming
of cold season;
2. The lake bottom was the thermal source
for the underlying permafrost. The TL could decrease the freezing index and increase the thawed
index of the underlying permafrost, respectively;
3. The thermal effect of the TL increased the
underlying ground temperature at a depth of -10
m to be about 0.5ć higher than that of the NG
by about 1.7ć, lowered the permafrost table to
be -14 m lower than that of the NG by about 11.5
m, and changed the geothermal gradient from
negative to positive in cold seasons;
4. The heat exchange from -2.5 m to -3 m
under the TL was positive at approximately 535
times that of the NG, and the endothermic quantity of permafrost under the TL was 1.2 times
higher than that under the NG, while the exothermic quantity of the former was only approximately 15% of the latter. The thermal effect of
TL on the underlying permafrost was mainly due
to the reduction of exothermic time and quantity
of underlying permafrost.

Q war min g Q latent

(6)
where Q warming is the heat flow because of the
LQFUHDVHRIJURXQGWHPSHUDWXUH N-»P2);
Q latent heat is the heat of transformation from ice
WRXQIUR]HQZDWHULQWKHSHUPDIURVW N-»P2).
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Lentil ( ) is a self-pollinated food
legume () with prime nutritious importance. It
is enriched with 25.1 % proteins, 59 % carbohydrates, 0.5 % fats and 2.1 % minerals are also present
along with ample quantity of vitamins [1, 2]. It is
cultivated during winter season in Pakistan on 31
thousand hectares and 15 thousand tons per year production is obtained along with the average yield of
466 kg/ha [3]. It is a key player for atmospheric nitrogen fixation and is necessarily important for soil,
human and animal health. Due to its nutritious values
there is a need of increased lentil production with
disease resistant and high yielding varieties along
with other food crops like wheat and rice etc.
Lentil breeders must need the traits of interest
to improve the quality and quantity of Lentil. To seek
for high genetic variability among the accessions is
the main interest of breeders to pyramid the traits in
a single high yielding genotype. Difference in heredity, center of origin and related genetic components
also needed to explore [4]. Enhancement of Lentil
genetic resources should be done [5] by widening the
genetic pool based on significantly important qualitative and quantitative traits. With the information
obtained from characteristic traits exhibited by the
accessions, breeders can actively use the germplasm
for targeted breeding approach [6].
Because the Lentil is becoming a potential food
crop in developing countries [7], the goal of the
breeding programs must be to increase the yield that
is still scarcely intended [8] and the cultivation of
Lentil in Pakistan is far behind its demand. This low
yield potential in lentil might be the threatening concern due to narrowing genetic pool resulted from local cultivars. Breeding progress might be restricted
due to utilization of such intrinsic genetic resources
[9].
Pursuing the above mentioned problem of mining out the genetic diversity among available genetic
resources, present study was designed to evaluate the
diverse Lentil germplasm for promising yield traits.
So that the best performing lines with respect to
qualitative and quantitative yield contributing traits
can be sorted out. The acquired genotypes will be the
vital constituent of the Lentil breeding activities. The

Genetic diversity with enhanced expressions of
yield contributing traits in self-pollinated crop Lentil
( s) is of prime importance to be utilized
for efficient breeding. Diverse germplasm comprising of 197 genotypes was examined at National Agriculture Research Center (NARC) in October 2014
and harvested during April 2015. Maximum yield
(9.65g/plant), Harvest index (57), plant height
(68.58cm), hundred seed weight (2.43 G), number of
pods per plant (253) was observed in genotype with
ID 160, 189, 170, 161 and 129 respectively. Highest
correlation (r = 0.885) was observed between yield
and biomass. While biomass was found significantly
correlated (r= 0.798) with number of pods per plant
and number of pods were in meaningful correlation
with plant height (r = 0.256) and number of branches
(r = 0.427) while number of branches are in significant negative correlation (r = -0.343) days to maturity. Along with biomass, harvest index and number of pods per plant also proved to be yield contributing traits with r = 0.54 and r= 0.755 respectively.
Principal component analysis (PCA) exposed the parameters preferably causing the variation. Among
eight parameters, number of pods (26 %), biomass
(28 %) and yield (29 %) significantly contributed to
variation in one dimension F1 and on the other hand
plant height (35 %), days to maturity (42%) and
number of branches (15%) contributed to the total
variation along the dimension F2. K-mean clustering
based on Wilks lambda classify the germplasm in 5
groups among these, 3rd and 5th groups were with
higher diversity. Structure equation modeling was
performed by using the software package LISREL
9.1 and the strength of yield contributing traits toward yield was figured out. Association analysis of
qualitative and quantitative traits revealed useful results. The present study will be proved useful for the
precise selection for effective breeding because diverse genotypes with valuable traits have been sorted
out.


!/-%()
Lentil, multivariate analysis, genetic diversity, structural
equation modeling, association analysis
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#9> 
33.02
168.00
3.00
38.00
1.36
2.04
0.45
8.06
#1H 
76.20
190.00
9.00
253
2.61
19.22
9.65
57.00
(1>75
43.18
22.00
6.00
215
1.25
17.18
9.20
48.94
#51>
49.82
177.04
5.14
129.65
1.81
8.26
3.20
38.25
,1B91>35
68.49
14.05
1.31
2032.42
0.06
10.83
2.51
77.12
)
8.28
3.75
1.14
45.08
0.24
3.29
1.58
8.78
,
0.17
0.02
0.22
0.35
0.13
0.40
0.49
0.23
);5G>5CC
0.43
0.02
0.76
0.49
0.70
0.80
1.10
-0.40
!EBD?C9C
-0.22
1.24
0.79
-0.28
0.33
0.68
1.69
0.18
)
0.59
0.27
0.08
3.21
0.02
0.23
0.11
0.63
 ,5
48.66
176.51
4.98
123.31
1.77
7.80
2.97
37.02
,5
50.98
177.56
5.30
135.98
1.84
8.72
3.42
39.49
PH: Plant Height (cm), DM: Days to Maturity, NB: Number of Primary branches, NP: Number of Pods per plant, HSW: Hundred seed weight
(g), HI: Harvest Index.

assessment of genetic variability in the germplasm
was done through multivariate analysis of studied
parameters.

a “LISREL 9.1” and Structural equation model was
represented indicating yield contribution of quantitative traits. Association of qualitative and quantitative traits was assessed by dissecting the variance of
quantitative traits on the basis of qualitative categories.


()+"*)

#*(")$#*%)
A total of 197 accessions of Lentil were planted
in at National Agriculture Research Center (NARC),
Islamabad, Pakistan (33°43′N 73°04′E) during October, 2014 and harvested in April 2015. By keeping
the plant distance of 10 cm, two rows (30 cm apart)
of 5m length were planted for each accession. Experiment was performed under normal conditions without any application of fertilizers, pesticides, fungicides and herbicides so that the actual genetic potential and diversity can be uncovered.
Ten plants were tagged as sample from each
genotype and the data were obtained on individual
plant basis. Quantitative traits (Plant Height (cm),
Days to Maturity, Number of Primary branches,
Number of Pods per plant, Hundred seed weight (g),
Biomass, Yield and Harvest Index) and qualitative
traits (Plant type, Leaf Pubescence, Leaf size, Tendril Length, Lodging resistance, Pod pigmentation,
Pattern of Testa, Color pattern of testa, Cotyledon
color) were examined.
Descriptive results for the quantitative traits
were obtained through simple statistical techniques
to check the general trends of each trait among the
whole set of germplasm with the statistical software
“Statistix 8.1”. Frequency distribution for each category of qualitative traits was tabulated to find the
percentage fraction of each weight of the trait in the
germplasm with simple Excel package.
Pearson’s correlation coefficient was calculated and the significance was noted among the studied quantitative attributes to disclose the strength of
relationship with the software package “XLSTAT
2012” and the same software package was used for
Principal component analysis and K-mean clustering. Genotypes with high yield along with factor
score were identified.
Multiple regression analysis was performed by

Average yield, hundred seed weight (HSW) of
197 genotypes was calculated as 3.2 g/plant and 1.81
g. Maximum yield and biomass were observed 9.65
and 19.22 g/plant while harvest index (HI) 57 and
hundred seed weight (HSW) 2.61g were observed as
maximum. Plant height (PH) 76.20 cm, days to maturity (DM) 190, number of primary branches (NB)
9 and number of pods per plant (NP) 253 were calculated as maximum. Mining through the data obtained from the studied quantitative variables it was
observed that all the traits were positively skewed
except HI. Plant height and number of pods per
plants showed minimal peaked distribution as indicated by kurtosis (Table 1). High coefficient of variation was observed for yield and biomass 0.49 and
0.4 respectively (Table 1). Other measures of descriptive statistics are shown in Table 1.
Categorical frequency distribution in percentage was determined for the qualitative traits (Table
2). About 74 plants (37.56 %) exhibited plant type
(PT) of category 1 and 120 (60%) plants showed leaf
pubescence of category 3. About 142 (72%) of plants
were of testa pattern category 1 (Table 2).
Significant positive correlation (Table 3) was
observed between DM and PH (r = 0.431), NP and
NB (r = 0.427). Harvest index was found significantly positive correlated with yield and NP (r= 0.54
and r = 0.255). Number of pods showed positive significant correlation with biomass, yield and harvest
index (r = 0.798, 0.755, 0.255). Highest significant
correlation was observed between yield and biomass
(r = 0.885) while yield was also significantly positive
correlated with NB and HSW (r = 0.308 and 0.212).
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30.964
37.563
31.472
39.086
60.914
45.685
16.751
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2
1
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79

59.898
40.102

1
2
1
2
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20
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3
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10.152
98.477
1.523
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1
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2
0
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13
28
5
9
71


72.081
6.599
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4.569
36.041

3
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29.442

5
1

34
30

17.259
15.228

4
2
3
1

4
188
1
8

2.030
95.431
0.508
4.061
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PT: Plant type, LP: Leaf Pubescence, LS: Leaf size, TL: Tendril Length, LR: Lodging resistance, PP: Pod pigmentation, TP: Pattern of Testa, CPT: Color pattern of testa, CC: Cotyledon color.
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F1
1.307
0.048
8.387
26.035
1.278
28.232
29.43
5.283

F2
F3
F4
F5
1.641
1.202
0.957
0.565
20.508
15.026
11.958
7.057
58.565
73.591
85.549
92.606
?>DB92ED9?>?6D85F1B912<5C
F2
F3
F4
F5
35.79
3.718
0.306
56.717
42.255
0.445
7.482
21.989
15.633
23.794
0.239
3.435
0.792
2.727
2.473
0.25
5.324
13.726
69.969
5.487
0.014
1.847
1.96
5.379
0.07
4.505
0.125
1.267
0.123
49.238
17.446
5.477

Principal component analysis (PCA) is necessary to convert correlated variable into uncorrelated
factors. About 73 percent of total variation has been
explained in three dimensions viz F1 (eigenvalue =
3.045) F2 (eigenvalue = 1.641) and F3 (eigenvalue
= 1.202). In this data reduction technique two factors
(F1, eigenvalue = 3.045 and F2 = 1.641) were drawn
perpendicular to each other and the correlation circle
along with studied parameters was loaded (Fig 1). It
has been observed that NP, Biomass and yield contributed with high percentage on dimension F1. Variation in PH, DM and NB was spread on the F2 with

F6
0.377
4.718
97.324

F7
0.200
2.494
99.818

F8
0.015
0.182
100.000

F6
0.5
27.568
47.048
1.282
0.002
10.536
0.902
12.163

F7
1.653
0.084
1.465
65.969
4.213
11.648
14.955
0.013

F8
0.009
0.13
0.001
0.474
0
40.383
48.747
10.256

high percentage (Table 4). So the divergence in the
genotypes and the contribution of the traits towards
the divergence has been explained by PCA. It has
also been emphasized that days to maturity has been
in inverse relation with number of branches. Early
maturity might be the indicator of high number of
branches along with high biomass and increased
yield finally. When the genotypes were placed in the
biplot of F1 and F2, four groups of genotypes appeared in the four sections of biplot (Fig 2).
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K-mean clustering on the basis of Wilks
lambda (Table 5) grouped 197 genotypes in 5 classes. Class 5 and 3 were with highest variance while
class 2 with lowest variance. Number of individuals
was highest in group two with lowest variance and
minimum number of individuals is there in group 5
that is with highest class variance.

This diversity analysis enabled us to detect the
maximum divergent groups 3-5 following 2-5, 3-4
and 1-5 (Table 6). So it has been determined that the
genotypes placed in group 5 possess the extreme diversity as compared to the other germplasm under
study.
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4.943
14.373
23.902
60
64
68
72
74
84
87
99
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113
115
118
120
121
122
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141
145
146
147
151
152
156
159
175
180
189
191
196
197

4
5
7
11
12
16
18
19
20
28
30
33
34
35
36
38


61
229.183
3.982
14.285
24.843
40
76
42
77
43
79
46
80
47
82
48
83
49
88
50
89
51
90
54
93
56
95
59
96
61
97
63
98
73
100
75
102

103
105
107
108
111
116
117
154
155
158
193
194
195

8
10
15
22
23
26
29
31
37
41
44
45
55
58
65


38
345.385
5.915
16.670
36.612
66
67
69
70
71
78
81
85
86
91
92
94
104
106
109

110
112
114
119
150
153
190
192

32
62
124
125
126
128
132
134
135
136
137
138
139
140
143


42
290.288
4.367
15.902
28.643
144
148
157
160
161
162
163
164
166
168
169
171
172
173
174

176
177
178
179
181
182
183
184
185
186
187
188


8
395.634
10.803
18.137
25.867
127
129
131
142
149
165
167
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35.677
68.489
42.414
97.690

2

3

4

33.071
77.373
132.819

110.396
165.711

56.423
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Class
1
2
3
4
5

PH
47.149
50.050
47.191
54.550
51.753

DM
176.021
176.623
177.658
178.357
176.375

NB
5.379
5.069
4.311
5.429
6.750

NP
140.896
105.603
72.868
182.405
238.175

Looking through the class centroids with respect to each trait, the character emphasized the divergence differently. For plant height diversity distance is maximum between groups 1-4, for harvest
index between 1-3. The individuals in class 3 and 5
are highly diverged in yield, number of branches,
number of pods per plants and biomass (Table 7).
Eleven best genotypes were selected on the basis of yield and other quantitative traits (Table 8).
Genotype 160 was best in yield (9.65g/plant) and biomass (19.22 g/plant). Genotype 161 was excellent
in HSW (2.43 g), 170 in PH (68.58 cm), 129 in NB
(9) and NP (252). Genotype 165 has been declared
the best with the help of principal component analysis.
Weight of seeds of single plant in grams has
been shown in Fig 3. Ten classes were designed in
the histogram each with class interval one. Maximum number of genotypes (60, 30%) was placed in
class with yield 2-3g/plant. Only five genotypes exhibited the yield potential above 6 g/plant and five

HSW
1.799
1.787
1.830
1.839
1.769

BIO
8.713
7.046
4.728
11.559
14.240

Yield
3.514
2.523
1.569
4.907
5.185

HI
40.338
36.507
34.052
42.730
35.489

were below 1g/plant.
Structural equation was designed for yield as
dependent variable and PH, DM, NB, NP, HSW, Biomass and HI as independent variables. This model
based on covariance analysis. The strength of covariance has been shown in Fig 4 and further the intercept and other constants with each independent variable have been shown as beta values. Contribution
of DM, NP, Biomass and HI has been observed significant to yield. Statistically significant linear dependence of days to maturity, number of pods per
plant, biomass and harvest index depicts that the relationship is perfect as shown through the structural
equation. This has been more verified by the minimum error variance of the multiple linear regressions. The value of coefficient of determination (R2
= 0.971) of this multiple linear relationship strengthens our hypothesis that the actual yield contributors
are given in the equation. Dependence of the yield
can easily be guessed from the obtained linear equation.
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Errorvar:
Standerr:
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0.971
0.073
0.00749
9.746
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)D1>45BB -1.138
-0.00276
-0.00631
-0.0224
-0.000838
-0.0873
-0.0109
-0.00249
0 F1<E5C -6.353
0.689
3.518
0.307
-2.231
0.688
38.091
32.304
& F1<E5C
0.00
0.491
0.00
0.759
0.026
0.492
0.00
0.00
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Acc #
5647
5650
5679
5687
5697
5590
5696
5501
6193
5712
5586

Sr #
160
161
165
170
177
139
176
129
189
187
136

 )3?B5
4.625
4.573
5.039
4.752
3.486
4.217
2.774
4.606
2.18
3.122
3.07

&
38.1
45.72
50.8
68.58
58.42
60.96
53.34
48.26
53.34
53.34
55.88

#
179
179
180
180
181
178
181
173
181
181
178

$
4.8
4.6
5.2
6.2
5.2
6.4
3.8
9.0
5.0
5.6
6.6

$&
167.2
181.4
234.4
241.8
197.2
202.0
183.2
252.8
150.6
195.8
190.2

)-
2.09
2.43
2.23
1.85
1.77
2.09
1.92
1.72
1.65
2.26
1.71

9? 
19.22
18.40
19.22
16.81
13.61
16.82
12.42
14.89
10.97
12.68
12.96

/95<4
9.65
8.93
8.20
7.27
7.12
7.01
6.87
6.53
6.25
6.11
6.06


50.23
48.53
42.69
43.24
52.28
41.68
55.32
43.88
57.00
48.17
46.76
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0.000005
0.036004
0.000469
0.000001
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0.015233
0.035042

0.008788
0.005086

0.017841

0.026391
0.000427
0.008247
0.000008
0.004684

0.026158
0.014961
0.007087

0.000008
0.007872

0.001547

< 0.000001 < 0.00001
< 0.0001
< 0.001
< 0.01
< 0.05
PH: Plant Height (cm), DM: Days to Maturity, NB: Number of Primary branches, NP: Number of Pods per plant, HSW:
Hundred seed weight (g), HI: Harvest Index.
PT: Plant type, LP: Leaf Pubescence, LS: Leaf size, TL: Tendril Length, LR: Lodging resistance, PP: Pod pigmentation, TP:
Pattern of Testa, CPT: Color pattern of testa, CC: Cotyledon color.

Association analysis of quantitative and qualitative traits (Table 9) reveals that plant height (PH)
strongly associated with leaf size (LS), plant type
(PT) and lodging resistance (LR). Days to maturity
(DM) found linked with color pattern of testa (CPT).
Number of branches (NB) has fair linkage with pod
pigmentation (PP). Hundred seed weight (HSW) observed highly associated with pattern of testa (TP).

are in accordance to [13, 14]. Relationship significance of yield with other traits compelled us to go
through the structural equation modeling (SEM) so
that the degree of dependence of yield with other
traits can be formulated.
K-mean clustering was done for one hundred
and ninety seven genotypes were clustered in 5 classes. No geographical dependence among the clusters
was observed as supported by Kumar et al. [15]. Different clusters have the genotypes with similar origin
indicating that there is no such relation between the
characters adapted by the genotype and the geographical distribution of the genotype as reported by
Singh and Singh [16]. The trend of genetic diversity
among the genotypes in the present study indicates
that the geographical isolation might not be the only
reason [17]. So the genetic diversity can be the expression of some other agencies as like genetic drift,
germplasm used in breeding, natural variation, artificial selection etc. It can be managed that genetic
diversity might be given preferred over geographical
distribution during the selection of parents used for
breeding. Diverse clusters can be sorted out from the
centroid distance highlighted in the study can be the
initial parameter for excellent breeding as suggested
by Kumar et al. [18]. Population genetic structure
and phylogenetic relationships were studied [19, 20]

)+))%$
Yield is the consequence of different traits
which may be interdependent. Breeder mostly require for excellent expression of multiple traits from
diverse genotypes so that can be pyramided into single cultivar. For such purpose the evaluated genotypes showed remarkable results. The selection criteria can be established [9] by understanding the correlation of the traits with each other and their degree
of association with seed yield. Correlation of biomass with other traits such as number of branches,
number of pods per plants, and hundred seed weight
has been reported in earlier studies [10, 11]. Along
with studying the interrelationship between the characters, the coefficient of variation has been reported
important [12] and the results of the present study

2157

$#

! %  







!"  ! 


and inferred in suitable clustering. Genetic association and variability in biochemical and morphological seed characters [21] has also been noticed to
mine out the trends in diversity. Environmental pressure on biodiversity [22], genetic diversity [23] and
different agro-morphological characters along with
seed mineral concentration [24] has also been analyzed.
In the present study nine qualitative traits and
eight quantitative traits were observed. Association
between quantitative and qualitative traits will make
the selection procedure easy, precise and robust. To
select for the hundred seed weight pattern of the testa
can be emphasized. To achieve better selection for
the plant height, leaf size and lodging resistance can
be focused. By observing the color pattern of testa,
days to maturity can be assumed.
A total of 197 genotypes were evaluated for diversity assessment and more diverse genotypes were
sorted out in the clusters and most promising genotype with a set of all highly expressed traits were selected for the further use in breeding. Hence the
study completed with four outcomes. i Variation coefficient of studied traits that can be indicator of diversity and the reduction of parameters in to uncorrelated factors to explain the actual players of variability through PCA. ii K-mean clustering highlighting the degree of genetic diversity among five
groups so the selection can be made easy. iii Interdependence of valuable yield contributing traits with
correlation analysis and statistical significance of
their linear relationship with the yield to gauge their
importance. iv Association analysis of quantitative
with qualitative traits.
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landscape quality aims, stating landscape conservation strategies and planning the landscape based on
these elements. Forman [5] pointed out the elements
of native landscape as climate, topographical structure, soil and hydrological formations, geological
and geomorphological components and native vegetation. The elements, components and materials defining the landscape depend on the country, area and
region and are directly in relationship with the native
and cultural elements forming the landscape. Especially geology, hydrology, climate, soil structure and
native vegetation play an effective role in characterizing the landscape [6].
Corridors are important elements in defining
the landscape do not only enable the relation between patches, but also are reserves for biodiversity
[7]. Mountain area is one of the most significant elements of native landscape in the world. Mountain areas cover approximately 20 % of the world’s surface
[8] and contain landscapes with various changing
features like hydrology, geomorphology, topography, fauna, flora and climate. The landscapes with
extreme diversity cause different types of landscape
to appear, namely, areas that are formed with different landscape features.
In the determination of the landscape, the main
characteristics should be evaluated not only ecologically, but also visually. The relationship between humans and the environment has been discussed in several studies. Especially, the studies that questioned
what landscape is, how it is perceived and should be
designed were based on this relationship. The most
significant and notable feature of the environment is
its visual aspect. To state and define the visual value
of landscapes will enable the perceptual relationship
between humans and landscape to be understood further [9].
While Forman [5] defined the mountain area or
the road corridors in mountain area as one of the
components that form the landscape, Turner [10] defined them as green roads in natural mountain areas
where recreational activities are carried out and are
easy to access.
Swanwick [6] indicated that native or cultural
vegetation is an important landscape component in
determining the character of the landscape in her
study. The patterns (landscape patches) formed by
the layers of native vegetation (tree, small tree,

Plants are important components of native
landscape should be handled in accordance with
their features, enabling them to be recognized, defined and utilized in natural and cultural environments. Road corridors are the best places to observe
changes related to succession and fragmentation in
native vegetation in the mountainside. In the present
study, carried out in the road corridors in the mountainside within the boundaries of Trabzon province
in Turkey. It was aimed to define the vegetation visually and ecologically based on the native landscape
features. While native plant compositions were ecologically defined, they were approached as an ecological corridor.
Patch Analyses based on landscape metrics in
the vegetation around this ecological corridor were
carried out via GIS. As for visual studies, photographing, visualization and surveys were used to define the design elements and design principles of
plant composition and the visual effects they had.
Thus, come up in planting design, it was determined
according to which design principle design elements
came together and what kind of a visual effect appeared. In the final phase, the relationships between
the values produced by ecological and visual parameters were stated. Consequently, some significant relationships were found out between patch analysis
metrics and visual parameters, area metrics and potential effect of seasonal change of native compositions, habitat features and fragmentation values etc.
'&!"
GIS, Native plants, Patch analysis, Planting analysis
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Landscape is defined as an area whose features
are formed as a consequence of the interaction and
activities of human and/or natural factors. There are
three landscape types based on their formation such
as native, semi-native and cultural [1,2,3,4]. Determination of native landscapes is extremely important
in constructing management and planning policies
particularly related to that landscape, proposing
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boundaries of the town of Çaykara in Trabzon Province (Figure 1). The study area includes certain landscape diversities that represent the East Black Sea
Region [16], due to its topography, climatological
conditions and vegetation structure. These diverse
landscape features are followed by a forest composed of -')%13-)05%.-4, .064+.65-014% growing
in riparian vegetation, the Alpine zone, shrubs such
as ,1(1()0(310 .65)6/ and !%''-0-6/ /:35-..64,
and the forest composed of %+64 13-)05%.-4 and
rocky areas [17].
Study area have 368 plant species along the
roadside corridor. 14 of these species are trees, 5
small trees, 23 shrubs, 319 groundcover and 7 grass
species. 05,)/-4/).%01.1/% subsp. 53%2);605-'%
%/2%06.% &)56.-*1.-% )05%63)% ,).)0-1-()4
-34-6/ 53%',:.)2-4 -%05,64 '%3/).-5%36/ %
.-6/*-4463)04))3%0-6/%42,1().1-()4 subsp. 4-0
5)0-4--)3%'.)6/2%.5:5%)0-6/-)3%'-6/+)05-.-
*13/) %4-10) 462-0% subsp. 2105-'%, 01&3:',-4
%3/)0%%060'6.64(-44)'564 subsp. ,6)5-- are endemic among the identified species. 360)..% 76.
+%3-4is the most common species with 58 % prevalence in the study area. The least common species is
6)3'64,%358-44-%0% and -.-%36&3% subsp. '%6'%
4-'%with 1.27 % prevalence [17].

shrub, groundcover and grass), ecological unities,
social and cultural properties (monumental tree etc.),
economic contribution (agricultural or non-wood
forest products etc.), bio-diversity play an efficient
role in defining landscape character.
Native plant species are the most adapted ones
to the local environmental conditions [11] and compositions as plant units that can exist in a native or
cultural landscape without any interference and
adapt themselves to the region and ecological conditions [12].
The question how to define plant compositions
come to mind since plant compositions play an important role in defining the landscape. Occupations
like botanists, ecologists and landscape architects
use different methods to determine and classify the
landscape. One of the most significant aims of the
present study was to determine native plant compositions via ecological and visual methods.
The visual and physical features of the elements
creating native plant compositions [13], the way the
plants in the composition come together and visual
effects of these plants were evaluated in the visual
definition of the composition.
Besides these visual approaches, Fernandes et
al. [14] searched for an answer to the question ‘Can
Fragstat [15] metrics be used to define, classify and
characterize the riparian vegetation structure?’ They
used aerial photographs and four different types of
land use such as forest, agroforestry, agricultural and
urban landscapes in his study. They also created a
base map for the layers. They defined as tree-shrubgroundcover in analysing the vegetation in these aerial photos on GIS. Then, they performed a patch
analysis in the following stage.
In the current study, area located in the East
Black Sea Region, native vegetation is the most significant feature of landscape character with its diversity of species, visual richness, ecological and physical properties. The main objectives of the present
study were as follows:
• To indicate the structure/feature of the compositions at changing points of native vegetation pattern which characterizes the landscape
• To analyse fragmentation and visual state
forming the main structure of the native vegetation
This study attempted to determine how native
vegetation is defined as ecological using landscape
metrics and visual perceptual parameters, what its
features are and which points should be taken into
account while forming a native composition in landscape architecture projects.

$! 
"89+=(6,(

,8/4+7The primary aim of the study was to
test a proposed integrated method using ecological
and visual analysis in defining native plant compositions. It is possible to collect the ecological analysis
data from the sources such as high-resolution satellite images, maps or field studies via this proposed
method. In visual analysis, since the area is bigger

#!"#"

"89+= 6,( The study area is at
WGS_1984_UTM_Zone_37N, West: 40.173760,
East: 40.396568, North: 40.734396, South:
40.566236, covering about 50 km road within the
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(6/6/&)3 1* %5',)4 %5', )04-5:
!%5',-;)1)**-'-)051*!%3-%5-10
%5', -;) 5%0(%3( )7-%5-10 )%0 %5',
-;)), Edge (15%. (+) (+) )04-5:),
Shape ( " 3)% ")-+,5)( )%0 ,%2) 0()9
)%0 ,%2) 0()9 %0(4'%2) ,%2) 0
()9 )%0 %5', 3%'5%. -/)04-10
" 3)%")-+,5)()%0%5',3%'5%.-
/)04-10), Core area ($ 13) 3)%)3')051*
%0(4'%2) 15%.13) 3)% 15%.13)
3)%0()9 13) 3)%)04-5: 6/&)3
1* 13) 3)%4  )%0 13) 3)% 0()9
 )%0 13) 3)% )3 %5',  !%5',
13) 3)% 1)**-'-)05 1* !%3-%5-10  %5',
13) 3)%5%0(%3()7-%5-10), Nearest-neighbour
()%0 319-/-5: 0()9 )%0 )%3)45
)-+,&13-45%0')) Diversity index and Contagion
and interspersion metrics (05)342)34-10%0(69
5%214-5-100()9) [19,20] were used.

than an observer can see at a glance, the data can be
gathered only through road corridors that make
movement possible within the area. To state the
study’s originality and to detail the problems, the following hypothesis are developed:
:215,)4-4: It is necessary to state all features
of the elements forming the landscape to define the
landscape [6]. In a definition that emphasizes vegetation, it is important to define the vegetation and its
composition to determine the characteristics of that
particular landscape.
:215,)4-4 : Visual, physical and ecological
parameters are used to define native plant compositions that play an important role in defining landscape.
:215,)4-4: The components of the composition should not be handled only horizontally, but also
vertically to define the composition via visual, physical and ecological parameters. In this context, horizontal orientation means the composition’s plan and
vertical orientation, its appearance.
:215,)4-4 Satellite images or aerial photographs can be used to define the plant composition
horizontally. Under the title ecological definitions,
the horizontal features of that composition are obtained using Patch Analysis.
:215,)4-4 The images or visualization of
the composition are used to define the plant composition vertically. Design elements, design principles,
visual choice and quality parameters that are general
and relevant to vegetation are applied in the definition.
:215,)4-4 There are relationships between
the element, principle and perceptual values that are
applied in defining visual composition. The fact that
which vegetation component comes together with
which design element based on which design principle and visual choice and quality depends on this relationship.
*414.0*(1(3+%079(1,8,6203(80434-(
80:, 1(38 42547080437 *414.0*(1 ,8,6203(
8043The main objective was to determine the patch
of native plant composition created by the road corridor and to state mass structure realized in the composition plan. For this purpose, Patch Analysis that
was designed to conduct ecological determination
was performed on the Spatial Analysis menu in
ArcGIS 9.3 software. Interface program performing
Patch Analysis was added to spatial analysis menu.
Thus, satellite pictures, stand map, forest management plan and raster and vector data of digital terrain
model for the work area were used. Patch analyses
of the layers formed thanks to this interface program
were carried out [15, 18, 19, 20, 21, 22, 23, 24] (Figure 2).
In ecological determinations made via patch
analysis; Area ( 15%. %04('%2) 3)%  
.%44 3)% #$ )3')05 1* %0(4'%2) 
%3+)45%5',0()9), Patch density and Patch size

$! 
(8*/(3(1=707
%079(1 ,8,6203(80437 After native plant
compositions were ecologically determined, these
compositions were defined according to their visual
potential. The method of five-stage visual definition
is presented in Figure 3.
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examined “Experts Method” in detail and mentioned
that the programs that would be designed consulting
with experts in education would be much healthier.
Thus, after the parameters that would be evaluated in
the current study were selected from the literature,
expert opinions were used. All the parameters obtained for this purpose were evaluated by academicians working in departments of Landscape Architecture both in Turkey and abroad. While 5 out of 20
experts from abroad provided feedback, 42 experts
gave their opinions in face-to-face meetings in Turkey.
At the next stage of the study, 189 Landscape
Architecture students were surveyed based on the
methods depicted by by [9,33,34,35,36,37,38]. 78
students attending Karadeniz Technical University
(KTÜ), Faculty of Forestry, Department of Landscape Architecture, 42 from Düzce University (DÜ),
29 from Artvin Çoruh University (AÇÜ) and 30
from Bartın University (BÜ) participated in the survey. 100 students were female and 89 students were
male.
Test subjects were asked to respond to the questionnaire form designed as a result of the assessments of the expert group and based on the main
question “Which element creates which visual effect
via which principle?” Thus, size-texture-shape-colour-line and layer were evaluated as the elements
constructing the composition, harmony-contrast-emphasis-dominance-balance-rate-scale-rhythm-repetition-unity as the way the elements come together
(principle) and finally closeness-visibility-mobilityvisual naturalness-focus-perceptibility-sustainability–mystery–complexity–depth as visual effects.

$! 
#/,78(.,74-:079(1+,8,6203(804374-8/,3(80:,
51(38*42547080437

#/,5/484.6(5/74-8/,*4254708043 It was
aimed to identify the images with different properties of native plant composition, to group the photographs having similar images and to name these
groups. In this context, the photos of the survey were
taken at 61 different points where samples were collected. Using the studies by Corner [25], Brown [26],
Dee [27] and Deming and Swaffield [28] identified
that an image or visualization of this image provides
real-like results via “Landscape Representation Theory” in their studies. Therefore, in relation to the seasonal change parameter that is a very important element in defining plan compositions along road corridor, visualizations of the photos taken in summer
were made about other seasons (Figure 4).

"8(80780*(1:(19(8043Survey results, ecological data and identity card data were statistically
evaluated. The variables obtained from the evaluation were transferred to a Microsoft Excel file as raw
data. Then, SPSS 22 for Windows software was used
to examine the correlations between the data at
p<0.05 or p<0.01 level of significance.
!"$#"

*414.0*(1 !,79187 Patch Analysis results
were evaluated with analysis of variance (Table 1)
and the findings for metrics were obtained. 

6,(,860*7 While small trees reflected the
minimum CA value of 0.09, grass reflected the maximum value of 0.40. Trees reflected the maximum
Z_LAND value of 29.67 and small trees reflected the
minimum value of 10.98. Grass layer reflected the
maximum LPI value of 24.37 and small tree layer
reflected the minimum value of 10.23.

$! 
3,<(251,4-8/,:079(10>(8043(3+5/48474-
3(80:,51(38*4254708043

:(19(803. 8/, *42547080437 Assessment of
the study by experts was found adequate for reliability of the said study [29]. This method was also used
by Crance [30] to define a developed habitat. In his
study, Eroğlu [31] made use of “Experts Method” to
define the photos he took to determine seasonal
change of plant compositions and to identify evaluation parameters. Furthermore, Zolingen et al. [32]
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# 
3(1=7074-:(60(3*,6,79187-4651(38*42547080431(=,6703,:,6=7(251,-0,1+
"0.

TLA
0.90%
0.99%
1.11 %
1.01%
1.23 %
1.03%
1.03
CA
0.26 %
0.09%
0.23%
0.29 %
0.40%
0.18 %
0.24
1
LPI
23.15&
10.23%
20.20%&
22.65&
24.37&
14.86%& 19.35
Z_LAND
29.67&
10.98%
23.94%&
26.79&
30.17&
16.99%& 23.19
NUMP
2.09&
1.66 %&
1.77 %&
2.07&
2.14&
1.31%
1.81
PSCOV
46.32%& 33.97%& 37.24%& 46.24%&
46.99&
17.58%
36.87
2 PSSD
0.05%
0.02
0.04%
0.07%
0.05%
0.02 %
0.04
PD
2.99 &
2.10%&
2.30%&
2.65%&
2.43 %&
1.79 %
2.37
0.15
MPS
0.15 %&
0.06 %
0.15%&
0.16 %&
0.23&
0.14 %&
TE**
5.27&'
2.48%
4.86&'
5.09&'
5.84'
3.25%&
4.45
3
**
6.37'
3.05%
5.44&'
5.51&'
5.20%&'
3.89%&
4.97
ED
AWMSI
2.43 %
2.26%
2.34%
2.25 %
2.09 %
2.25 %
2.28
MSI
2.38 %
2.26%
2.28%
2.19%
1.97%
2.22%
2.23
4 MPFD
1.32 %
1.3 %
1.26%
1.21%
1.20%
1.24 %
1.26
AWMPFD
1.26%&
1.30&
1.24%&
1.24 %&
1.20%
1.26 %&
1.25
LSI
2.35'
1.86%
2.24&'
2.30'
2.24&'
1.98%&
2.17
TCA
0.2 %&
0.09 %
0.22 %&
0.28 %&
0.39&
0.18 %&
0.23
TCAI
96.59&
93.53 %
97.22&
97.05&
97.95&
96.24&
96.52
5.64 %
2.06%
2.29%
2.66%
2.43%
1.73 %
2.82
CAD**
NCA
4.98 %
1.62%
1.77 %
2.17 %
2.14 %
1.28 %
2.33
5 CACV1
46.77%& 34.29%& 37.61%& 46.65%&
47.20&
17.71%
37.18
CASD1
0.05%
0.02 %
0.04 %
0.07 %
0.05%
0.02%
0.04
29.22&
10.76%
23.56%&
26.39&
29.80&
16.71%& 22.84
C_LAND
MCAI
91.31%
88.91 %
95.39%
92.68%
94.27%
93.56 %
92.84
MCA1
0.15 %&
0.06 %
0.15%&
0.16 %&
0.23 &
0.14%&
0.15
MNN
8.26 %
10.53 %
6.09%
7.71 %
7.34 %
7.73%
7.82
6
**
16.39%
2.01%
22.29%
4.57%
3.39%
6.94%
9.72
MPI
7 IJI
65.79%
59.27%
60.81%
60.39 %
54.74 %
52.17%
58.77
1: Area, 2: Patch density and size,3: Edge, 4: Shape,5: Core area, 6: Nearest-Neighbour, 7: Contagion and Interspersion
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0.79
3.46
3.56
4.27
5.29
3.39
1.82
3.07
2.18
6.01
5.03
0.89
1.35
1.39
2.42
6.50
3.45
5.54
1.45
1.13
3.41
1.83
4.24
1.50
2.20
0.36
0.53
1.32

0.56
0.00
0.00
0.00
0.00
0.01
0.11
0.01
0.06
0.00
0.00
0.49
0.24
0.23
0.04
0.00
0.00
0.00
0.21
0.35
0.01
0.11
0.00
0.19
0.05
0.88
0.76
0.26


(8*/ ,3708= (3+ "0>, ,860*7 The layer
with the maximum NumP value of 2.09 was the tree
layer, with the minimum value of 1.31 was the barren lands. While trees had the maximum PD value of
2.99, barrens had the minimum value of 1.79. Grass
had the maximum PSCOV value of -46.99 and barrens had the minimum value of -17.58. The groundcover layer represented the maximum PSSD value of
0.07 and small tree and barren layers represented the
minimum value of 0.02. Grass had the maximum
MPS value of -0.23, small trees had the minimum
value of -0.06.

46, (6,( 2,860*7 Grass had the maximum
C_LAND value of -29.80 and small trees had the
minimum value of -10.76. Grass had the maximum
TCA value of -0.39, small trees had the minimum
value of -0.09. The grass layer had the maximum
TCAI value of 97.95 and the small tree layer had the
minimum value of 93.53. The tree layer had the maximum CAD value of 564.88 and the barrens layer
had the minimum value of 173.14. Trees had the
maximum NCA value of -4.98, barrens had the minimum value of -1.28. Shrubs had the maximum
MCAI value of -95.39, small trees had the minimum
value of -88.91. The grass layer had the maximum
MCA1 value of 0.23, small trees had the minimum
value of 0.06. Grass had the maximum CACV1
value of -47.20, small trees had the minimum value
of -34.29. The groundcovers had the maximum
CASD1 value of 0.07 and the small tree and barren
layers had the minimum value of 0.02.

,(6,78,0./)496,860*7he shrubs layer
had the maximum MPI value of 2229.30 and the
small tree layer had the minimum value of 200.91.
The small layer had the maximum MNN value of
10.53 and the grass layer had the minimum value of
7.34.

0:,6708= 2,860*7 There is no change in the
classification of the elements that form the landscape.

+.,2,860*7While grass had the maximum
TE value of 583.66, small trees had the minimum
value of 247.73. Trees had the maximum ED value
of -637.02, the small trees had the minimum value of
-305.34.

"/(5, 2,860*7 Tree had the maximum MSI
value of -2.38, grass had the minimum value of 1.97. Tree layer had the maximum AWMSI value of
2.43 and grass had the minimum value of 2.09. Trees
had the maximum LSI value of -2.35 and small trees
had the minimum value of -1.86. Trees had the maximum MPFD value of -1.32, grass had the minimum
value of -1.20. Small tree layer had the maximum
AWMPFD value of 1.30, grass layer had the minimum value of 1.20.
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%079(1!,791870678"8(.,When the expert
group was asked about their questions, opinions and
suggestion related to the study, the following statements were submitted:
• The determined parameters complied with
the aim of this study.
• The determined parameters were generally
sufficient.

",*43+ "8(., When the expert group was
asked about their questions, opinions and suggestions related to the study, the following results were
obtained:
• ",%5 %3) 5,) 3).%5-104,-24 &)58))0 7-46%.
2%3%/)5)34 -0 ()*-0-0+ 2.%05 '1/214-5-104  ",-',
2%3%/)5)34%3)4-+0-*-'%05*13()*-0-0+5,)'1/214-
5-104 
Correlation analysis was conducted to establish
the correlations between the parameters surveyed to
define plant compositions in the sample fields visually. Certain results are presented in Table 3 as follows:

438(.043 (3+ 38,675,67043 ,860*7 The
tree layer had the maximum IJI value of 65.79 and
the minimum value of 52.17
According to Table 1, CASD1, MCAI, NCA,
CAD, IJI, MPI, MNN, AWMSI, MSI, MPFD, PSSD
and TLA are represented with a variable, CACV1,
Z_LAND, C_LAND, LPI, MCA1, AWMPFD,
TCA, TCAI, MPS, NUMP, PSCOV, CA and PD
with two variables and LSI, TE and ED with three
variables.
According to the regression analysis results
conducted within the patch analysis performed in
plant composition layers, patch density (PD) with
β=-0.19 in accordance with R2 =0.50 and mean
shape index (MSI) β= -0.14 are efficient factors at
p<0.001 significance level in identifying the relationship between patch analysis metrics and plant
composition layers (Table 2). Thus, patch area, patch
number, patch edge and the properties of the patch
edge are mass properties for the most important horizontal dimension that defines the composition.
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Size
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54.63
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6.29
-4.57
0.34
-5.44
46.63
-52.63
-9.83
0.21

While '.14)0)44 was inversely correlated with
visibility, mobility, creating focus and perceptibility,
it was directly correlated with mystery, harmony,
contrast, complexity, dominance, repetition, unity
and size. !-46%. %563%.0)44 was inversely correlated with closeness, creating focus and emphasis,
while it was directly correlated with complexity,
depth, harmony and contrast, dominance, balance,
ratio, repetition and texture. )3')25-&-.-5: was inversely correlated with closeness, mystery and complexity, and it was directly correlated with visibility,
mobility, harmony, emphasis, balance, ratio and proportion, size and layer. 645%-0%&-.-5:was inversely
correlated with mystery, complexity and line, while
it was directly correlated with mobility, depth, harmony and contrast, emphasis, dominance, balance,
ratio and proportion, scale, rhythm, repetition, unity
and size. While complexity was inversely correlated
with visibility, mobility, naturalness, creating focus,
perceptibility, sustainability, depth, harmony and
balance, it was directly correlated with closeness,
contrast, emphasis, repetition, unity and line.
Regression analysis was conducted to determine the visual parameters that were efficient in defining the photography groups. According to the results of the analysis, the compositions in the photography groups were defined with 17 parameters such
as R2=0.48 and β=-0.12-complexity, β=-0.06-size,
β=-0.05-unity, β=-0.04-shape, β=-0.04-emphasis,
β=-0.04-ratio, β=0.04-visual naturalness, β=-0.03dominance, β=-0.03-layer, β=-0.03-rhythm, β=0.02-perceptibility, β=-0.02-harmony, β=0.02-mystery, β=0.02-texture, β=-0.02-repetition, β=-0.02visibility and β=-0.02-colour and p<0.001 (Table 4).
• ",-',()4-+0element'3)%5)48,-',7-46%.
)**)'5 &%4)( 10 8,-', ()4-+0 23-0'-2.) -0 ()*-0-0+
2.%05'1/214-5-104 
While the question ‘Which design element creates which visual effect based on which design principle in defining plant compositions in the sample
fields?’ was attempted to be answered, regression
analyses were performed about all the parameters.
According to the regression analysis results presented in Table 5, mobility, visual naturalness, creating focus, perceptibility and sustainability were the
significant elements of this definition.
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Based the regression analysis conducted to determine all the visual and ecological parameters that
were efficient in defining the compositions in the
sample fields, the compositions were defined at R2
=0,92 and p<0.001 significance level through 9 factors such as size, shape, complexity, TLA, visual naturalness, colour, closeness, Z_LAND and the number of species (Table 6).
"$""

*414.0*(1 3(1=707 It is rather important to
identify the structure constructed at horizontal (2D)
and vertical (3D) dimensions by a composition
whose vegetation features were determined. Fernandes et al. [14] used landscape metrics to determine fragmentation of native plant composition.
Fernandes et al. [14] conducted a patch analysis
about the layers of tree-shrub-groundcover to search
for an answer to the question whether it was possible
to use landscape metrics to define, classify and characterize the structure of riparian vegetation. It was
observed that these metrics that were tested in the
present study were important tools in defining the
landscape and plant composition of the landscape.
Landscape metrics are especially significant in stating the values of native plants during the planning
stage. Fernandes et al. [14] explained that increasing
the landscape metrics would be a great gain. Unlike
their study, the evaluation was conducted by increasing the landscape metrics in the present study.
When the compositions were subjected to area
metrics (TLA, CA, Z_LAND and LPI), it was observed that the grass layer had the maximum area
value and the shrub layer the minimum. So, while the
compositions in the study created much more barrens, the mass ratio was lower. Yet, it was the exact
opposite for the forest lands and increase in treesmall tree and shrub ratio caused mass structure to
be larger than barrens.
According to patch density and patch size of the
compositions, while the groundcovers had the maximum number of patches (NumP), the shrubs had the
minimum. It could be argued that there were groundcovers in most of the compositions, while there was
no shrubs. In a study by Fernandes et al. [14] while
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the number of shrubs was the minimum, the tree
layer had the largest patch area due to the characteristics of the region. They stated that it could be explained by the fragmentation in the tree layer created
by both humans and the river. According to patch
density (PD) expressed as the ratio of area to patch
number, small tree and shrub layers had the minimum value, but groundcovers had the maximum.
Accordingly, it is possible to argue that most of the
compositions were made up of only tree and groundcovers. The fact that patch size coefficient of variation (PSCOV) was high is explained in a way that
the patches carrying this value were too many in the
composition, increasing the fragmentation [14, 19].
It is possible to argue that the groundcovers
with the highest PSCOV value created too many
patches and expressed too much fragmentation in the
study. When we evaluated the composition layers
based on the mean patch size (MPS) and patch size
standard deviation (PSSD), grass had the highest
value and groundcover the lowest. According to Fernandes et al. [14], the composition layers with high
level MPS were explained with the fact that fragmentation in entirety was low.
Edge density (ED) values that were expressed
as total edge (TE) and ratio of total edge to area were
the maximum in the groundcover layer and the minimum in the shrub layer in the evaluation made according to edge metrics. Leitão et al. [20] stated that
an increase in the edge and edge density values was
explained by the high level of correlation of that
landscape unit. Thus, it could be argued that the
patches composed of groundcovers were the most efficient and the patches composed of shrubs were the
lowest among the patches formed in vegetation design of the compositions. Namely, the groundcover
layer was the layer that had the highest correlation
with other patches in the composition.
In the assessment conducted based on shape
metrics, the groundcover had the minimum mean
shape index value and the small tree layer had the
maximum. According to Fernandes et al. [14], the
increase in MSI values that are used to express the
sustainability in mass structures created a sustainable
and integrated patch structure. Accordingly, the
small tree layer had the maximum level of sustainability based on MSI values. It could also be explained by the low number of patches and edge values. The fact that MSI value was high reflects a formal uniformity. In this case, the most informal
shapes were in the groundcover layer. While the tree
layer provided the maximum Average Weighted
Mean Shape Index (AWMSI) value, barrens had the
minimum value. Leitão et al. [18] suggested that the
increase in AWMSI value expressed formal uniformity and it was based on the calculation of the
area data. In this context, the tree layer represented
the most formal patches. While the groundcovers
had the maximum value of Landscape Shape Index,
the shrubs had the minimum value. Mcgarigal et al.

[19] explained that as LSI value approached zero,
patch shapes became formal. It shows that the
groundcovers create the most complex shapes. The
small tree and shrub layer represented the maximum
value of Mean Patch Fragmentation Dimension
(MPFD), while the groundcover had the minimum
value. Mcgarigal et al. [19] indicated that if the value
of MPFD approached 1, simple shapes emerged, if it
approached 2, complex shapes emerged. The small
tree and shrub layers created the simplest shapes and
the grass and groundcover layers, the most complex
ones. The tree layer had the maximum value of Area
Weighted Mean Patch Fractal Dimension
(AWMPFD), while the groundcover layer had the
minimum value. The fact that the value of MPFD approached 1 caused the patch to have simple shapes
and 2 caused the complex shapes to emerge. Accordingly, the simplest shapes were identified in the tree
layer and the most complex ones, in the shrub layer.
Core area that was defined as the space with the exception of the patch buffer area and without edge effects was demonstrated as a significant value in identifying a landscape or the elements forming that
landscape. In this study, the grass layer had the maximum values of the ratio of core area to total area
(C_LAND), total core area (TCA) and total core area
index (TCAI), and the groundcover layer had the
minimum values. According to the findings, the
grass layer had the most dense core area. Therefore,
it was more common in the grass layer than the
groundcover layer where fragments appeared like
unity. The groundcover had the maximum values of
core area density (CAD) and number of core area
(NCA), while the barrens had the minimum values.
According to these parameters [20] that were efficient in determining the most active and relevant
layer in this study, the groundcovers layer was significant.
The groundcover layer had the maximum value
of CACV1, and the shrub layer had the minimum
value. Leitão et al. [20] explained this metric and
stated that there was no change in patches based on
the core areas. So, the maximum variation occurred
in the groundcover layer, while the minimum occurred in the shrub layer.
In the assessment conducted based on the nearest-neighbour metrics, the tree layer had the maximum value of Mean Proximity Index (MPI) and the
groundcover layer had the minimum value. The
shrub layer had the maximum value of Mean Nearest-Neighbourhood Distance (MNN) and the
groundcover had the minimum value. Fernandes et
al. [14] explained that the increase in MPI value and
the decrease in MNN value in composition layers
were relevant to their correlativity.
Thus, the composition layers with the maximum value of correlativity were the groundcover
and the tree layer. The whole structure formed by the
compositions was evaluated with diversity metrics.
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The analysis results were defined not for composition layers, but for each sample field. Diversity indexes are used in determining ecological biological
diversity via diversity, which is a very significant parameter for biological diversity and for the kind of
structure that emerges. Particularly, the Shannon indices are significant in determining diversity. Simpson indices provide mostly rarity values [19]. Therefore, the compositions with the most significant diversity and rarity values in the study area were the
plant. compositions numbered 6, 10, 34, 35, 36, 37,
44, 51 and 52 in the sample fields. Species richness
was rather high in those areas based the studies conducted to determine the species.
The shrub layer had the maximum value of IJI
and the tree layer had the minimum value in the evaluation based on interspersion and contagion.
McGarigal et al. [19] and Fernandes et. al. [14] found
the fact that a value of zero demonstrates that a patch
area neighbours only one patch. If the value is 100,
then, all the patches are neighbours. If the patches
are less than 3, they could not be identified. In such
cases, no evaluation of these values could be made
in the compositions with at least two layers. In the
three or more layered compositions, the tree layer
had the maximum proximity relationship value and
the shrub layer had the least.

%079(1 3(1=707 Further using the studies by
Corner [25], Brown [26], Dee [27], Deming et al.
[28] demonstrated that an image and visualizations
of that image would give a real-like result. It was observed that visualizations of the composition photos
taken in one season changed the perception of seasonal variation. Eroğlu [31] stated that composition
photos revealed perceptual changes based on the seasons. It was suggested that a visual evaluation should
be conducted in two stages via the ‘Experts Method’
[31,32]. It was also observed in this study that the
answers, questions and recommendations of the experts affected the productivity of the study positively.
Austin [39], Diekelman at al. [12], Robinson
[40], Oudolf et al. [41], Chen [42], Wöhrle at al. [43]
mentioned the power of component, design element,
design principle and visual effect in defining the
composition of a plant visually and used the parameters that were adequate. In the visual evaluations
conducted within the framework of this study, the
most efficient parameters were colour, size, texture,
layer and shape as design elements, unity, emphasis,
ratio and proportion, dominance, rhythm, harmony
and repetition as design principles, visual naturalness, complexity, perceptibility, visibility and mystery as visual effects in the composition.
Closeness is defined through repetition, contrast, harmony, dominance, unity and emphasis. Especially, the repeat size and above the eye level were
efficient in this effect. Besides similar or opposite
shapes, different layer in the same composition

causes closeness effect in shapes and size. Robinson
[20] evaluated closeness as close all around, close on
three sides and on two sides places and said that the
most efficient element were size and shape. Visibility was identified through contrast, harmony, balance, dominance, ratio and proportion, scale and
rhythm. While Chen [42] discussed about the effects
of shapes and size in permeability, and stated that the
design principles of these elements influenced visual
and physical visibility in the composition. Mobility
was identified through rhythm, emphasis, harmony,
balance, contrast, dominance, scale and ratio and
proportion. Oudolf et al. [41] explained mobility as
the effect created by composition elements via climatic and physical influences and by rhythmic
movement. Robinson [40] explained mobility
through shape and ratio and proportion. Creating focus was defined with emphasis, dominance, balance,
ratio and proportion, scale, rhythm, unity and harmony. Robinson [40] defined focus creation through
creating focus with shape, emphasis and dominance.
He also classified creating focus into three categories
of symmetric, asymmetric and edge effect focus creation. Perceptibility was defined with balance, emphasis, ratio and proportion, harmony, dominance,
rhythm, unity and contrast. Appleton [44], Kaplan
[45], Bell [46], Kalın [9] and Çakcı [47] explained
being perceptible through creating focus or the existence of the emphasis element. Sustainability was defined with repetition, balance, rhythm, harmony, ratio and proportion, scale, contrast, dominance, unity
and emphasis. Bell [46] explained sustainability
through the unity created by the elements in the composition. Mystery was defined with repetition,
rhythm, balance, ratio and proportion, scale, contrast, dominance, unity and emphasis. Oudolf et al.
[41] explained mystery through contrasts that
emerge among the repeated elements or an attractive
and stressed element. Furthermore, they suggested
that different seasonal changes caused a remarkable
mystery. Complexity was defined with rhythm, emphasis, harmony, balance, contrast, scale and unity.
Chen [42] supported that dissolution in the unity of
the composition elements would cause complexity.
Depth was defined with rhythm, emphasis, harmony,
balance, repetition, dominance, balance, unity and
ratio and proportion. Loken et al. [48] stated that the
unity in size, shape and colour and repetition and
rhythm states of the composition elements provided
depth. Besides, layer was effective in formation of
depth.
It was observed that the increase in green colour of leaves affected visual choice positively. It is
possible to argue that green represents visual naturalness and formal changes in vegetation due to leafing represent an order in design. The effects of seasonal change are observed mostly in mixed compositions. While the determining factor is colour in seasonal change, changes in leaves and flowers were
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also efficient in this case [31]. According to the results of the study, the most important factor that affects seasonal change was the colour of the compositions. The compositions which seasonal change influenced most were plant compositions in the sample
fields which were mixed forests with mostly broadleaved and needle-leaved species.


$""

This study investigated the structural components of native plant compositions by patch analysis.
Visual structures of the compositions were investigated in terms of design elements, principles and visual effects. Therefore, the results of the study could
be grouped into patch analysis, visual design features, and interactions of both.
According to the patch analysis carried out in
the compositions in every sample field in accordance
with the vegetation layers, patch density and mean
shape index are the most efficient parameters in defining the composition. Plant composition layers
used to create ‘a plan’, namely, horizontal dimension
design within a vegetation study are tree, small tree,
shrub, groundcover, grass and Barrens. Change in
the size of vegetation layers (from tree size to grass
size) causes area to increase, shapes to be more informal, edge effect to decrease and interspersion and
contagion values on composition to drop.
When looked at the compositions in every sample field, the patches in vegetation layers changed as
trees have the largest area size, small trees the smallest. While the tree layer has the most patches, barrens
the least in accordance with patch size and density.
The grass layer has the longest edge and the small
tree layer the shortest, and the grass layer has the
maximum value in terms of edge density. While the
grass layer has the maximum value of interspersion,
the small tree has the minimum. The grass layer has
the maximum value of nearest-neighbour relationship, the shrub and small tree layers have the minimum. The tree layer has the maximum value of interspersion and contagion, the barrens layer the minimum.
In this study, there are relationships between
design elements, design principles and visual effects
they create in defining plant composition. For example, an increase in closeness in composition decreases perceptibility, visibility, mobility and creating focus. Design elements efficient in defining a
composition visually in all sample fields are size,
texture, shape, colour and layer, design principles are
unity, dominance, emphasis, rhythm, repetition, harmony and ratio and proportion and visual effects are
visibility, naturalness, complexity, perceptibility and
mysteriousness. One of the most significant aims of
designing plant composition is to create visual effects. As a result of this study, it is determined which
visual effect can be realized through which design

element and according to which design principle
with reference to the native composition
When the results of the patch analysis and visual definitions are evaluated together, the following
consequences are obtained: an increase in the size of
vegetation layers used in the patch analysis causes
size and layer to increase, textures to be more informal and shapes to be more formal, closeness to increase, visibility to decrease and complexity and
depth to increase. Potential and perception of seasonal change interact with colour change and perceptibility between visual parameters and ecological parameters. An increase in slope in the composition areas causes the composition to be perceived more natively. An increase in altitude causes composition
layers to decrease, but the dominant colour in the
composition to be lighter. Not only layer and size but
also emphasis, mobility and creating focus increase
thanks to the increase in the number of plant species
in compositions. An increase in layer in compositions causes dominance, visual naturalness and unity
and some core areas and landscape areas of the
patches decrease. When evaluated visual and ecological parameters together, the most significant factors
in defining the compositions forming the sample
fields are size, shape, complexity, closeness, visual
naturalness, colour (visual parameters) and ecological parameters (total landscape area).


&#"
This study is derived of the PhD thesis called
“Defining of Native Plant Compositions Determined
Landscape Character in Mountainous Area Roadside
Corridors; A Case Study of Ataköy-Sultanmurat-Uzungöl Roadside Corridor”.
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member countries of EU have to identify pollutant
gases from animal farms and to keep them below certain limit values depending on issued regulations.
Therefore, a number of studies have being carried
out in the EU countries and other developed countries about pollutant gas emissions of animal farms
in order to identify and solve this issue which is defined as global problem.
Pollutant concentrations are kept under harmful
levels in the barn with the operation of environmental control systems such as the ventilation system. In
addition, these environmental control systems cause
to spread of pollutants from the barn to the surrounding area [1].
While animal barns are planned, environmental
conditions such as temperature, humidity, lighting
are often emphasized. However, harmful gases such
as NH3, CO2, H2S and CH4, odorus, organic and inorganic dusts which are suspended in indoor environment and their effects are not adequately examined. If one or more of these exceed permissible levels, productivity drops, animal-environment and human health problems, and even deaths may be occurred [2].
The number of studies about gas emissions
from animal barns are very low in Turkey. It is a
great necessity to determine the emissions from animal barns and to put forward reliable emission rates
for our country which is in the process of EU accession.
This study was carried out in order to determine
the pollutant gas emissions and to investigate the
possible effects on the environment for the water
buffalo farms located in or near the rural areas of Istanbul where has more than 10% of Turkey water
buffalo existence.

This study was conducted to determine the pollutant gas emissions from traditional water buffalo
farms and to investigate the possible effects of farmson the environment. As a result of the study, according to seasons, the maximum average of CO2 emission rate was calculated as 213.4 g / h.AU in the winter, and the minimum average of CO2 emission rate
was calculated as 99.6 g / h.AU in the summer from
the barn to the environment. In the same way, the
maximum average of NH3 emission rate was calculated as 0.55 g / h.AU in winter and the minimum
average of NH3 emission rate was calculated as 0.10
g / h.AU in autumn. H2S and CH4 were generally at
insignificant levels throughout a year in the barn environment, only CH4 was measured as 3.32% LEL
(1660 ppm) in December.
The pollutant gas emissions sometimes reach
significant levels from the water buffalo that affect
the animal, environment and human welfare negatively, so as to minimize these effects, health protection band should be established by the technical commission for the settlement units and farms should be
placed out of health protection band.
#" 
water buffalo barns, gas emissions, environmental impacts

 
The foodstuffs of animal origin have great importance with regards to healthy and balanced diet of
humans. Animal husbandry is one of the important
sub-sectors of agriculture which primarily meets the
important food requirement of people such as meat,
milk and eggs. However, rapid population growth,
industrialization and uncontrolled spread of settlements threat the natural habitats of animals. This situation have been accelerating the transition from extensive animal husbandry to intensive animal husbandry and thus pollutant gas emissions of animal
farms have been increasing. International environmental agreements such as the Kyoto Protocol
signed by EU countries, including Turkey, apply
pressure on countries to limit emissions. In addition,


This study was carried out in a water buffalo
farm which are located in Thrace Part of Istanbul
Province and a member of Water Buffalo Breeder
Assocation. This farm was selected based on barn
type and structural characteristics which had the ability to represent the other buffalo farms in the region.
A group of water buffaloes was formed based
on genetic similarities, same number of lactations

2173

$#



! %   







!"  ! 


and same birthdates in the selected farm. A multi-gas
measurement device with electrochemical sensor
and datalogger was used to determine harmful gas
concentrations of the indoor and outdoor air. Also,
temperature and relative humidity values of the indoor and outdoor air were measured continuously by
temperature-humidity datalogger. The measurements were recorded at intervals of 10 minutes for
one year. Measurement sensitivities of the used device are usually varied between 0.01 and 1 ppm depending on gas types (NH3, H2S, CH4 and CO2).
The rates of pollutant gas emission were calculated using by the equation which was recommended
by Burns et al. (2008) [3] and given below.

 = ∑  ( −  ) 10

−6



















When harmful gases emerged in animal barns
are not thrown out in parallel with the rate of formation and they can accumulate in the barn air. They
exceed the concentrations that can affect animal welfare and human health negatively. It makes the problem more complicated, especially in the way of environmental health, where animal farms are in or
near settlements.
Measurements were made at 10-minute intervals with multi-gas meters in order to determine
changes of harmful gas concentrations of indoor and
outdoor air through a year in the investigated farm.
The obtained data were analyzed and the daily average concentrations of NH3, H2S, CH4 and CO2 were
calculated. The changes of harmful gas concentrations according to the seasons were given below respectively and they were discussed in terms of animal-environment and human health.
The main source of carbondioxide (CO2)
formed in animal barns is respiration of animals and
workers [10]. Carbon dioxide can arise as a result of
microbial degradation of organic materials under
aerobic and anaerobic conditions. Under aerobic
conditions, carbon dioxide and water are the final
product, and all of the carbon is spread as carbon dioxide.
The variation of the average daily carbon dioxide concentrations of indoor air according to the seasons was given in Figure 1.
According to Figure 1, the daily average CO2
concentrations of indoor air for winter, spring,
summer and autumn seasons were varied between
766.2 and 3330.6 ppm, 438.8 and 1700.0 ppm,
410.00 and 1124.31 ppm, 440.28 and 1510.42 ppm
respectively. The upper limit of CO2 concentration is
3000 ppm for farm animals [4,11]. Based on this
value, it was observed that the concentrations of CO2
especially in the winter months approached the
critical values and occasionally exceeded the upper
limit value. In terms of human health, the maximum
upper limit of CO2 concentration for indoor
environments, which is defined as simple suffocating
gas, is assumed to be 5000 ppm [12]. Although it
causes problem for breathing of workers, it doesn’t
pose a fatal risk of human health. The fluctuation of
carbon dioxide concentrations depending on the
seasons was affected by the ventilation capacity of
the barn and the residence time of the animals in the
barn. According to heat and moisture balance
principles, minimum ventilation was occured in the
winter season. On the other hand, maximum
ventilation was occured in the summer season. In this
study, It was seen that animals spended their
majority time in the barn during the winter months,
however, they did not only spended their time in the
barn but also they utilized from strolling and
pastureland area for the summer season. This
situation indicated that the concentrations of harmful
gases were decreased in the barn environment from
winter to summer.

) (1)



where ER is rate of gas emmission (g/h.barn),
Q is ventilation capacity (m3/h), Ca is outdoor concentration of pollutant gas (ppm), Ce is indoor concentration of pollutant gas (ppm), Wm is molar
weight of pollutant gas (g/mol), Vm is molar volume
of pollutant gas (g/volume), Tstd is standard temperature (K), Ta is indoor temperature (oC+273K), Pstd is
standard barometric pressure (101.325kPa) and Pa is
standard barometric pressure according to height of
sea level (kPa).
When the amounts of harmful gas emission
were calculated from the barn to the surrounding
area, the available ventilation capacities were
considered for different seasons. The ventilation
capacity was calculated by using of cross-sectional
area of the chimneys and the speed values measured
by digital hand anemometer in accordance with the
principles recommended by Mutaf (2012) [4].
  

(5(3/,0$5,10 1) $3/)6. $4 10&(053$
5,104(.$5('510'113$0'65'113,3Air pollutants emerge due to physical, chemical and biological mechanisms that arise from different source in
animal barns. Most pollutants which are encountered
in animal barns consist of gases such as ammonia,
methane, hydrogen sulphide and carbon dioxide,
particulate matter and volatile organic compounds.
Pollutant gases are mainly formed by animal metabolism and the degradation of manure and urine [5, 6].
On the other hand, particulate matters emerge from
body of animals, feed, dry manure, building materials, physical activity of animals and ventilation [7].
The type and concentration of these pollutants vary
depending on the animal species, barn type, layout
plan, feeding and water transmission system, type
and composition of feed, age of animals, rest area per
a animal, manure operating system and control systems of indoor air [8, 9].
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Ammonia (NH3) from animal barns is the
product of the microbial separation of the organic
nitrogen compounds in manure. Nitrogen is formed
as unabsorbed nutrients, urea or uric acid in the
manure. Urea and uric acid are rapidly hydrolyzed to
form ammonia and it spreads shortly [13]. According
to the seasons, the variation of the average daily
ammonia concentrations of indoor air was given in
Figure 2.
Figure 2 showed that the daily average
concentrations of ammonia varied between 2.9 and
21.1 ppm in the winter, 0.8 and 10.5 ppm in the
spring, 0.01 and 4.94 ppm in the summer, 0.02 and
3.35 ppm in the autumn. The upper limit of NH3
concentration is assumed to be 20 ppm for animal
health [4, 11]. In the winter months, NH3 approached
the critical values, and it was sometimes higher than
the upper limit value. In terms of human health, the
high ammonia concentration of indoor environment
may cause irritation in upper and lower respiratory
tracts, eyes and skins. The upper limit of ammonia
concentration is accepted as 25 ppm for human
health [12]. On the basis of this value, the ventilation

was inadequate for the winter season and, it
sometimes reached to the concentrations which have
a risk for human health.
Hydrogen sulphide (H2S) is arised from the
microbial reduction of the sulfate in water and the
degradation of the sulfur-containing organic
compounds under anaerobic environment [14]. In
terms of animal welfare, the upper limit value of H2S
is given as 0.5 ppm in barn environment [11]. During
the study, H2S concentrations were at the
insignficiant levels in the barn environment and there
was also no recorded value as ppm. The daily
cleaning of wastes had great contrubition to limit
concentration of H2S for indoor environment.
Methane (NH4) is arised from the anaerobic
microbial degradation of the animal's manure. The
microorganisms, also known as methanogens,
decompose into methane and carbondioxide form
carbon (celluose, sugars, proteins and oils) in the
feed and bedding material [15]. The main factors
which affect methane emission from manure are
amount of produced manure and anaerobic
decomposition rate. However, NH4 concentrations
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remained generally at insignificant levels in this
study, it could be measured as % LEL, especially
during cold periods when the indoor air was
ventilated very low. The highest concentration of
methane was measured as 3.32% LEL or 1660 ppm
in December. The upper limit of NH4 concentration
was recommended to be 20 ppm for animal health
[16]. It has been seen that the highest NH4
concentration of investigated barn was very low,
when it was compared to upper limit value. It was
clear that there was not any problem for animal and
human health based on methane concentration in the
investigated barn.
The seasonal variations of CO2 and NH3 related
for outdoor air were also determined. The daily
average concentrations of CO2 related to the outdoor
air were calculated with the help of the obtained data
and the seasonal variation. They were given in
Figure 3.
When the outdoor air was examined in the
Figure 3, the daily average CO2 concentrations for
the winter, spring, summer and autumn were varied
between 422.2 and 599.3 ppm, 363.8 and 562.5 ppm,

402.1 and 496.5 ppm, 400.7 and 530.6 ppm respectively. The variation of daily average NH3 concentrations of outdoor air according to the seasons were
given in Figure 4.
The daily averages of NH3 concentrations were
examined in the Figure 4, they were varied between
0.02 and 0.92 ppm in the winter season, 0.01 and
0.97 ppm in the spring season, 0.01 and 0.85 ppm in
the summer season and 0.01 and 0.76 ppm in the autumn season. The changes in the concentrations of
CO2 and NH3 in the outside air vary depending on
outdoor concentrations of CO2 and NH3, generally, it
decreases from winter to summer and increases again
from summer to winter. This situation can be explained by the reasons of the ventilation capacity
fluctuation depending on seasons and residential
time of water buffaloes in the barn.
In this study, H2S and CH4 were generally at insignificant levels in the outdoor air, so
no value could be recorded during the year due to
they was below the sensitivity limits of the multi-gas
measuring device.
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$4 /,44,104 $0' 07,310/(05$. /2$&54
1)+(07(45,*$5('$30If the essential measures
are not taken in the animal farms, they may cause
dispersed pollution which can not easily be controlled. This pollution sometimes occurs in the form
of visual pollution caused by unsuitable storage of
animal wastes or odor pollution resulting from the
spread of harmful gas. The calculation of harmful
gas emissions from surrounding animal production
structures has great importance in determining the
environmental impact of animal barns at regional
and national level. The data such as harmful gas concentrations in the barn and the ventilation rate are utilized to calculate gas emissions [17].
The average (maximum average, average and
minimum average) monthly gas concentrations of

indoor and outdoor environment which was used to
calculate were given in Table 1 and Table 2.
While the rates of pollutant gas emission were
calculated from the barn to environment, the
available ventilation capacities were taken as basis
depending on the seasons. Accordingly, the average
ventilation capacities for the winter, spring, summer
and autumn seasons were calculated as 1620 m3/h,
2592 m3/h, 6804 m3/h and 2880 m3/h respectively.
The monthly emission rates of CO2 and NH3 are
calculated under the light of these data and they were
given in Table 3 and Table 4. Also, emission rates
per animal unit (AU=454 kg live weight) were given
in these tables to be more explanatory. The animal
unit was 17.7 in this study.
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Month
December
January
February
March
April
May
June
July
August
September
October
November

Min.avg.
1541.8
1627.2
1271.2
1165.0
829.2
551.5
550.5
432.0
375.3
460.2
665.4
811.5

CO2 (ppm)
Avg.
1762.4
1872.3
1493.2
1368.7
967.4
665.7
659.5
512.2
438.9
527.6
798.5
964.6

Max.avg.
1978.2
2081.0
1684.3
1563.7
1108.2
785.9
787.7
603.7
515.7
603.5
924.2
1105.2

Min.avg.
9.3
9.2
6.1
2.6
1.4
0.9
1.1
1.0
0.6
0.9
0.9
0.3

NH3 (ppm)
Avg.
9.5
9.3
6.3
2.7
1.5
1.1
1.2
1.2
0.6
1.0
1.0
0.4

Max.avg.
10.5
9.9
6.9
3.3
2.1
1.7
2.0
1.9
1.1
1.5
1.7
0.8
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Month
December
January
February
March
April
May
June
July
August
September
October
November

Min.avg.
432.3
431.7
435.6
417.2
430.1
401.2
550.5
432.0
375.3
460.2
665.4
811.5

CO2 (ppm)
Avg.
452.7
465.6
456.3
439.5
455.5
425.8
659.5
512.2
438.9
527.6
798.5
964.6

Max.avg.
491.2
503.0
491.9
499.8
494.8
460.2
787.7
603.7
515.7
603.5
924.2
1105.2

Min avg.
0.14
0.02
0.05
0.10
0.10
0.10
1.11
1.09
0.60
0.93
1.95
0.32

NH3 (ppm)
Avg.
0.16
0.05
0.08
0.15
0.17
0.12
1.27
1.21
0.65
1.01
1.08
0.47

Max.avg.
0.30
0.14
0.20
0.23
0.28
0.26
2.04
1.90
1.18
1.56
1.71
0.87
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Ventilation
capacities (m3/h)
1620

2592

6804

2880

Month
December
January
February
March
April
May
June
July
August
September
October
November

Min.
3419.6
3703.5
2585.8
3717.9
1917.1
725.9
2299.3
1193.9
713.8
583.4
1440.8
2174.0

CO2 emission (g/h)
Avg.
Max.
3961.1
4454.8
4259.4
4687.3
3113.0
3541.9
4463.6
5045.3
2432.7
2883.7
1137.5
1526.3
3032.0
4079.2
1506.2
2116.5
754.5
1288.4
643.9
905.2
2005.1
2536.4
2855.9
3413.4

2177

Amount per AU (g/h)
Min.
Avg.
Max.
193.2
223.8
251.6
209.2
240.6
264.8
146.1
175.8
200.1
210.0
252.2
285.0
108.3
137.4
162.9
41.0
64.3
86.2
129.9
171.3
230.5
67.5
85.1
119.7
40.3
42.6
72.8
32.9
36.4
51.1
81.4
113.3
143.3
122.8
161.4
192.8
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Ventilation
capacities (m3/h)
1620

2592

6804

2880

Month
December
January
February
March
April
May
June
July
August
September
October
November

Min.
10.9
11.0
7.2
4.6
2.3
1.6
4.7
4.7
2.8
1.7
1.9
0.7

NH3 emission (g/h)
Avg.
Max.
11.0
11.8
11.2
11.3
7.3
7.8
4.7
5.7
2.5
3.5
1.7
2.6
5.3
8.2
5.2
7.9
2.9
4.8
1.8
2.9
2.1
3.2
0.8
1.7

When Table 3 has been examined for CO2 emission rates, the maximum average emission value was
calculated as 213.4 g / h.AU in the winter. The minimum emission value was calculated 99.6 g / h.AU
in the summer. Along the same line it has been seen
in the Figure 4 that the maximum average emission
value of NH3 was calculated as 0.55 g / h.AU in the
winter. The minimum emission value was calculated
0.10 g / hAU in the autumn. The emission rates of
H2S and CH4 could not calculated because they were
at insignificant levels during the study. Generally,
the pollutant gas emission rates are influenced by the
residence time of the water buffaloes, the seasonal
ventilation capacity and the removal time of the animal wastes from the barn to the environment.
Pollutants dispersed from the barns contribute
to air and odor pollution in the nearby environment
as well as contribute to the environmental damage
that reaches important dimensions such as eutrophication, nitrification, climate change, acidification of
the soil, reduction of visibility in the atmosphere,
acid rain, ozone effect, damage in forest areas and
global warming [18]. In the barn, these pollutants are
significantly effective at the health of animals and
workers negatively. They may affect workers to have
poisoning, chest inflammation, chronic lung inflammation, lung diseases such as cough, bronchitis,
pneumonia, asthma, and lung function reductions
[19, 20].


 

Amount per AU (g/h)
Min.
Avg.
Max.
0.61
0.62
0.67
0.62
0.63
0.64
0.40
0.41
0.44
0.25
0.27
0.32
0.13
0.14
0.20
0.09
0.09
0.15
0.26
0.29
0.46
0,26
0.29
0.45
0.15
0.16
0.27
0.09
0.10
0.16
0.11
0.12
0.18
0.04
0.05
0.09

least 1500 m from the settlement) and move the
farms out of this distance. In the process of health
protection band determination, the adverse effect of
animal farm on public health and environment, pollutant gas emissions and animal diseases should be
considered. As required by the Kyoto Protocol, a regulation should be established to monitor the gas
emissions from the farms which are located in our
country.
"
This work contains a part of TOVAG 115O602
project supported by TUBITAK. We are grateful to
Presidency of TUBITAK for supporting the project.
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ABSTRACT

INTRODUCTION

Exploitation of reservoir dams has so far been
involving greater emphasis on supply of water and
energy, flood control and improvement of environmental conditions. Meanwhile, little focus has been
shifted on sediment evacuation. In the flushing
method, sediments previously deposited in the reservoir are washed oXWE\RXWOHWZDWHUDIWHUWKHGDP¶V
bottom valves are opened. Flushing takes place under two conditions: free and pressurized. Once the
bottom outlet is opened, it forms a flushing cone in
the front section. This study attempted to develop a
method for sediment evacuation by testing a semicylindrical structure in front of the bottom outlet. A
total of 208 experiments were carried out at Shahid
Chamran University of Ahvaz, where 16 models
were constructed with different gap lengths and
widths at 4 water heights and 3 semi-cylindrical diameters. The results of experiments indicated that
flushing volume increased by inserting the semi-cylindrical structure in front of the bottom outlet. In
other words, a pair of rotational vortices forms inside
the semi-cylindrical structure on two sides of the
YDOYH¶VFHQWUDOD[LV,QWKLVVFHQDULRDVHPL-cylindrical structure can be installed at various diameters to
multiply the flushing length and volume compared
to the model involving no cylinders. Meanwhile, the
flushing volume and length increased by 101.3% and
27.2% through quadrupling the gap height. Examinations demonstrated that cone volume variations
ZHUHKLJKUHODWLYHWRWKHJDS¶VJHRPHWU\ZKLOHWKH
flushing cone length indicated lower sensitivity. Finally, a larger amount of sediments was transported
at lower water heights because the flow is not submerged and the upper surface of semi-cylinder is
open and free.

The optimization of reservoir dams has so far
been involving greater emphasis on supply of water
and energy, flood control and improvement of environmental conditions. Meanwhile, little focus has
been shifted on sediment evacuation in those objective functions. Most previous studies carried out to
evacuate sediments from dam reservoirs failed to integrate with exploitation models. This in turn led to
poor coordination between decisions adopted on
flushing measures and other exploitation goals. In
the flushing method, sediments previously deposited
in the reservoir are removed by outlet water after the
GDP¶VERWWRPYDOYHVDUHRSHQHG7KHDPRXQWRIGLV
chargeable sediments depends on several parameters
such as depth of water inside the reservoir, flow rate
at bottom outlet, size and type of accumulated sediments and physical properties of outlet channel. In
natural rivers, the amounts of inlet and outlet sediments are nearly balanced within a given interval.
However, such balance is dramatically disrupted by
construction of dams across rivers. As the water flow
slows down, the trap efficiency increases and sediments are not transported. There are about 4,000
large reservoirs in the world for water supply, energy
generation and flood control. Around 300 to 400 new
dams are built for storage each year (White, 2000).
If flushing is conducted properly, there will be less
need for construction of new dams and any additional costs will be prevented. Flushing takes place
at dam reservoirs in free and pressurized procedures.
In pressurized flushing, the water level is higher than
that of bottom outlet. As the valve is opened, water
is discharged under pressure (Figure 1).
In the event of river flushing (i.e., water level
in the reservoir is lowered to that of bottom valve),
the consequent speeds in the reservoir will be maximized only in the main flow channel. Thus, the
flushing efficiency will be maximized. In free reservoir flushing, the main flow channel will generally
be transferred at a high rate outside the reservoir. It
will then form a deep (and usually narrow) Channel

KEYWORDS:
Bottom outlet, eddy current, flushing, semi-cylindrical
structure, and reservoir
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FIGURE 1
Schematic view of flushing cone in pressurized flushing
jet water compared to the jet mode. Jalili and Hosseinzadeh Delir [11] conducted a research on pressurized flushing through a laboratory model. They
adopted a semi-cylindrical structure and built a gap
size on the semi-cylindrical structure. The bottom
outlet was inserted to span from the top of the valve
to the bottom of the reservoir. They stated that sediment evacuation increased by expanding the diameter of the semi-cylindrical structure, where the
amount of flushing was about 15 times greater than
when the semi-cylindrical structure was not involved. Ghahremani and Kamanbedast [15] explored
the variations of flow rate at Karun River and hydrodynamic scour at the bridge pile. They argued that he
erosion trend increases rapidly as discharge rate exceeds 300 m3/s. Elyasi and Kamanbedast [6] examined the deviation trend of sediments into ponds
based on submerged plates. They stated that submerged plates could reduce the sediment inflow into
the basin by up to 30%. Niknam, Kamanbedast and
Shahriari [20] simulated sedimentation at Marun
Dam, finding out that fine-grained sediments were
more progressive than coarse-grained sediments. In
fact, sediment aggregates become smaller as they approach the dam wall. Rostami, H. et al., Gharibvand,
R. et al. and Rouzegar, J. et al. investigate length of
morning glory spillway and labyrinth spillways with
physical modelling. [23, 8, 24]. Abbasi S, and
Kamanbedast, A.A. [1], investigated the effect of
changes in dimension and the hydraulics of stepped
spillways for maximization of energy dissipation.
They were among the first researchers to use flow3D
to obtain a solution based on the method for the flow
analysis of stepped spillways.
Shirali et al [28] evaluated the morning glory
spillway using physical modelling System; one with
a bell shaped opening, another with a modern square
shaped opening. The result shows measured pressure
at various points on both spillways based on a nondimensional Froude number. By changing the shape
of the cross section, its direct effect on the pressure
and cavitation indices; in as such that with the
change in the form of the upper cross section from a

in the middle of the reservoir where river will flow.
Based on laboratory studies using sand dunes
with an average diameter of 0.15 mm, Fang and
Kao[7] reported that the longitudinal and lateral
slopes of flushing cones are in an approximate equilibrium. In this study, the slope was obtained to be
31.5° in longitudinal direction, which is somewhat
smaller than the stationary angle for the sediments
(32.5°). Morrise and Fan [19] stated that the dimensions of flushing cone, the required formation time
and its geometric stability depend on water depth inside the reservoir, flow rate from bottom outlet, sediment height and type of accumulated sediments,
which may last from a few hours to several days. In
their study conducted at Shiraz University on a
model involving polymer particles with an average
size of 2.4 mm, Taleb Bidokhti and Naghshineh [30]
found that flushing rate was correlated with higher
flow rate. Hekmat and Shafaee Bajestan [9] carried
out flushing by shock waves in three sediment samples, indicating that bonds between particles were
loose in the initial waves, while the subsequent
waves led to faster sediment evacuation.
Imam Gholizadeh et al. [10] conducted a study,
where sediment evacuation was affected by several
factors such as water depth inside the reservoir, flow
rate from outlet, outlet dimensions, reservoir geometry, size and type of accumulated sediments. They
suggested that maximum discharge capacity occurred at minimum water height. Meshkati et al. [18]
examined the effect of bottom valve on the size and
dimensions of flushing cone, concluding that larger
valve diameter enhances the flushing efficiency.
Niknam and Kamanbedast [21] simulated sedimentation at Dez Dam, arguing that that sediment aggregates become smaller as they approach the dam wall.
Altous [3] examined the effect of water jet in sediment reservoirs on the level of discharged sediments,
suggesting that the required flushing time was twice
longer when no water jet is applied than when water
jet has been embedded in the reservoir. Meanwhile,
80% of sediments were discharged in the absence of
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FIGURE 2
Schematic plan and longitudinal profile of the laboratory model along with its specifications

MATERIALS AND METHODS

bell shaped form to a square shape at a specific flow
rate and specific points, the pressure increased while
the extent of cavitation decreased; also, with the increase in flow rate the amount of pressure increased.

Laboratory model. A new physical model was
developed to achieve the objectives of this research
and to gain a better understanding of pressurized
flushing. It should be noted, however, the geometric
dimensions of the model should be chosen so that the
bottom outlet opens for flushing while preventing it
from affecting the model walls. The main model
consists of 5 segments as shown in the following
plan: The water supply and pump comprise the
model input (relaxant), model tank, sedimentation
pond and outflow metering system. Figure (2) displays a schematic view and 3 laboratory models.
In order to determine the volume and length of
flushing cone at the reservoir outlet upstream, a
semi-cylindrical structure was embedded and tested
with a gap in the lower section in front of the bottom
outlet. Figure (4) provides a schematic view of a
semi-cylindrical structure embedded in front of the
outlet valve and the tested variables. Inserted in front
of the bottom outlet, this semi-cylindrical structure
affects the Sediment evacuation since it creates a pair
RIURWDWLRQDOYRUWLFHVRQWZRVLGHVRIWKHYDOYH¶VFHQ
tral axis. Experiments were conducted at Shahid
Chamran University of Ahvaz involving a total of 16
models. The variables included different gap lengths
and widths (each focusing on 4 modes) at 4 water
heights and 3 semi-cylindrical diameters, involving
a total of 208 experiments.
The experiments with constant flow rates generally included:
1- Experiments with different cylindrical diameters
2- Experiments with different gap widths and
lengths, while analysing the more effective factor
3- Testing at different water heights

FIGURE 3
New-developed laboratory model

Theory and dimensional analysis. As for nonadhesive mode, one type of aggregation will be used
for analysis. The volume of flushing cone (Vf) depends on several parameters, most notably: discharge from the bottom outlet (Qf), water height on

FIGURE 4
Schematic view of outlet valve and
Semi-cylindrical structure
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(Ha), while specifying the length of optimum arcs in
which the greatest amount of flushing occurred.
Then, the gap heights were modified over the arc
length so that they are tangent on top of the gap and
levelled with sediments accumulated in the reservoir
in each experiment. At the beginning of each experiment, the tank was gradually filled with water. Once
the water reached the desired height, the bottom outlet was opened. At the initial stages of experiment,
sediments were evaluated at a higher concentration. Over time, the outlet concentration decreased
so that variations in the whole dimensions were negligible after 60 minutes. The experiments continued
until the flushing hole was balanced. According to
Kumar et al. [6] balance time is realized when variations are less than a millimetre within 3 hours. As the
water height decreased, the balance time for formation of flushing cone shortened.
At water height of 65 cm (maximum water
level) the balance time for all experiments was 60
minutes. After completing each experiment, the inlet
valve to reservoir was first closed to prevent the deformation of flushing cone. Then, the outlet flow rate
from bottom outlet reduced by turning down the outlet tap. The reservoir was drained by the outlet valve
at the end of the reservoir in the relaxant section.

top of accumulated sediments (Hw-Hs), height of sediments accumulated in the reservoir (Hs), bottom
outlet dimensions (rectangular A=la*Ha), semi-cylindrical diameter (Da), sediment size (D50), specific
ZHLJKWRIGHSRVLWHGVHGLPHQWV Ȗs), specific weight
RI ZDWHU Ȗw) and gravitational acceleration (g),
which can be formulated in mathematical terms:
Vf=f(Qf ,Hw-Hs, Hs, D50, A, g, Ȗs-Ȗw, Ȗw)
The final function obtained by the Buckingham
theory is as follows:
f(Hw/Hs , La/Da , Ha/Da , Da/Dgate, N)=0
In general, the dimensional analyses include:
 water height Hw (15, 30, 50 and 65 cm)
 semi-cylindrical diameter Da (12.7, 15.2
and 19.2 cm)
 gap height Ha/Da (0.1 and 0.2, 0.31 and
0.41)
 gap length La/Da (1, 0.8 and 0.67 and 0.5)
TABLE 1
Experimental variables
Overview of
experiments
208=16+192

Control experiments

La

Ha

Da

Hw

16

4

4

3

4
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Methodology. Once the reservoir water
reached its final height, the inlet pipe valve was
opened to direct the flow of water into the model at
a very slow rate. After adjusting the water height in
the model, the bottom outlet was opened. At the initial stage of experiment, the sediments were expected to discharge from the valve under the pressure
along with water flow at a very high concentration,
while the outlet concentration decreased over time.
All experiments continued until the flushing hole
reached equilibrium. After the end of experiments, a
laser meter was employed to remove cross-sections
in the model.
These experiments involved non-adhesive sediments with an average diameter of 0.51 mm and a
specific mass of 1700 kg/m3. At water level of 15 cm
when the bottom valve is fully opened (2-inch tap),
it discharges a maximum flow rate of 2 lit/s. Therefore, all experiments were carried out at a flow rate
of 2 lit/s. In these experiments, a semi-cylindrical
structure was adopted to create and strengthen an
eddy current in front of the bottom outlet. By inserting this structure, the eddy current form with more
power, transporting a greater amount of sediment
from the front of bottom outlet to the downstream.
The experiments were carried out by placing the
structure in front of the central axis of bottom outlet
attached to the upstream body of reservoir wall. The
semi-cylindrical structures were made of PVC. A
gap was created in the semi-cylindrical surfaces to
initiate an eddy current. At first, the experiments
were carried out on semi-cylinders by creating gaps
with different lengths (La) and different heights

FIGURE 5
Plan and view of semi-cylindrical structure and
eddy current (Jalili and Hosseinzadeh Delir,
2012)
RESULTS AND DISCUSSION
As mentioned earlier, the insertion of semi-cylindrical structures in front of bottom outlets leads
ILOOVXSDSRUWLRQRIWKHUHVHUYRLU¶VGHDGYROXPHLQ
front of the valve, which in turn leads to unusable
valve and flushing of sediments in front of the valve.
There are high-velocity radial currents at the valve
upstream transporting sediments. By embedding this
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structure near the valve, when radial currents are approaching the valve at a high speed, the semi-cylindrical gap transforms into an eddy current, isolating
the deposited sediments from the bed (Jalili and Hosseinzadeh Dalir, 2012) [11]. According to Powell
(2007), two rotational vortices are located on the two
sides of the central axis under the valve to help raise
sediments from the reservoir bottom (Figure 5(a) and
(b)). Figure (6) shows the formation of eddy current
inside the structure.
This section explores the volume of flushing
hole for each experiment in cm3. Table (2):
FIGURE 6
Flushing hole
TABLE 2
Numerical results of experiments
65
213
240
260
264
293
306
321
337
520
544
571
599
722
755
792
831
213
255
286
301
464
537
601
644
486
563
630
675
555
642
718
770
213
270
315
343
368
472
563
616
454
583
695
761
722
755
792
831

50
238
268
291
296
328
344
361
379
591
619
650
682
826
864
908
953
238
285
321
338
526
611
685
735
552
641
718
771
631
733
822
882
238
303
354
386
421
542
649
713
515
663
794
872
826
864
908
953

(Cm) Hw
30
353
362
374
379
369
386
406
426
620
649
681
715
877
918
964
1012
594
682
744
776
642
745
836
897
623
724
811
871
766
890
998
1071
500
642
740
794
726
719
860
842
941
961
967
1061
877
918
964
1012

15
749
756
782
853
821
859
902
947
931
974
1023
1074
1244
1302
1367
1435
665
765
876
976
816
948
1063
1141
1126
1308
1466
1574
1494
1735
1945
2088
590
774
981
1117
1032
1046
1252
1375
1362
1756
2050
2100
2210
2312
2768
3038
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La/Da
1.00
0.80
0.67
0.50
1.00
0.80
0.67
0.50
1.00
0.80
0.67
0.50
1.00
0.80
0.67
0.50
1.00
0.80
0.67
0.50
1.00
0.80
0.67
0.50
1.00
0.80
0.67
0.50
1.00
0.80
0.67
0.50
1.00
0.80
0.67
0.50
1.00
0.80
0.67
0.50
1.00
0.80
0.67
0.50
1.00
0.80
0.67
0.50

Ha/Da

Da
(Cm)

0.1

12.7
0.2

0.31

0.41

0.1
15.2
0.2

0.31

0.41

0.1

19.2
0.2

0.31

0.41
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FIGURE 7
Diagrams of variations in flushing volume with semi-cylinder relative to (La/Da)

FIGURE 8
Diagrams of variations in flushing length with semi-cylinder relative to (La/Da)
with the results obtained by Dalir et al. It should be
noted, however, the variations in the volume of
flushing cone is greater than its length.
The comparison of arc length performances, it
was observed that water height reduction from 60 to
50 cm enhanced the flushing volume and length by
13.9% and 4.4%, respectively. Meanwhile the water
height reduction from 60 to 30 cm enhanced the
flushing volume and length by 31.9% and 11.6%.
And a water height reduction from 60 to 15 cm enhanced the flushing volume and length by 76.9% and
20.9%. At an altitude of 15 cm, the current left the
submerged position and progressed toward free
flushing. As a result, there was an increase in the
cone volume and length.

To measure the volume and length of flushing
hole, the results were classified as follows:
1- Variations in the cone volume and length
with a semi-cylinder relative to different gap lengths
2- Variations in the cone volume and length
with a semi-cylinder relative to different gap heights
3- Overview of cone volume and length relative to semi-cylindrical diameter
1. Variations in the flushing volume and
length with a semi-cylinder relative to different
gap lengths. Figures (7) and (8) display the variations in flushing volume and length with semi-cylinder relative to different gap lengths (La).
As shown in Figures (7) and (8), the flushing
volume and length decreased as the arc length expanded (La). With a decrease in La/Da from 1 to 0.5,
the variations in flushing volume and length enhanced by 39.4% and 11.7%, respectively. That is
because the decrease in rate increased the constant
outflow speed from the gap and consequently the
bottom outlet. This eventually leads to greater volume and length in the flushing cone. This is in line

2. Variations in the flushing volume and
length with a semi-cylinder relative to different
gap heights. Figures (9) and (10) display the variations in flushing volume and height with semi-cylinder relative to different gap lengths (Ha).
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FIGURE 9
Diagram of variations in flushing volume with semi-cylinder relative to (Ha/Da)

FIGURE 10
Diagram of variations in flushing length with semi-cylinder relative to (La/Da)
As shown in Figures (9) and (10), the flushing
volume and length decreased as the gap height expanded (Ha). With an increase in Ha/Da from 0.1 to
0.4, the variations in flushing volume and length enhanced by 101.3% and 27.2%, respectively. The
comparison of gap height performances, it was observed that water height reduction from 60 to 50 cm
enhanced the flushing volume and length by 13.9%
and 4.4%, respectively. Meanwhile the water height
reduction from 60 to 30 cm enhanced the flushing
volume and length by 51.6% and 16.1%. And a water
height reduction from 60 to 15 cm enhanced the
flushing volume and length by 139.4% and 34%.
Therefore, it is concluded that flushing volume increase at lower water levels in the reservoir.
In these gaps, as Ha (gap height) increased, the
water flew into the semi-cylinder at great pressure
when the valve opened. Meanwhile, the eddy current
power multiplied, discharging a larger amount of
sediments from the valve.
The higher percentage of water surface flushing
at 15 cm compared to water levels could be associated with semi-cylindrical structures chosen to be 2
times the diameter of semi-cylinder. Moreover, the

structures were submerged at water heights of 60 and
30 cm, while they were floating at a height of 15 cm,
where the upper section of the semi-cylinder is open
and free. The rotational vortices can move freely,
leading to more power and larger amount of sediment transport.
3. Variations in the flushing volume and
length with different semi-cylindrical diameters.
Figures (11) and (12) display the variations in flushing volume and height with different semi-cylindrical diameters (Da).
Given Figures (11) and (12), the installation
semi- cylinders significantly increased the flushing
volume and length. At lower depths to 50 cm, the increase in the semi-cylindrical diameter led to greater
flushing. At depths higher than 50 cm, however,
there were insignificant differences observed in
flushing. By installing semi-cylindrical structures
with diameters of 12.7, 15.2 and 19.2, there were average increase in flushing volume by 6.87 and 8.32
and 9.29 times, respectively, compared to the model
involving no cylinders.
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FIGURE 11
Diagram of variations in the flushing volume with different semi-cylindrical diameters

FIGURE 12
Diagram of variations in the flushing length with different semi-cylindrical diameters
CONCLUSIONS

Furthermore, by installing semi-cylindrical
structures with diameters of 12.7, 15.2 and 19.2,
there were average increase in flushing length by
94% and 106% and 111%, respectively, compared to
the model involving no cylinders.
The diagrams and comparisons demonstrates
that lower sediments are transported downstream in
larger semi-cylindrical diameters, which is more evident at a higher water height (60 cm). This could be
associated with formation of weaker vortices within
the structure due to the large arcs in relation to vortices. In general, the hole volume increased dramatically by expanding the diameter of bottom outlet by
2.5 times. By decreasing water level and changing
the flushing type from pressurized to free, however,
an increase in semi-cylindrical diameter led to
greater flushing length and volume. Finally, it can be
FRQFOXGHGWKDWVWUXFWXUH¶VOHQJWKVKRXOGQRWH[FHHG
3 times that of bottom outlet in pressurized flushing.
Moreover, it should not be lower than 2.5 times of
bottom outlet so as to achieve maximum performance.

The results of experiments suggested that the
amount of flushing increased by applying a semi-cylindrical structure in front of the bottom outlet. In
other words, a pair of rotational vortices formed in
the semi-cylindrical structure on both sides of the
central axis of the valve. This research dealt with the
effect of cylindrical structures in front of the bottom
outlet. The results have been summarized below.
1. Effect of arc length (La) on flushing volume
and length: With a decrease in La/Da from 1 to 0.5,
the variations in flushing volume and length enhanced by 39.4% and 11.7%, respectively.
2. Effect of gap height (Ha) on flushing volume
and length: With an increase in Ha/Da from 0.1 to
0.4, the variations in flushing volume and length enhanced by101.3% and 27.2%, respectively.
2. Effect of water height (Hw) on flushing volume and length: With the water height dropping
from 60 to 15 centimetres, the flushing volume and
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length increased averagely by 139.6% and 34%, respectively.
2. Effect of semi-cylindrical diameter (Da) on
flushing volume and length: By installing semi-cylindrical structures with diameters of 12.7, 15.2 and
19.2, there were average increase in flushing volume
by 6.87 and 8.32 and 9.29 times, respectively, compared to the model involving no cylinders. Furthermore, by installing semi-cylindrical structures with
diameters of 12.7, 15.2 and 19.2, there were average
increase in flushing length by 94% and 106% and
111%, respectively, compared to the model involving no cylinders.
5. Investigations indicated that lower sediments
are transported downstream under pressurized flushing at large semi-cylindrical diameters. This could be
associated with formation of weaker vortices inside
the structure (due to large arcs in relation to vortices). In this caVHWKHVWUXFWXUH¶VGLDPHWHUVKRXOGQRW
exceed 3 times the diameter of bottom outlet and
should remain lower than 2.5 times of bottom outlet
so as to achieve maximum performance under pressurized flushing.
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PERFORMANCE OF SOME WHEAT GENOTYPES
AT GERMINATION STAGE
Ilkay Yavas*
Adnan Menderes University, Kocarli Vocational High School, Department of Plant and Animal Production, 09100 Aydin, Turkey

development of the seedling [3]. Therefore, the goal
of this study was to distinguish wheat genotypes
having better inherent physiological seed quality
that may be utilized in further yield improvement of
wheat.
Abiotic stresses including drought is the major
factors which threats to agriculture and result in the
reduction of the crop productivity world-wide. Seed
germination is critical stage of plant growth and
development which is affected by water stress.
Wheat is an important crop, with some cultivars
tolerant to water stress. In 2016, world production
of wheat was 749 million tonnes making it the
second most-produced cereal after maize (1.03
billion tonnes).
Hegarty [4] exhibited that if water capability
of the development medium is lessened, because of
low water or high salt conditions, germination
might be delayed or prevented depending upon the
extent of reduction in water potential. Osmotic
solutions of polyethylene glycol (PEG) are
frequently utilized to control water potential in seed
germination studies [5]. Therefore, the main
purpose of this research was to assess the effects of
different PEG 6000 levels of osmotic potential on
germination and seed characteristics of wheat seeds
under drought stress conditions.

ABSTRACT
This study was carried out to determine
whether electrical conductivity can be used for
rapid germination testing. For this, 8 traits of 19
wheat genotypes were evaluated to identify better
inherent physiological seed quality. According to
results of the research; Efe, Kayra, Meta and
Basribey genotypes gave better results in terms of
the germination percentage than the other
genotypes. Besides, while Kadett, Tina, Dropia,
Meltem and Gönen gave the highest radicle length
and dry weight of radicle, Tina, Kadett, Osmaniye,
Syrena and Efe gave the highest shoot length and
dry weight respectively. The correlation
coefficients between germination percentage and
germination index, shoot length were positively
significant. Ziyabey and Kadett wheat genotypes
were different from other genotypes according to
cluster analysis. As a result, electrical conductivity
test was found unable to determine the germination
test. In second part of the study, we investigated the
effects of drought stress on the seed germination
and
physiological characteristics of seeds. Five
levels of osmotic pressure (0, Ͳ0.3, Ͳ0.9, Ͳ1.5, -2.1
MPa) were created by polyethylene glycol 6000
(PEG 6000) on wheat varieties. The results showed
that the germination percentage, the hypocotyl and
radicle lengths of seeds decreased with an increase
of PEG 6000 concentration.

MATERIALS AND METHODS
Materials. A total of 19 wheat genotypes
formed the treatment variables. The genotypes were
Ziyabey, Ünsal, Efe, Cumhuriyet, Meltem, Gönen,
.DúLIEH\ .D\UD 0HWD %DVULEH\, Saraybosna,
Osmaniye, Prima, Generale, Kadett, Syrena, Tina,
Droria and Qality. Seeds were collected from
Aegean Agricultural Research InstiWXWH DQG 1DPÕN
Kemal University, Agriculture Faculty.

KEYWORDS:
cluster analysis, electrical conductivity, drought, PEG,
seed germination percentage.

INTRODUCTION
Seed germination has a crucial role in
choosing final plant density per area and adequate
plant density per region can be registered when the
seeds develop exactly and with an appropriate rate
[1]. Water absorption under optimal conditions
leads to the activation of metabolic processes which
result in germination [2]. The high germination rate
and germination power in wheat area good
estimator of field emergence. The low germination
rate and germination power limit the growth and

Methods. Quality of wheat seeds were
assessed by germination rate, germination index,
mean germination time, shoot length, radicle
length, dry weights of shoot and radicle, electrical
conductivity. For germination test, seeds were
placed in petri dishes (25 per dish) on a filter paper
soaked with 20 ml of sterile water. The petri dishes
with seeds were placed in an incubator at 25oC for 7
days and water was added if necessary. Seedlings
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closed with aluminum foil. Then, the electrical
conductivity values were measured by EC-meter.
The value found is divided into seed weight, 1 gram
of seeds leaking from the seed. The value in ȝ6 cm1
was subtracted from the electrical conductivity of
the water used in the test. The electrical
conductiviW\LVGHWHUPLQHGDVȝ6FP-1 g-1 seed [10,
11]. Readings were made using a conductivity
meter Model-WTW-LF 330.

were counted every day up to completion of
germination. A seed was considered to be
germinated as the seed coat ruptured and radical
came out up to 2 mm length. Germination
percentage was calculated according to Fuller et al.
[6]. For electrical conductivity test, four replicates
of 50 seeds were weighed, soaked into beakers with
250 ml sterile water and were incubated for 24
hours at 25oC. Then the seeds were removed from
the beakers and the electrical conductivity of the
water containing seed leachate was measured with a
conductivity meter and expressed ȝ6 FPۛ1 g-1
(Model-WTW-LF 330). For seedling growth, plants
were sampled on the day 7 of the germination test.
Root and shoot length of individual seedling was
measured and then dried at70oC for 72 hours for
dry weights of shoot and radicle.
Examined germination properties were
evaluated as follows;

Germination Index (GI). it was estimated
using the following formula (12);
Germination Index= [(no. of germinated
VHHGGD\V RI ILUVW FRXQW  ««« QR RI
germinated seed /days of last count)]
The second part of the experiment was carried
out as follows;
Primarily, genotypes were randomly selected
from cluster 1 and 2. A laboratory experiment of
Randomized Complete Parcels with four
replications was carried out to study the effect of
different concentration of PEG 6000 on
germination and seed characteristics of wheat seeds
under drought stress conditions. Treatments
consisted of drought stress by using poly ethylene
glycol (PEG, mol wt 6000) solution, prepared as
described by [13], at five osmotic potentials (0,
Ͳ0.3, Ͳ0.9, Ͳ1.5, -2.1 MPa), which were prepared
adding polyethylene glycol (PEG 6000) to have the
osmotic potential in PEG. Five wheat genotypes
*|QHQ 0HWD .DúLfbey, Kadett and Basribey were
used. Twenty five seeds were placed on filter paper
in petri dishes with 9 cm diameter. Each petri
dishes was moistened with the appropriate osmotic
solutions (PEG-6000 solutions, osmotic potentials
or distilled water for 0 MPa as a control.
Germination tests were carried out in a growth
chamber at 25oC. Seeds were considered as
germinated when its radicle emerged with at least 2
mm long. Seed germination was recorded at
seventh day. At the end of seventh day, hypocotyl
and radicle length were measured. Hypocotyl and
radicle were dried in oven for 48 hours at 72 oC and
their dry weights were measured.

Germination percentage (GP). Germination
count was taken after 7 days from sowing date and
expressed as percentage according to the following
equation described by [7, 8].
GP = Number of germinated seed / Total
number of seed tested x 100
Mean germination time (MGT). Using the
daily counts, the mean germination time was
calculated for each lot using the formula cited by
[9];
MGT= Q'QZKHUH; n= number of seeds
newly germinated at time D, D= days from the
EHJLQQLQJ RI WKH JHUPLQDWLRQ WHVW Q  ILQDO
germination.
Radicle length. The radicle length of
seedlings from the seed to the tip of the root and
recorded and expressed in centimeters (cm) as the
radicle length.
Shoot length. The length of the seedlings
from the seed to the tip of the leaf blade were
recorded and expressed in centimeters as the shoot
length.

Statistical analysis. Cluster analysis was
generated by Minitab 11 software. The correlation
coeffient and their significance were estimated
according to Steel and Torrie [14] in JUMP
statistical packet program. The analysis of the
second part of the experiment was statistically
analyzed wLWKWKH7$5ø67[15]. Probabilities equal
to or less than 0.05 were considered significant.
Differences between treatments were performed
with LSD test to separate them.

Radicle dry weight. The weight of seedling
radicles were recorded and expressed in milligram
after oven drying at 70 º C for 72 h.
Shoot dry weight. The weight of seedling
roots were recorded and expressed in milligram
after oven drying at 70 º C for 72 h.
Electrical conductivity (EC). measured on
four replications of 50-seed samples per wheat
variety, weighed and soaked in glass beaker
containing 250 mL distilled water, during 24 hours
at 25°C under dark conditions. Each beaker was
placed in the climatic chamber with its mouth
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radicle dry weight plant-1 was found with Kadett
followed by the variety Meltem (10.48 g) and the
lowest (8.36 g) was found to be the variety Efe.
From the Table 1, the highest (9.83 g) shoot dry
weight plant-1 was found from the variety Tina. The
lowest (8.47 g) shoot dry weight plant-1 was
observed at the variety Quality. The results
indicated that there were genotypic differences in
weight of root and shoot might be due to the genetic
makeup of the genotypes. Electrical conductivity
(EC), as vigor test determines the seed deterioration
process since its early phase. Electrical conductivity
which is a rapid and reliable technique can be used
as an indicator of seed viability. Results of vigor
test of wheat seed revealed the variability in EC in
different varieties which changed from 150 ȝ6FPۛ1
g-1 to 247 ȝ6 FPۛ1 g-1. One genotypes (Ziyabey)
low germination index while high germination
index were recorded in 2 genotypes (Kadett and
Kayra). Our findings similar to [19], values were
between 42-126 μS cm-1. According to [19] and
[20]. EC values changed from 1.4 to 2.2 mS g-1
DW. In addition, the electrical conductivity test for
wheat have not the potential for vigor test, which in
contrast to wheat [19] and sudangrass [21].

RESULTS AND DISCUSSION
The values of the germination test carried out
in order to determine whether the electrical
conductivity can be used for the rapid germination
test are given in the Table 1. The averages of
germination rate, germination index, mean
germination time, shoot length, and radicle length,
dry weights of shoot and radicle, electrical
conductivity of eighteen wheat varieties are given.
Efe, Kayra, Meta and Basribey varieties
significantly exceeded the other varieties in
germination percentage (100 %). The lowest
germination percentage was recorded by Ziyabey
variety (80 %). The average germination percentage
of all varieties was 94. 39 %. Most of the varieties
showed high germination percentage Similar
findings were reported by [16]. Besides the mean
germination time of varieties was 5.63.
Germination, root and shoot length are the most
definitive parameters that demonstrate changes in
environmental quality which is reported by [17] and
[18]. The length of radicle data range was 8.9016.00 cm, whereas the longest length was obtained
from Kadett and the shortest length was taken from
Cumhuriyet. The length of shoot showed significant
variation due to the effect of varieties where
significantly the highest length of shoot of 12.50,
12.00, 10.80, 10.80, 10.70 cm were observed from
the Tina, Kadett, Syrena, Osmaniye and Efe
genotypes respectively. The highest (10.69 g)

Cluster Analysis. Hierarchical cluster
analysis with wheat genotypes variables was
utilized and results in dendrogram are indicated in
Figure 1. On the basis of cluster analysis genotypes
segregated into 4 groups (Figure 1).

TABLE 1
Mean values for growth parameters of different wheat varieties.
EC
RW
SW
(mg)
(mg)
ȝ6FPۛ1 g-1)
Ziyabey
80
5.52
12.80
6.60
9.50
8.53
208
Ünsal
92
5.46
11.30
9.00
9.39
9.66
230
Efe
100
5.55
7.70
10.70
8.36
9.71
241
88
5.56
8.90
8.80
8.80
9.50
247
Cumhuriyet
Meltem
96
5.44
14.00
7.85
10.48
8.55
222
Gönen
96
5.47
13.90
9.10
10.17
9.68
213
.DúLIEH\
92
5.57
12.85
8.25
9.51
9.02
160
Kayra
100
5.29
13.81
8.20
10.06
8.68
234
Meta
100
5.39
10.35
8.40
9.20
9.40
215
Basribey
100
5.44
11.65
8.85
9.41
9.61
186
Osmaniye
96
6.10
13.82
10.80
9.87
9.63
169
Prima
95
5.51
11.00
10.00
9.11
9.45
177
Generale
91
6.30
13.50
8.80
9.74
8.79
175
Kadett
99
5.24
16.00
12.00
10.69
9.75
150
92
5.41
11.12
10.80
9.24
9.52
157
Syrena
Tina
92
5.32
14.50
12.50
10.15
9.83
155
96
6.50
14.50
8.80
10.19
8.96
154
Dropia
Quality
94
6.31
9.82
7.30
9.05
8.47
159
Mean
94.39
5.63
12.30
9.26
9.61
9.26
192
St error
1.20
0.09
0.52
0.37
0.14
0.11
8.00
GP: Germination percentage; MGT: Mean germination time; RL: Radicle length; SL: Shoot Length;
RW: Radicle Weight; SW: Shoot Weight; EC: Electrical conductivity; GI: Germination Index
Variety

GP (%)

MGT

RL (cm)

SL (cm)
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GI
12.23
16.85
16.44
15.12
17.47
18.11
15.10
20.70
18.52
18.26
18.50
19.30
17.20
21.00
18.00
18.20
18.70
18.80
17.69
0.49
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weight and germination index was less than other
varieties.
Correlation analysis. Correlation analysis
among 8 variables was shown in Table 2.
Among 8 characters, germination index
showed significantly positive correlation with
germination percentage. Similarly root and shoot
length given significantly positive correlation with
root weight and shoot weight, respectively. On the
other hand shoot length showed significantly
positive correlation with germination index. It was
shown that correlation coefficient between EC and
other parameters were nonsignificant. These
findings were controversy to [22, 23, 24]. Because
mentioned results of researches were determined in
stress conditions such as salinity and waterlogging.
Therefore it could be said that germination test
affected by used material and conditions.
Germination percentage, radicle length,
hypocotyl length and hypocotyl dry weights were
significantly affected by the osmotic potential, by
genotypes and their interaction. The second part of
the research results showed that germination
percentage of wheat varieties significantly
influenced by PEG 6000. By increasing osmotic
potential of PEG 6000, all measured data were
decreased. Similar results were found by [25].
Afzali et al. [26] observed that -0.4 MPa of PEG
inhibited the germination percentages of Matricaria
chamomilla seeds. A significant decline in the
germination percentage of corn was recorded at 0.50 MPa osmotic potential, whereas levels of PEG
GLGQ¶WDIIHFWJHUPLQDWLRQLQEDUOH\DQGFDQROD>@.
Zahedifar and Zohrabi [28] also reported that
drought stress reduced growth parameters of maize.
Analysis results regarding Table 3 reveals that
Basribey was the worst among the genotypes in
terms of all features. When germination data are
evaluated, the Gönen genotype is least affected by
the highest osmotic potential, while the Basribey is
the most affected genotype. Under higher osmotic
level (-2.1 MPa) the minimum reducing percentage
of radicle and hypocotyl length and hypocotyl dry
weight were recorded in .DúLIEH\ ZKHUHDV WKH
maximum reducing percentage of radicle and
hypocotyl length and hypocotyl dry weight were
recorded in Basribey. High water stress condition (2.1 MPa) there was reduction in radicle dry weight
with increasing water stress of the growing media.
Genotypes Gönen showed minimum reducing
percentage in terms of radicle dry weight (72.78
%), followed by Meta (76.64 %) while maximum
reducing percentage in terms of radicle dry weight
(100 %) was observed in genotype Basribey. These
results agree with those of [25] for B. juncea var.
Ensabi, as well as [29] and [30] for wheat, [31] for
E. songoricum, [32] for lentil genotypes and [33]
for corn.

FIGURE 1
Tree diagram of 19 genotypes for 8 studied
variables using hierarchical cluster analysis
ZDUG¶VPHWKRGDQGVTXDUHG(XFOLGHDQ
distance)
The results of cluster analysis between traits
showed that germination rate, germination index.
mean germination time, shoot length, radicle
length, dry weights of shoot and radicle, electrical
conductivity.
The result of cluster analysis showed four
distinct groups in dendogram. There is an
indisputable fact that Kadett wheat variety was
categorized in first cluster, and the all parameters
except germination percentage were the highest
level in this variety. In second group, Ünsal, Efe,
Cumhuriyet, Meltem, Gönen, .DúLIEH\, Kayra,
Meta and Basribey which were collected from
Aegean Agricultural Research Institute and
recommended for Aegean Region of Turkey had
secondary values in terms of all characters. Tina,
Syrena, Prima, Osmaniye, Dropia, Generale and
Quality wheat varieties belonged in third cluster
group. These varieties attracted attention with its
ordinary properties. Ziyabey wheat variety was
classified in the fourth cluster, and the average
values for germination percentage, shoot length and
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TABLE 2
Correlations between examined characters.

MGT
RL
SL
RW
SW
EC
GI

GP
-0.112
0.031
0.312
0.139
0.303
0.097
0.780**

MGT

RL

SL

RW

SW

EC

0.004
-0.262
-0.054
-0.400
0.141
-0.026

0.186
0.965**
-0.103
0.359
0.321

0.160
0.789**
0.107
0.435*

-0.109
0.296
0.405

-0.051
0.219

0.254

GP: Germination percentage; MGT: Mean germination time; RL: Radicle length; SL: Shoot Length; RW:
Radicle Weight; SW: Shoot Weight; EC: Electrical conductivity; GI: Germination Index; **Distance differing
from zero at 0.01 level of significance. * Distance differing from zero at 0.05 level of significance
TABLE 3
Germination percentage, radicle length, hypocotyl length, hypocotyl and radicle dry weights of wheat
varieties under PEG-6000 stress.
Germination percentage (%)
PEG 6000 applications
Varieties
Control
-0.3 MPa
-0.9 MPa
-1.5 MPa
-2.1MPa
Reducing (%)
Gönen
99.00 a
84.50 a
64.50 a
20.00 a
15.75 a
84.09
Meta
98.50 ab
82.75 b
62.75 b
20.00 a
15.00 a
84.77
.DúLIEH\
99.00 a
80.75 c
63.50 ab
16.00 b
10.00 b
89.89
Kadett
97.50 b
80.50 c
61.75 c
15.50 b
10.00 b
89.74
Basribey
98.25 ab
79.0 d
59.00 d
15.75 b
0.00 c
100.00
LSD: 1.435
Radicle length (mm)
Varieties
Control
-0.3 MPa
-0.9 MPa
-1.5 MPa
-2.1MPa
Reducing (%)
Gönen
11.50 a
8.75 a
6.50 a
3.55 a
3.05 a
73.48
Meta
10.80 b
7.88 b
6.85 a
3.43 ab
3.01 a
72.12
.DúLIEH\
9.90 c
8.09 b
6.59 a
3.49 a
3.02 a
69.49
Kadett
10.08 c
7.74 b
6.53 a
3.47 a
3.06 a
69.64
9.93 c
6.50 c
3.51 b
3.04 b
0.00 b
100.00
Basribey
LSD: 0.398
Hypocotyl length (mm)
Varieties
Control
-0.3 MPa
-0.9 MPa
-1.5 MPa
-2.1MPa
Reducing (%)
Gönen
15.50 a
12.88 a
9.00 c
5.70 a
5.20 a
66.45
Meta
13.73 b
12.64 ab
9.81 a
5.60 a
5.07 ab
63.07
.DúLIEH\
12.66 c
12.35 b
9.47 b
5.51 a
4.82 b
61.92
Kadett
11.95 d
11.53 c
9.29 b
5.49 a
4.51 c
62.25
Basribey
10.74 e
10.29 d
7.59 d
4.37 b
0.00 d
100.00
LSD: 0.293
Hypocotyl dry weights (mg)
Varieties
Control
-0.3 MPa
-0.9 MPa
-1.5 MPa
-2.1MPa
Reducing (%)
Gönen
3.14 a
2.13 a
0.19 a
0.08 a
0.017 a
99.46
Meta
2.81 bc
1.78 b
0.16 ab
0.07 a
0.016 a
99.43
3.12 a
1.59 c
0.14 ab
0.06 a
0.019 a
99.39
.DúLIEH\
Kadett
2.87 b
0.95 d
0.15 ab
0.05 a
0.014 a
99.51
Basribey
2.76 c
0.85 e
0.12 b
0.04 a
0.000 a
100.00
LSD: 0.065
Radicle dry weights (mg)
Varieties
Control
-0.3 MPa
-0.9 MPa
-1.5 MPa
-2.1MPa
Reducing (%)
Gönen
1.58
1.29
1.28
0.98
0.43
72.78
Meta
1.37
1.15
1.15
0.94
0.32
76.64
.DúLIEH\
1.22
1.10
1.00
0.03
0.25
79.51
Kadett
1.42
1.03
1.06
1.31
0.03
97.89
Basribey
1.31
0.94
0.98
1.46
0.03
97.71
LSD: 3.093
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[4] Hegarty, T.W. (1978) The physiology of seed
hydration and dehydration, and the relation
between water stress and the control of
germination: a review. Plant, Cell Environment. 1, 101-119.
[5] Young, J.A., Evans, R.A., Roundy, B. and
Cluff, G. (1983) Moisture stress and seed
germination. USDA, Science and Education
Administration, Publication Armw-36.
[6] Fuller, M.P., Hamza, J.H., Rihan, H.Z. and AlIssawi, M. (2012) Germination of primed seed
under NaCl stress in wheat. ISRN Botany.
Article ID 167804. 5p.
[7] Ellis, R.A. and Roberts, E.H. (1981) The
Quantification of Ageing and Survival in
Orthodox Seeds. Seed Sci Technol. 9, 373409.
[8] Ruan, S., Xue, Q. and Tylkowska, K. (2002)
The influence of priming on germination of
rice (Oryza sativa L.) seeds and seedling
emergence and performance in flooded soils.
Seed Sci Technol. 30, 61-67.
[9] Ellis, R.H. and Roberts, E.H. (1980) Towards a
rational basis for testing seed quality. In:
Hebblethwaite, P.D. (ed.) Seed Production.
Butterworths, London, 605-635.
[10] Hampton, J.G. and Tekrony, D.M. (1995)
Handbook of vigour test methods. Zürich:
ISTA, 117p
[11] Vieira, R.D. and Krzyzanowski, F.C. (1999)
Teste de condutividade elétrica. In: Krzyzanowski, F.C., Vieira, R.D., França Neto, J.B.
(Eds.) Vigor de sementes: Conceitos e testes.
Londrina: ABRATES. 4, 1-26
[12] AOSA (1983) Seed vigor testing handbook:
Contribution no. 32 to handbook on seed
testing. Association of Official Seed Analysis,
Springfield, IL., USA., 1-93.
[13] Michel, B.E. and Kaufman, M.R. (1983) The
osmotic pressure of polyethylene glycol 6000.
Plant Physiol. 51, 914-916.
[14] Steel, R.G.D. and Torrie, J.H. (1980) Principles
and Procedures of Statistics, Second Edition,
New York: McGraw-Hill.
[15] $oÕNJ|]1$NEDú0(0RJhaddam, A. and
Özcan, K. (1994) 3&¶OHULoLQYHULWDEDQÕHVDVOÕ
WUNoH LVWDWLVWLN SDNHWL 7$5ø67 7UNL\H ,
Tarla Kongresi, 24-1LVDQø]PLU-267
[16] Akhtar, S., Ahmed, J.U., Hamid, A. and Islam,
M.R. (2010) Evaluation of Chickpea (Cicer
arietinum L.) genotypes for quality seedlings.
The Agriculturists. 8, 108-116.
[17] Ling, T., Fangke, Y. and Jun, R. (2010) Effect
of mercury to seed germination, coleoptile
growth and root elongation of four vegetables.
Research Journal of Phytochemistry. 4, 225233.

CONCLUSION
In this study it was concluded that wheat
varieties were similar to each other because of low
variation for all parameters. Although there was
low variation, four distinct cluster groups observed
in dendogram analysis. Ziyabey wheat variety
found to be poor in terms of germination test
whereas Kadett from northwest of Turkey was
superior wheat variety. The electrical conductivity
test had no potential for predicting seed
germination in unstressed condition. The
correlation coefficients between germination
percentage and germination index, shoot length
were positively significant. Ziyabey and Kadett
wheat genotypes were different from other
genotypes according to cluster analysis. Taken
together, these findings suggest that electrical
conductivity test is not an indicator of seed
germination, which cannot be used to prediction
germination at early stages of wheat plants.
However this test may be utilized under stress
conditions. On the basis of these results, while -0.3
MPa (5 %) PEG 6000 had a promoting effect on
seed germination, -1.5 MPa (20 %) PEG 6000
significantly reduced germination for wheat
germination. The highest amount of PEG 6000
concentration (-2.1 MPa) significantly inhibited
seed germination of Basribey. In PEG 6000
solution, the hypocotyl lengths and radicle lengths
of seeds decreased with an increase in water stress.
Hypocotyl and radicle elongation significantly
decreased by concentration of -0.9 between 2.1MPa.
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and materials fragility in the field of the preservation
of museums [5]. 7KHPXVHXPFROOHFWLRQV¶FRPPX
nity has determined specific controls on the indoor
climate in a historic building or museum to be within
21.1 ±2 °C and 50% ±5% RH year round. Properly
PDQDJLQJWKHPXVHXPV¶FOLPDWHYLDKHDWLQJYHQWL
lation, and air conditioning systems is economically
difficult and consumes energy, especially when controlling the relative humidity year round [6, 7]. Studies have been performed in climate management and
energy efficiency considering the seasonal change in
temperature [8]. Recent research of energy consumption recommended passive architecture techniques and the use of solar energy to drive cooling
cycles for space conditioning of most buildings in
Southern Europe [9, 10]. Some research recommended isolation of the building elements more than
controlling the climate of the museum spaces. The
passive ventilation and using the thermal type of
construction elements, especially windows, could be
the key to reducing the envelope degradation of the
building [11]. Environmental research and the
preservation of historic buildings in Syria is in urgent
need of improvement and advances [12, 13]. Many
cultural heritage buildings with high historical values in Syria are reused as museums or galleries after
retrofitting. These buildings need annual treatment
and preventive conservation, but little research has
been undertaken. Special attention should be placed
on the properties of the stone and materials used to
best aid in the renovation and conservation of the
historic buildings [14, 15]. The conservation of
Arwad ,VODQG¶VKHULWDJHQHHGVDWUHDWPHQWWRLQFOXGH
a wide scope of the site action and ending with control of the internal built environment, building envelope and details [16, 17, 18]. An approach for microclimate risk analysis must be defined to set the limits
on the acceptable environment in conjunction with
heritage and conservation considerations. Therefore,
the study of microclimate for heritage buildings is a
novelty in comparison with the current scientific literature. The case study sites in Arwad Island have an
undesired excess of dampness after a daily increase
in air temperature during the summer. Additionally,
the current openings affect the air flow inside the
building and cause overheating. The heat and humidity harm the building materials and the exhibits and

ABSTRACT
Previous research on traditional architecture
and the environment in Syria has been very limited.
This paper aims to highlight and investigate the thermal environment of two typical defensive stone heritage buildings that have been reused as museums in
Arwad Island. It tries to provide microclimate data
and identify the characteristics of the indoor environment of the historical buildings during the hot period.
This paper adopted data collections and analyzed a
series of field measurements of the summer hygrothermal parameters and interviewed local residents
to complete an indoor thermal investigation. The
temperature ranges in the case study sites were between 27.3 and 34.2 ºC, while the relative humidity
variations were between 50.3 and 90%. In both
buildings, the first floor rooms and the rooms oriented to the south received more heat and caused the
visitors more discomfort. Moreover, most of the
rooms had low ventilation rates and need an increase
of ventilation ranging between 0.06 and 0.1 m/s. Reducing relative humidity and securing passive ventilation are recommended to improve the thermal environment in these buildings. The conservation, thermal requirements, and control strategies during the
hot period in the Syrian coast are also discussed.

KEYWORDS:
Microclimate, historic building, conservation, hygrothermal, Arwad Island

INTRODUCTION
Relative humidity and temperature are the two
most important environmental parameters in controlling the environmental conditions in museums, in
which several collections of significant cultural
value are housed [1, 2]. Consequently, the need is
constant for concurrent monitoring for the preservation and preventive conservation of the building and
the collections [3, 4]. (UKDUGW DQG 0HFNOHQEXUJ¶V
study introduced the effects of the extremes of low
(below 30% RH) and high (above 70% RH) relative
humidity on the degradation processes, mold growth
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The importance of Arwad during the CrusadeMuslim conflicts is testified by the presence of two
fortifications, the citadel and the tower. The construction style of both Crusader and Islamic periods
can be seen in them. The cross vault construction and
the Crusader inscription of the Lusignan family in
the medieval period are on the right and left of the
main gate of the tower and the citadel, as well the
vaults and domes of the Ayyubid and Mamluk architecture style, as shown in Fig. 1. The citadel and the
tower of Arwad expertly blended the imported and
local ideas, materials, and technologies that make
them an example of indigenous creativity. Both of
them were registered as national heritage buildings
in 1959. They are the most significant buildings on
the island that are still in use. They were initially
constructed for defensive purposes but have had various uses throughout the subsequent centuries and
currently serve as a museum. The research study
benefited from providing the safe and easy access
from the local authorities to these public buildings
under the current Syrian war. The available necessary data and architectural drawings of these two
buildings were available in the Department of Antiquities and Museums in Tartous, as was the previous
study of rehabilitation of Arwad Island performed in
2005 [24]. All information about the materials and
elements of the case study sites are shown in Table
1, and an overview of all the measured rooms in the
citadel and the tower is shown in Table 2.

cause discomfort and visible damage, presented by
the green stains and mold on the walls, especially on
the ground floor. This paper, in an attempt to study
the current built environment of Arwad Island's citadel and tower, aims to provide essential datasets of
the microclimate factors of the built heritage as potential risk for conservation and to explore the appropriate control strategies to achieve climate management within the tight budgets of museums and historic buildings during the hot season in Syria.
Heat and humidity are the main issues considered for achieving comfort in the climate of Arwad
Island. Arwad Island's climate is generally moderate
Mediterranean in nature. A latitude of 34.53 ºN and
a longitude of 35.53 ºE provides a humid environment in summer and rainy winter weather with south
to southwestern prevailing winds [19]. The average
value of the diurnal highest temperature in Tartous is
in August at approximately 30 ºC, and the mean
value of the minimum temperature is in the winter in
January at approximately 7 ºC. The average humidity is between 60 and 75% [20]. The temperature in
this region has increased by 1.1 °C within the last 60
years [21, 22]. 7KH,VODQG¶VKLVWRU\EHJDQDVDVWURQJ
Phoenician kingdom in the early 2nd millennium BC
[23]. It was recorded as a Syrian national heritage
site in 1975 and submitted to the tentative World
Heritage list of UNESCO in 1999.

METHODS

(a)

This article began with exploratory research,
data collection of the island history and climate studies to form the basic facts for the study. Then, field
measurements were taken to quantify the problem,
to uncover facts and to record the actual conditions
in the buildings. Based on the equipment provided
by the University of Chongqing to carry out measurements and those that could be entered into the
case study site, the main thermal parameters (air
temperature, relative humidity, and airflow) have
been measured. The monitoring period was performed during the hottest month, for 13 consecutive
days from the 19th to the 31st of August 2015. During this period, the prevailing winds were westerly
winds; wind velocity was approximately 1.3-3.1 m/s
in the daytime; the highest temperature was 36 °C;
and the lowest temperature was 27 °C. The relative
humidity in the atmosphere was very high with mean
values ranging between 70 and 90% [25]. Measurement equipment included four temperature and relative humidity data loggers and two Testo405 anemometers for measuring the airflow and temperature.
During the measurement period, some rooms were
FORVHGWRYLVLWRUV PRYHPHQWVEHFDXVHRI6\ULD¶VFXU
rent war and the safety of buildings and archaeolog-

(b)

(d)
FIGURE 1
The features of the case study sites:
(a) Citadel entrance. (b) Tower entrance.
(c) The inscription of Lusignan Family.
(d) Arabic elements in the citadel (above) and
tower (below)
(c)
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buildings were conducted at the time the physical environmental measurements were taken. In general,
Arwad Island's buildings suffer from the durability
of the material against the humidity and salinity of
the sea. Heritage considerations in the island are limited to the local guide of using sandstone in the exterior siding in order to give the traditional character
of the historical buildings on the island, but the sandstone outer skin did not bear the humidity well and
some stones have fallen down. The staff members of
the citadel agreed that the location of their offices,
which are oriented to the south, maintain higher temperatures than rooms with a northerly position and
are uncomfortable in summer. They state that the
material of restoration should have more resistance
to the humidity. Since a short time after restoration,
the walls and the mortar do not appear to have been
refurbished. Visible damage of the building materials is presented by the green stains and mold on the
walls and can be seen in many rooms in both the citadel and tower, especially on the ground floor, due
to the sandstone's humidity sensitivity. There is no
documentation of the original design and traditional
type of window frame and model. Moreover, the current design of the windows does not provide proper
ventilation during the summer. No energy upgrading
inside the museum rooms or microclimate study has
been conducted.

ical collections inside the citadel. The thermal recording devices for monitoring the indoor air temperature and relative humidity were placed according to each room's condition and furniture at the
height of 1.1 m above the floor, as shown in Fig. 2.
The thermal recording devices for monitoring the indoor air temperature and relative humidity were set
to make the thermal measurements during 10-minute
intervals and recorded continuously for three days in
each room, as guided by the relevant standard [26].
The simultaneous measurements of the indoor and
outdoor temperature and airflow were taken, and the
arithmetic mean and the difference between outdoor
and indoor records were calculated. After the completion of measurements, the data was exported to a
Microsoft Excel 2010 spreadsheet for analysis. All
data collection and the physical measurements of the
indoor environment were analyzed and then compared with previous studies and standards to determine treatment and control strategies.

RESULTS AND DISCUSSIONS
Interview results. Twenty unstructured and
exploratory interviews with local people the director
and employees about the island heritage and selected

TABLE 1
Materials and elements of the case study sites.
Citadel

Location
Floors
Shape and Building
orientation
Material and construction
Courtyard
Walls type
External walls thickness (m)
External walls high (m)
Courtyard walls (m)
Internal walls (m)
Windows type
Windows shape
Exterior windows' design
Interior windows' design
Exterior doors
Interior doors
Insulations
Ancient systems
Energy upgrades

Tower
The eastern side near the entrance of the isThe center of the island, 14m above the sea level
land, 1m above the sea level
Ground floor and Partial first floor
Almost square shape with two round northRectangular shape, the long axis runs from south to
eastern and southwestern corners of fortified
north, with three round towers and one rectangular. All
walls. The eastern facade is completely
of them are equipped with the opening of arrows, heated
closed, while the western facade has the sinoil and stone gears.
gle gate.
Vault - dome construction carried on massive sandstone load-bearing defensive walls
Two inner courtyards. The main rectangular courtyard is
One inner courtyard (11*12.1) m
(39.4*24.1) m, and the second one is (9.8*27.1) m.
Massive sandstone masonry walls of double- layer
2.3- 2.7
2.15- 3.1
8-10 (because the different ground level of the
14
facades)
0.85-1
0.65-1
0.85- 1.3
Single pane of glass and wooden frame with thin iron bars and without shutters
The external windows with the arch ending and internal
Simple rectangular openings
openings with a rectangular shape.
One or two casements can wide open, but they leave closed because of the privacy of the residential
neighborhood
One awning can just open with angle of 45 away from the wall that relieves the ventilation
confined to the gateway were made out of two layers of wood planks alternating between vertical and
horizontal, the two layers hold together by iron studs, and reinforced and strengthened by metal plates.
The internal doors made from wood and almost the same size
No insulations, just the massive mass of the building itself in ancient time. After restoration, traditional
white lime plaster for some internal walls and ceilings, and lime- concrete for floors
Some halls have fireplaces are built within the walls and wells dug into the rock
No energy upgrades have been installed since the year of construction, except a small heating and cooling
devices for the employees in the main office and guard room in winter and summer.
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corner
(T-F1-SAC)

39.3

window

Coastguard Room
above the entrance
(C-F1- AE)

External façade openings

Fireplace

Room internal
orientation

Room3 (C-F0-R3)

Internal façade openings

openings
to wall
ratio
(OWR)

Room name

Entrance
(T-F0-E)

Tower (T)

Openings

Room area (m2)

Floor
F1

Citadel (C)

F0

Building

TABLE 2
Overview of all the measured rooms in the Citadel and Tower

30

East





1

11%

Internal façade is
too small, no external openings

Internal façade is
too small
Internal façade
windows are
closed most Time

1
with a small hole
in the ceiling

-

4%

rooms in the tower have a higher temperature than
the ground floor rooms, as the air temperature in
those spaces is easily influenced by the outdoor air
temperature with the relatively large amount of solar
radiation from the openings. Furthermore, they are

Indoor air temperature. The average air temperatures in the citadel were between 28.8 ºC, during
nighttime, and 34.2 ºC, during daytime, while the
range in the average air temperature in the tower was
between 27.3 ºC and 33.3 ºC, Fig. 3. The first floor
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influenced by the heat from the roof and walls during
the daytime. The orientation of the rooms of these
two building played a significant role in increasing
the air temperature. The rooms of the internal facade
that are oriented to the south and west in both buildings have the highest indoor temperature. While the
lowest indoor temperature was measured in the
rooms of the internal facade that are oriented to the
north and stay shaded during daylight hours, followed by those that are oriented to the east. Citadel
rooms have more thermal stability between night and
daytime than tower rooms. While the corner rooms
with their big open doors (OP and CP) of the citadel
were noticed to have obvious differences in temperature of approximately 3 ºC between night and daytime and had the lowest temperature at night (28.8
ºC) compared to other rooms. Most of the rooms'
temperatures in the tower vary between night and
day by approximately 3 ºC.

Fresenius Environmental Bulletin

50.3 and 90% in the tower, Fig. 4. The lowest relative humidity values were recorded in the first floor
rooms (AE, NAC, and SAC), and in the rooms that
are oriented to the west in the citadel and tower. The
highest relative humidity values were recorded in the
rooms oriented to the east and the north (R3, Store,
and R2) of the citadel and in the circular corners
(NCC and SCC) and rooms oriented to the south (G)
in the tower. The lack of ventilation and the effect of
moisture absorption of the sandstone may perform
the role that harms building materials and causes deterioration of the built environment in these historic
buildings. Most of the measured temperature and relative humidity values exceeded the relevant standard
for sedentary activity during summer [5]. This can
damage the building structure and materials, cause
human discomfort, and promote mold growth [27,
28]. High humidity typically occurs at night and
early morning. The castle rooms have a relatively
stable humidity in nighttime and daytime, while the
closed exterior facade and small openings towards
the courtyard of the tower contribute to a significant
increase in moisture.

Relative humidity. The relative humidity was
between 56 and 82.5% in the citadel and between

(a)

(b)

(c)

(d)
FIGURE 2
Case study sites design and equipment locations:
(a) Citadel ground floor. (b) Citadel first-floor plan. (c) Tower ground floor. (d) Tower First-floor.
Air flow anemometer Temperature and relative humidity data logger
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(a)

(b)
FIGURE 3
The measurement results of the indoor air temperature: (a) Citadel rooms. (b) Tower rooms.

(a)

(b)
FIGURE 4
The measurement results of the relative humidity: (a) Tower rooms (b) Citadel rooms
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(a)

(b)
FIGURE 5
Daily average of indoor, outdoor and the difference between indoor and outdoor wind flow during the
measurement period: (a) Citadel rooms. (b) Tower rooms.
Note: vertical error bar refers to the standard deviation
windows is not undisturbed free air but is the overheated air of the internal boundary layer formed on
the walls. The moisture content increases in the
rooms because the moisture in the walls hit by sunshine evaporates and is trapped in the uprising flow
along the wall surface, causing the growth of mold.
Therefore, there is a need to secure ventilation and
reduce the moisture. The various types of sandstone
on the coast are affected by environmental conditions with the possibility of water leakage inside
them. Hence, it is necessary to evaluate the durability and moisture susceptibility of building materials
for the selection and upgrade of conservation materials.

The indoor and outdoor wind flow. The highest value of ventilation exists in the open prison (0.24
m/s) in the citadel and in the entrance (0.17 m/s) and
the Iwan (OP) (0.12 m/s) in the tower, as shown in
Fig. 5, because of they are entirely open to the inner
courtyard. The rooms of the first floor in both buildings have relatively high ventilation rates with a
small difference between outdoor and indoor wind
flow because of their openness to the wind direction
and to the outside. The size of the courtyard in these
two buildings did not play a significant role in
providing ventilation for the rooms. The ventilation
still has very low values in most rooms ranging between 0.05 and 0.08 m/s. This is due to the enveloping massive walls closing towards the outside in the
original design and the partial opening of the internal
windows added later during operation, which further
minimizes the ventilation. Most of the time, the outside windows of the citadel are closed to offer privacy to the residential neighborhood of the citadel.
Both buildings need an increase in ventilation ranging between 0.06 and 0.1 m/s compared to the 0.15
m/s of the ANSI/ASHRAE standard for occupant
comfort and collection conservation [29].

The visitors' comfort and preserving collections. To affirm the results, particularly during the
opening times of the museum, a simultaneous measurement of the indoor and outdoor temperature was
done for each room between 9 am and 5 pm each day.
The lowest indoor temperature is in the rooms with
the internal facade oriented to the north (R2 and OG)
and in the corner rooms of the ground floor (CP,
SCC, and NCC). The results reveal the general increase in the temperature as high as 36 ºC at approximately noon demonstrates the importance of considering noon and early afternoon hours as the times
that the buildings receive the most heat during the
day. The high temperature occurred in the rooms of
the internal façade, which are oriented more to the
south (R4 and G) compared to the remainder of the
rooms, followed by the rooms oriented to the east
during the opening times in both case study sites, as
shown in Fig. 6. The first floor rooms in the tower

The moisture and mold growth. A moisture
and mold growth problem occurred in the indoor
rooms of the analyzed building. Solar radiation overheats the roof and massive walls, which then store
and transmit the heat to the indoor environment. This
forms an uprising current of overheated air in summer and sucks in outside air from the window openings. The external air entering through the awning
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located opposite each other in the citadel's rooms are
useful for cross ventilation. The openings at a high
level would naturally aid in reducing the moisture
and would vent the hot air out when opened.
Consideration should be taken to preserve collections and provide the visitors comfort. The mechanical fan ventilation systems could be a solution
to remove larger quantities of moisture quickly from
WKHWRZHU¶VJURXQGIORRUURRPVWRWKHRXWGRRUVEH
cause it is closed to the outside and not receiving airflow through the openings from the small internal
courtyard. If an HVAC system should be needed to
have constant thermal parameters and stability in
condition after investigating the criteria, one or two
rooms in each building could be treated to meet the
standards for conservation in accordance with the
specifications of the museum community.
Consideration should be taken to organize the
space in regards to its use depending on the time of
day and the orientation. Suitable places to properly
and safely display the exhibitions should account for
the lighting system, the need for shading, and thermal insulation to reduce the heat flow from the sun
as it reflects against the walls and roof. Special attention should be given to the heat from the roofs because they receive the largest amount of solar radiation. Investigating the properties and making a microscopic analysis of the sandstone is imperative and
recommended to understand the performance and
moisture control of the stone. Strengthening the natural elements such as heat, moisture, insolation, and
wind is important to ensure the proper thermal requirements and the balance between the effects of
the external environment and the internal activities
of the occupants and visitors inside the museum during different climatic periods.

have the highest temperature compared to the remainder of the tower rooms, while the first floor
room in the citadel has a relatively low temperature
compared to the remainder of the citadel rooms. In
the comparison of the rooms on the first floor in the
citadel and the tower, we find the latter has a higher
indoor temperature by two degrees, and the indoor
temperature in them is similar to the outdoor temperature and is sometimes higher, especially at noon.
Perhaps the reason is due to the large space that is
open to the outside with many openings compared to
the tower rooms with smaller spaces. All of the
above emphasize the importance of accounting for
the microclimate features during the operating period in the analyzed buildings' rooms to secure visitors comfort and to preserve collections.

CONTROL STRATEGIES
The following control strategies during the hot
period would be the basis to support further experimental and numerical analysis of natural ventilation
and thermal conditions on Arwad Island and would
be useful for preserving the buildings and respect the
characteristics of the local environment:
Passive ventilation using natural and variable
wind speed secures moving ventilation from the internal courtyards to the rooms and helps maintain
comfortable conditions inside the buildings to endure the annoying moist heat in the summer with the
lowest costs. Redesigning the window types and
their open-close mechanisms will help decrease
moisture and improve the environment, controlling
the prevailing winds in order to provide temporal
ventilation and appropriate air speed. The windows

(a)

(b)
FIGURE 6
Daily average of indoor, outdoor and the difference of the indoor and outdoor temperature during the
measurement period: (a) Citadel rooms. (b) Tower rooms.
Note: vertical error bar refers to the standard deviation
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[3] Corgnati, S.P., Fabi, V. and Filippi, M. (2009)
A methodology for microclimatic quality evaluation in museums: Application to a temporary
exhibit. Building and Environment. 44, 1253±
1260.
[4] Camuffo, D., Bernardi, A., Sturaro, G., Valentino, A., (2002) The microclimate inside the
Pollaiolo and Botticelli rooms in the Uffizi Gallery, Florence. Journal of Cultural Heritage. 3(2),
155-161.
[5] Erhardt, D. and Mecklenburg, M. (1994) Relative humidity re-examined. Studies in Conservation. Preprints of the Contributions to the Ottawa Congress, 12-16 September 1994. Preventive Conservation: Practice, Theory and Research. 39(sup.2), 32-38.
[6] Camuffo, D., Van Grieken, R., Busse, H.-J.,
Sturaro, G., Valentino, A., Bernardi, A., Blades,
N., Shooter, D., Gysels, K., Deutsch, F., Wieser,
M., Kim, O. and Ulrych, U. (2001) Environmental monitoring in four European museums. Atmospheric environment. 1(35sup.), 127-140.
[7] Mecklenburg, M.F., Tumosa, C.S. and Prid, A.
(2004) Preserving Legacy Buildings. ASHRAE
Journal. 46, 18-23.
[8] Erhardt, D., Mecklenburg, M.F., Tumosa, C.S.
and McCormick-Goodhart, M. (1995) Determination of allowable RH fluctuations. Newsletter
(Western Association for Art Conservation). 17,
19-23.
[9] Tsoutsos, T., Karagiorgas, M., Zidianakis, G.,
Drosou, V., Aidonis, A., Gouskos, Z., Costas, M.
(2009) Development of the applications of solar
thermal cooling systems in Greece and Cyprus.
Fresen. Environ. Bull. 18, 1367-1380.
[10] Farmaki, M.-E., Kyriafini, T.I., Assael, M.J.,
Kakosimos, K.E. (2016) Simulated and measured performance investigation of a bioclimatic
summer residence in Greece. Fresen. Environ.
Bull. 25, 2803-2812.
[11] Balocco, C., Grazzini, G. (2009) Numerical
simulation of ancient natural ventilation systems
of historical buildings. A case study in Palermo.
Journal of cultural heritage. 10(2), 313-318.
[12] Haydar, F. and Pediaditi, K. (2010) Evaluation
of the environmental impact assessment system
in Syria. Environmental Impact Assessment Review. 30, 363±370.
[13] Hassan, M. (2006) Differentiation of bioclimatic regions in Syria and its effect on architectural designs, Lattakia, Syria. Diploma of high
VWXGLHV¶V Thesis. Faculty of architectural engineering, Tishreen University.
[14] Arroyo, F., Villegas-Sánchez, R. (2013) The
church of Saint Martin (Trujillo, Spain): Study
of the stone degradation. Journal of Cultural
Heritage. 14(3), e109-e112.

CONCLUSIONS
This paper has presented the environmental and
historical overview of the most important archaeological buildings still in use on Arwad Island and the
indoor thermal measurements in summer. By analyzing the results obtained in the historic buildings,
most of the measured temperature and relative humidity values exceeded the relevant standard for sedentary activity during summer conditions, which can
damage the building structure and materials, cause
human discomfort, and promote mold growth. Measurement results confirmed the importance of providing cross ventilation and the need for reducing the
relative humidity during the summer. As the first microclimate research on Arwad Island, the findings
are important to explore the knowledge of the current
thermal situation of the local historical buildings and
determine the problems in order to generate future
guidelines for maintenance, restoration, and operation. Future studies should include a detailed examination of parameters affecting the built environment
through a computer simulation analysis and accompanied by prototype construction for measurements
to provide a comprehensive study, especially in validating theoretical methods for thermal predictions
of any building design. Further studies concerning
reducing moisture and increasing thermal comfort
might be performed in residential buildings to have
a broader image of the thermal comfort phenomenon
on Arwad Island and in the old city of Tartous.
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its permeability and improving mobility ratio [1-4].
However, the use of polymers has also created problems along with economic benefits for reservoir research. Injecting polymers can cause great changes
in pore structure and reservoir properties, which
could further influence log response, and thus create
problems for log interpretation and hydrocarbon interval recognition [5-9].
Production engineers and geologists know that
polymer flooding will bring a remarkable change to
the well log response based on large amounts of log
data [10-15]. But the detailed characteristics of the
change of pore structure and well log response are
still unclear and corresponding experiments are also
lacked. This results in over dependency of log interpretation model on the statistical analysis of well log
data and poor accuracy rate of interpretation, after
polymer flooding is implemented. Therefore, Gudao
oilfield in eastern China is studied as a case to discuss the effects of polymer flooding on the petrophysical properties of sandstone reservoirs in this paper, through the analysis of log data and laboratory
testing [16].

As a kind of oil driving injectant, polymer solution can effectively improve hydrocarbon recovery, but also lead to profound changes in the log responses of reservoir, causing problems for interpretation in the late phase of oilfield development. Taking Gudao oilfield in China as an example, through
analysing and comparing laboratory testing data and
well log data in different development stages, the effects of polymer flooding on petrophysical characteristics of sandstone reservoir is fully discussed.
The results indicate that polymer solution has weak
electrical conductivity, which is mainly affected by
the mineralisation of its mother liquor. Polymer solution injection can effectively improve the pore
structure of reservoirs, increase the pore throat radius
and decrease the variation coefficient. Polymer
flooding decreases electrical resistivity of sandstone
reservoirs, which smoothens the fluctuation of micro-electrode logging curve, decreases the amplitude
of resistivity curve, and enlarges the amplitude of induction conductivity log. The results lay foundation
for further research of establishing log interpretation
model after polymer flooding, and provide theoretical basis for establishment and adjustment of reservoir development programme.



)"# %

A:0;4708=< 70=39/< Gudao oilfield is located in Dongying city, Shandong province in geography, right by the east of Zhanhua sag in Jiyang depression of Bohai Bay Basin (Fig.1). Gudao oilfield
is an unfragmented reservoir, and its major oil-bearing layer is the upper interval of Guantao formation
of Neogene, which can be further subdivided into six
sand units, namely Ng1~6 [17]. According to its internal structural characteristics, Gudao oilfield can
be divided into 6 major development segments, including central district 1, central district 2, southern
district, western district and Bo21 fault block. This
paper takes Ng3 polymer injection block in central
district 1 as an example to discuss the effects of polymer flooding on the petrophysical characteristics of
sandstone reservoir.

*(!#$
Polymer solution, electrical resistivity, pore structure, resistivity logging



 %#!&%! 
Since 1950s, polymer flooding has been used
as an effective technique to improve recovery in over
200 oilfields around the world. Polymer flooding is
an operation whereby suitable water-soluble polymers with high molecular weight are added to injectant water for incremental oil recovery, by increasing viscosity of aqueous phase fluid, decreasing
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Polymer solution is also called electrolyte solution.
Most of the polymers used in oilfield today are partially hydrolyzed polyacrylamide, with high molecular weight, about 1520×106. The electrical conductivity characteristics of such polymer solution are
different from that of injection water. The resistivity
log response is largely affected by injecting this kind
of polymer solution, due to its inherent electrical
conductivity. Therefore, the characteristics and influence factors of polymer solution should be fully
researched through experiments.
The type of formation water of Ng3 sands unit
is NaHCO3. The total degree of mineralisation was
3898 mg/l in the initial stage of development of Ng3
sands unit, and it has experienced three phases of development: (1) Water flooding development phase
(1971-1994), when there are 40 injection wells, 85
oil wells and 76 open wells. Its composite water cut
is 93.7%, and recovery percent is 38.14%, and the
final water drive recovery predicted is 43.8%; (2)
Polymer flooding development phase (1994-1997),
when clean water is used for polymer mother liquor
(its concentration range within 3000 – 5000 mg/l),
which is then diluted into the concentration required
for injection by high-pressure sewage. Totally 8659
t polymer dry power and 505.91×104m3 solution are
injected, and. (3) Subsequent water flooding phase.
The resistivity of totally 3 types of polymer solution is measured in order to study the characteristics of its inherent electrical conductivity.
Experimental conditions: (1) Types of polymer: MO―4000―HSF produced by Mitsubishi
Rayon (used in central district 1 of Gudao oilfield);
(2) Water used: distilled water, clean water (degree

of mineralisation is 680 mg/l) and sewage (degree of
mineralisation is 4000 mg/l); (3) Concentration of
polymer solution: 0, 100, 250, 500, 1000, 2000, and
5000 mg/l.
Under above conditions, the electrical resistivity characteristics of different polymer solutions
with various solvents and concentrations are measured, in order to analyse the effects of its concentration and mineralisation on the resistivity of polymer
solution.
#$&%$ $&$$! 

60.=;4.,6;0<4<=4?4=B.3,;,.=0;4<=4.<91:96B
70;<96>=498Electrical resistivity of polymer solutions with different solvents and concentrations are
respectively measured, under above experiment conditions. The results are shown in Table 1 and Fig. 2.
Experimental results show that the electrical resistivity of these polymer solutions can differ around
15 times. Resistivity of sewage solution is 0.5 Ω m,
and that of clean water solution is 5.1 Ω m, while that
of distilled water is 37.2 Ω m. The great differences
of their resistivity, reaching an order of magnitude,
indicate that the main factor controlling resistivity of
polymer solution is the degree of mineralisation of
solvents.
As Fig. 2 shows, electrical resistivity decreases
with the increase of concentration of polymer solution, under the same condition. Resistivity of distill
solution decreases fastest, by approximately exponential decline, followed by clean water solution,
while the decline of resistivity of sewage solution,
with increasing concentration, is not apparent.
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Formulation

Distilled water for
mother liquor

Clean water for mother
liquor

NaCl solution (4000
mg/l) for mother liquor

Solution resistivity (Ω m)
87.7
64.5
42.1
28.6
19.8
11.9
5.70
6.09
5.83
5.70
5.26
5.00
4.20
3.48
0.62
0.61
0.58
0.57
0.54
0.52
0.37

Concentration (mg/l)
0
100
250
500
1000
2000
5000
0
100
250
500
1000
2000
5000
0
100
250
500
1000
2000
5000

Average (Ω m)

37.2

5.10

0.50



3,82091;0<0;?94;:,;,70=0;<,1=0;:96B
70; 1699/482 The carrying and retention effect
caused by the polymer flowing through the porous
medium improves the pore structure of reservoir
rocks, and thus change the reservoir parameters. The
sealed cores of Z12-J411 and Z10-J413 well in Ng3
sand unit were obtained and used for data analysis.
These cores in the two wells are similar in aspects of
sedimentary facies, water injection multiples, degree
of reserve recovery, composite water cut, etc. The
cores of Z12-J411 well were obtained before polymer flooding, and the cores of Z10-J413 well were
obtained after (Table 2). Therefore, using the sealed

core analysis technology, comparing the results of
laboratory analysis of two well cores, the changes of
macro and micro physical parameters of reservoir
before and after polymer flooding were summarised.
,.;9<.9:4. :3B<4.,6 ;0<0;?94; :,;,70=0;<
.3,820 The porosity, permeability and shale content of 695 core samples of Z12-J411 well and Z10J413 well in Ng3 unit in laboratory (Table 3) were
determined, and the changes of macroscopic physical reservoir parameters after polymer flooding were
analysed.
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Well
name

Logging
time

12-J411

1996.12

10-J413

2000.10

% 
@066,8/+ 
@0664819;7,=498



Phase
before
polymer
flooding
after
polymer
flooding

Sand
units

sedimentary
microfacies

Stream
line

Water
injection
multiples

Degree of
reserve
recovery (%)

Composite
water cut (%)

Ng3

Point bar

main stream
line

1.5

35.41

92.22

Ng3

Point bar

main stream
line

1.7

37.28

94.61


% 
,.;9<.9:4.:3B<4.,6;0<0;?94;:,;,70=0;<4816>08.0/-B:96B70;1699/482
Sand
unit

Ng33

Ng34

Ng35

Phase

Porosity
average
value
(%)

sample
number

before polymer flooding
after polymer
flooding
before polymer flooding
after polymer
flooding
before polymer flooding
after polymer
flooding

62

Permeability
deviation
(%)

33.0

sample
number

average value
(10-3μm2)

55

1448.0

Shale content
deviation
(10-3μm2)

3.5
51

36.5

45

36.6
37.2

73

36.8

14

1903.8

37

3328.3

35.6

31

8.9

19

8.66

24

6.6

12

3862.8

23

3.3

62

3185.0

39

5.2

11

2.9

-3.3

3435.0
11

6620

deviation
(%)

-0.2

534.5

-1.2
24

average
value (%)

455.8

0.6
54

sample
number

-2.3

&# 
#0<0;?94;74.;9<.9:4.:,;,70=0;<.3,820,1=0;:96B70;1699/482
% 
#0<0;?94;74.;9<.9:4.:,;,70=0;<.3,820-019;0:96B70;1699/482
Phase
Before polymer
flooding
After polymer
flooding
Phase
Before polymer
flooding
After polymer
flooding

Porosity Permeability
(%)
(10-3 μm2)

Expulsion
pressure
(Mpa)

Pressure of 50%
Average pore
mercury
throat radius
saturation
(um)
(Mpa)

Variation
coefficient

Maximum
mercury
saturation
(%)

Structure
coefficient

34.1

156

0.0938

0.9119

2.733

0.745

65.38

2.041

34.5

637

0.0527

0.1722

5.032

0.609

84.33

1.714

Uniformity
coefficient

Lithology
factor

Ejection
efficiency
(%)

Structure
coefficient

Porosity Permeability
(%)
(10-3μm2)

Pore throat radius
Maximum pore
of 50% Mercury
throat radius
saturation
(um)
(um)

34.1

156

7.842

0.807

0.347

0.5441

34.79

0.658

34.5

637

13.968

4.271

0.353

0.583

27.04

0.958
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816>08.091:96B70;1699/48298;0<4<=4?4=B
91;0<0;?94;;9.5<Polymer flooding has a great impact on resistivity logging, on the one hand, the polymer solution itself has weak conductivity, thus the
residual polymer influences resistivity logging; on
the other hand, polymer flooding changes the resistivity of reservoir rocks. In the third chapter, the conductivity of polymer solution is discussed in detail,
therefore, this section mainly discusses the effect of
polymer solution on the resistivity of reservoir rocks
by means of laboratory analysis, and with the comparison of well logging curves, summarize the variation characteristics of resistivity logging after polymer flooding.
The mother liquor of polymer solution is clean
water and sewage water is used for dilution and injection (concentration of the mother liquor: 800
mg/l; concentration of the NaCl solution: 4000
mg/l). The experimental steps are as follows:
(1) Take a certain core of Ng3 units in study
area, and inject formation water into the core to the
saturation state;
(2) The formation water in the core is displaced
with crude oil of Ng3 unit to the bound water state.
(3) Use the polymer solution to replace the
crude oil in the core to the residual oil state. And in
the process measure the rock resistivity constantly.
The results are shown in Fig. 4. It is concluded
that as the Sw (water saturation) goes up, the resistivity of the core decreases, and the whole process is
divided into 2 parts: (1) at first as Sw goes up and
polymer solution constantly displace the oil in the
pores, the resistivity of the core goes down quickly
because resistivity of polymer solution is far less
than that of the oil and bounded water in the pore;
(2) in the late period the oil and formation water is
generally displaced by polymer solution, and the decrease trend of the resistivity is weaken and generally reach to balance.

The results show that the average permeability
increases by 1475×10-3 μm2, the shale content decreases by 1.9% and the porosity increases by 1%. It
can be concluded that the porosity is basically unchanged, the air permeability slightly increases, and
the shale content slightly decreases. Therefore, it is
considered that the polymer flooding has no obvious
influence on the macroscopic physical parameters of
the reservoir.
4.;9<.9:4. :3B<4.,6 ;0<0;?94; :,;,70=0;<
.3,820 Core samples capillary pressure curve of
Z12-J411 well and Z10-J413 well in Ng3 unit was
determined, the changes of microscopic physical
property parameters caused by polymer flooding
were analysed, and the results of effect of polymer
flooding on the reservoir microscopic parameters are
summarized in Fig. 3 and Table 4.
Comparison of samples with similar porosity
and permeability clearly reflects the trend of change
of microscopic parameters after polymer flooding.
The result shows that the pore throat radius increases
from 2.733 to 5.032 µm, and the variation coefficient
decreases from 0.745 to 0.609. This means that after
polymer flooding, the pore throat is smooth, and the
aeolotropism decreases, so generally, the microscopic pore structure becomes better.
3,820 91 @066 692 ;0<:98<0 ,1=0; :96B70;
1699/482 Through sorting and analyzing the field
data, the logging response characteristics change after polymer flooding. Taking Ng3 sand unit as an example (the concentration of the mother liquor of polymer solution is 3.0 ~ 5.0 g/l, the high pressure sewage with degree of mineralisation of 7.093 g/l is used
for dilution), the effect of polymer flooding on well
log response characteristics.
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No

1

2

3

4

5
6

7

8
No

9

10

11

12

13

14

15

Well number
Zhong1-17-K521
Zhong1-18-K021
Zhong1-17-521
Zhong1-18-20
Zhong1-17-K18
Zhong1-17-K17
Zhong1-17-718
Zhong1-19-715
Zhong1-19-815
Zhong1-20-326
Zhong1-19-15
Zhong1-9-210
Zhong1-8-K511
Zhong1-9-409
Zhong1-8-309
Zhong1-9-K10
Zhong1-8-511
Zhong1-17-215
Zhong1-16-415
Zhong1-14-K413
Zhong1-14-413
Zhong1-14-516
Zhong1-15-K13
Zhong1-15-315
Zhong1-15-713
Zhong1-15-13
Zhong1-10-J413
Zhong1-11-J11
Well number
Zhong1-19-411
Zhong1-18-211
Zhong1-20-K18
Zhong1-19-10
Zhong1-13-817
Zhong1-13-717
Zhong1-14-817
Zhong1-5-815
Zhong1-15-811
Zhong1-15-211
Zhong1-15-011
Zhong1-15-209
Zhong1-16-611
Zhong1-16-511
Zhong1-17-10
Zhong1-12-209
Zhong1-14-K9
Zhong1-14-409
Zhong1-14-9
Zhong1-4-K16
Zhong1-3-412
Zhong1-4-K511
Zhong1-3-411
Zhong1-5-214
Zhong1-5-814
Zhong1-5-714
Zhong1-5-414

Date
2005
1998
1994
1985
1997
1996
1978
2000
2000
1988
1972
2004
1999
1998
1988
1986
1981
1994
1983
1994
1981
1981
2000
1987
1987
1971
2000
1992
Date
1997
1994
1994
1972
2001
2001
1992
1992
2000
1994
1993
1995
1985
1981
1972
1995
1988
1983
1974
1995
1995
1994
1983
1999
1992
1987
1983

Development period
subsequent water flooding
polymer channeling period
high water-cut
high water-cut
polymer flooding response
polymer flooding response
middle water-cut
subsequent water flooding
subsequent water flooding
high water-cut
elastic exploitation
subsequent water flooding
subsequent water flooding
subsequent water flooding
high water-cut
high water-cut
middle water-cut
high water-cut
middle water-cut
high water-cut
middle water-cut
middle water-cut
subsequent water flooding
high water-cut
high water-cut
elastic exploitation
subsequent water flooding
high water-cut
Development period
polymer flooding response
high water-cut
high water-cut
elastic exploitation
subsequent water flooding
subsequent water flooding
high water-cut
high water-cut
subsequent water flooding
high water-cut
high water-cut
high water-cut
high water-cut
middle water-cut
elastic exploitation
high water-cut
high water-cut
middle water-cut
elastic exploitation
high water-cut
high water-cut
high water-cut
middle water-cut
subsequent water flooding
high water-cut
high water-cut
middle water-cut

2212

Water content (%)
73,7

89,8
64,9

86,5
71,8
87,3

72,6

91,8
Water content (%)
95,6

76,7
62,1

63,4
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  3,;,.=0;4<=4.< 91 #=  7 6922482
.>;?0< After water flooding, Rt logging curves in
Ng3 horizon are funnel-shaped. After polymer
flooding, Rt logging curves are box-shaped which
mean homogeneous flooding. In subsequent water
flooding period, resistivity decreases and Rt logging
curves are low-amplitude tabular (Fig. 6).
Consistent with the variation of core resistivity
after polymer flooding, reservoir resistivity decreases by the further development period (Fig. 7).
In polymer flooding period, resistivity significantly
decreases. It decreases from 25 Ω m in response period to 7 Ω m in polymer channeling period.

',;4,=498 .3,;,.=0;4<=4.< 91 ;0<4<=4?4=B 692
2482;0<:98<0,1=0;:96B70;1699/482 In order to
revealing the differences of resistivity logging response characteristics after polymer flooding in Ng3
sand unit in the study area, 15 correlation well
groups (55wells in total) are selected after considering about the data before and after polymer flooding
of the new wells and some wells in early and middle
development periods (Table 5). Through comparative analysis among the same sand units, same microfacies or same flow units and depositional energy
unit layers, the differences of variable logging response characteristics after polymer flooding are revealed.

  3,;,.=0;4<=4.< 91 48/>.=498 6922482
.>;?0<After water flooding, induction conductivity
increases. According to Fig. 8, the electrical indexes
of Z5-214 correlation well group decrease from high
water-cut development to subsequent water flooding. Resistivity decreases from 40 to 6 Ω m and induction conductivity increase from 75 to 200 mS/m.
SP logging curves has negative anomaly.

  3,;,.=0;4<=4.< 91 74.;9060.=;9/0 692
2482.>;?0<;0<:98<0In early development period,
micro-electrode logging curves are zigzag and curve
amplitude varies widely. After polymer flooding,
logging curves in water flooded zones are smooth
and curve amplitude varies significantly smaller. After subsequent water flooding, micro-electrode logging curves become more smooth (Fig. 5).
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Through experiment analysis, theoretical derivation and data comparison, four conclusions are obtained by summarising the effects on reservoir petrophysical features caused by polymer flooding in
Gudao oilfield.
(1) Polymer solution has weak conductivity.
Resistivity is mainly affected by salinity of configuration mother liquor. Resistivity decreases with the
increase of salinity of mother liquor. Resistivity is
also affected by polymer solution concentration. Resistivity decreases with the increase of polymer solution concentration.
(2) Polymer flooding has no obvious effect on
macroscopic petrophysical parameters. Because of
entanglement effect of polymer molecule, polymer
flooding improves pore structure of reservoirs to
some extent, which results in higher mean pore radius, lower variation coefficient, lower shale content, and lower inhomogeneity.
(3) After polymer flooding, the resistivity of
reservoir decreases rapidly because the resistivity of
polymer solution used is far less than the resistivity
of oil and formation water.

(4) Because of the effects caused by polymer
solution on the resistivity of reservoir, micro-electrode logging curves whose amplitude varies widely
become flat after polymer flooding. Besides, amplitude of Rt logging curves decrease and amplitude of
induction logging curves increase.
## $
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Soil salinity is a severe global problem, particularly in developing countries, because it has an
enormous impact on the environment, agricultural
productivity and engineering construction areas. The
objective of this study was to investigate the water
migration characteristics of soda alkaline saline soils
in samples from Ao’baopao of Nong’an in western
Jilin Province to provide a better understanding of
water migration and secondary salinization of sodaalkaline saline soils. The basic physicochemical
properties of soda-alkaline saline soils were obtained
through comprehensive laboratory experiments.
Simultaneously, one-dimensional soil column water
migration tests were conducted using a natural
method and a freezing method in the laboratory. The
results of the natural method show that capillary action played a limited role in water migration of the
soil samples. Water migration is more apparent in
the freezing method than in the natural method, suggesting that the mechanics of freezing played a major role in the water migration of the sample soils rather than capillary action. The result of the freezing
method shows that amount of water migration increases as the time spent on frozen increases and that
water migration mainly occur in the edges of the
thermal insulating layer. The trend of water migration is from freezing soils to frozen soils. In addition,
in both experiments, the different degrees of compactions affected the height to which the water rose,
and this height decreased as the compaction degree
increased. Considering the results of mercury intrusion porosimetry (MIP), the mesopores may be the
main channel for water migration.



problem with severe economic and social consequences, especially in arid and semiarid regions. Soil
salinization is one of the main causes of land degradation and productivity loss [1-3]. In China, more
than 6.62% of the 1.48×108hm2 of crop soils are saline, and the salinization of land has become a major
problem demanding a prompt solution [4]. Moreover, the problems caused by saline soil has been exacerbated by human activities, examples of which
are deforestation, overgrazing, irrigation without
proper drainage and use of chemical de-icing of road
[5-9].
In the last two decades, most studies and efforts
have been dedicated to the amelioration of saline
soils in agriculture to increase the productivity of
land. For instance, sulfur-removal gypsum was applied as an amendment to soda saline-alkali soil in
Liaoning Province that resulted in maize growing in
barren lands and increased its yield [10]. Some key
techniques and researches for the sustainable development of agriculture in salinity soil area were also
suggested [11-13], and the effect of water logging
and soil salinity on crop and land productivity were
studied in India [14]. Comparatively, the engineering impacts caused by saline soil and salinization especially in road engineering [15-16], such as foundations damage from concrete corrosion caused by
salt migration, road pavements damage from haphazard heave, load -settlement and salt expansion,
have not been given sufficient attention [17]. Therefore, from the engineering point of view, a comprehensive and systematic study of saline soil is very
necessary.
The coupled solid and liquid -phases and the
thermal and salinity stress from saline soils are the
core of the abovementioned engineering impacts
[18-20]. The macroscopic expression of multiphysical field interactions is water migration in soil mass.
In other words, water migration in the soil mass is
the basis upon which to study various engineering
impacts. Until recently, many studies have been carried out to exmine the characteristics of water migration. For example, a series of experiments studied
water migration in freezing and frozen soils [21].
Considering the effects of different grain size com-

,*"%&
Water migration, soda-alkaline saline soil, compaction degree, time frozen
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As one of the most common land degradation
processes, soil salinization is a global environmental
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positions, the relationship between the water migration and time was obtained [22-23]. Some transport
models of water were also established [24-26]. At
the same time, laboratory experiments were carried
out to study the effects of compaction degree on capillary water in saline soil, sampled from Zhen’lai
and Da’an in western Jilin Province, [27-28]. Furthermore, water migration moving patterns and variations in shear strength were studied in representative crude saline soils, sampled from twelve different
places in Kashi Sinkiang, P.R. China, during freezing and thawing cycles in open systems [29]. Considering the inducements of salt and temperature gradients, salt and water transfer were also studied in
the permafrost area [30].
To some extent, these results could provide a
reference for the design and maintenance of roads.
However, the engineering properties of saline soil
are considerably different in different regions due to
significant regional characteristics. Thus, the abovementioned conclusions may not be widely applicable
[31]. Western Jilin Province is not only a l region
with typical soda-alkaline saline soils but also a region where soil typically freezes seasonally, with
surface soils freezing for up to 5 months in the winter
[32]. The objective of this paper was to study the water migration characteristics of soda alkali-saline
soil. First, a series of laboratory experiments was
conducted to analyze the physicochemical characteristics of crude soda-alkaline saline soils, which were
sampled from western Jilin Province. Second, according to a property analysis, a representative sample was selected and a comprehensive approach was
conducted for two group experiments. One experiment was the natural method of capillary rise under
normal conditions, while the other experiment simulated water migration under freezing conditions, using proprietary equipment designed and manufactured by Jilin University. Finally, the laws of water

migration for soda-alkaline saline soils were summarized and analyzed. This study improves the understanding of the water and salt migration characteristics of soda-alkaline saline soils in western Jilin
Province, China.
&>?1B.<2.The study site is in a town called
Nong’an, in western Jilin Province, which is one of
the world’s three main soda saline-alkali soil areas,
located in the hinterland of the Songnen Plain [11].
The exact location of the sampling site is Ao’BaoPao
[45°20’45.94”N, 124°58’7.78”E] of Nong’an, as
shown in Fig. 1. From east to west, the climatic zone
ranges from temperate semihumid to semiarid, with
an annual precipitation of 400-600 mm, of which
70%-80% is concentrated in July-September. Due to
the continental monsoon climate, evaporation is intensive, reaching 1600-1800 mm, which is as much
as 4-5 times the amount of annual precipitation. The
periods of salinization mainly occur in the spring and
autumn, while the summer is the salt leaching period.
The appearance of frozen layers occurs in the winter
(the minimum temperature usually appears in January, the average temperature of which is -17). The
different climatic conditions contribute to salinization.
The sampling site is patchy bare land, and the
surface soils, are severely affected by salts, with intensive evaporation and a bright white, crusty appearance when dry. Field investigations show that
the water content of the surface soils is low, resulting
in the soil feeling hard to the touch, but the water
content increases as the soil depth increases, resulting in a soft and creamy texture. In addition, the soils
are dark-gray, indicating that they contains a certain
amount of humus, which is especially obvious 10 to
40 cm below the surface (Fig. 2).
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<.69=6C216=><6/?>6:9.914<.1.>6:9:3>52=:67
Gravel
Sand
Silt
Clay
Sample
Cu
ID
>2 mm
2-0.07 5mm
0.075-0.005 mm
<0.00 5mm
NA_D40
0.1
7.6
61.0
31.4
23.0
Note: classification based on Ref. [33]

Cc

Gradation

0.4

Poorly graded

' 
.=60;<:;2<>62=.9107.==6360.>6:9:3>52=:67
 


 
Sample
IL
state
classification
IP
3
ID
(%)
(g/cm )
(%)
(%)
NA_D40
31.1
1.89
21.1
51.7
31
0.33
plastic
CH
Note: classification based on Ref. [34] : natural water content : natural density: plastic limit: liquid limit
IP: plasticity index IL: liquid index

Sample
ID
NA_D40

Na+
164.9

K+
0.25

' 
52860.705.<.0>2<6=>60=:3>52=:67
Concentration (mmol/kg)
Mg2+ Ca2+ HCO3ClSO42- CO3213.7
3.6
14.2
8.9
17.2
0.0

'%&! '"&

TDS
222.75

CE
C
165

PH
7.63

OM
(%)
0.90

silty clay. Due to the high clay content, the value of
the liquid limit is relatively high reaching 51.7%.
The total dissolved solids (TDS) and cation exchange capacity(CEC) of test soil are 222.75
mmol/kg and 165 mmol/kg, respectively, and the
Na+ content is the highest. As shown in Fig. 3, it is
apparent that the primary mineral content is more
than the secondary mineral content. For the primary
mineral content, quartz(Q) content is the highest, followed by the plagioclase(PI) and common feldspar(fs), and calcite(Cc) content is the lowest. For
the secondary mineral content, kaolinite(K) content
is the highest.
To study the water migration of soda alkali-saline soil, two group experiments were established,
one experiment was the natural method of capillary
rise under normal conditions (the observation was
approximately 90 days), while the other experiment


The field investigation and sampling were carried out on October 26, 2014. At the salt pit (150
cm*60 cm*150 cm), the soil samples were collected
at intervals of 10 cm. According to our previous
study [27-28], the soil sample from the depth of 40
cm (NA_D40) was selected as the test soil, since this
sample was most representative of the soil’s overall
particle size composition and salt content (in particular, it contained the highest content of Na+, excluding the surface soils). The basic properties of
NA_D40 are shown in Tables 1-3. The mineral composition of Na_D40 is shown in Fig. 3. As shown in
Table 1, for the test soil, the silt content is the highest, followed by the clay content and sand content,
and the gravel content is the lowest. According to the
Ref. [32] soil classification standard, the test soil is
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simulated water migration under freezing conditions. The specimens were frozen for 5 days (shortterm freezing) and 90 days (long-term freezing) to
study the impacts from being frozen for different durations. The purpose of this paper is to study the water migration of soda alkali-saline soil and to apply
the findings to engineering construction problems,
caused by saline soils, in western Jilin Province.
Thus, both experiments considered the impact of
compaction degree which is usually the standard to
control construction quality, especially in the process of road construction. Based on the optimum water content and maximum dry density, which were
determined using the method described in Ref. [35],
soil columns with three compaction degree levels
(85%, 90% and 95%) were established for both experiments. Then, the pore distribution characteristic
of the original soil and remolded samples (85%,90%
and 95% compaction degree) were analyzed with

MIP, using the AUTO-PORE 9500 (Micromeritics
Instrument Corp. America). The porosity characteristics of the soils are shown in Table 4.
The natural method was conducted using the
operation specification described in Ref. [37]. The
rising height of the capillary water was measured using a capillary rise tube, which is a transparent
acrylic cylinder with an internal diameter 50 mm and
a height of 200 mm. The soil was initially ovendried, and then, it was placed at the controlled dry
densities given in Table 5 and kept for 24 hours in a
sealed environment to ensure that the water would
adequately diffuse. The specimens were formed by
compacting the soil in twenty layers, 30 mm in thickness, into the acrylic cylinder with the same amount
of soil that was obtained per the target water content
and dry density. Then, a soil scraper was used to trim
the interface to guarantee continuity between layers.

(% 
692<.70:8;:=6>6:9:3=:67=
' 
#:<:=6>B05.<.0>2<6=>60=:3>52=:67=
Percentage of pore size distribution (%)
Porosity
(%)
<0.04μm
0.04-0.4μm
0.4-4μm
4-40μm
>40μm
NA_D40
22.85
9.40
8.69
11.90
60.75
9.27
85%
29.27
2.02
22.82
34.43
35.60
5.13
90%
27.07
2.22
21.37
30.29
40.71
5.41
95%
25.30
2.31
22.40
26.47
42.98
5.85
Note: micropores(<0.04μm), small-pores(0.04-0.4μm), mesopores(0.4-4μm), macropores (4-40μm),
pores (>40μm) based on Ref. [36]
Sample ID

Total
(ml/g)
0.1554
0.1606
0.1603
0.1562
enlarged-

'
.=60;.<.82>2<=:3>52=:670:7?89:3>529.>?<.782>5:1
Diameter
H
/(cm)
/(cm)
-1
5
60
-1
5
60
-1
5
60
Note: Diameter is the inner diameter of the cylinder

compaction
/(%)
85
90
95

ID
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21.3
21.3
21.3
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1.39
1.47
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ID
-2
-2
-2

Diameter
/cm
5
5
5

'
.=60;.<.82>2<=:3=:670:7?89=:3<22C69482>5:1

Salt
H
Compaction

d
/%
/(g/cm3)
/cm
/%
/%
160
85
21.3
1.39
1.27
160
90
21.3
1.47
1.27
160
95
21.3
1.55
1.27

Freezing time
/d
5, 90
5, 90
5, 90
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!.>?<.7 82>5:1 The timing observation of
the soil columns show that overall water migration is
slow and mainly occurs during the first 24 hours of
the experiment, and the heights of the capillary water
for the three degrees of compaction (85%, 90% and
95%) are 3.2 cm, 3.0 cm and 2.7 cm, respectively
(Fig. 5.). Capillary water rise is very weak during the
rest of the 90 days. The pore diameter of the soils,
ranging from 0.002 to 0.5 mm, are generally considered to be conducive to capillary rising [36]. According to the test of pore distribution characteristics (Table 4), the proportion of capillary diameter ranges
(0.002 to 0.5 mm) of the three types of compaction

The automatic freezing device used in this paper, which can simulate the gradient of ground temperatures under freezing conditions, was designed
and manufactured by College of Construction Engineering of Jilin University. A schematic diagram of
the freezing device is shown in Fig. 4. There are four
temperature-controlled boxes, with temperatures at 15, -10, -5and 10 from top to bottom. The
thermal insulating layer, a row of drilled holes fitted
to the external diameter of the transparent acrylic
cylinder to make the soil column through, is situated
between two temperature controlled boxes. In addition, the basic parameters of the soil columns used in
the freezing method are shown in Table 6.



2220

#"

  $  





  !




soils (85%,90% and 95%) are 48.82%, 46.12% and
40.73% respectively. There are enough capillary
pores, however, such that the height reached by the
capillary water is low as a whole. The reasons for
this low height are as followed: (1) From the perspective of grain diameter, the clay content of test
soils is over 30%, meaning that there are enough fine
particles, with high surface energy, to result in a
high-liquid limit (the liquid limit of test soils is
51.7%) and to promote the formation of a thick
bound water membrane. The capillary water migration was blocked by the damping of this bound membrane. (2) Previous studies have shown the effect of
1% of organic matter in soils is equal to the function
of 1.5% of clay particles [38]. Organic analysis of
the test soils shows that the content of organic matter
is 0.9%. The organic content may account for the
low water height. (3) The hydraulic properties, especially those of fine-textured soils, are greatly affected by the total concentration and ionic composition of the soil solution. Of the cations commonly
found in natural waters, Na+ is most likely to adversely affect these hydraulic properties. According
to the theory of adsorption, in electrical double layers, increasing Na+ concentration forms completed
water films around clay particles, and thus increases
the contact area between the clay particles, making
it difficult for capillary water to rise [23]. Simultaneously, the permeability coefficient of soils decreases
as sodium adsorption ration(SAR) increases, especially in expansibility clay (contains illite and montmorillonite). SAR is defined as follows [9]: 

 =

As shown in Fig. 6 (a), based on the comparison between being frozen for 5 days and being frozen for 90 days, water migration is obvious in the
three insulating layers with differing temperatures.
The amount of water migration in the lowest temperature insulating layer is the highest, followed by the
mid- temperature insulating layer, and the amount of
water migrations in the highest temperature insulating layer is the lowest. In these three insulating layers, the lowest insulating layer has the highest temperature gradient, and the mid and upper temperature
insulating layers have the same temperature gradient. Thus, these results are not yet sufficient to show
that water migration decreases as the temperature
gradient decreases, but the funding suggest that the
water migration may be more efficient on a warm
side of higher temperature, especially with a warm
side of normal temperature. It is then necessary to set
the same temperature gradient with different temperature warmer sides for differing temperatures layers
in the next experiments. In the soil column that was
frozen for 90 days, the temperature gradient drove
water to migrate from freezing soils (located in temperature insulating layer) to frozen soils (located in
the temperature-controlled box), and migration was
obvious in all the edges of the three temperature insulating layers. Thus, in the mid and high temperature insulating layers the distribution configuration
of the water content conductive zone is similar to a
“saddle” with high water content on both sides and
low content in the middle, and the water content increases from the normal temperature side to the frozen temperature side in lower temperature insulating
layers. Due to the short freezing time, the soil column that was frozen for 5 days also exhibited the
same trend, but it was not apparent. At the same
time, a freezing front was observed in the lowest
temperature insulating layer of the soil column that
was frozen for 90days. Because of the ice lens of the
freezing front which obstructs the water from migrating upward and makes the water gather continuously in the freezing front, migration is more obvious at the 40 cm depth than at the top of the soil columns.
As shown in Fig. 6 (b), all three soil columns
also have the abovementioned migration trend, and
water migration is greater at a depth of110 cm and
lower, however, the migration trend is not ideal
above 110 cm. This may be caused by the nonuniform soil sample preparation above 110 cm. From
the view of compaction, the amount of water migration increases as the compaction degree increases
under the frozen front. The elevations of the freezing
front were 28.2 cm, 29.6 cm and 31.4 cm, and the
water contents of the frozen front were 31.71%,
28.37% and 24.61%, respectively. The average water content of the three soil columns respectively increased by 1.76%, 0.72% and 0.21% compared to the
initial water content (20%), although the water content measurement was discontinuous. Based on the


 + 
2

where Na is the concentration of Na+(meq/L),
Ca is the concentration of Ca+(meq/L), and Mg is the
concentration of Mg+(meq/L). According to Table
1.3 and Fig. 3, the value of SAR is 56.06, and illite
constitutes 5% of the total minerals.
From the view of compaction, the experiment
shows that the height to which the water rises decreases as the compaction degree increases. This result supports the suggestions of Ref. [23] that the
height and speed of capillary water, for high liquid
limit clay decreases as the compaction degree increases.
In summary, the result of the natural method
experiment reveals that the capillarity of the sample
soil is not obvious based on the observation a high
clay content (over 30%), organic matter (0.9%) and
Na+ (164.9 mmol/kg) and the different degrees of
compactions affect hte capillary water final height.

<22C69482>5:1The sample soils were taken
at different default elevations to measure water content after they were frozen for 5 days and 90 days.
The results of the water content distribution are depicted in Fig. 6.
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results, these observations largely suggest that water
migration decreased as the degree of compaction increased.
The results of MIP (Table 2) is that the percentage of soil mesopores decreased, percentage of
macropores increased, and percentage of micropores, small-pores and enlarged-pores remained
unchanged as compaction degree increased. The decrease in water content in the freezing front with an
increasing compaction degree may be explained by
the fact that as the compaction degree increases, water migration decreases, which means that the mesopores (pore diameter from 0.4 to 4 um) are the main
channel for water migration.

"!(&"!&

The basic physical and chemical properties of
soils were obtained by a series of laboratory experiments after field investigations and sampling. Then,
two group experiments were conducted to investigate the water and salt migration of soda alkali-saline
soil. The conclusions from the presented work are as
follows:
(1)According to the natural method, high content of clay (over 30%), organic matter (0.9%) and
Na+(164.9 mmol/kg) may account for the low water
height, and the capillary action play a limited role in
water migration of the sample soils.
(2)Water migration is more apparent in the
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freezing method than in the nature method. This result suggests that the mechanics of freezing played a
major role in the water migrations of the sample soils
rather than capillary action. And for all three compaction degrees, water migrations mainly occurred at
the edges of the thermal insulating layer, and the
trend of water migration was from freezing soils to
frozen soils. In addition, the amount of water migrations that occurred during the 90-day period of freezing was more than that occurring in 5-day period of
freezing.
(3)Based of the combined results of the natural
method and freezing method, different compactions
degrees affected the height to which water rises migration decreased as the compaction degree increased for the same duration of time spent frozen,
and the water content of the freezing front also exhibited a decreasing trend, with a compaction degree
from 85% to 95%. Considering the result of MIP, the
mesopores (pore diameter from 0.4 to 4 um) may be
the main channel for water migration.
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in water disinfection are chlorine, chlorine dioxide
and chloramines [4]. Chlorine can react with natural
organic matter (NOM (Table 1)) and form disinfection by-products (DBPs) which cannot often be eliminated during treatment process [5, 6].

ABSTRACT
Disinfection byproducts (DBPs) in drinking
water are important due to the probable risks they
pose to human health. In this study, drinking water
samples were collected from 11 points from water
transmission lines to the distribution system as well
as district municipal demineralization plant (DMDP)
for the first time in Bushehr from October 2015 to
May 2016 for haloacetic acids (HAA5) analysis by
using a GC-ECD. The effects of pH, temperature,
chlorine dosage, UV-254, TOC, SUVA, different
water sources, seasonal and spatial variations were
evaluated and the concentration level of HAA5 was
compared with drinking water guideline. The results
revealed that the monochloroacetic acid and monobromoacetic acid were the major haloacetic acids
found in all water samples, which accounted for
42.65 and 47.03% of HAA5, respectively. HAA5
concentration levels in almost 40.9% of the samples
were higher than the maximum contaminant level
(MCL) contents set by Environmental Protection
Agency (EPA). Significant correlation was observed
between monobromoacetic acid concentration level
with pH and temperature, as well as dichloroacetic
acid concentration level with UV-254.

TABLE 1
Chemical composition of NOM and
its significance for HAAs production (31)
Chemical
group
Humic species
Carbohydrates
Amino acids
Proteins
Carboxylic
acids

Impact on HAAs production
Primary source
Probably minor
Important for: aspartic
acid, histidine, asparagine, tryptophan
Not yet known, may be
significant
ȕ-dicarbonyl acids important precursors

References
[33]
[34]
[28, 35-37]
[35, 38]
[39, 40]

To date, over 600 DBPs have been recognized
[7], trihalomethanes (THMs) and haloacetic acide
(HAAs) are the two most abundant groups of DBPs
found in chlorinated water [8]. Humans are less exposed to THMs when compared to HAAs because
THMs are more volatile than HAAs (boiling points
of THMs ~60°C, boiling point of HAAs ~189 ±
250qC) and are normally eliminated during the boiling process of drinking water; therefore, HAAs have
more carcinogenic risk than THMs [9]. Nine major
components of HAAs, including monochloroacetic
acid (MCAA) dichloroacetic acid (DCAA), trichloroacetic acid (TCAA), monobromoacetic acid
(MBAA), dibromoacetic acid (DBAA), tribromoacetic acid (TBAA), bromochloroacetic acid
(BCAA), bromodichloroacetic acid (BDCAA), and
chlorodibromoacetic acid (CDBAA) are nonvolatile,
highly hydrophilic, and ionic compounds [10].
HAAs are quickly absorbed into the bloodstream from the gastro-intestinal tract following oral
exposure in both rats and humans [11]. MCAA,
DCAA and TCAA are primarily distributed in the

KEYWORDS:
Bushehr, Disinfection by-products, Haloacetic acids,
Monochloroacetic acid, Monobromoacetic acid, Water
distribution system

INTRODUCTION
Water disinfection is the process of eliminating
or killing of pathogenic microorganisms and it has
helped to significantly reduce the outbreak of waterborne diseases such as typhoid, cholera, hepatitis,
poliomyelitis, cholera, as well as gastrointestinal diseases [1-3]. The most prevalent disinfectants utilized
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and specific ultraviolet absorbance (SUVA)) on
HAA5 formation in water transmission lines, distribution system as well as district municipal demineralization plant (DMDP) outlet to Bushehr.

liver and the muscles but can also be observed in all
tissues. They are quickly metabolized or excreted
unchanged in the urine. Following sub-chronic exposure to MCAA, mice and rats develop hepatic lesions and cardio, hepatic and renal lesions [12].
DCAA and TCAA induce developmental and teratogen effects like a lower weight of newborns, cardiovascular and urogenital malformations. DCAA and
DBAA induce reprotoxic effects indicated by lower
sperm numeration [11]. From this point onwards,
there has been much research dedicated to elucidating the formation, control and health risks of DBPs
[7, 13-16]. United States Environmental Protection
Agency (U.S.EPA) first introduced a two-stage
guideline for the maximum contamination levels
(MCLs) of HAAs in the Disinfectants/Disinfection
By-Products (D/DBP) Rules. In the first stage, sum
of MCAA, MBAA, DCAA, DBAA and TCAA
(HAA5) ought not exceed 60 μg/L, and it will be
lowered to 30 μg/L during the upcoming second
stage [17, 18].
Bushehr is a city in the southern part of Iran, in
northwest of the Persian Gulf, and its drinking water
source is the Shapur river in Kazeroon, located in
Fars province as well as Kosar dam located in Kohgiluyeh Boyer Ahmad province. Chlorine gas is the
most widely used disinfectant for water; therefore,
evaluating the level of DBPs in drinking water is
very important. The main focus of researches of the
disinfection by-products is THMs and only limited
researches are performed on other DBPs such as
haloacetic acids. Therefore, the aim of this study was
to evaluate the concentration and effective factors
(pH, temperature, free chlorine, combined chlorine,
total chlorine, total organic carbon (TOC), UV254,

MATERIALS AND METHODS
Field sampling program and sample collection. To investigate the occurrence of HAA5 within
the drinking water to Bushehr, 8-month sampling
program was undertaken between October 2015 and
May 2016. For this purpose, 5 points in water distribution system (from 5 points, 3 points were the inlet
water from DMDP water in different districts in Bushehr) and 3 points in transmission water lines were
considered. It should be noted that because of growing application of DMDP in Bushehr, to evaluate
their efficacy on HAA5 removal, 3 points at DMDP
outlet were also considered. In the case of water
transmission lines, one point was selected from
HYHU\PHQWLRQHG%XVKHKU¶VZDWHUVRXUFHVOLQH LQWR
tal 2) and one point was selected after mixing these
two lines. Therefore, a total number of 66 samples
were collected from 11 representative points from
water transmission lines to the distribution system as
well as DMDP outlet for 8 months.
So water samples were collected from 11 sampling
sites including Deylam (S1), Borazjan (S2),
Choghadak (S3), Shahid Mahini (S4), Ashoori (S5),
Bagh-e-Zahra (S6), Emamzadeh (S7), 6th Bahman
(S8), Ashoori (S5-out), Bagh-e-Zahra (S6-out), Emamzadeh (S7-out). The locations of sampling points are
shown in Fig. 1.

FIGURE 1
Geographic coordinates and location of sampling stations
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due to very low turbidity of water samples) and UVabsorbance analyses at the same points and times of
sample collection for HAA5. TOC measurement was
performed by using TOC analyzer (SHIMADZU,
ASTMD 2575) while UV-absorbance was analyzed
with the standard method No.5910B (Ultraviolet Absorption Method) by using UV/visible spectrophotometry (model CAM spec M 501) at 254 nm. SUVA
was calculated as the ratio of UV absorbance at 254
nm to TOC concentration level. GC-ECD analysis
with a VARIAN CP-3800 (Australia) was utilized to
determine HAA5 concentration level of samples.
Mean concentration level of HAA5 among water
distribution systems and water transmission lines to
Bushehr and in different seasons were analyzed with
Excel and SPSS 21 (linear regression) software.

Analytical method. For HAA5 analysis, 40
mL vials equipped with a screw cap with PTFEfaced silicon septum were employed for sampling.
Ammonium chloride was added to the sampling vials as a dechlorinating agent to convert free chlorine
to monochloramine, given that monochloramine has
less reactivity than free chlorine and to avoid DBPs
formation during collection and transportation of
samples. Samples were stored in dark and chilled
condition (at 4ºC) and carried to laboratory for analytical procedures [19]. Residual chlorine concentration, temperature and pH were measured in the field
at the same points of sample collection using portable DPD colorimetric test kit, mercury thermometer
and pH meter, respectively. Separated samples were
taken in each selected point for total organic carbon
(TOC) (TOC measurement was used instead DOC

TABLE 2
Seasonal mean concentrations of quality parameters and operational parameters in
transmission line and distribution system
Stations
S1
Min
Max
S2
Min
Max
S3
Min
Max
S4
Min
Max
S5
Min
Max
S6
Min
Max
S7
Min
Max
S8
Min
Max

Season

Temperature
(ºC)

pH

Autumn
Winter
Spring
Autumn
Winter
Spring
Autumn
Winter
Spring
Autumn
Winter
Spring
Autumn
Winter
Spring
Autumn
Winter
Spring
Autumn
Winter
Spring
Autumn
Winter
Spring
-

28.33
20.5
25
15
38
28.66
24
25
21
34
28.33
23.5
25
21
33
28
21
22
20
31
27.66
23
26
21
30
27
20
24
18
30
27.33
20
26
19
29
29.66
24
29
22
33

7.53
7.8
7.8
7.4
7.8
7/6
7.6
7.8
7.4
7.8
7.73
7.9
7.8
7.6
8
7.6
7.8
7.6
7.6
8
7.6
6.8
7.8
6
7.8
7.66
7.8
7.8
7.6
7.8
7.46
7.8
7.6
7.4
7.8
7.73
7.7
7.8
7.6
7.8

Free Cl2
(mg/L)

Combined
Cl2 (mg/L)

Total Cl2
(mg/L)

UV-254
(1/cm)

TOC
(mg/L)

0.43
0.15
0.8

0.53
0.25
1

0.049
0.01
0.009

0.2
0.4
0

0.26
0.5
0

0.019
0.01
0.009

0
0
0

0
0
0

0.96
0.4
1.8
0
1.8
0.46
0.9
0
0
0.9
0
0
0

0.33
0.75
0.4

0.66
0.8
0.5

1
1.55
0.9

0.013
0.0085
0.004

0.66
0.8
0.4

0.76
0.8
0.5

1.43
1.6
0.9

0.014
0.012
0.004

0.73
0.85
0.5

0.8
0.9
0.6

0.017
0.082
0.004

0.7
0.9
0.8

0.833
0.9
0.8

0.5
0.55
0.4

0.53
0.65
0.5

1.53
1.75
1.1
1.2
2
1.53
1.8
1.6
1
2
1.03
1.2
0.9
0.6
1.6

0.91
1.17
1.349
0.568
1.387
0.78
0.88
1.145
0.55
1.145
0.77
0.85
0.94
0.473
0.978
1.068
0.993
1.125
0.56
1.725
0.77
0.9
1.11
0.547
1.141
0.59
1.27
1.19
0.58
1.967
0.565
0.867
1.128
0.536
1.128
0.626
0.829
0.985
0.514
1.144

2227

0.021
0.038
0.006

0.011
0.004
0.036

0.074
0.007
0.007

SUVA
(L/mg
cm)
0.69
0.086
0.07
0.06
1.54
0.09
0.11
0.07
0.004
0.176
0.27
0.44
0.064
0.044
0.48
0.1
0.08
0.036
0.03
0.174
0.19
0.14
0.036
0.026
0.269
0.34
1.34
0.033
0.03
2.65
0.2
0.04
0.3
0.031
0.32
1.26
0.09
0.07
0.028
2.91
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In order to describe the constituents of the water in terms of humic and unhumic used from SUVA.
It has been considered that if SUVA is larger than 4,
NOM will be considered to have more humic fraction in nature and plays a main role in the generation
of DBPs. And also if SUVA is lower than 2, nonhumic substances are considered to play a main role in
the generation of DBPs. If SUVA is among 2 and 4,
water is mixture of humic and unhumic [22]. The
mean concentration levels of SUVA in transmission
line and distribution system ranged from 0.064 to
0.69 and 0.03 to 1.34 L/mg.cm, respectively. In most
samples, the result of SUVA measurements was
found to be lower than 2 which indicates a high potential for the production of HAAs in comparison to
other DBPs.
The study of Chang et al. (2010) in Taiwan
showed that the mean values of SUVA in different
parts were as: 2.2 L/mg.cm for the eastern region, 1.6
L/mg.cm for the offshore island region, 1.6 L/mg.cm
for the northern, 0.6 L/mg.cm for southern water
treatment plants, and 0.6 L/mg.cm for central water
treatment plants [23]. In another study, Kanokkantapong et al. (2006) reported that hydrophilic neutral
fraction in raw water was more than hydrophobic in
Bangkok, Thailand [24]. The study of Ghoochani et
al. (2013) reported that SUVA values in three rivers
of Karaj, Lar, and Jajrood in spring, summer and autumn were greater than 4; hence, the fraction of hydrophobic NOM was more than hydrophilic [20].
The results of Rodriguez et al. (2004) in Qubec, Canada showed that SUVA values in all seasons in raw
water were more than 4 and less than 2 in treated water [25].
The mean concentration levels of HAA components in water samples at different seasons are shown
in Table 3 and Fig 3. The total concentration levels
of HAA5 of drinking water in S1, S2, S3, S4, S5, S6,
S7, and S8 were in the range of 9.62 to 344, 6.5 to
18.6, 1 to 47.7, 3.8 to 157, ND to 149.7, ND to 228.9,
WRDQGWRȝJ/UHVSHFWLYHO\7KH
results demonstrated that the MCAA, DCAA,
TCAA, MBAA, DBAA, and HAA5 concentration
levels were from ND to 132.9, ND to 7.8, 1.4 to 9.2,
0.58 to 150.7, ND to 9.9, and ND- ȝJ/ LQ
spring, ND to 296, ND to 19.2, ND to 4.9, ND to
1'WRDQG1'WRȝJ/LQDXWXPQ
and from ND to 143.7, ND to 5.2, ND to 47.2, ND
to 51.8, ND to 18.5 and ND to 1ȝJOLQZLQWHU
respectively. The highest concentration level of
+$$ ZDV  ȝJ/ DQG RFFXUUHG DW WKH SULPDU\
point of the transmission lines (in S1) The study of
Rodriguez et al. (2004) showed that the mean concentration levels of HAAs in spring were nearly 4
times higher than in winter [25]. In another study,
Uyak et al. (2008) reported that the highest mean
concentration levels of HAAs in three main water
treatment plants in Istanbul, were found in spring
and autumn seasons [26].

RESULT AND DISCUSSION
General water quality parameters. Table 2
presents the values of pH, temperature, free chlorine,
combined chlorine, total chlorine, TOC, UV-254,
and SUVA in water distribution systems and water
transmission lines to Bushehr. The mean pH value of
the water ranged from 6.8-7.9, and was higher in
spring than winter and autumn. The mean temperature value of water ranged from 20 to 29.66 ºC. The
mean concentration level of total chlorine ranged
from 0 to 1.8 mg/L.
The mean concentration levels of TOC as a surrogate of a DBPs precursor, ranging from 0.56 to
1.35 mg/L. The alteration in the mean concentration
levels of TOC in all stations except S6 followed the
pattern of spring>winter>autumn (Fig.2). The higher
TOC concentration levels in spring may be due to
rainfall and melting snow and entering into mud and
organic matter along with surface water of river
Shapur and Kheirabad (Kosar dam). The values of
TOC in the Kosar transmission line were higher than
transmission line in the Shapur. This could be attributed to the rainy period of Kohgiluyeh and
Boyer-Ahmad and Fars provinces. Rainfall concentrates in Kohgiluyeh and Boyer-Ahmad is higher
when compared to Fars hence more mire get into the
flow of the river Kheirabad than Shapur.
In a study, Ghoochani et al. (2013) reported that
the mean level of TOC in three rivers (Karaj, Lar,
Jajrood) were 4 2.41 and 4.03 mg/L, respectively
[20] and the level of TOC in spring was higher in
comparison to other seasons. The study of Wei et al.
(2010) in Beijing showed that the TOC concentration levels of raw water and treated water were 0.68
to 3.36 and 0.64 to 2.84 mg/L, respectively [2]. According to the study of Chowdhury et al. (2011),
TOC concentration levels of three municipal water
systems of Quebec, Beauport, and Danville were 1.2
to 2.7, 1.7 to 4.9, and 1.6 to 12.6 mg/L [21].

FIGURE 2
Seasonal alteration of TOC at sampling points of
transmission line and distribution system
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TABLE 3
6HDVRQDOPHDQRI+$$ ȝJ/ FRQFHQWUDWLRQOHYHOVLQWUDQVPLVVLRQOLQHDQGGLVWULEXWLRQV\VWHP
Stations
S1
Min
Max
S2
Min
Max
S3
Min
Max
S4
Min
Max
S5
Min
Max
S6
Min
Max
S7
Min
Max
S8
Min
Max

Season
Autumn
Winter
Spring
Autumn
Winter
Spring
Autumn
Winter
Spring
Autumn
Winter
Spring
Autumn
Winter
Spring
Autumn
Winter
Spring
Autumn
Winter
Spring
Autumn
Winter
Spring
-

MCAA
163.3
66.08
127.8
ND
296
14.63
14.3
ND
ND
43.9
ND
ND
ND

DCAA
2.73
ND*
7.1
ND
8.2
ND
ND
7.6
ND
7.6
ND
ND
ND

4.2
ND
22.4
ND
22.4
25.76
ND
33.4
ND
48
6.83
62.85
59.1
ND
97.4
37.63
71.85
132.9
ND
143.7
43.5
ND
35.9
ND
48.1

ND
ND
4.9
ND
4.9
4.13
ND
7.8
ND
12.4
ND
2.6
ND
ND
5.2
ND
ND
ND
ND
ND
6.4
ND
ND
ND
19.2

TCAA
2.8
1.41
1.7
1
3.4
3.16
2.9
1.4
1.4
3.7
1.6
9.4
1.5
1
17.7
1.53
24.2
1.7
1
47.2
1.2
1.55
2.6
ND
3.6
1.83
3.7
9.2
ND
9.2
3.8
1.85
1.9
1.2
4.6
3.73
4.7
3.4
2.1
7.3

MBAA
22.9
1.12
90.7
ND
90.7
39.06
ND
87.7
ND
109.4
1.86
11.7
0.58
ND
23.4
57.43
25.9
87.3
ND
156.1
0.33
2.5
99.8
ND
99.8
ND
1.15
150.7
ND
150.7
10.73
4.9
126.2
ND
126.2
79.43
ND
115.1
ND
196.3

DBAA
6.33
2.85
ND
ND
10.8
6.46
2.7
3.3
1.1
9.3
1.43
3.3
ND
ND
6.6
0.93
10.55
1.6
ND
18.5
0.43
0.65
6.1
ND
6.1
1.1
5.7
9.9
ND
10.1
4.2
5.6
5.6
ND
11.3
2.36
1.25
4.8
0.5
4.8

HAA5
198.2
71.57
227.3
9.62
344
63.33
19.9
100
6.5
118.6
4.9
24.4
2.08
1
47.7
64.06
60.65
117.9
3.8
157
31.86
4.75
146.7
ND
149.7
9.76
76
228.9
ND
228.9
52.3
84.2
266.6
3.2
266.6
135.43
5.95
159.2
4.1
259.5

ND: Not determined
As seen in Fig.3, MCAA and MBAA were the
most abundant components of HAA5 in all samples,
which accounted for 42.65 and 47.03% of HAA5, respectively. The highest MCAA and MBAA concenWUDWLRQOHYHOVZHUHDQGȝJ/LQ6 1 and S8,
respectively. DCAA was not detected in more water
samples. Other components of HAA5 including
TCAA and DBAA were usually detected in samples
but at lower levels. The study of Chowdhury et al.
(2011) in Canada showed that the concentration levels of HAAs in the water distribution systems of
Quebec city were low in February, April, May and
January (16.91-ȝJ/ DQGKLJKLQ-XO\$XJXVW
October and November (28.62-ȝJ/ ,Q%HDX
port, the concentration levels of HAAs in during water distribution systems were low between February
and April (36.33-ȝJ/ DQGKLJKIURP0D\WR
January (64.42- ȝJ/  ,Q WKH GXULQJ ZDWHU

distribution systems of Danville, HAAs levels were
high in November and January (63.81- ȝJ/ 
and low between February and April (22.52-31.84
ȝg/L) [21]. In another study, the concentration levels
of HAA9 were measured in three drinking water supply systems in different areas in England. Area A:
groundwater, area B: lowland surface water, area C:
upland surface water, from April 2007 to March
2008. The mean concentration levels of HAA9 in the
three mentioned areas were ND-1.9, 4.9-20.0 and
11.1- ȝJO UHVSHFWLYHO\ [27]. The result of
Ghoochani et al. (2013) showed that HAA5 concentration levels of water samples from the Jalalieh water treatment plant, Tehranpars treatment plants, and
Sohanak treatment plant in Tehran were in the range
of 42.76-53.28, 47.87-59.84, and 32.99-ȝJ/
[20].
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FIGURE 3
Seasonal alteration of HAA5 at sampling points of transmission line and distribution system:
(a) autumn, (b) winter, and (c) spring and compare with EPA guideline

FIGURE 4
Comparison between HAA5 values and EPA standard guideline
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FIGURE 5
Comparison between percentage of HAA5 values lower than the MCL and higher than the MCL
TABLE 4
The correlation matrices for water quality parameters and HAAs in transmission line and distribution
system
Parameters
Free Cl2
Combined Cl2
Total Cl2
pH
Temperature
UV-254
TOC
SUVA

r
p
r
p
r
p
r
p
r
p
r
p
r
p
R
P

MCAA
0.011
0.930
0.009
0.942
0.010
0.935
-0.081
0.519
-0.085
0.499
0.128
0.307
0.047
0.710
0.076
0.545

DCAA
0.033
0.792
0.050
0.691
0.042
0.736
0.186
0.134
0.140
0.261
0.225
0.059
0.055
0.658
0.062
0.624

TCAA
0.013
0.919
-0.004
0.975
-0.061
0.624
-0.005
0.970
0.032
0.801
-0.096
0.445
-0.150
0.230
-0.073
0.559

MBAA
-0.067
0.591
-0.054
0.668
0.004
0.972
0.212
0.058
0.225
0.050
0.041
0.744
0.170
0.173
-0.040
0.752

DBAA
0.040
0.751
0.041
0.741
0.041
0.742
0.069
0.580
0.027
0.828
-0.090
0.475
-0.004
0.974
-0.094
0.454

HAA5
-0.024
0.848
-0.020
0.871
-0.023
0.857
0.059
0.639
0.062
0.622
0.118
0.347
0.113
0.365
0.029
0.815

[30, 31]. As people in Bushehr have shown considerable appeal to consumption of treated water by
DMDP in the recent years, in this study, the efficacy
of DMDP (with details in Table 5) on HAA5 removal were also considered and the results are
shown in Table 6. As seen, the concentration levels
of HAA5 in DMDP outlets except S5 decreased compared with to its inlet, increase the value of HAA5 in
the S5 could be due to lack of timely shift filter and
accumulation of organic matter on the surface of filters.
TABLE 5
Decentralized municipal desalination plants
details

In this study, the HAA5 concentration levels
were compared with the standard contents set by
U.S.EPA (Fig.4). As shown, concentration levels of
HAA5 in almost 40.9% of samples in all stations
were higher than the MCL contents set by this
agency. As shown in Fig.5 almost all of the days that
the HAA5 levels exceeded the MCL set contents
were in spring and autumn.
Table 4 shows the correlation between HAA5
and water quality parameters. As seen in Table 4,
significant correlations weren't observed between
the concentration level of HAA compounds and the
individual variables including temperature free residual chlorine, combined chlorine, total chlorine,
TOC, UV-254, SUVA, and pH except the level of
MBAA with temperature and pH, and DCAA with
UV-254.
Numerous studies have been conducted worldwide to evaluate HAAs and THMs in drinking water
produced from surface and ground water [20, 23-25,
28, 29]. Nevertheless, a literature survey indicated
that only a few studies have been carried out to evaluate the efficacy of DMDP outlet on DBPs removal

Stations

Flow rate

S5-out
S6-out
S7-out

4 m3/day
10 m3/day
10 m3/day

Filter change
period
6 month
3 month
1 month

Treatment
methods
RO process
RO process
RO process

Fig. 6 demonstrates the percentage of sampled
higher and lower than MCL in every transmission
lines (Kosar and Shapur), distribution system, and
the DMDP. As seen, there is only a slight different
between the percentages of the samples above the
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FIGURE 6
Spatial alteration of HAA5 at sampling points of transmission line, distribution system,
and outlet of the DMDP outlet
TABLE 6
Mean concentration levels of HAA5 components in inlet and outlet desalination plant water
Concentration of
HAA5
compoQHQWVȝJ/
MCAA
DCAA
TCAA
MBAA
DBAA
HAA5

S5

S6

Inlet

Outlet

18.45
3.36
1.55
17.65
1.45
42.46

85.93
0
1.46
29.43
0.43
117.31

Removal
(%)
-365.75
100.00
5.81
-66.74
70.34
-176.28

S7

Inlet

Outlet

34.21
0.86
3.68
25.5
4.1
68.36

28.81
0
13.45
20.38
5.91
60.56

guideline level in the distribution system and outlet
of the DMDP. Overall, it can be stated that the
DMDP have no significant effect on the concentration level of HAA5 in drinking water. However, the
difference in the percentage of the samples above
MCL in Kosar transmission line and Shapur transmission line has been significant, which can be attributed to the lower concentration of chloride in
Shapur transmission line.

Removal
(%)
15.78
100.00
-265.49
20.08
-44.15
11.41

Inlet

Outlet

55.32
0
2.68
31.2
3.62
92.82

37.08
2.06
3.48
3.48
1.5
47.61

Removal
(%)
32.97
-29.85
88.85
58.56
48.71

in lower HAA5 in finished water compared to another line (Kosar). HAA5 concentrations in almost
40.9% samples were higher than the guideline. The
high concentration level of HAA5 in many water
samples is a warning to the authorities of water industry to improve the water treatment systems and
keeping the public health off the risks caused by
HAA5.
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A proper examination of DBPs incidence in
Bushehr seaport was conducted at 11 points from
water transmission lines to the distribution system as
well as DMDP outlet for the first time in Bushehr.
The results demonstrated that the MCAA, DCAA,
TCAA, MBAA, DBAA, and HAA5 concentration
levels were from ND to 296, ND to 19.2, ND to 47.2,
ND-196.3, ND-18.5, and ND-ȝJOUHVSHFWLYHO\
In this study, which is in contrast to other studies,
MCAA and MBAA were the major HAA5 found in
all stations. In the seasonal alteration, MCAA,
DCAA, and MBAA concentration levels were in the
order of spring>autumn> winter. However, TCAA
and DBAA concentration levels were high in winter
and decreased in spring and autumn. For samples
taken from transmission line, the relatively low chloride concentrations in samples from Shapur resulted

REFERENCES
[1] Morris, R.D., Levin, R. (1995) Estimating the
incidence of waterborne infectious disease
related to drinking water in the United States.
IAHS Publications-Series of Proceedings and
Reports-Intern Assoc Hydrological Sciences.
233, 75-88.

2232

© by PSP

Volume 27 ± No. 4/2018 pages 2225-2234

Fresenius Environmental Bulletin


[12] Bryant, B., Jokinen, M., Eustis, S., Thompson,
M., Abdo, K. (1992) Toxicity of monochloroacetic acid administered by gavage to F344
rats and B6C3F1 mice for up to 13 weeks.
Toxicology. 72, 77-87.
[13] Rook, J.J. (1974) Formation of haloforms during chlorination of natural waters. Water Treat
Exam. 23, 234-43.
[14] Symons, J.M., Bellar, T.A., Carswell, J.K.,
DeMarco, J., Kropp, K.L., Robeck, G.G.,
Seeger, D.R., Slocum, C.J., Smith, B.L.,
Stevens, A.A. (1975) National organics reconnaissance survey for halogenated organics.
Journal (American Water Works Association).
634-47.
[15] Stevens, A.A., Moore, L.A., Slocum, C.J.,
Smith, B.L., Seeger, D.R., Ireland, J.C. (1990)
By-products of chlorination at ten operating
utilities. Water Chlorination: Chemistry, Environmental Impact and Health Effects. 6, 579604.
[16] Choi, J., Valentine, R.L. (2002) Formation of Nnitrosodimethylamine (NDMA) from reaction
of monochloramine: a new disinfection byproduct. Water Research. 36, 817-24.
[17] US Environmental Protection Agency. (1998)
Disin-fectants and disinfection byproducts;.
national primary drinking water regulations:
final rule. Federal Register. 63, 69390.
[18] US Environmental Protection Agency. (2003)
National primary drinking water regulations,.
stage 2 disinfectants and disinfection byproducts rule; National primary and secondary
drinking water regulations: approval of analytical methods for chemical contaminants:
proposed rule. Federal Register 68, 49547.
[19] Association APH, Association AWW, Federation WPC, Federation WE. (1915) Standard
methods for the examination of water and
wastewater. American Public Health Association.
[20] Ghoochani, M., Rastkari, N., Nodehi, R.N.,
Mahvi, A.H., Nasseri, S., Nazmara, S. (2013)
Study on the TOC concentration in raw water
DQG +$$V LQ 7HKUDQ¶V ZDWHU WUHDWPHQW plant
outlet. Journal of Environmental Health Science
and Engineering. 11, 28.
[21] Chowdhury, S., Rodriguez, M.J., Sadiq, R.,
Serodes, J. (2011) Modeling DBPs formation in
drinking water in residential plumbing pipes and
hot water tanks. Water research. 45, 337-47.
[22] Singer, P. (1999) Humic substances as precursors for potentially harmful disinfection byproducts. Water Science and Technology. 40,
25-30.
[23] Chang, H., Tung, H., Chao, C., Wang, G. (2010)
Occurrence of haloacetic acids (HAAs) and
trihalomethanes (THMs) in drinking water of
Taiwan. Environmental Monitoring and Assessment. 162, 237-50.

[2] Wei, J., Ye, B., Wang, W., Yang, L., Tao, J.,
Hang, Z. (2010) Spatial and temporal evaluations of disinfection by-products in drinking
water distribution systems in Beijing, China.
Science of the Total Environment. 408, 4600-6.
[3] Teh, H.B., Li, S.F.Y. (2015) Simultaneous
determination of bromate, chlorite and haloacetic acids by two-dimensional matrix
elimination ion chromatography with coupled
conventional and capillary columns. Journal of
Chromatography A. 1383, 112-20.
[4] Jolley, R.L., Condie, L.W., Johnson, J.D., Katz,
S., Minear, R.A., Mattice, J.S. Jacobs, V.A.
(eds.) (1990) Water chlorination: chemistry,
environmental impact and health effects.
Conference on Water Chlorination: Environmental Impact and Health Effects. 6, Lewis
publishers.
[5] Bond, T., Goslan, E.H., Parsons, S.A., Jefferson, B. (2012) A critical review of trihalomethane and haloacetic acid formation from natural
organic matter surrogates. Environmental Technology Reviews. 1, 93-113.
[6] Mazloomi, S., Nabizadh, R., Nasseri, S., Naddafi, K., Nazmara, S., Mahvi, A. (2009) Efficiency of domestic reverse osmosis in removal
of trihalomethanes from drinking water. Iran J.
Health. Sci.Eng. 6(4), 301-306.
[7] Krasner, S.W., Weinberg, H.S., Richardson,
S.D., Pastor, S.J., Chinn, R., Sclimenti, M.J.,
Onstad, G.D., Thruston Jr, A.D. (2006)
Occurrence of a new generation of disinfection
byproducts. Environmental science & technology. 40, 7175-85.
[8] Richardson, S.D., Plewa, M.J., Wagner, E.D.,
Schoeny, R., DeMarini, D.M. (2007) Occurrence, genotoxicity, and carcinogenicity of
regulated and emerging disinfection byproducts in drinking water: a review and roadmap for research. Mutation Research/Reviews
in Mutation Research. 636, 178-242.
[9] Chen, C.Y., Chang, S.N., Wang, G.S. (2009)
Determination of ten haloacetic acids in
drinking water using high-performance and
ultra-performance liquid chromatography±tandem mass spectrometry. Journal of chromatographic science. 47, 67-74.
[10] Urbansky, E.T. (2000) Techniques and methods
for the determination of haloacetic acids in
potable water. This is the work of a United
States government employee engaged in his
official duties. As such it is in the public domain
and exempt from copyright.© US government.
Journal of environmental monitoring. 2, 285-91.
[11] Health Canada. (2008) Guidelines for Canadian
Drinking Water Quality: Guideline Technical
Document Haloacetic Acids Water, Air and
Climate Change Bureau, Healthy Environments
and Consumer Safety Branch, Health Canada,
Ottawa, Ontario 2008.

2233

© by PSP

Volume 27 ± No. 4/2018 pages 2225-2234

Fresenius Environmental Bulletin


[37] Trehy, M.L., Yost, R.A., Miles, C.J. (1986)
Chlorination byproducts of amino acids in
natural waters. Environmental Science &
Technology. 20, 1117-22.
[38] Scully, F.E., Howell, G.D., Kravitz, R., Jewell,
J.T., Hahn, V., Speed, M. (1988) Proteins in
natural waters and their relation to the formation
of chlorinated organics during water disinfection. Environmental Science & Technology.
22, 537-42.
[39] Larson, R.A., Rockwell, A.L. (1979) Chloroform and chlorophenol production by
decarboxylation of natural acids during aqueous
chlorination. Environmental Science & Technology. 13, 325-9.
[40] Dickenson, E.R., Summers, R.S., Croué, J.P.,
Gallard, H. (2008) Haloacetic acid and trihalomethane formation from the chlorination and
EURPLQDWLRQRIDOLSKDWLFȕ-dicarbonyl acid model compounds. Environmental Science &
Technology. 42, 3226-33.

[24] Kanokkantapong, V., Marhaba, T.F., Pavasant,
P., Panyapinyophol, B. (2006) Characterization
of haloacetic acid precursors in source water.
Journal of Environmental Management. 80,
214-21.
[25] Rodriguez, M.J., Sérodes, J.B., Levallois, P.
(2004) Behavior of trihalomethanes and haloacetic acids in a drinking water distribution
system. Water Research. 38, 4367-82.
[26] Uyak, V., Ozdemir, K., Toroz, I. (2008)
Seasonal variations of disinfection by-product
precursors profile and their removal through
surface water treatment plants. Science of the
Total Environment. 390, 417-24.
[27] Graham, N.J.D., Collins, C.D. Nieuwenhuijsen,
M., Templeton, M.R. (2009) The formation and
occurrence of haloacetic acids in drinking water.
DWI. UK.
[28] Bond, T., Henriet, O., Goslan, E., Parsons, S.,
Jefferson, B. (2009) Disinfection byproduct
formation and fractionation behavior of natural
organic matter surrogates. Environmental Science & Technology. 43, 5982-9.
[29] Babaei, AA., Alavi, N., Hassani, Gh., Yousefian, F., Shirmardi, M., Atari, L. (2015)
Occurrence and related risk assessment of
trihalomethanes in drinking water. Ahvaz, Iran.
Fresen. Environ. Bull. 24, 4807-4815.
[30] Yu, H.W., Oh, S.G., Kim, I.S., Pepper, I.,
Snyder, S., Jang, A. (2015) Formation and
speciation of haloacetic acids in seawater
desalination using chlorine dioxide as disinfectant. Journal of Industrial and Engineering
Chemistry. 26, 193-201.
[31] Kim, D., Amy, G.L., Karanfil, T. (2015)
Disinfection by-product formation during
seawater desalination: a review. Water
Research. 81, 343-55.
[32] Croue, J.P., Korshin, G.V., Benjamin, M.M.
(2000) Characterization of natural organic
matter in drinking water. American Water
Works Association.
[33] Norwood, D.L., Johnson, J.D., Christman, R.F.,
Hass, J.R., Bobenrieth, M.J. (1980) Reactions of
chlorine with selected aromatic models of
aquatic humic material. Environmental Science
& Technology. 14, 187-90.
[34] Navalon, S., Alvaro, M., Garcia, H. (2008)
Carbohydrates as trihalomethanes precursors.
Influence of pH and the SUHVHQFHRI&OíDQG%Uí
on trihalomethane formation potential. Water
Research. 42, 3990-4000.
[35] Hureiki, L., Croue, J., Legube, B. (1994)
Chlorination studies of free and combined
amino acids. Water Research. 28, 2521-31.
[36] Dotson, A., Westerhoff, P., Krasner, S. (2009)
Nitrogen enriched dissolved organic matter
(DOM) isolates and their affinity to form
emerging disinfection by-products. Water
Science and Technology. 60, 135-43.

Received:
Accepted:

04.09.2017
23.01.2018

CORRESPONDING AUTHOR
Sina Dobaradaran
The Persian Gulf Marine Biotechnology
Research Center,
The Persian Gulf Biomedical Sciences
Research Institute,
Bushehr University of Medical Sciences,
Bushehr ± Iran
e-mail: s.dobaradaran@bpums.ac.ir

2234

© by PSP

Volume 27 ± No. 4/2018 pages 2235-2241

Fresenius Environmental Bulletin

THE EFFECT OF FUCOIDAN ON THE GENTAMICIN
INDUCED NEPHROTOXICITY IN RATS
Mesut Yilmaz1, Handan Mert2,*, Kivanc Irak3, Remzi Erten4, Nihat Mert2
1Mus

Alparslan University, Vocational School of Health Service, Mus, Turkey
Yil University, Department of Biochemistry, Faculty of Veterinary Medicine, Van, Turkey
3Siirt University, Faculty of Veterinary Medicine, Department of Biochemistry, Siirt, Turkey
4VanYuzuncu Yil University, Department of Pathology, Faculty of Medicine, Van, Turkey

2VanYuzuncu

ABSTRACT

studies have found different pathways involved in
this process, including production of reactive oxygen
species (ROS) and reactive nitrogen species (RNS),
reduction in antioxidant defense, activation of inflammatory processes, contraction of mesangial
cells, together with a decrease in renal blood flow,
which lead to tubular necrosis, leukocyte infiltration,
cellular damages, reduced glomerular filtration rate
(GFR) and renal dysfunction [1, 2, 3].
Fucoidan is a sulfated polysaccharide extracted
from marine brown algae, plays bioactive roles, such
as the exertion of antibacterial, antiviral, antioxidant,
anticoagulant and antitumor activities [4, 5, 6]. It has
been used as a natural antioxidant in the food industry [7]. Furthermore, fucoidan has antioxidant effects
against CCl4-induced lipid peroxidation in the liver
[8].
Seaweeds have been used as foodstuff in the
Asian diet for centuries, people use them as a traditional medicine for curing edema disease, a symptom
of kidney diseases [9]. There have been many studies
in recent years suggesting a significant protective effect for fucoidan in kidney diseases [10, 11, 12].
Therefore, we aim to evaluate the effect of fucoidan
on kidney tissues in nephrotoxicity induced by GM
in rats.

Possible preventive or therapuetic effects of fuciodan, which has antioxidant properties and was administered together with gentamicin (GM) made up
nephrotoxicity through giving GM to the rats, have
been searched. The rats used in this study were randomly grouped in three: control, GM (80
mg/kg/day/i.p GM was administered for 8 days),
GM+fucoidan (80 mg/kg/day/i.p GM for 8 days +
fucoidan 100 mg/kg/day/ for 8 days were administered with intra-gastric gavage) groups. Blood and
tissue samples were taken 24 hours after the 8 days
trial period. Besides determining plasma creatinine,
BUN, sodium, potassium, chloride levels in auto-analyser, whole blood glutathione, plasma MDA and
AOPP levels were analyzed spectrophotometrically.
The highest plasma creatinine, BUN, potassium,
AOPP and MDA levels were found in the GM group.
It was determined that while the levels of creatinin
(p<0.01), BUN (p<0.05), potassium (p<0.05), AOPP
(p<0.01), MDA (p<0.01) in GM+fucoidan group
were decreasing with regard to those in GM group,
chloride levels were rising (p<0.05). The study revealed the nephroprotective effect of fucoidan.
These findings suggest that fucoidan administration
together with GM may attenuate renal dysfunction
and structural damage through the reduction of oxidative stress in the kidney.

MATERIALS AND METHODS
Materials and experimental conditions. Female Wistar Albino rats weighing 250-300 g were
housed in a temperature - controlled (24±3oC) room
in which a 12 h:12 h light: dark cycle was maintained. The animals were fed with standard diet and
water ad libitum. All rats were acclimated to laboratory conditions for 7 days prior to the experiment.
All experiments were conducted in accordance with
the Guide for the Care and Use of Laboratory Animals [13], and the experimental protocol was approved by the Yuzuncu Yil University Animal Researches Local Ethic Committee (Turkey) (201407).

KEYWORDS:
gentamicin, fucoidan, AOPP, GSH, MDA

INTRODUCTION
Aminoglycosides including gentamicin (GM)
are widely used worldwide in the treatment of gram
(-) negative bacterial infections. However, their applications are limited because of their nephrotoxic
side effect and oxidative damage which can lead to
acute renal failure. Nephrotoxicity is observed in approximately 10-25% of all patients using GM [1].
Although the exact mechanism of GM induced
nephrotoxicity is not well understood, numerous
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TABLE 1
Changes in biochemical parameters
Parameters
n

Control
X ± SX

n

GM
X ± SX

GM+ Fucoidan
X ± SX

n

Creatinin
9
0.31±0.07b
10
0.45 ±0.07a
8
(mg/dl)
ab
a
BUN (mg/dl)
9
22.38±4.20
10
25.60±3.45
8
Sodium
b
ab
8
141.75 ±2.43
10
147.70 ±7.53
6
(mEq/L)
Potassium
10
6.18±0.84a
6
8
5.71 ±0.34ab
(mEq/L)
Chloride
8
104.50 ±2.67b
10
103.60 ± 4.40b
6
(mEq/L)
a, b: Different letters in the same row are statistically significant (*p<0.05, ** p<0.01)

0.38

±0.07b

21.42 ±

0.003**

1.50b

149.33 ±7.20

p

a

0.037*
0.045*

5.02± 0.64b

0.026*

109.33±3.72a

0.025*

TABLE 2
Changes in oxidative-antioxidative status
Parameters
n

Control
X ± SX

n

GM
X ± SX

n

AOPP
10
301.86±61.59 a
9
10
223.50±42.67 b
(ȝPRO/)
MDA
10
2.09±0.52b
10
3.68±1.56a
9
ȝPRO/)
GSH
10
54.51±4.26b
9
10
64.30±10.39 a
(mg/dl )
a, b: Different letters in the same row are statistically significant (** p<0.01)

Experimental procedure. Thirty rats were
randomly divided into three groups that each of has
10 rats:
Control group; injected intraperitoneally (i.p.)
with physiological saline for 8 days.
GM group; injected i.p. with GM (80
mg/kg/day) for 8 days.
GM+fucoidan group; injected i.p. with GM (80
mg/kg/day) and fucoidan (F5631, Sigma, USA) (100
mg/kg/day) was given by intragastric gavage for 8
days.

GM+ Fucoidan
X ± SX

p

225.24±68.61b

0.01**

1.94±0.36b

0.009**

53.90 ±6.91b

0.008**

p<0.05 was considered statistically significant. Statistical analyses were performed using SPSS v.13.0
software.
RESULTS
The results of biochemical analyses were presented in Table 1 and 2. In the group of GM+fucoidan it was determined that the levels of creatinine
(p<0.01), BUN (p<0.05), potassium (p<0.05), AOPP
(p<0.01), MDA (p<0.01) statistically decreased, but
the chloride (p<0.05) increased compared to GM
group.
The histopathological results were cited in Figure 1-3. Histopathological evaluation of the kidney
tissues of the control group revealed normal renal
bodies and kidney tubules (Figure 1). Atrophy findings of kidney tissues in GM-treated group were observed. Findings of acute tubular necrosis were observed. The cytoplasm of the tubular epithelial cells
showed increased acidophilic and degenerative
changes in certain areas. It was seen that the epithelial cells laying tubules were laid. It was found that
the capsule space was irregular and enlarged in the
renal bodies (Figure 2). Histopathological evaluation
of renal tissue of rats in the GM+fucoidan group
showed normal renal bodies. Mild acidophilia and
mild intracellular edema were observed in the cytoplasm of the epithelial cells lining the tubules. Acute
tubular necrosis findings were not observed. In some
areas degenerative changes were observed at very
mild levels (Figure 3).

Biochemical analysis. Whole blood was collected into heparinized tubes and whole blood GSH
level was studied on the day of admission. Blood was
centrifuged at 2500 rpm for 10 min and the plasma
was removed. Biochemical parameters (BUN, creatinine, Na, K, Cl) were measured with an automatic
analyzer (Roche Modular P800). Whole blood GSH
concentrations, plasma MDA and AOPP were determined by using the methods described by researchers [14, 15, 16].
Histopathological examinations. Rats in all
groups were sacrificed and the kidneys were quickly
removed. The tissues were fixed in 10% formalin
and used special staining techniques with Van Gieson and Mallory trichrome stains and microscopy for
histopathological examination.
Data statistical analysis. All data were expressed in the means ± S.D. Kruskal-Wallis Test was
used to check differences among the groups. Dunnett's test were used to determine different groups.
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FIGURE 1
Histopathological studies on renal tissues in control group (1x200)

FIGURE 2
Histopathological studies on renal tissues in GM group (1x200)

FIGURE 3
Histopathological studies on renal tissues in GM+fucoidan group (1x200)
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treated rats are thought to be dependent on nephrotoxicity caused by decreased Na+/K+-ATPase
activity in the proximal tubuli. This enzyme is responsible for regulating the intracellular electrolyte
and cell volume transport [25]. In chronic kidney diseases, the kidney compensates by increasing potassium excretion. In this presented study, the K level
was increased from 5.71 mEq/L at controls, to 6.18
mEq/L at GM administration and decreased to 5.02
mEq/L by fucoidan in the GM+fucoidan group. This
statistical significance is at p<0.05 level. It can be
said that the fucoidan has a positive effect on the recurrence of K homeostasis. Also, Na level of the
GM+fucoidan group was higher than that of GM
group, there was no significant difference between
the two groups. The highest level of Cl was found in
GM + fucoidan group, and the change in chlorine and
sodium in body fluids is thought to be increased in
parallel with the increase in Na level of the fucoidan
group at the same time and under certain conditions
[26].
Maintaining redox homeostasis is critical, especially in the kidney, since the basal rate of renal aerobic metabolism is high. Lipid peroxidation (LPO) is
an indicator of oxidative damage and is initiated by
ROS. Degraded membrane function is associated
with inactivation of membrane-bound receptors and
enzymes with reduced fluidity and increased nonspecific permeability to ions [27].
Fucoidan has been reported to have potent antioxidant activity in vitro studies [28]. Fucoidan has
high potential for protection from free radicals
formed diseases. In diabetic rats, it prevents the increase of LPO in serum, liver and spleen [29].
The antioxidant activity of the fucoidan is related to various structural properties such as sulfation
degree, molecular weight, other addition groups and
positions, type of sugar and glycosidic branching.
Antioxidant and anticoagulant effects of these derivatives have been studied by sulfation, phosphorylation, amination, acetylation, benzoylation and low
molecular weight fucoidan derivatives [30, 31]. Benzoylated fucoidan derivatives (PF) and benzoylated
low molecular weight fucoidan derivatives (PDF)
have higher antioxidant activity than natural antioxidants in vitro systems.
Glutathione (GSH), which plays a key role in
reducing free radicals and lipid peroxides, is also effective in removing toxic substances formed by biotransformation. It is a detoxicant for the elimination
of toxic and different electrophilic exogenous substances [32]. GSH, which functions as a cysteine
store in organism, also functions in the membrane
transport of amino acids [33]. GSH is also an important antioxidant compound in cells, and the glutathione present in the cell is rapidly consumed when
oxidative stress is increased for any reason. It ensures that the SH groups in the proteins remain in the
reduced state and protect these groups against oxidation.

DISCUSSION
Gentamicin is a therapeutic agent in the treatment of gram-negative bacterial infections and the
most important side effect is nephrotoxicity [17].
Nephrotoxicity, renal dysfunction, acute tubular necrosis or renal insufficiency is caused by the drug accumulation in renal cortex [18].
Algae have been used as food in Asian diets for
centuries. Recently, sulfated polysaccharide extracts
from algae have proven to have valuable pharmaceutical and biomedical potential [6]. In many experimental studies, sulfated polysaccharides have been
shown to protect the kidneys by inhibiting mesenchial cell proliferation by a mechanism independent
of glomerular hemodynamic variables. Modulation
of extracellular matrix composition and modulation
may also play a role [19]. These beneficial effects of
the sulphated polysaccharides mediate the alteration
of the electronegative content of the glomerular cell
[20]. Additional benzoylate groups of the fucoidan
increase the electronegativity of the fucoidan and
change the electronegative content of the glomerular
cell more easily [10].
Levels of creatinine and blood urea nitrogen
(BUN) are used commonly as markers of kidney
function. Creatinin reflects the ability of the kidney to remove creatinine from the blood and to concentrate it in the urine. Renal dysfunction diminishes
the ability to filter creatinine and the serum creatinine rises. Diseased or damaged kidneys cause an elevated BUN because the kidneys are less able to
clear urea from the bloodstream [21]. Serum creatinin concentration is a more significant indicator than
the BUN level in the earlier phases of kidney disease
[22]. On the other hand, BUN begins to rise only after a marked renal parenchymal injury occurs [23].
Wang et al. [24] have given fucoidan to streptozotocin-stimulated diabetic nephropathy rats and
have found that blood glucose, BUN, serum and
urine creatinine levels are significantly reduced.
Zhang et al. [12] investigated the effects of fucoidan
in chronic renal failure (CRF) in rats, reported that
creatinine, SUN levels fell after treatment with fucoidan and that fucoidan was a promising agent in
CRF.
In this study, nephroprotective parameters,
BUN and creatinine levels were evaluated. Plasma
creatinine and BUN levels were the highest in the
GM group, whereas in the GM+fucoidan group was
decreased with fucoidan addition (p<0.01, p<0.05),
respectively. Giving fucoidan together with the GM
administratiton may be a sign of decreased plasma
creatinine and BUN levels in GM+fucoidan group,
low nephrotoxic damage and protective effect of fucoidan. Histopathological findings confirmed this
statement.
Another sign of kidney damage after GM injection is that some ions increase in urinal output. GM-
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progression and protein oxidation [38].
Since direct in vivo measurement of oxidative
stress is difficult and complicated, secondary products of modified products that have undergone oxidation have gained importance. Advanced oxidation
protein products (AOPP), which is defined as crosslinked proteins containing ditirozine, is produced by
the interaction of hypochlorous acid and chloramines
by myeloperoxidase in active neutrophils during oxidative stress. AOPP is described as a safe parameter
in the measurement of oxidative modification of proteins [39]. AOPP values have been investigated in
uremic patients to measure oxidative protein damage
and to develop therapeutic theories to reduce oxidative stress [40]. Veena et al. [41] reported that the
protein carbonyls in hyperoxaluria were significantly
elevated (p<0.001), and that the addition of fucoidan
reduced the formation of protein carbonyls.
The plasma AOPP level of the gentamicin
group was the highest in this study. In the fucoidantreated group with gentamicin, the AOPP level was
statistically significantly lower than the gentamicin
group and was close to the values of the control
group. These results suggest that fucoidan is a very
good antioxidant substance, inhibits protein oxidation and weakens oxidative damage.
As a result, it is seen that fucoidan is a substance which cleanse superoxide radicals, decreases
lipid peroxidation and has antioxidant properties.
GM, an aminoglycoside-derived antibiotic in the
polycationic form, has been shown to alter the nephrotoxicity caused by fucoidan in rats, and that the
fucoidan has renal protective properties and attenuates nephrotoxic damage by examining the favorable
changes in both histopathological and biochemical
parameters.

The levels of GSH significantly increased and
MDA significantly reduced in the mitochondrial
fraction of renal tissue in fucoidan administrated rats
with ethanol-induced hyperoxaluria [34]. Wang et al.
[10] found that GSH level in CKD rats was significantly lower than control group, increasing with PF
and PDF application. Again, reduction of antioxidant
enzymes (due to the rise of LPO) was observed in the
CKD group. In the PD and PDF treated groups, histopathologic changes, renal tubules and interstitium
improved positively, with a significant reduction in
MDA. It has been reported that fucoidan has antioxidative effects and protective properties.
In this study, all blood GSH levels of the control group were found to be highest. Glutathione levels of GM and GM+fucoidan groups were similar
and statistically significantly lower than control
group at p<0.01 level. Similar studies have shown
that GSH levels are elevated in fucoidan-treated
groups [10]. It has been reported that GSH depletion
also contributes to the progression of uremia and that
consumption of GSH in rats leads to acute renal failure [35]. However, in this study, the total blood GSH
level of the group given GM added fucoidan was not
elevated but a value close to that of the GM group
was obtained. It has been shown that free oxygen
radicals may cause cell death in nephrotoxic patients
caused by aminoglycoside antibiotics such as GM
and oxidative stress is predisposed to the formation
of nephrotoxic effects [36, 37]. It can be said that
glutathione, an antioxidant substance, which GM increases by oxidative stress and which the organism
confronts with its antioxidant defense systems in order to eliminate this oxidative state, tries to destroy
this oxidative stress together with fucoidan which
has antioxidant property. It has also been reported
that GSH is a detoxicant for the elimination of toxic
exogenous substances [32]. Also in this study plasma
MDA levels were found as 2.09±0.52, 3.68±1.56,
ȝPROL in control, GM and GM+fucoidan
groups respectively. There was statistically significant difference between the GM group and the other
two groups at p<0.01 level. Plasma MDA levels of
the group given fucoidan with gentamicin were also
found to be lower than controls. Decreased MDA
levels by administration of fucoidan are also observed in similar experimental studies [10]. According to these results, it can be said that fucoidan has
antioxidative effect and prevents lipid peroxidation.
Proteins undergo many covalent changes when
exposed to oxidants. These changes are due either to
the direct effect of free radicals on the protein molecules or to the covalent attachment of the oxidation
by products to the proteins. Rapid formation of oxidation products or inadequate cleansing mechanisms
leads to increased oxidative modifications in other
cellular molecules, including proteins. Protein oxidation products are one of the important indicators of
oxidative stress and it is suggested that there is a
strong correlation between the increase of the disease
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Conversion of cropland to alfalfa grasslandis
a traditional practice widely used for soil and water
conservation in the semi-arid region of northwest
China. The purpose of this study is to evaluate the
effect of alfalfa grassland on soil properties at different elevations and soil textures, compared with
normal cropland. Twenty-four sites (including
twelve sandy loam and silty loam soil sites) were
selected where alfalfa had been grown annually for
eight years. Paired soil samples from adjacent
croplands and alfalfa grasslands were sampled to a
depth of 15 cm. The soil particle size fraction, pH,
electrical conductivity, soil organic carbon (SOC),
total nitrogen (N), easily oxidizable carbon (EOC),
microbial biomass carbon (MBC) and microbial
biomass nitrogen (MBN) were analyzed. The results show that: compared with adjacent cropland,
alfalfa grassland samples showed that electrical
conductivity and soil bulk density decreased in
sandy loam soil, while the pH value increased significantly at both sandy loam and silty loam sites.
Compared with the adjacent cropland, there were
greater increases in the contents of SOC (2.01 g
kg-1) and total N (0.14 g kg-1) in the alfalfa grassland at sandy loam sites than those at the silty loam
sites (1.78 g kg-1 for SOC and 0.16 g kg-1 for total
N). In addition, the mean contents of EOC, MBC
and MBN in the alfalfa grassland increased by
103.90%, 59.81% and 136.71% respectively at the
silty loam sites and increased by 58.53%, 40.09%
and 98.90% at the sandy loam sites. The increment
level and rates of EOC and MBC at sandy loam
sites were greater than those at silty loam sites.
There were positive relationships between elevation
and SOC, EOC, MBC, and between elevation and
increment ratios of SOC, EOC and MBC after conversion of cropland to alfalfa grassland at both silty
loam and sandy loam sites. These results imply that
the SOC accumulation potential at a high elevation
region was larger than at low elevation in the study
area. The increase content of silt and clay at sandy

loam sites can be attributed to irrigation water
which is silt-laden. This plays an important role in
the SOC accumulation at sandy loam sites. This
outcome could provide basic information for the
suitable land management in the Hexi corridor of
northwest China.
)'"#
Alfalfa grassland, Degraded cropland, Labile soil organic
matter, Elevation, Soil texture

$"%$
Land use changes have a major influence on
soil quality which is an important factor for sustaining ecosystem productivity [1, 2]. Conversion
of cropland to alfalfa grassland is an effective and
useful soil conservation practice, which can alleviate soil erosion and degradation [3-7]. The soil
physical-chemical parameters (such as bulk density,
particle size fractions, soil acidity and nutrients) are
distinguishable belowground indicators for evaluating the restoration effect on soil quality due to
their importance in organism substance circulation
and energy transfer [8-10]. A study by Yang et al.
[11] indicated that bulk density decreased by 0.026
g cm-3 and organic matter content increased by 0.80
g kg-1 after conversion of cropland to alfalfa grassland after three years at the Inner Mongolia University nationalities farm. Waldhardt and Otte [12]
discovered a slightly decreased pH for older grasslands as compared to younger grasslands in the
Lahn-Dill Highlands of Germany. Guo and Han [13]
reported that the contents of soil organic carbon and
total nitrogen increased by 20.84 % and 18.21 % in
a 010 cm soil layer five years after returning potato lands to grasslands in the agro-pastoral transitional zone of northern China. To better understand
the restoration effect, it is necessary to identify the
physical- chemical parameters that influence soil
quality.
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Besides the conventional soil nutrients, soil
labile nutrients (i.e., easily oxidizable carbon (EOC)
and soil microbial biomass) can rapidly respond to
environmental changes provoked by alterations to
land use, cropping systems or tillage practices
[14-16]. These labile nutrients are the key microbial
biochemical parameters used for soil quality monitoring [17-19]. EOC is one of the components of
carbon that can be oxidized by 0.333 mol L-1
KMnO4 [20, 21]. A number of studies have focused
on the potential of EOC and microbial biomass for
indices of soil quality or as indicators of microbial
activity in different systems [7, 21-24]. Hooper et al.
[25] highlighted that plant productivity (or soil
quality) is associated with soil microbial function
through mineralization and immobilization processes driven by root-derived carbon. Therefore,
soil labile nutrient indicators are helpful for understanding associated changes in soil quality after
conversion to grassland [7], especially in a few
short years.
The effect of elevation on soil quality and its
changes at a regional scale is also a crucial factor
and can be expressed as the influence of annual
mean temperature and precipitation on soil. Dai and
Huang [26] reported that generally, surface soil
organic matter was positively correlated with elevation for a total of 886 data sets distributed throughout different regions of China. Pabst et al. [27]
found that, independent of land use, MBC strongly
increased with elevation on Mt. Kilimanjaro
(northeastern region of Tanzania). Cong et al. [28]
reported that the SOC, total N, microbial biomass
carbon (MBC) and microbial biomass nitrogen
(MBN) were positively correlated with elevation in
Shennongjia Natural Reserve, China. Du et al. [29]
revealed that variations in SOC were mainly related
to decreasing temperature and increasing precipitation with elevation on Lushan Mountain, subtropical China. Soil texture is also an important factor in
evaluating the influence of land use on the dynamics of SOC. The SOC sequestration potential of
conversion to grassland was determined by identifying both soil texture and the original levels of soil
fertility in French arable top soils [30]. Don et al.
[31] also reported that the SOC accumulation was
limited by the low total clay surface area available
for C stabilization after land-use conversion in two
soil texture types - Vertisol and Arenosol, in Thuringia, Germany. In other studies, soil texture affected both the vertical distribution of a plant’s fine
roots and the soil water cycle, leading to the sandy
soil plant being more frequently subjected to
drought stress and stunted growth in the semi-arid
watershed on the Loess Plateau, China [32].
Recently, there has been increased attention
on the impacts of the “Grain for Green” program on
soil quality in China [33, 34]. Converting degraded
cropland to grassland has been a common land rehabilitation practice for many years in the semi-arid

region of northwest China [35]. The positive ecosystem effect of this practice has been substantial,
with great benefits to soil conservation [6]. However, there is a lack of reporting on the effects of elevation and soil texture on specific soil properties,
especially SOC, EOC, MBC and MBN, in the conversion of degraded cropland to grassland in
northwest China. We selected two soil textures,
sandy loam and silty loam, and determined the
physical, chemical and microbial biomass of soils
associated with artificial alfalfa grassland using
adjacent croplands as a control at a regional scale.
We hypothesize that the sandy loam and high elevation cropland have relative high SOC accumulation (soil quality improvement) potential in the
semi-arid region of northwest China.
$"#$#

#<=-A*:.*The study area was situated in the
middle of the Hexi corridor in northwest China
(Figure 1). The elevation (from 1360 m to 2355 m)
of the study area increased from west to east, so
naturally the mean annual precipitation increased
with altitude from 110 mm to 340 mm and the average annual temperature decreased from 7.3°C to
3.0°C. The main soil types of the selected sites
were Arenosols in Linze County, Alfisols in the
Zhangye oasis, and Mollisols in Sandan and Minle
Counties. In Linze County, permanent maize
(grown for seed) was one of the main crops in the
adjacent cropland, with the stalks and roots of
maize removed after harvest [36]. The adjacent
cropland was irrigated 6~10 times per year with an
annual application of 200-300 kg N ha-1 and 90-150
kg P2O5 ha-1. The alfalfa grassland was irrigated
4~5 times per year, mown 3~4 times per year and
received annual applications of 0-60 kg N ha-1 and
0-45 kg P2O5 ha-1 [6]. Generally, the first irrigation
of alfalfa grassland each year was conducted in
May and the remaining 3~4 irrigations were conducted ten days prior to mowing and fertilizers
were applied after the first mowing each year. The
equitable stubble height was on average 35 cm.
The tillage and planting patterns of cropland and
grassland in the Zhangye oasis were similar to those
in the Linze County. In Shandan and Minle Counties, however, malting barley was a primary crop in
the adjacent cropland, and was irrigated 3~4 times
annually and received applications of 60~120 kg N
ha-1 and 60~90 kg P2O5 ha-1 per year. In addition,
the alfalfa grassland was irrigated 2~3 times, received applications of 0-60 kg N ha-1 and 0-45 kg
P2O5 ha-1 and was mown 2~3 times per year [6].
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#825 ;*695270 *7- 6.*;=:.6.7<; In September 2010, a total of 48 fresh soil samples were
collected at 24 sites along elevation gradients in the
study area. The soil texture of twelve sites was
sandy loam with the other sites being silty loam.
Two soil samples were collected at each site: one
sample from the alfalfa grassland and the other
sample from cropland in the adjacent area. Each
soil sample was collected in an S shape with 6~8
points within an approximate surface area of 350
m2 of cropland or grassland disturbed by tillage to
depths of 0~15 cm. The latitude and longitude of
each sampling site were recorded by a hand-held
global position system (Magellan eXplorist 510,
MiTAC Digital Corporation, USA). In addition,
another three soil samples were collected for each
alfalfa grassland and adjacent cropland site using a
cutting ring with a volume of 100 cm3 to determine
bulk density.
Soil samples were sealed in plastic bags and
placed in a cooling box before being transported to
the laboratory for MBC and MBN analyses. The
remaining soil samples were air-dried in the laboratory and hand-sieved through a 2 mm screen to
remove roots and other debris. The soil particle size
fractions were determined by the wet sieve method
[37]. Soil pH value (acidity) and the electric conductivity (EC) were measured in soil-water suspensions (1:2.5 and 1:5 soil: water) [38]. Soil samples
were further ground to pass through a 0.25 mm
sieve and analyzed for SOC, total nitrogen (N) and
EOC. SOC and total N levels were determined by
the K2Cr2O7–H2SO4 oxidation method and Kjeldahl

procedure, respectively [38]. EOC was the fraction
of SOC that could be oxidized by 0.333 mol L-1
KMnO4 and determined by the following procedure
[20, 21]: samples of soil containing 15 mg C were
weighed into 30 mL plastic screw-top centrifuge
tubes, and 25 mL of 0.333 mol L-1 KMnO4 was
added to each vial. A blank sample, containing no
soil, and a sample of a standard soil were analyzed
in each run. The centrifuge tubes were tightly
sealed and shaken for 1 h at 120 rpm. The tubes
were centrifuged for 5 min at 2000 rpm, and the
supernatants were diluted to 1:250 with de-ionized
water. The absorbance of the diluted samples and
standards were read from a split beam spectrophotometer at 565 nm. Soil MBC and MBN were determined by the fumigation-extraction method using 20 g fresh soil sample (< 2mm) and 0.5 mol L-1
K2SO4. MBC was determined by the K2Cr2O7–
H2SO4 oxidation method, and MBN was determined with a spectrophotometer at 220 and 275 nm
[7]. MBC and MBN were calculated using a EC
factor of 0.45 [39] and a EN factor of 0.54 [40],
respectively.

*<*7*5A;2;The SOC and total N sequestration rates were determined by the increments of
SOC and total N per unit area divided by the restoration years. Means and standard deviations (SD)
were calculated for the soil samples at the 12 sites
with the same soil textures, i.e., sandy loam or silty
loam, in the alfalfa grassland and adjacent cropland.
Paired sample t-tests were used to assess differences in variables between the alfalfa grassland and
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significant at both sandy loam and silty loam sites.
There was a significant difference in EC between
the alfalfa grassland and adjacent cropland at sandy
loam sites, but there was no significant difference at
silty loam sites.

1*70.;8/#*7-$The differences in
SOC and total N between the alfalfa grassland and
adjacent cropland were significant at both silty
loam and sandy loam sites (Table 1). Compared
with the adjacent cropland, the increased levels of
SOC and total N were 2.01g kg-1 and 0.14g kg-1
respectively in the alfalfa grassland at the sandy
loam sites, 1.78g kg-1 (for SOC) and 0.16g kg-1 (for
total N) at the silty loam sites. Compared with the
adjacent cropland, there were greater increment
ratios of SOC (42.57±16.19%) in the alfalfa grassland at the sandy loam sites than at the silty loam
sites (21.27±7.51% for SOC). These results indicate
that the increment level and increment ratio of SOC
in sandy loam sites are greater than those in silty
loam sites after conversion from cropland to alfalfa
grassland (<0.05).

adjacent cropland at both sandy loam and silty loam
sites. Linear regression and correlation analyses
were conducted to evaluate the relationship between elevation and soil properties. Before undertaking the linear regression and correlation analysis,
it is necessary that the dataset for sandy and silty
loam sites are checked (one-sample Kolmogorove-Smirnov test) to determine whether they follow a normal distribution. If the data is found not to
be normal, it should be transformed or the analysis
method changed. All statistical tests were performed with SPSS program (Ver. 11.5), and differences were considered significant when  ≤ 0.05.


"#%$#

1*70.; 8/ +=54 -.7;2<A  *7- 9 The
differences in variables between the alfalfa grassland and adjacent cropland at both sandy loam and
silty loam sites are shown in Table 1. The differences in soil bulk density and pH values between
the alfalfa grassland and adjacent cropland were
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Sandy
Loam
soil

Silty
Loam
soil

#8259:89.:<2.;
Elevation, m
SOC, g kg-1
Total N, g kg-1
EOC, g kg-1
MBC, mg kg-1
MBN, mg kg-1
Bulk density, g cm-3
EC, dS cm-2
pH value
Clay, %
Sand, %
Silt, %
Ratio of C/N
EOC/SOC, %
MBC/SOC, %
MBN/TN, %
Elevation, m
SOC, g kg-1
Total N, g kg-1
EOC, g kg-1
MBC, mg kg-1
MBN, mg kg-1
Bulk density, g cm-3
EC, dS cm-2
pH value
Clay, %
Sand, %
Silt, %
Ratio of C/N
EOC/SOC, %
MBC/SOC, %
MBN/TN, %

Adjacent cropland

Alfalfa grassland

1546.25
5.03
0.54
1.05
80.71
14.73
1.38
0.49
7.46
9.83
55.28
34.16
9.66
20.23
1.67
2.70
2172.33
8.39
0.93
1.29
108.86
25.46
1.26
0.17
7.40
11.81
22.54
65.05
9.16
15.15
1.32
2.75

1546.25
7.03
0.68
1.67
113.07
29.30
1.33
0.41
7.53
12.15
53.28
33.45
10.64
23.43
1.60
4.25
2172.33
10.17
1.09
2.61
173.97
60.26
1.21
0.16
7.52
10.98
25.17
63.26
9.37
24.95
1.70
5.48
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Paired-samples T test


8.57
<0.01
4.65
<0.01
5.67
<0.01
8.44
<0.01
6.47
<0.01
-3.56
<0.01
-2.48
0.03
2.51
0.03
2.42
0.03
-0.67
0.52
-0.25
0.81
1.25
0.24
3.07
0.01
-0.86
0.41
7.66
<0.01
7.33
<0.01
11.71
<0.01
4.96
<0.01
12.22
<0.01
12.08
<0.01
-11.26
<0.01
-1.24
0.24
4.22
<0.01
-1.01
0.332
0.94
0.368
-0.76
0.464
0.74
0.48
4.73
<0.01
11.91
<0.01
25.09
<0.01
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Sandy
loam
soil

Silty
loam
soil

Adjacent
cropland

Alfalfa
grassland

Adjacent
cropland

Alfalfa
grassland


KolmogorovSmirnov Z
Asymp.
Sig.(2-tailed)
KolmogorovSmirnov Z
Asymp.
Sig.(2-tailed)
KolmogorovSmirnov Z
Asymp.
Sig.(2-tailed)
KolmogorovSmirnov Z
Asymp.
Sig.(2-tailed)

Elevation

SOC

Total
N

EOC

MBC

MBN

Bulk
density

EC

pH
value

Clay

0.96

0.44

0.63

0.86

0.51

0.60

0.55

1.25

0.95

0.65

0.32

0.99

0.83

0.45

0.96

0.87

0.92

0.09

0.33

0.79

0.96

0.57

0.50

0.75

0.63

0.52

0.88

1.30

1.04

0.61

0.32

0.90

0.96

0.63

0.83

0.95

0.42

0.07

0.23

0.85

1.24

0.63

0.25

0.70

0.69

0.30

0.80

1.42

0.87

0.80

0.09

0.82

1.00

0.71

0.73

1.00

0.54

0.04

0.44

0.54

1.24

0.39

0.45

0.69

0.40

0.43

0.80

0.86

0.80

0.41

0.09

1.00

0.99

0.73

1.00

0.99

0.55

0.45

0.54

1.00

Note: Asymp. Sig.(2-tailed)>0.05 means the data of variable is normal distribution.
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Elevation
SOC
Total N
EOC
MBC
MBN
Bulk density
EC
pH value
Clay

Elevation
1
0.655*
0.650*
0.579*
0.710**
0.621*
-0.767**
0.104
0.621*
0.438

SOC
0.809**
1
0.853**
0.829**
0.718**
0.594*
-0.669*
0.474
0.308
0.625*

Total N
0.726**
0.812**
1
0.831**
0.857**
0.439*
-0.664*
0.480
0.383
0.517

EOC
0.903**
0.809**
0.683*
1
0.872**
0.551
-0.460
0.408
0.555
0.819**

MBC
0.950**
0.879**
0.793**
0.926**
1
0.376
-0.624*
0.438
0.519
0.651*

MBN
0.863**
0.776**
0.647*
0.711**
0.766**
1
-0.530
0.292
0.326
0.392

Bulk density
-0.309
-0.307
-0.331
-0.492
-0.417
-0.057
1
-0.490
-0.120
-0.274

EC
-0.006
-0.044
-0.287
0.057
-0.123
-0.108
0.113
1
-0.369
0.284

pH value
-0.161
-0.350
-0.320
-0.198
-0.125
-0.154
-0.001
-0.332
1
0.509

Clay
0.631*
0.558
0.384
0.590*
0.584*
0.544
-0.104
0.183
-0.047
1

Note: The unit of each variable: elevation: m; SOC: g kg-1; total N: g kg-1; EOC: g kg-1; MBC: mg kg-1; MBN:
mg kg-1; bulk density: g cm-3; EC: dS cm-2; Clay: %. * and ** denote 0.05 and 0.01 significance level of correlativity. The same below.
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Elevation
SOC
Total N
EOC
MBC
MBN
Bulk density
EC
pH value
Clay, %

Elevation
1
0.463
0.660*
0.657*
0.637*
0.653*
-0.771**
-0.378
0.466
0.242

SOC
0.568
1
0.786**
0.788**
0.543
0.558
-0.586*
0.068
0.180
0.301

Total N
0.845**
0.682*
1
0.847**
0.808**
0.681*
-0.660*
0.002
0.363
0.511

EOC
0.847**
0.685*
0.701*
1
0.833**
0.464
-0.591*
-0.312
0.621*
0.168

MBC
0.818**
0.507
0.848**
0.808**
1
0.526
-0.552
-0.162
0.648*
0.489

MBN
0.919**
0.602*
0.769**
0.834**
0.790**
1
-0.536
-0.045
0.135
0.717**

Bulk density
-0.453
-0.584*
-0.472
-0.629*
-0.290
-0.279
1
-0.161
-0.064
-0.258

EC
0.050
0.221
0.107
0.141
0.048
0.145
-0.083
1
-0.754**
0.206

pH value
-0.263
-0.431
-0.390
-0.366
-0.275
-0.198
0.534
-0.424
1
0.078

Clay
0.496
0.437
0.370
0.260
0.097
0.472
-0.255
-0.357
-0.082
1

sion from cropland to alfalfa grassland after eight
years.

1*70.;8/*7-The differences in EOC, MBC and MBN contents,
EOC/SOC and MBN/(total N) ratios between alfalfa grassland and adjacent cropland are significant at
both sandy loam and silty loam sites (Table 1). The
increment ratios of EOC and MBC in silty loam

Within the 0~15cm soil depth, the increased
rates of SOC and N in silty loam sites were
0.31±0.17 Mg C ha-1 yr−1 and 0.028±0.013 Mg N
ha-1 yr−1, respectively, subsequent to conversion
from cropland to alfalfa grassland after eight years.
The increased rates of SOC and N at sandy loam
sites are 0.46±0.20 Mg C ha-1 yr−1 and 0.029±0.025
Mg N ha-1 yr−1, respectively, subsequent to conver-
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fractions in alfalfa grassland and adjacent cropland
at silty loam (Figure 2) and sandy loam sites (Figure 3). A correlation matrix for elevation and soil
properties of silty loam and sandy loam are shown
in Tables 3 and 4. There are positive correlations
between the elevation and SOC (or total N), and
between the elevation and EOC (or MBC, MBN) at
both silty loam and sandy loam sites. There are also
positive correlations between the EOC and SOC in
alfalfa grassland (<0.01) and adjacent cropland
(<0.05); the MBC and SOC in alfalfa grassland
(<0.01) and adjacent cropland (>0.05); and the
MBN and total N in alfalfa grassland (<0.05) and
adjacent cropland (<0.05). There are positive relationships between the elevation and increment ratios of SOC, EOC and MBC after conversion of
cropland to alfalfa grassland at the silty loam (Figure 4). There are positive relationships between the
elevation and increment ratios of SOC, and MBC
after conversion of cropland to alfalfa grassland at
the sandy loam site (Figure 4).

sites are greater than those in sandy loam sites.
Compared with the adjacent cropland, the mean
contents of EOC, MBC and MBN in the alfalfa
grassland increased by 103.90%, 59.81% and
136.71% at the silty loam sites, and EOC, MBC and
MBN in the alfalfa grassland are increased by
58.53%, 40.09% and 98.90% at the sandy loam
sites. There is significant difference in MBC/SOC
between the alfalfa grassland and adjacent cropland
at the silty loam sites, but there is no significant
difference at sandy loam sites.

".5*<287;129; +.<?..7 ;825 9:89.:<2.; *7-
.5.>*<287The results of the one-sample Kolmogorov-Smirnov test for variables are shown in Table 2,
and all variables approximately follow a normal
distribution. There are significant positive correlations between SOC and clay particle fractions in the
silty loam samples from the alfalfa grassland (Table
3). Although not necessarily significant, there is a
positive correlation between SOC and clay particle
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south-central Saskatchewan (1.4~2.9 Mg C ha-1
year-1) [43]. The different sequestration rates of
SOC of the above studies may be due to different
land management and soil texture.
The EOC, MBC and MBN are positively correlated with SOC or total N, which is consistent
with results from other studies [7, 21, 24]. The EOC,
MBC and MBN in the alfalfa grassland are significantly higher than those in the adjacent cropland at
both the silty loam and sandy loam sites (Tables 1).
This is due to the fallen leaves and dense fine-roots
of alfalfa grass in the soil depth of 0~15 cm enriching the labile soil nutrients [44, 45]. In addition, the
increase in alfalfa residue provided more substrate

#%##

//.,< 8/ <1. ,87>.:;287 8/ ,:895*7- <8
0:*;;5*7- 87 #   *7-  The
contents of SOC in alfalfa grassland are significantly higher than that of the adjacent cropland
(Table 1). After conversion from cropland to alfalfa
grassland for eight years, the average SOC sequestration rate is 0.31 Mg C ha-1 yr-1 at silty loam sites
and 0.46 Mg C ha-1 yr-1 at sandy loam sites in the
plough layer of 0~15 cm. The sequestration rates
are lower than the results from similar studies in
America (0.4~1.0 Mg C ha-1 yr-1) [41], east-central
Saskatchewan (0.6~0.8 Mg C ha-1 yr-1) [42], and
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clay was over 380 kg ha-1 with an irrigation volume
of 10000 m3 ha-1 [51]. Although the amount of irrigation in alfalfa grassland is less than for cropland,
the alfalfa grassland with dense fine-roots is favorable for silt and clay retention at the soil surface. It
is noted that the change in soil particle size distribution is strongly coincidental with irrigation water
management in the sandy loam sites, so we found
that the increment levels and rates of SOC in sandy
loam sites are greater than those in silty loam sites
after conversion.

for microorganisms, causing the increase in MBC
[24, 46]. At the same time, the disturbance of soil
caused by farming practices allowed the crop residues to make full contact with the soil, which
would have accelerated the decomposition of crop
residues, and made a visible impact on labile nutrients [24, 47]. The increment rate of total EOC and
MBC is greater than SOC at both soil texture sites
after conversion from cropland to alfalfa grassland,
indicating that the labile C are the main components
in increasing the contents of total SOC. It is also
suggested that labile C is a sensitive index of C
dynamics after conversion of cropland to alfalfa
grassland.
The mean ratios of C/N in alfalfa grassland
are higher than for the adjacent cropland at both
silty and sandy loam sites (Table 1). Typically,
there is more labile material with high C/N ratios in
topsoil [47, 48]. Further, the greater chemical fertilizer application in the cropland is noteworthy, because heavy applications could reduce the C/N ratios and accelerate SOC decomposition [49].
Moreover, the quantity of soil aggregates in alfalfa
grassland is larger than for adjacent cropland [50],
which would also have contributed to protecting the
labile proportion of SOC. It is worth mentioning
that the alfalfa had been converted to cropland for
only eight years, and the high labile SOC in alfalfa
grassland would be easily decomposed after conversion to tillage. In future research, more attention
needs to be given to how to protect the labile SOC
in the re-tillage cropland.

//.,< 8/ .5.>*<287 87 ;825 7=<:2.7<; 27,:.
6.7< */<.: ,87>.:;287 <8 *5/*5/* 0:*;;5*7- Our
results indicated that there are positive correlations
between the elevation and SOC, EOC, MBC (Tables 3 and 4). These results suggest that SOC distribution at a regional scale is clearly influenced by
elevation. The high elevation regions favored SOC
accumulation despite normal tillage management or
natural conditions, and this is confirmed by many
previous studies [26-29]. In addition, we find that
there are positive relationships between elevation
and increments ratios of SOC, EOC and MBC after
conversion at silty loam sites (Figure 4). The increment ratios of EOC and MBC in silty loam sites
are greater than those in sandy loam sites. This results from the sandy loam sites being mainly located at relatively low elevation. With higher temperature and better aeration, the decomposition speed
of the labile C would have been more rapid at those
sites [6]. Therefore, there is difference in the accumulation rates of the labile nutrients.
No positive relationships between elevation
and increments ratios of SOC and EOC are found
after conversion at sandy loam sites (Figure 4),
suggesting that there may be other sources of clay
input at sandy loam sites.

//.,< 8/ ;825 <.@<=:. 87 ;825 7=<:2.7<; 27
,:.6.7< */<.: ,87>.:;287 <8 *5/*5/* 0:*;;5*7-
The SOC sequestration potential was determined
from the original levels of soil fertility and soil texture [30]. Don et al. [31] also reported that the SOC
accumulation was limited by the low total clay surface area after land-use conversion. The increment
levels and rates of in sandy loam sites are greater
than those for silty loam sites after conversion (Table 1). This result is different to previous studies
[31], and cannot be explained by the soil
clay-mineral surfaces theory (a larger component of
clay could be associated with more SOC). However,
there is a positive correlation between SOC and the
soil clay particle fraction in the alfalfa grassland
and adjacent cropland at both silty and sandy loam
sites (Figures 2 and 3). This implies that there may
be other sources of clay-silty input at the sandy
loam sites. We infer that irrigation with silt-laden
river water resulted in an increase of silt and clay in
the sandy loam sites, because the use of water resources for crop production in sandy loam sites
(Gaotai county, Linze county and Zhangye city)
mainly depends on surface water (Heihe river water,
see Figure 1). The irrigation water from the Heihe
river contains more than 38 g L-1 of fine particles
(silt and clay), indicating that the input of silt and

%##
Soil properties have changed significantly
since conversion from cropland to alfalfa grassland
after eight years in the semi-arid region of northwest China. Compared with the adjacent cropland,
the soil bulk density and EC decreased whereas the
pH, SOC, total N, EOC, MBC and MBN and the
ratios of EOC/SOC, MBC/SOC and MBN/(total N)
increased in alfalfa grassland. The SOC accumulation potential in high elevation regions is larger
than at low elevation. These results also show that
the labile nutrients are the main components in increasing the contents of total SOC in alfalfa grassland, but are also easily decomposed after conversion to tillage. The increased content of silt and clay
is contributed to by silt-laden irrigation water,
which plays an important role in the SOC accumulation at sandy loam sites.
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DIRECT PHOTODEGRADATION OF
DICHLORONITROMETHANE IN WATER UNDER
UV IRRADIATION
Lin Deng*, Longjia Wen, Zhiyan Hong, Fanfang Zhu, Beibei Liu
Department of Municipal Engineering, Southeast University, Nanjing 210096, P.R. China

(DBPs) [2, 3]. The study of DBPs can be traced back
to 1974, when it was found that trihalomethanes
(THMs) was formed during the chlorine disinfection, and then in 1976, American Cancer Society
found that THMs were carcinogenic to animals
and humans [4, 5]. In 1983, haloacetic acids (HAAs)
were also found widespreadly in drinking water,
which had a higher risk of carcinogenesis than
THMs [6]. With the rapid development of water
analysis technology and toxicology, more than 600
DBPs have been identified in the drinking water [7].
Among these DBPs, nitrogenous disinfection byproducts (N-DBPs) attract more attention due to the
high toxicity and the potential risks to human health
[8-11]. The disinfection of water exhibiting high levels of nitrogen has been associated with the formation of N-DBPs [6]. N-DBPs generally form insignificantly lower concentrations than regulated
DBPs, but have been a growing concern over the past
decade because of their higher health risk [12-13].
Among those N-DBPs, the halonitromethanes
(HNMs) have been the focus of recent reports [2, 9,
11]. According to the survey conducted by the
United States on the nationwide water supply plant
in 2000-2002, the concentration of various HNMs
reached 1-10ug/L [14]. Therefore, it has a great significance to study HNMs for protecting the safety of
drinking water.
Compared with the Haloacetonitriles (HANs),
nitrosamines (NDMA) and other DBPs, the studies
of HNMs were still in the initial stage, and mainly
focused on its concentration and toxicology, and
most of the researches were placed in TCNM [15,
16]. The photodegradation of DCNM was the choice
of HNMs in this study because limited research was
concerned to its photodegradation under UV irradiation conditions.
In this experiment, light intensity, light time,
chloride ion, nitrate ion, hydroxyl radical, pH value
and the initial concentration of DCNM were selected
as the influencing factors on the photodegradation of
DCNM, while the photodegradation laws and kinetics of DCNM were studied by contrast experiments.
The objective of this study was to explore the utility
of UV irradiation processes for treatment of DCNM
in drinking water. Of particular interest were the kinetics and possible mechanisms on direct photodegradation of DCNM. It will be helpful to know the

ABSTRACT
This study aims to clarify the direct photodegradation of dichloronitromethane (DCNM) in water,
which is one of halonitromethanes (HNMs), under
the irradiation of low pressure mercury lamp (2.010.0 mW/cm2). The effect of light intensity, chloride
ion, nitrate ion, pH value, initial DCNM concentraWLRQDQG 2+ on the photochemical degradation of
DCNM were investigated by contrast experiments.
The experimental results showed that the photodegradation rate of DCNM increase with increasing the
concentrations of light intensity, chloride ions, and
pH, while it decreased with increasing the initial
concentrations of DCNM and nitrate ions. 2+LQWKH
solution didn`t play an important role on the photodegradation of DCNM under UV irradiation. The influence of DCNM initial concentration on the photodegradation of DCNM was examined at pH 7.0 with
initial concentrations (C0) of DCNM at 50.0-300.0
μg/L. The overall degradation rates of DCNM were
modeled using a pseudo-first-order rate law with a
correlation coefficient for the kinetic data R2˚0.96.
Results of this study can contribute to the control of
DCNM in drinking water and sewage treatment and
the development of new disinfection process.

KEYWORDS:
Photodegradation, Dichloronitromethane, Water, UV irradiation

INTRODUCTION
Drinking water disinfection technology appeared in the 19th century and chlorine disinfection
had been the most widely used methods of disinfection. Chlorine disinfection can not only effectively
kill bacteria and microorganisms in the water, but
also improve water quality and protect human health.
It has made outstanding contributions in the field of
public health [1]. However, the disinfectants also react with natural organic matter (NOM), inorganic
ions (such as bromide and iodide) and many anthropogenic contaminants (including pesticides, drugs,
antibiotics) during the course of chlorine disinfection, and produce a series of disinfection by-products
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sure complete light absorption by the ferrioxalate actinometer. The actual UV radiation intensity under
different conditions was presented in Table1.

characteristics of DCNM in the drinking waters under UV irradiation, contribute to the development of
new source control strategies for minimization of
DCNM risk at drinking water and wastewater utilities.

TABLE 1
The incident intensity of UV radiation
Radiated power
Incident intensity
(W )
(Einstein·L-1·s-1)
5W
2.88×10-6
10 W
5.92×10-6
15 W
9.62×10-6

MATERIALS AND METHODS
Chemicals and reagents. In the experiments,
all chemicals are analytical reagent, and all solutions
were prepared from distilled water. The solution pH
was controlled to be constant (±0.2) during the reaction time by 2 mM phosphate buffer for pH 6±8.
DCNM was purchased from Quality Control Chemicals (USA). Sodium chloride, tert-butyl alcohol and
sodium hydroxide were purchased from the Xilong
Chemical Co., Ltd. Disodium hydrogen phosphate,
sodium dihydrogen phosphate and potassium nitrate
were purchased from Tianjin KeMiou Chemical Reagent Co., Ltd. DCNM was dissolved in methyl tertbutyl ether (MTBE) for storage.

Analytical methods. In the experiment, the
DCNM concentration of water samples was detected
according to the USEPA 551.1[17]. 5 mL samples
were withdrawn from the reactor at proper intervals
(e.g. 0, 2, 5, 10, 15, 20min) by a 5mL plastic straw
or pipette. Before analysis the samples were extracted with 2mL methyl tert-butyl ether (MTBE) for
2 min, For DCNM analyses, the samples were taken
1mL MTBE to the vial from the extracted solution,
and analyzed using gas chromatography/ electron
capture detection (Agilent GC). The GC temperature
program consisted of an initial temperature of 50ć
for 5min, followed by ramping up to 140ć in 10ć
/min, then ramping up to 280ć in 20ć/min. The injection port temperature was 235ć, the temperature
of detector was 280ć. The injection volume was 1.0
and the carrier gas was high purity nitrogen with 1.0
mL/min [14]. The recovery of DCNM was 98% and
the limit of detection was 0.09 μg/L.
The calibration curve equation for DCNM was
YArea = 132.32+69.51 CDCNM, R2 = 0.9999 (n=7),
where CDCNM was the concentration of DCNM in the
range of 0.0±300 μg/L. The standard error of analyses methods was 2.37 μg/L. All vitreous apparatus
were dipped in HNO3/water (the volume ratio was
1:1) overnight, and then put them into the incubator
at 80ć. All the experiments were triplicate. The results presented were the mean values with a total error less than 5%.

Experimental equipment and UV irradiation procedure. The irradiation experiments were
carried out in a cylindrical reactor (20.0 cm length,
9.0 cm diameter, 1.0 cm wall thickness) (see Fig. 1),
with a UV lamp (5W, 10W and 15W, ¬=254nm,
Changzhou Shangzi Lamp Co. Ltd, China) placed in
cooling trap for maintaining a constant temperature
(22f2ć) by water circulation.

RESULTS AND DISCUSSION
FIGURE 1
Illustration of experimental set-up

Effect of light intensity on the photodegradation of DCNM. The experiments were carried out
to study the effect of light intensity on the photodegradation of DCNM in aqueous solution under low
pressure mercury lamp. The 100 μg/L DCNM solutions were irradiated at pH=7.0 under different light
intensity. The results showed that the photodegradation rate of DCNM increased with increasing light
intensity. As could be seen from Fig. 2, the residual
rate of DCNM was 91.67% after 20min without UV.
This showed that the DCNM solution could also be
hydrolyzed or volatilized under dark conditions, but
very slow. And the degradation rate of DCNM under
dark conditions was very small relative to under UV

The DCNM solution required for the experiment was prepared in a 500 mL brown volumetric
flask and then poured DCNM solution into the reactor under different experimental conditions. The solution was vigorously mixed using a magnetic stirrer.
The UV lamps were stabilized for about 30 min prior
to their use for irradiation.
The incident photon flow (Einstein Lí1sí1) of
UV lamps was measured using ferrioxalate actinometry. The photolytic production of Fe (II) was maintained at <10% of the initial amount of Fe(III) to in-
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concentrations on the photodegradation of DCNM in
aqueous solution under UV irradiation, and at
pH=7.0. The initial concentrations of DCNM, 50,
100, 200 and 300μg/L were selected for the experiments. The results showed in Fig. 3, when the initial
concentrations of DCNM were 50, 100, 200, and 300
μg/L respectively, the residual rates of DCNM were
0%, 7.43%, 10.99% and 16.5% after 20 min UV irradiation. It indicated that the photodegradation rate
of low concentration DCNM decreased faster than
high concentration of DCNM in aqueous solution.
Under UV irradiation, the degradation rate of
DCNM decreased with the increase of DCNM initial
concentration. The overall degradation rate of
DCNM was modelled using a pseudo-first-order rate
law. Values of k were determined by regression of
ln(Ct/C0) vs time. From Table 2, the fitting equations
were straight lines whose slopes are almost equal to
a constant value k. So the kinetic model of DCNM
photodegradation fits a pseudo-first-order rate law.

irradiation conditions. When the reaction solution
containing 100μg/L DCNM concentration was carried out under UV irradiation (15W), the residual
rate of DCNM was 7.43% after 20min irradiation.
when the low pressure mercury lamp was 10W, the
residual rate of DCNM was 10.33% after 20min irradiation. when low pressure mercury lamp was 5W,
the residual rate of DCNM was 20.02% after 20min
irradiation. According to the experimental results, it
could be concluded that the degradation rate of
DCNM increased with increasing light intensity in
aqueous solution. The reason for this phenomenon is
that the stronger the UV light intensity, the more energy it can provide to promote the photodegradation
of DCNM. According to the experimental results,
15W UV was selected as the light intensity of following experiments.
Effects of different initial concentrations on
the photodegradation of DCNM. The experiments
were carried out to study the effect of different initial

FIGURE 2
Effect of light intensity on the photodegradation of DCNM
1.0

300ug/L DCNM
200ug/L DCNM
100ug/L DCNM
50ug/L DCNM
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FIGURE 3
Effects of different initial concentrations on the photodegradation of DCNM
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TABLE 2
The kinetic model of DCNM photodegradation
Fitting equation
k
-ln(Ct/C0)=0.1282t+0.3342
0.1282
-ln(Ct/C0)=0.1186t+0.2478
0.1186
-ln(Ct/C0)=0.1125t+0.0710
0.1125
-ln(Ct/C0)=0.1084t-0.1587
0.1084

R2
0.9611
0.9824
0.9869
0.9706

FIGURE4
Effect of pH on the photodegradation of DCNM

FIGURE 5
Effect of chloride ion on the photodegradation of DCNM
Effect of pH on the photodegradation of
DCNM. The effect of pH on the photodegradation of
DCNM was studied at pH 6.0, 7.0 and 8.0 (buffered
by 10 mM phosphate buffer and NaOH) using
100μg/L DCNM under UV irradiation. As shown in
Fig. 4, it wasn`t very obvious that the photodegradation efficiency of DCNM in creased with increasing
pH. At pH=6.0, 7.0, 8.0, the residual rates of DCNM
were 8.58%, 7.43% and 5.20% respectively after
20min UV irradiation. According to the experimental results, it can be concluded that under the
same conditions, the higher the pH is, the faster the
degradation rate of DCNM is. This conclusion is the
same as the report of Fang et al. [18]. In their study,

the degradation rate was the fastest at pH 9.0, which
was higher than that at pH 3.0 and 6.0. According to
the related research, the UV absorption of DCNM
determines its amenability to the direct UV photolysis and photochemical transformation. The higher
the molar absorption was, the faster the photodegradation rate was. And the molar absorption of DCNM
was related to pH, the higher the pH, the higher the
molar absorption was. So, the degradation rate of
DCNM increased with the increase of pH value
[18,19]. pH 7.0 was selected in the all experiments,
because both natural water and the DCNM suspension have a similar pH value.
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FIGURE 6
Effect of nitrate ion on the photodegradation of DCNM

FIGURE 7
Potential roles of radical in the photodegradation of DCNM
DCNM. Therefore, the experiments were carried out
to investigate the effect of nitrate ion on the photodegradation of DCNM in aqueous solution with adding 0.5 mmol/L potassium nitrate under UV irradiation and at pH=7.0. The experimental results were
shown in Fig. 6. when the reaction solution containing 100 μg/L DCNM concentration was added 0.5
mmol/L potassium nitrate under UV irradiation, the
results showed that the residual rate of DCNM was
8.89% after 20 min. when the reaction solution containing 100 μg/L DCNM concentration wasn`t added
0.5 mmol/L potassium nitrate under UV irradiation,
the results showed that the residual rate of DCNM
was 7.43% after 20 min. According to the experimental results, it could be concluded that nitrate ion
has a negative effect on the photodegradation of
DCNM. Because nitrate and nitrite ions could undergo photolysis to absorb UV light energy [21], the
photodegradation rate of DCNM decreased with the
increase of nitrate ion.

Effect of chloride ion on the photodegradation of DCNM. In nature, chlorine is found primarily as the chloride ion, a component of the salt that is
deposited in the earth or dissolved in the oceans [20].
Most chloride salts are soluble in water, thus, chloride ion is a ubiquitous group of natural water.
Therefore, the experiments were carried out to investigate the effect of chloride ion on the photodegradation of DCNM in reaction solution containing
DCNM 100μg/L with adding 0.5 mmol/L sodium
chloride at pH=7 under UV irradiation. As shown in
Fig. 5, the results showed that the residual rate of
DCNM was 3.87% after 20 min with adding 0.5
mmol/L sodium chloride, while the residual rate of
DCNM was 7.34% after 20 min without adding sodium chloride. So, it could be concluded that the
chloride ion accelerated the photodegradation rate of
DCNM.
Effect of nitrate ion on the photodegradation
of DCNM. Nitrate ion is a component of natural water because of their important role in the fate and
transport of many pollutants. In our experiments, nitrate ion could also affect the photodegradation of

Potential roles of hydroxyl radical in the
photodegradation of DCNM. According to related
research, HNMs can be decomposed by hydroxyl
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UDGLFDOV 2+ >@:KLOHWHUWEXW\ODOFRKRO 7%$ 
FDQEHXVHGDVDVFDYHQJHUIRU2+>@7KHUHIRUH
the experiments were carried out to study the effect
RI2+RQWKHSKRWRGHJUDGDWLRQRI'&10LQDTXH
ous solution under UV irradiation and at pH=7. In
this experiment, excessive TBA solution (5 g/L) was
DGGHGWRLQKLELWWKHLQIOXHQFHRI2+RQWKHSKRWR
degradation of DCNM. As shown in Fig. 7, the experimental results showed that the residual rate of
DCNM (100 μg/L) was 9.85% after 20 min irradiation with adding 5 g/L TBA, while the residual rate
of DCNM was 7.43% without adding 5 g/L TBA.
From the experimental results, the degradation rate
of DCNM only decreased a little after adding 5 g/L
7%$,WDOVRFRXOGEHSURYHGWKDW2+GLGQCWSOD\DQ
important role on the photodegradation of DCNM.
The photodegradation of organic compounds
may proceed via direct and indirect photolysis under
UV irradiation. Interactions of light with organic
compounds and other water constituents may generate reactive species in indirect photolysis such as
radicals that can react with organic compounds to
cause their degradation [23]. The radical scavenger
TBA was added an excess amount into the DCNM
solution and had exhibited slight influence on the
photolysis of DCNM (Fig. 7). Thus, the photodegradation of DCNM under UV irradiation was primarily
a direct photolysis.
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beings and aquatic lives have attracted much attention for its removal from aqueous stream [2, 3].
Heavy metals like lead, mercury, zinc, copper,
nickel etc. are widely used in industries in various
manufacturing processes. These heavy metals tend
to accumulate in living bodies through the food
chain and direct uptake. It may cause hypertension,
reproductive disorders, neurological and metabolic
problems for human beings [4].
Lead is one of the most toxic contaminants released into the natural environments, agricultural
lands [5] and waters from various industrial activities [6] such as metal plating, oil refining and battery manufacturing [7]. The presence of lead in
drinking water even at low concentration may cause
illness such as anemia, brain disease and hepatitis
[8]. According to the WHO (World Health Organization) standards, the maximum limit of lead in
drinking water is 0.05 mg/dm3 but the maximum
discharge limit for lead in wastewater is 0.5
mg/dm3 [9].
Methods used to remove Pb(II) from
wastewater include chemical precipitation [10],
chemical reduction [11], ion exchange [12], membrane separation [13] and biosorption [14]. However, most of these methods are only suitable for the
removal of Pb(II) in low concentrations and often
require comprehensive processing and high cost. In
general, ion exchange is considered a main mechanism of heavy metals removal [15]. It is highly effective, promising and widely applied method.
Composite materials formed by mixing organic polymers and inorganic particles have potential
applications in industries and have attracted much
attention recently due to their excellent physicochemical properties [16] not present in the pure materials [17, 18]. Organic–inorganic composite ion
exchange materials prepared by sol–gel method
have attracted a great attention in separation science
because they have high selectivity towards toxic
metal ions [19, 20].
The objective of our study was to synthesize
a composite material with good ion exchange capacity and high selectivity for heavy toxic metal
ions. We have synthesized polyaniline Sn(IV) sili-

A composite cation exchange material, polyaniline Sn (IV) silicate has been prepared under different experimental conditions; the physicochemical properties of the material were determined
using different analytical techniques including fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), simultaneous
thermogravimetric analysis differential thermal
analysis (TGA–DTA) and X-ray diffraction (XRD).
Adsorption properties for different metal ions have
been investigated and the results revealed that polyaniline Sn(IV) silicate had a considerable ability for
removal of Pb2+ from aqueous solution. The effect
of temperature, pH, contact time, exchanger dose
and initial lead concentration on adsorption has
been studied to achieve the optimum conditions.
Equilibrium data fitted well with the Langmuir
model with correlation coefficient (R2 = 0.99). The
maximum removal of Pb2+ was found to be pH 6
and equilibrium time 30 min. All the results validated the feasibility of polyaniline Sn (IV) silicate
for highly effective removal of lead from an aqueous solution.


-+#&'
Polyaniline Sn (IV) silicate, Characterization, Toxic metals, Langmuir isotherm
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The pollution of heavy metal ions in the environment is a critical problem because of their significance from the point of view of persistence, toxicity and other adverse effects on the receiving waters and /or soils. These toxic metal ions can cause
accumulative poisoning, cancer and brain damage
when found above the tolerance levels [1].
The presence of heavy metals in the aqueous
stream is a great health concern around the world.
Heavy metals being toxic and lethal to the human
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Polyaniline gels were prepared by mixing different
volume ratio of 10% aniline and 0.1 M potassium
persulphate with continuous stirring by a magnetic
stirrer. Green colored polyaniline gels were obtained by keeping the solution below 10°C for an
hour. A precipitate of stannic (IV) silicate was prepared at room temperature (25°C ± 2°C) by adding
mixture of 0.1 M sodium silicate solution gradually
to an aqueous solution of 0.1 M stannic chloride
pentahydrate in different volume ratios. The white
precipitates were obtained. The pH of the mixture
was adjusted by adding HCl with continuous stirring. The gels of polyaniline were then added to the
white inorganic precipitate of Sn(IV) silicate and
mixed thoroughly with constant stirring. The resultant green color gels so obtained were kept for 24 h
at room temperature (25°C ± 2°C) for digestion.
The supernatant liquid was filtered off by suction.
The gel was washed with demineralized water till
the filtrate was neutral. The material was dried in an
oven at 50 ± 2°C for 48 h. The dried material was
broken into small granules suitable for column separations; the granules were converted into H+ form
by placing in 1M HNO3 solution for 24 h. The excess acid from the material was removed after several washings with demineralized water and finally
dried at 50°C. 
The binding of polyaniline into the matrix of
Sn(IV) silicate may be given as Figure 1.

cate composite cation exchange material. The material was found to be highly selective for a toxic
metal ion (Pb2+). Adsorption data were fitted to linearly transformed Langmuir isotherm and the effect
of various parameters such as time, pH, temperature, adsorbent dose and initial lead concentration
were also studied.
!(& '"!(#'

&3/53;A@ /;2 ;@A?B:3;A@  The main reagents used for the synthesis were aniline, stannic
chloride pentahydrate, sodium silicate, and potassium persulphate were purchased from Sigma Aldrich, all other chemicals and reagents used were of
analytical grade. 
The main instruments used during the study
were scanning electron microscopy SEM (LEO-435
Model SEM, England), FTIR spectrophotometer
(Magna-850, Thermo Nicolet, Madison, WI), X-ray
diffractometer (SIMENS Hi-Star with Cu-K radiation), and an automatic thermal analyzer (V2.2A
Du Pont 9900).
$?3=/?/A7<; <4 ?3/53;A @<9BA7<;  The solutions of 0.1 M Stannic chloride pentahydrate and
sodium silicate were prepared in demineralized water. Solutions of 10% of double distilled aniline and
0.1 M potassium persulphate were prepared in 1.0
M HCl.
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<9B:; 7<; 3D16/;53 1/=/17AE  To determine the ion-exchange capacity, column process
was used. 1.0 g dry cation-exchanger in H+ form
was packed in a column (1.0 cm id) fitted with
glass wool at the bottom. Metal nitrates as eluents
were used to elute the H+ ions completely from the
cation-exchanger column. The effluent was titrated
against a standard solution of 0.1 M NaOH.

(63?:/9 @A/0797AE  In order to determine the
effect of heating temperature on ion-exchange capacity, 1.0 g sample of the material in H+ form was
heated at different temperatures in a muffle furnace
for 1 h and Na+ ion-exchange capacity was determined by standard column process as mentioned
above. Thermo gravimetric analysis and differential
thermal analysis studies (TGA-DTA) were performed at a heating rate of 10°C min–1 in nitrogen
atmosphere.

'<?=A7<;@AB273@ 0.4 g exchanger in H+ form
was treated with 50 mL solution of metal ions in
required solvent medium in a100 mL Erlenmeyer
flask for 24 h. The amount of metal ions before and
after adsorption was determined by the amount of
metal ions present in the solution was determined
by titrating it against disodium salt of EDTA (0.01

M) using standard procedures. Distribution coefficient values were calculated by using the following
relationship: 

Where I is the initial amount of the metal ion
in the solution phase, F is the final amount of the
metal ion in the solution phase; V is the volume of
the solution (mL) and M the amount of exchanger
(g).

%B/;A7A/A7C3'3=/?/A7<;<4:3A/97<;@7;07
;/?E@E;A63A71:7DAB?3@ Quantitative binary separations of some metal ions of analytical interest
were achieved on polyaniline Sn(IV) silicate. 2g of
exchanger in H+ form was packed in a glass column
(i.d = 0.5 cm) with a glass wool support at the end.
The column was washed thoroughly with DMW. 2
mL binary mixture of the metal ions to be separated
was poured on to the column and allow to flow at a
rate of 0.3-0.5 mL·min–1 till the solution level was
just above the surface of the material. The column
was then rinsed with demineralized water. Individ-
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ual metal ions were eluted using appropriate eluting
reagents. The flow rate of the eluent was maintained (0.3-0.5 mL·min–1) throughout the elution
process. The effluent was collected in 10 mL fractions and was titrated against the standard solution
of 0.01 M di-sodium salt of EDTA.

cate was studied by varying initial lead concentration (100-800mg/L) at 40°C for a contact time of 30
min and pH 6. The results are shown in Figure 4.
As shown in Figure 4, the percentage removal
of Pb(II) ions decreased as the initial Pb(II) ion
concentration increased. This opposite variation can
be explained by the fact that, at high initial metal
ion concentrations, the available superficial groups
are already occupied [1] and, in consequence, the
diffusion of Pb(II) ions to unreacted functional
groups is inhibited.

&') ('"')''#"

&3:<C/9 @AB2E <4 $0   Adsorption experiments were carried out by batch technique to remove lead ions from water. 

 4431A<4= The adsorption experiments
were carried out in a series of 100 ml Erlenmeyer
flasks containing 1g polyaniline Sn(IV) silicate and
50 mL of Pb2+ ions solution at serial pH values (110). The pH of the solution was adjusted by adding
acid, base or buffer of desired pH. The amount of
Pb2+ ion before and after adsorption was determined
by titration against the standard solution of 0.01M
disodium salt of EDTA. The results are shown in
Figure 2.
The maximum adsorption capacity of polyaniline Sn(IV) silicate composite for Pb(II) was observed at pH 6. Under high acidic conditions (low
pH values) the adsorption of lead(II) ions is not
significant since the metal binding sites on the
composite surface were closely associated with
H3O+ which restricted the approach of the positive
Pb(II) ions due to repulsive forces. However the adsorption uptake capacity increase as pH increased
since more metal binding sites were exposed with
negative charges which attracted the positive Pb(II)
ions unto the surface of the composite [1, 21, 22,
23].

 4431A<41<;A/1AA7:3 Figure 3 shows the
influence of contact time on sorption of lead ions
by composite. For these cases 1.0 g polyaniline
Sn(IV) silicate was stirred with a known amount of
lead (II) nitrate solution for 5–60 min. The amount
of Pb2+ ion before and after adsorption was determined by the above method.
The adsorption rate was seen to increase rapidly at the initial stage and optimum adsorption was
attained within 40minutes. However, the equilibrium (maximum) adsorption was obtained after 40
minutes. The fast initial uptake is due to the availability of abundant active sites for sorption which
became saturated with time. Furthermore, after the
equilibrium time, further increase in contact time
showed a slight reduction in the uptake capacity.
This is probably due to the saturation of the clay
surface with Pb(II) ions followed by adsorption and
desorption processes occurring [24].

 4431A <4 7;7A7/9 $0 1<;13;A?/A7<;  The
adsorption of pb2+ ion onto polyaniline Sn(IV) sili-

 4431A <4 A3:=3?/AB?3  To determine the
effect of temperature on the adsorption of metal
ions, 1 g polyaniline Sn(IV) silicate was equilibrated with lead(II) nitrate solution at pH 6 for 30 min
and different temperatures 10, 20, 30, 40, 50 and 60
°C. The results are presented in Figure 5.
It was also interesting to note that the uptake
of pb2+ ions by the exchanger was favored with the
increase in temperature up to 40°C and after that it
became constant. The removal of pb2+ increased
from 40 to 80 % for 10-40°C.The continuous increase in the percentage removal of pb2+ up to 40°C
indicated that adsorption was endothermic in nature
[25, 26].
4431A<4=<9E/;797;3';*@7971/A32<@3 
The effect of adsorbent dosage on adsorption of
pb2+ was studied at different dosages (0.5- 4g/L) in
the solution at pH 6, contact time 30 min and 40°C
temperature. The result is presented in Figure 6.
As observed that 0.5 g polyaniline Sn(IV) silicate was optimum dose for the removal of maximum pb2+ ions. After 0.5 g dosage, there was no
considerable change in the percentage of pb2+ ions
removal. It may be due to the overlapping of active
sites at higher dosage. So, there was not any increase in the effective surface area resulting in the
conglomeration of exchanger particles [23].

2@<?=A7<; 7@<A63?:  The adsorption data
were fitted to linearly transformed Langmuir isotherm. The linearized Langmuir equation, which is
valid for monolayer sorption onto a surface with finite number of identical sites, is given by the following equation [27].
   
Where qo is the maximum amount of the
cadmium ion per weight of polyaniline Sn(IV) silicate to form a complete monolayer on the surface
(adsorption capacity), Ce denotes equilibrium adsorbate concentration in solution, qe is the amount
adsorbed per unit mass of adsorbent, and b is the
binding energy constant.
The linear plot of 1/Ce versus 1/qe was employed in Figure 7 to determine the value of 
(mg/g) and  (L/mg). The obtained data and correlation coefficient ( 2) was listed in Table 1.
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/;5:B7?1<;@A/;A@
>3:5 50 :5
166.66
0.0685


(  
(63?:/9@A/0797AE<4=<9E/;797;3';*@7971/A3/4A3?63/A7;5A<C/?7<B@A3:=3?/AB?3@

(3:=3?/AB?3G
50
100
200
300
400
500
600

<9<?
Green
Green
Green
Green
Brown
Slightly white
White

&3A3;A7<;<47<;3D16/;531/=/17AE
100
94,2
82
69
46,8
34
25


( 
%B/;A7A/A7C3@3=/?/A7<;@<4:3A/97<;@7;07;/?E:7DAB?3@<;=<9E/;797;3';*@7971/A31<:=<@7A31/A7<;
3D16/;53:/A3?7/91<9B:;@

'3=/?/A7<;@
/1673C32
Zn2+
Pb2+
Zn2+
Cu2+
Cd2+
Cu2+

:<B;A9</232
:5
6.5
20.7
6.5
6.3
11.2
6.3

:<B;A4<B;2
:5
5.2
20.2
5.2
6.2
11.1
6.1


?31<C3?E
70.8
81
70.8
85
79
85

*<9B:3<4
39B3;A: 
60
80
60
70
80
70



It was observed that on heating the material at
different temperatures, the physical appearance and
ion exchange capacity of the dried sample material
were changed as the temperature increased as
shown in Table 2.
The separation capability of the material has
been demonstrated by achieving some important
binary separations (Table 3). The sequential elution
of ions through column depends upon the metal–
ligand stability.

6/?/1A3?7F/A7<; <4 =<9E/;797;3 ';* @797
1/A3 1<:=<@7A3  Thermal stability is measured using TGA-DTA in a nitrogen atmosphere. Figure 8
shows TGA- DTA thermograms of composite material. It is clear from the TGA curve of the composite cation-exchanger that up to 100°C only 6%
weight loss was observed, which may be due to the
removal of external H2O molecules present at the
surface of the composite [28]. The second weight
loss of mass approximately 15% between 100 and
250°C was observed for the removal of interstitial
and coordination water present in the material [29].
Further, a continuous weight loss observed between 200°C and 300°C may be caused by physical
transitions such as crystallization occurring during
heating. Slow weight loss of mass of about 25% between 250 and 600°C may be due to the slight decomposition of the organic part of the material. 

Figure 9 shows the XRD patterns of polyaniline Sn(IV) silicate. The X-ray diffraction pattern of
this material recorded in powdered samples exhibited some small peaks in the spectrum, which suggests a semi-crystalline nature of the composite material.
The structure of polyaniline Sn(IV) silicate
was determined by FTIR analysis. The FTIR spectrum is shown in Figure 10. It is concluded that the
broad band at 3134 cm-1 refers to the stretching vibration of interstitial water [30]. A sharp peak at
1600 cm-1 corresponds to H–O–H bending band,
being also representative of the strongly bonded –
OH groups in the matrix [31]. The O–H stretching
bands merged together and shifted to lower frequency in the spectrum of the exchanger. This was
due to the possibility of H-bonding. A band at about
1400 cm-1 can be due to stretching vibration of C–N
and bands around 1493 cm-1 and 1118 cm-1 corresponding to the stretching of NH bonds of benzenic
and quinonic rings [32]. A sharp peak at 1058 cm-1
attributed to silicate [19, 20] ion and a broad peak
in the region between 400 and 800 cm-1 was due to
metal–oxygen bond [33].
The SEM micrograph of polyaniline Sn(IV)
silicate is shown in Figure 11. The SEM image
showed a rough morphology with irregular particle
size.
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site has enhanced ion exchange capacity and thermal stabilities. It was semi-crystalline in nature.
The experimental data were fitted when analyzed
using Langmuir isotherm.

Polyaniline Sn(IV) silicate, an organicinorganic composite cation exchange material represents a new class of ion exchange materials that
combines good characteristics of both organic and
inorganic components within a single composite,
this cation exchange material is a potential candidate for removing heavy metal ions and specially
pb2+ ion from contaminated water to control the
pollution. The complete removal of lead ions from
aqueous solution by composite cation exchanger
was achieved by controlling the essential parameters such as contact time, adsorbent dosage, pH and
initial concentration of lead ions in aqueous solution. Optimum conditions were found at pH 6, a
concentration of 100 mg·L−1, a contact time of 30
min and temperature 40°C. It is quite clear from the
results that the polyaniline Sn(IV) silicate compo-
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ucts [1, 2]. Light is important in the growth and development of the plants and its effect changes depending on the quality of light and wavelength. Photosynthetic organisms use the light in the range of
400 and 700 nm [3]. Physical factors like microwave, laser radiation and ultrasonography are shown
as an alternative to soil additives and fertilizers.
Food safety may be ensured with the use of those
physical factors instead of toxic chemicals [4]. It was
stated in some studies that there are changes in physiological and biochemical parameters in the seedlings based on the pre-treatment for laser beam [2,
5].
He–Ne laser pretreatment was stated to cause
significant changes in germination and enzyme activity in the seeds of    L. [6]. Abdelghafar et al. [1] mentioned that He-Ne laser treatment is one of the most significant biophysical treatments in germination, plant growth and development
in the wheat types. Soliman and Harith [7] reported
in study performed with the seeds of  
 that irradiation of He-Ne laser light increased
the levels of endogenous stimulators (GA and IAA)
based on the increase in the irradiation and exposure
duration and decreased the levels of endogenous inhibitors (ABA and phenol). Furthermore they
founded that they affected the germination indexes
significantly. In the recent studies no study on hair
removal laser treatment was found to exist. Thus the
effects of hair removal laser lights on the germination of sunflower seeds (    L.) and
seedling growth in the study were examined. Following laser pretreatment for sunflower seeds at different doses (0, 6, 12, 18 joule/cm2) changes in germination (%), root and shoot lengths, wet and dry
weights and malondialdehydes (MDA) and total
phenolics were examined.

Use of various technologies intended to enhance the productivity in agriculture has been increased with each passing day. Effects of laser beam
on germination, growth and some physiological parameters in sunflower seeds were examined for this
purpose. Seeds of sunflower of Sirena (  
  L.) were used in the study. As a pre-treatment, laser light in different doses: 0, 6, 12, 18
joule/cm2 was treated to the seeds for 30 seconds at
a distance of 8 mm with a 755 nm Alexandrite Candela. Following the trials, germination percentage,
root and shoot lengths and their fresh and dry
weights were determined. Furthermore changes in
malondialdehyde (MDA) and total phenolics in the
roots and leaves of the seedlings were examined.
Root and shoot lengths were determined to be reduced depending on laser treatment. Whereas a significant change wasn’t observed in the wet shoot
weights, wet root weights were found to be decreased. Dry root and shoot weights of the seedlings
based on the treatments were found to be decreased
at 18 and 12 joule/cm2. Pre-treatment for laser hair
removal was found to cause significant decreases on
the germination of sunflower seed in the treatment at
the dose of 18 joule/cm2 as compared with control
group. Whereas no significant change in total phenolic and MDA contents in the roots based on laser
treatment was found, MDA contents and total phenolics of leaves were found to be significant as compared with control group at the doses of respectively
18 joule/cm2 and 12 joule/cm2.
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!3)5: 4):-81)3 )5, 3)9-8 :8-):4-5:9 Seeds
of sunflower of Sirena (    L.) were

There are many studies on the use of laser lights
in the growth and development of agricultural prod-
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Changes in shoot length was found to be significant
in the treatment at 18 joule/cm2 (P<0.05) and insignificant in other laser treatments (P>0.05) (Fig. 2).
Whereas no significant change was found in wet
shoot weights as compared with control group
(P>0.05), decreases were observed in wet root
weights. Decreases were found to be significant in
the treatments at 12 and 18 joule/cm2 as compared
with control group (P<0.05) (Figs. 3, 4). Changes in
dry weight were stated to be decreased based on laser treatments. The said decrease was found to be
significant in the shoots and roots in the treatment at
18 and 12 joule/cm2 (P<0.05) (Figs. 3, 4).

used in the study. Seeds were washed four times after being desterilized 15 times with 2% sodium hypochlorite. 20 sunflower seed were placed in each
petri dish by placing filter paper into lower and upper parts of sterilized petri dishes. As a pre-treatment, laser light in different doses: 0, 6, 12, 18
joule/cm2 were treated to the seeds for 30 seconds at
a distance of 8 mm with a 755 nm Alexandrite Candela. Seeds were left to germinate for 7 days in a climatic chamber programmed to run a 12 hour day and
12 hour night cycle at 23±2 °C within the humidity
range of 60-65%. Following the trials, germination
percentage, root and shoot lengths and their wet and
dry weights and root and shoot dry weights after being dried for 48 hours at 70 °C were determined.
Control group for the seeds not treated with laser
was assumed (0). 

-:-8415):1656.964-70>91636/1+)37)8)4
-:-89Samples were taken from sunflower seedlings
for each treatment at the end of trials. Total phenolic
compounds were determined based on gallic acid
equivalence [8, 9]. MDA quantities were determined
in accordance with the method of Heath and Packer
[10].

#:):19:1+)3)5)3>9-9Statistical assessments of
the data obtained from the study were carried out
with SPSS 16.0. Duncan test was used to determine
the differences between the averages.  was
assumed statistically significant in the analyses.
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Depending on hair removal laser treatments
germination rates of sunflower seeds was found to
decrease. Decrease in germination rates was found
to be significant in the laser treatment at the dose of
18 joule/cm2 (P<0.05) (Fig. 1).
Root and shoot lengths were found to be decreased based on laser applications (Fig. 2). Decrease in the root length was found to be significant
as compared with control group (P<0.05) (Fig. 2).
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studies, germination rates of sunflower seeds were
found to decrease based on hair removal laser treatments (Fig. 1). But the reason of the said decrease
may be related to the intensity of the laser treated.
Krawiec et al. [14] found in their studies that
germination energy, germination rate, germination
capacity, radicle and hypocotyl lengths and wet and
dry weights of the seeds of #L.
increase based on He-Ne laser light irradiation. Effects of red laser light were examined in the seedlings of  "" and  "
Growth and development were observed to be best
at lower doses (Petunia for 0.88 J/cm2) and to be affected negatively at higher doses (1.75 J/cm2) [15].
He-Ne laser treatment was found to increase significantly plant length, root diameter, root length, number of vascular bundles and bundle lenthes in 
 L. in 2,3 minutes and to decrease them
in 6 minutes [16]. In our study root and shoot
lengths, wet and dry root and shoot weights were
found to increase the negative effects based on the
intensity of hair removal laser treatment (Figs. 2, 3,
4).
In another study, 20 minute treatment at the intensity of 95 mW / cm2 were found to increase
growth and biochemical parameters significantly in
the study where the effect of laser radiation treatment on the growth, productivity and chemical components of fennel and coriander. Highest fruit
productivity was found to be in 5 minute laser treatment [17]. Asghar et al. [18] examined the effects of
laser and magnetic field in biochemical enzyme activities and chlorophyll contents at the stage of seed
and early seedling growth of soybean. They found
that both laser and magnetic field increase food contents, enzymatic activities and chlorophyll contents.
They found that total phenolic contents are higher
than control group in both laser and magnetic field
treatments. They stated that MDA contents change
based on magnetic field and laser treatments.
Perveen et al. [19] found that superoxide dismutase,
peroxidase, catalase, total protein, proline, MDA
and phenolics increased with laser treatment. There
changes in total phenolics and MDA contents were
found in our study too. Total phenolics and MDA
contents were found to remain unchanged in the
roots and phenolics and MDA contents in leaves
were found to be significant respectively at 12
joule/cm2 and 18 joule/cm2 as compared with control
group (Figs. 5, 6).
Consequently unlike the abovementioned studies with laser (He-Ne) germination, root-shoot
length, root-shoot wet and dry weights were affected
negatively by the highest laser intensity. As an indicator of membrane damage MDA contents were
found to increase in the leaves based on highest laser
intensity. Furthermore phenolics of which synthesis
changes based on the negative conditions in the
plants were found to be changed based on the intensity of laser treatment. Other studies related to laser
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Total phenolics in the roots were found to be
unchanged based on laser treatments (P>0.05) (Fig.
5). Total phenolics in leaves were found to be increased in the treatment at 12 joule/cm2 as compared
with control group and the said increase was found
to be significant (P<0.05) (Fig. 5). They were found
to be close to control group in the treatments at 6 and
18 joule/cm2 (P>0.05) (Fig. 5). The MDA contents
in roots were found to be decreased in the laser treatment at 18 joule/cm2 as compared with control group
(P>0.05) (Fig. 6). MDA contents in the leaves were
found to be increased in the laser treatment at 18
joule/cm2 as compared with control group unlike the
ones in the root (P<0.05) (Fig. 6). They were found
to remain unchanged in other laser treatments (6 and
12 joule/cm2) as compared with control group
(P>0.05) (Fig. 6).
#%## 
In some studies, laser treatments were stated to
affect plant development, productivity and production positively [2, 11, 12]. Abu-Elsaud et al. [13]
found in their study performed with wheat types that
germination increases based on infra-red treatment
and that the said increase changed in accordance
with the treatment times. Unlike abovementioned
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laser on wheat (  ! ) germination.
Int. J. Agric. Res. 3(6), 433-438.
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Pol. Hortorum Cultus. 14(2), 145-158.
[15]Dănăilă-Guidea, S., Niculiţă, P., Ristici, E.,
Popa, M., Ristici, M., Burnichi, F., Draghici, M.
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plants. International Journal of Academic Research Part A. 5(3), 200-206.
[17]Osman Y.A.H., El-Tobgy, K.M.K. and ElSherbini, E.S.A. (2009) Effect of laser radiation
treatments on growth, yield and chemical constituents of fennel and coriander plants. J. Appl.
Sci. Res. 5, 244-252.
[18]Asghar, T., Jamil, Y., Iqbal M., Haq, Z.U. and
Abbas, M. (2016) Laser light and magnetic field
stimulation effect on biochemical, enzymes activities and chlorophyll contents in soybean
seeds and seedlings during early growth stages.
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Representation of He-Ne laser irradiation effect
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were carried out commonly at 632.8 nm, 670 nm and
532 nm [18, 20, 21] and hair removal laser treatment
in our study was carried out at 755 nm. Reason of
the negative effects of hair removal laser on the
seeds of sunflower may be related to the fact that it
is out of the active photosynthetic radiation.
""#
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field pea. High GCV and PCV were estimated for
plant height followed by seed yield per plant and
seeds per pod [3]. The variability doesn’t show heritable portion of traits [4]. Heritability indicates magnitude of inheritance of traits, but doesn’t indicate
amount of genetic progress [5, 6]. For this reason estimation of heritability coupled with genetic advance
is essential for crop improvement programmes [7, 8,
9, 10]. High variability and heritability were determined for seed yield per plant followed by pods
plant, plant height and 100 seed weight [11]. High
genotypic coefficient of variation was observed for
number of seeds per plant followed by harvest index
and seed yield per plant and the environmental variance was greater than the genetic variance for all the
traits and moderate heritability was observed for
days to flowering [8].
Relationships among traits are essential to determine selection criteria for seed yield improvement
in crops [9]. Correlation studies showed that there
are positively and highly relationships between seed
yield per plant and pods per plant, biological weight
per plant, harvest index, plant height, seeds pod per
plant, 100-seed weight in different legume crop such
as pea, common vetch and grass pea. [3, 12, 13, 14,
15, 16]. However, the simple correlation coefficients
among the yield components are insufficient for selection criteria in crop breeding. Therefore,
knowladge of direct effect and indirect effects via
other traits on seed yield per plant by using path analysis are prereguisite for effective selection in breeding material. Some workers reported that direct effect of harvest index on seed yield was high in pea
[8, 17]. On the other hand phenotypic variance for
examined traits was wider than genotypic variance
because of environmental conditions [20]. Estimation of genetic variation levels in endemic species is
crucial to develop reliable conservation strategies
[21].
The objective of this study was to estimate genetic parameters, heritability, genetic advance and
path coefficient analysis for quantative characters in
field pea genotypes under Mediterranean climate
conditions.




The present study was conducted to determine
appropriate selection criteria in field pea breeding
material under Mediterranean conditions. The experimental material was 14 lines obtained with selection
by us from populations provided ICARDA and 6
registered pea cultivars. The experiment was organized in randomized blocks design with three replications. Genetic variability, heritability, genetic advance and path coefficient analysis were estimated
for some quantative traits. High heritability coupled
with high genetic advance was observed for plant
height and 100-seed weight and seeds number per
plant. The highest positive direct effect on seed yield
was observed for 100- seed weight followed by seeds
per plant and pods per plant. Days to flowering, plant
height and harvest index had a great indirect positive
effect on seed yield per plant through 100-seed
weight and seeds number per plant.100-seed weight
and seeds number can be used as a selection criteria
for improving seed yield per plant in field pea breeding material.


&% !
Field pea, heritability, variability, correlation, path analysis.
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Field pea is one of the most important pulse
crops for human feeding and crop rotation in the
world. Field pea is grown less than other pulses for
grain in Turkey, but Mediterranean region of Turkey
has a great potential for grain production of field pea
[1, 2]. Improvement of no lodging pea cultivars is
necessary to harvest with machine for grain production easily. Therefore new pea cultivars with high
yielding capacity and resistance to disease and favourable to environment condition should be also
improved in Mediterranean climate conditions.
Yield influenced by environmental conditions and
genetic factors is a complex trait. Genetic variability
of yield and yield components in the breeding material must be estimated for increasing seed yield of
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The experimental material were 14 lines obtained with selection by us from populations orginated in Turkey provided ICARDA (102-Bursa,
109-Antalya, 97-Adana, 127-Unknown, 106-Adana,
58-Tokat, 110-Aydın, 158-Balıkesir, 25-Denizli,
126-Unknown, 29-Içel, 116-Osmaniye, 152-Hatay,
68-Kars) and 6 registered pea cultivars (Jof, Flavora,
Rainer Ambassador, Topaz, Sienna).
This study was conducted at Research Area of
Field Crops Department, Agricultural Faculty of
Cukurova University and Research Area of Eastern
Mediterrenean Agricultural Research Institute in
Adana during 2011/2012 and 2012/2013 cropping
seasons. This area has Mediterranean climate belt of
Southern Turkey. Average annual total precipitation
and mean temperature of this area are 625 mm and
18.7ºC according to long-terms respectively.
Soils of Balcalı and Dogankent were sandyloam and clay-loam type textures respectively. The
experiment was arranged in a randomized complete
block design (RCBD) with three replications at the
end of November in both locations and years. Each
plots consisted of 4 rows with 45 cm between rows
and spacing of 5 cm between plants. The size of the
plot was 9 m² (5.0 m x 1.80 m). Fertilization was applied at a rate of 30 kg ha-1 N, 60 kg ha-1 P2O5 before
sowing.
Days to 50% flowering, plant height (cm), pod
number per plant, seeds per plant, 100-seed weight
(g), seed yield per plant (g), harvest index (%) were

recorded on 5 plants selected randomly in each genotype.
The data were analyzed according to the randomized complete blocks design (RCBD) over years
and locations using the MSTATC programme. Coefficient of variability phenotypic (PCV%) and genotypic (GCV%), broad sence heritability (h2b) and genetic advance (GA) of traits and path analysis were
calculated by the formula [20, 21, 22].Path coefficients analysis were also done with TARPOGEN a
computer programme.


!#"!!#!!
Analysis of variance revealed that significant
differences among the pea genotypes were recorded
for all the traits in Table 1.
Wide range variations were especially observed for plant height (51.6-107.3 cm), seeds number per plant (53.2-109.6), 100-grain weight (14.622.6 g), harvest index (26.2-49.3%). This is important to select hopeful lines from present genotypes for some quantative characters.
Some genetic parameters for quantative characters in field pea were estimated in Table 2. The
highest coefficient genotypic of variation (GCV)
was indicated for 100-seed weight (16.15%) followed by plant height (15.60%), seed yield per plant
(14.60%) and seeds number per plant (14.13%)
while days to flowering (6.19%) and pods number
per plant (6.90%) had low magnitude of GCV.

" 
".+2+'387'3-+4,;'7/'9/43'3*2+'386:'7+/3,/+1*5+'

.'7')9+78
Days to flowering
Stem length (cm)
Pods number/plant
Seed number/plant
100-seed weight (g)
Harvest index (%)
Seed yield (g/plant)
*,**

+'38
123.2
81.4
14.7
82.1
18.4
35.5
13.2

'3-+
121.0-125.0
51.6-107.3
12.3-21.5
53.2-109.6
14.6-22.6
26.2-49.3
9.6-16.7

+349<5+8
138.88**
401.70**
72.52**
2393.90*
135.95**
406.67**
39.13**

7747
0.908
166.22
22.44
1295.53
1.51
88.17
14.70

significant at 5% and 1% levels, respectively.
"
!42+-+3+9/)5'7'2+9+78,476:'39'9/;+).'7')9+78/3,/+1*5+'

.'7')9+78
Days to flowering
Plant height (cm)
Pods number/plant
Seeds number/plant
100-seed weight (g)
Seed yield/plant (g)
Harvest index (%)

58.29
162.40
1.03
134.70
9.23
0.31
17.90

5
69.95
182.23
5.67
199.20
11.28
3.25
33.80

$
6.19
15.60
6.90
14.13
16.15
14.60
11.91

$
6.78
16.58
16.10
17.19
18.20
19.60
16.37

. (
83.33
81.45
17.50
67.60
81.18
9.50
52.90


14.35
22.65
0.85
19.60
5.60
0.35
6.33


11.64
27.78
5.83
23.90
30.43
2.67
17.84

G2g=genotypic variance; G2p=phynotypic varience; GCV (%)=genotypic coefficient of variability; PCV (%)=phynotypic coefficient of variability; h2b=broad sense heritability; GA=genetic advance; GA (%)=genetic advance in
perfect of mean.


2276

$#

! % 









!"  ! 


" 
/7+)9/3*/7+)9+,,+)9'3*)4397/(:9/4384,;'7/4:8).'7')9+78948++*</+1*
.'7')9+78
1.Days to
flowering
2.Plant height
3.Pods per
plant
4.Seeds per
plant
5.100-Seed
weight
6.Harvest index

477+1'9/43
4+,,/)/+39
0.811**
0.551**
0.733**
0.852**
0.732**
0.758**

/7+)9
+,,+)9
-0.065
5.8%
-0.121
13.6%
0.286
28.3%
0.375
34.8%
0.365
36.3%
0.229
24.9%

3*/7+)9+,,+)9
    

1.000
-0.045
5.1%
-0.049
4.9%
-0.049
4.5%
-0.050
5.02%
-0.052
5.7%

PCV (Coefficient phenotypic of variation) was
highest for seed yield per plant (19.60%) followed
by100-seed weight (18.20%), seeds number per
plant (17.19%), plant height (16.58%) while days to
flowering (6.78%) was lowest values of CV. Similarly to our findings high value of GCV and PCV
were estimated for plant height, seeds number, 100seed weight and seed yield per plant by some workers [6, 8, 9, 14, 23]. In generally, PCV values were
higher than GCV. This showed that the environmental variance was greater than the genetic variance for
all the traits. GCV and PCV were closer for days to
flowering, plant height and 100-seed weight than
other traits. These characters were little influenced
by environment. Similar findings were reported by
some researcher [9, 14, 23, 24].
Broad sense heritability (h2b) was changed
from 9.50% (seed yield per plant) to 83.33% (Days
to flowering). The high estimation of heritability
coupled with high genetic advance as percentage of
mean was observed for 100-seed weight (81.18%,
30.43%), plant height (81.45%, 27.78%), seeds
number per plant (67.60%, 23.90%).The harvest index exhibitedmoderate heritability (52.9%) and genetic advance (17.84%). The high heritability coupled low genetic advance was found for days to
flowering (83.33%, 11.64%). The lowest value of
heritability and genetic advance as percentage of
mean was recorded for seed yield per plant (9.50%
and 2.67% respectively).
The estimations of heritability coupled genetic
advance show additive and non-additive gene effect
in expression of traits [10]. 100-seed weight, plant
height and seeds number per plant had high estimation of heritability coupled with high genetic advance as percentage of mean. Therefore it can be
stated that additive gene effect was important and influence of environmental were little in these traits.
The selection for these traits would be quite effective
to improve seed yield per plant [3, 4, 6, 9, 11, 14].

-0.084
7.5%
1.000
-0.088
8.7%
-0.062
5.8%
-0.085
8.5%
-0.028
3.1%

0.218
9.5%
0.209
23%
1.000
0.201
18.7%
0.154
15.3%
0.154
16.7%

0.280
25.1%
0.194
21.9%
0.264
26.1%
1.000
0.222
22.8%
0.267
28.9%

0.281
0.25%
0.258
29.2%
0.196
19.4%
0.223
20.7%
1.000
0.188
20.4%

0.185
16.6%
0.054
6.2%
0.124
12.2%
0.163
15.2%
0.118
11.8%
1.000

The harvest index exhibited moderate heritability
and genetic advance. So, it can be stated that additive gene and non-additive gene action were effect
for these traits. Influence of environmental for harvest index was also relatively little.
The high heritability coupled low genetic advance was found for days to flowering because of
low genotypic and phenotypic variance values [8].
However, high heritability and genetic advance for
days to flowering was determined [24]. Effect of environment on the heritability of this trait was greater
than the genotypes. For this reason effective selection for this character may not be rewarding [10]. It
can be stated that pods per plant were governed by
non additive gene because of the lowest value of heritability and genetic advance as percentage of mean.
Effect of environment on this trait was very great and
it was not possible to make effective selection to increase seed yield per plant for this trait.
As seen in Table 3, seed yield per plant was
positively and significantly correlated with days to
flowering 0.811), plant height (0.551), pods
number (0.733), seeds number (0.852), 100-seed
weight (0.732) and harvest index (0.758**). The results were in close agreement with the findings of
some reports [11, 12, 25], but the findings are in contrast with some finding which reported there are a
negative and significant associations between seeds
pod per plant and seed yield per plant [3].
The results of path coefficient analysis showed
that 100-seed weight (36.3%), seeds per plant
(34.8%), pods per plant (28.3%) had high positive
direct effects on seed yield per plant (Table 3). The
results are in agreement with some workers [14, 26,
27, 28]. These traits may be used to a selection criteria for seed yield improvement in field pea breeding
material [8, 17, 29]. Direct effect of days to flowering and plant height on seed yield per plant was low
and negative (5.8% and 13.6% respectively). Days
to flowering showed a great indirect positive effect
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via 100-seed weight or seeds number per plant
(25.1% and 25.2% respectively). Plant height had a
great indirect positive effect on seed yield per plant
via 100-seed weight (29.2%). Harvest index had a
great indirect positive effect on seed yield per plant
via seeds number per plant (28.9%). These results
suggested that the selection for these traits may contribute to improving seed yield per plant via seeds
number per plant and 100-seed weight [25].
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EXPRESSION LEVELS OF TRANSPOSABLE ELEMENTS IN
BRACHYPODIUM DISTACHYON
Tugba Gurkok*
Eldivan Vocational School of Health Services Department of Medical Services and Techniques, Cankiri Karatekin University, Cankiri,
18100, Turkey

via "copy and paste" mechanism, hence they use
RNA as an intermediate. Class II DNA TEs transposase via "cut and paste" system, and the last group
was RC/Helitrons and their transposition mechanism
called as "rolling circle" [1, 2].
TEs have been reported to play role in genome
evolution, chromosome rearrangements, stress response and host gene expression. The activities of
TEs can be triggered by stress, specific environmental and developmental circumstances [3]. By their
different transposition mechanisms they can change
promoters, exons or alternative splicing sites [4].
Transposition of TEs into the upstream region of a
gene can effect on phenotype or tissue specification
of an organism [5-9]. Although the mutational effect
of TEs were believed to be repressed by the host genome with several silencing mechanisms such as
methylation or post-transcriptional silencing, to date
several studies stated that TEs are transcriptionally
active in different tissues or under various developmental stages and tissue cultures [10, 11].
Long Terminal Repeats (LTRs) are reported to
have promoters, enhancer regions and polyA signals
to regulate their transcript expression [4]. They act
as tissue specific promoters for self-regulatory
mechanisms [12]. TE transcription activity was
demonstrated in maize [10], citrus [13] etc. The advancements in high-throughput RNA sequencing facilitate the in silico identification of transcribed genetic elements as well as their expression profiles.
As a member of Poideae family, B. distachyon, provides an important model system to investigate the
genome and transcriptome studies. Its diploid genome is approximately 271 Mb and divided into five
chromosomes. International Brachypodium Initiative pointed out that 21.4% of the Brachypodium genome was composed of retrotransposon and DNA
transposons comprise 4.77% of the genome [14].
These results provide insights about the transposable
elements sequences and classifications; however the
functions of these mobile elements still needs to be
investigated. On the other hand there is still meager
information about their expression and regulation in
a tissue-specific manner. In this present study it was
aimed to identify the transposable elements in a superpooled RNA-seq library of B. distachyon line
Bd21. In addition, the tissue-specific expression of
some TE subclasses was validated.

ABSTRACT
Transposable elements (TEs) are the most extensive features of eukaryotic genomes, especially of
plants. Although they have been considered as 'junk'
DNA for a long time, their functions are being observed. Here, the identification and the expression
profiles of transposable elements were detected in
the superpooled RNA-seq library of the model plant
organism B. distachyon. It was observed that Class I
transposons were the most abundant ones in B. distachyon transcriptome. Among all TEs, LTR/Gypsy
was the most prominent type. The distribution of
transcribed TEs on chromosomes showed that fifth
chromosome comprised the lowest and the first chromosome comprised the highest number of transcripts. To measure the expression levels of
LTR/Copia, DNA/hAT, LINE, RC/Helitron,
DNA/Harbinger, LTR, LTR/Gypsy, DNA/TcMar,
DNA/En-Spm TEs, qRT-PCR experiment was performed using leaf, stem, root and panicle tissues of
B. distachyon. Transcripts encoding TEs revealed a
tissue-specific expression profile. LTR/Copia was
found to be prominent in panicle, stem and root tissues. However, in leaf LTR/Copia showed any significant expression. On the other hand RC/Helitron
was expressed at very low level in all tissues. The
advances in areas such as transcriptome, genome
epigenome and mobilome can bring about new
sights in understanding the functions of TEs.
KEYWORDS:
Brachypodium, copia, gene expression, gypsy, transposons

INTRODUCTION
Transposable elements (TEs) are the mobile elements that can change their localization in a genome called transposition. They are present in copy
numbers ranging from just a few elements to thousands per genome [1]. Especially in some plants,
their abundance in host genome are often accounting
for thousands of copies. They are classified according to their sequence similarity and their transposition mechanism. Class I elements also called retroelements are the major group of TEs in plants insert
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plants were used in the experiments. Seeds were obtained from Trakya Namik Kemal University Faculty of Agriculture Field Crops Department. Seeds
of B. distachyon were germinated in fruit trays and
then they were transplanted to pots. Since Bd21 does
not require vernalization, all plants were grown with
day/night cycles of 16/8 h at 20 °C/18 °C for summer
and 10/14 h at 10 °C/4 °C for winter season in greenhouse conditions for eight months. Harvested tissues
were frozen in liquid nitrogen and storeGDWí&
until use.

MATERIALS AND METHODS
Data retrieval. To find out the tissue specific
expressed TEs, Illumina RNA-HiSeq transcriptome
sequences of B. distachyon were obtained in NCBI
Short Read Archive (SRA) (https://www.ncbi.nlm.
nih.gov/sra) under accession number SRX016355
[14]. The reads aligned to the B. distachyon whole
genome v3.1 (https://phytozome) with Bowtie [15].
All samples represented Brachypodium Bd21 wildtype plants.

qRT-PCR analysis. Frozen capsule tissues
were ground to a fine powder in liquid nitrogen for
RNA isolation. In order to analyze the TE expression, total RNA was extracted from leaf, stem, root
and panicle tissues using TRIzol® Reagent (Cat No.
15596±026, Invitrogen, Carlsbad, CA) following the
PDQXIDFWXUHU¶VSURWRFRO51$ZDVTXDQWLILHGXVLQJ
a NanoDrop 2000c spectrophotometer (Thermo
Fisher Scientific, Lenexa, KS) and RNA quality was
FKHFNHG RQ   DJDURVH JHOV )URP  ȝJ WRWDO
RNAs, double stranded cDNA was synthesized usLQJWKH(DV\6FULSW3OXVF'1$6\QWKHVLV.LW $S
plied Biological Materials Inc.).

Transcriptome-wide TE identification. To
identify the TEs in assembled sequences, we initially
ran a homology-based repeat prediction using RepeatMasker [16] with default parameters against the
TE database Repbase (version 20160829). Using
Plant Genome and Systems Biology (PGSB)
(http://pgsb.helmholtz-muenchen.de/plant/recat/)
database, the classification of TEs was performed.
The comparison of read numbers between three libraries was evaluated.
Plant material. The B. distachyon line Bd21

FIGURE 1
The percentage of TEs types in B. distachyon transcriptome library. Counts represent the number contigs.
TABLE 1
The TE primers used in qRT-PCR experiments
Start

End

7571422

7573136

54803368

54803463

15166807

15167135

31119109

31122303

13783394
14641644

13783468
14641687

7553457

7554376

13784729
13782012
32600982

13784825
13782126
32601086

Annotation
Copia-10_BDLTR
trep3003
RIX_unnamedf
am93_3B_088
_K04-1
DHH_Helios_3
B_018_H13-1
trep4443
Bd4_RLX_5
Gypsy-42_BDLTR
trep4381
trep4402
trep2072

Count

Class

Forward primer

Reverse primer

7087

Copia

GGTGCAGTTAGCTGGAGGAG

ACCGGCGTTTAATATGCTTG

355

hAT

CGAGATGAAGCTGATGGACA

ACTTGACACCCTCCTTGGTG

TACCGCCTCAATCGGTTTAC

CGACAGGAAGGAGCTCAAAC

13328 LINE
9487

Helitron

TAGTTGGGTGTTTTGGCACA

CAATGCGGTTACCTCCTGTT

CGATGCATCAGCAACCTAGA
GAGCTAACCTTGCCGCTATG

TAAGTATGGGGAACGGCTTG
TCTGCGTGAGACTTGTTTGG

14467 Gypsy

CAGTTTGTGAGCTCGTTCCA

CAGATCTTGCGTCGTTCGTA

36282 TcMar
36282 En-Spm
14342 MuDR

CGATGCATCAGCAACCTAGA
GTTTGCAGGCAACGGTTTAT
CTGCTCGCACCATTAACTCA

TAAGTATGGGGAACGGCTTG
AAAGCTCCAGACGCTGTGAT
TGTAACTTGCCCCACACAAA

36282 Harbinger
1364
LTR
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We detected the expression profiles of LTR/Copia,
DNA/hAT, LINE, RC/Helitron, DNA/Harbinger,
LTR, LTR/Gypsy, DNA/TcMar, DNA/En-Spm and
DNA/MuDR TEs among four tissues to estimate the
relative expression of each type of TE. The primers
were designed using Primer3 Plus software version
2.3.3 (http://primer3plus.com) [17]. The sequences
of gene specific PCR primers used in qRT-PCR have
been listed in Table 1. Quantitative real-time PCR
(qRT-PCR) was performed using the LightCycler
480 Real-Time PCR System with the EvaGreen 2X
qPCR Master Mix (Applied Biological Materials
Inc.). The synthesized cDNAs were used as templates for PCR amplification under the following
conditions: preheating at 95 °C for 5 min; and 41 cycles (95 °C for 10 s; 52 °C for 20 s and final extension 72 °C for 10s). Three technical repetitions were
performed. Quantities of DNA were determined
from a standard curve and were normalized to the
amount of 18s rDNA. The 18S rRNA (GenBankID:
AF147501) served as reference gene. Gene expresVLRQOHYHOVZHUHFDOFXODWHGDFFRUGLQJWRWKH¨¨&WDO
gorithm [18].
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FIGURE 2
Distribution of transposons counts numbers percentage along the five B. distachyon chromosomes.
Expression analysis of TEs. The primers were
designed in according to the count numbers of the
TE transcripts in a range of lowest to highest. All primers used were confirmed to amplify the predicted
product except DNA/MuDR. Remaining nine transcripts encoding transposons were found to be transcriptionally active in all four tissues in different expression patterns (Figure 3). qRT-PCR results indicated that Copia-10_BD-LTRTE was the highest expressed
whereas
RC/Helitron
(DHH_Helios_3B_018_H13-1) was the lowest.
Panicle tissue, where the change from a vegetative apical meristem to a reproductive apical meristem occurs, gives clues about the reproductive
phase about Brachypodium. In this tissue, all the TEs
revealed transcription activity in a wide range. The
most expressed transcripts were DNA/hAT
(trep3003) and Copia (Copia-10_BD-LTR), and the
expressions of the genes were similar. On the other
hand, RC/Helitron (DHH_Helios_3B_018_H13-1)
was found to be expressed at low transcript levels.
Interestingly, the transcript level of Gypsy
(Bd2_RLG_5) did not display a significant expression.
In stem, all the transcripts found to be transcriptionally active; however the amount of each TE gene
expression was different with broad expression patterns. Copia (Copia-10_BD-LTR) was expressed significantly on the other side LINE (RIX_unnamedfam93_3B_088_K04-1),
DNA/EnSpm
(trep4402) and DNA/hAT (trep3003) transcripts
were moderately expressed. Nevertheless, LINE,
DNA/EnSpm, and DNA/hAT encoding transcripts
expression levels were similar.
Copia (Copia-10_BD-LTR) was observed as
the prominent TE in root tissue (Figure 4) and following transcripts were DNA/hAT (trep3003), LINE
(RIX_unnamedfam93_3B_088_K04-1), DNA/EnSpm (trep4402), respectively. Copia encoding transcript was five folds higher than hAT.
Significant differences were found in expression levels of TEs between leaf and other tissues.
Although the Copia expression levels were higher in
panicle, stem and root there was an obvious differ-

RESULTS
Detection of TEs in library. A total of 148.901
transposons that are completely or partially characterized in the literature was predicted in B. distachyon. Using RepeatMasker, we detected the subclasses of TEs and their count number in RNA-seq
library. Retrotransposons were found at high frequency in analyzed library and these highly abundant retrotransposons were belonging to LTR (some
LTR elements could not be classified as Gypsy or
Copia), Copia and Gypsy subclasses (Figure 1).
Among the overall percentage of the predicted transposons, 69% of them were found as retrotransposons
and 29% were DNA transposons, besides with the
rate of 35% Gypsy was the most abundant group of
transposon that found in Brachypodium superpooled
library. In addition LTR (18%) and Copia (15%)
retroelements were also detected in higher amounts.
DNA/TcMar (13%), En/Spm (5%), MuDR (4%) and
Harbinger (3%) were the most prominent Class II
transposons. On the other abundances of TEs such as
RC/Helitron, DNA/Stowaway, and SINE were not
striking.
All the detected TEs were evidenced to be distributed in all the five chromosomes of Brachypodium. In case of all five chromosomes, 39.712 sequences (27%) were detected in chromosome 1 and
the number of minimum sequences was 16.569
(11%) in chromosome 5 (Figure 2). In the view of
count numbers according to the chromosomes the
maximum density of TE was found in chromosome
1 with the rate of 36%.
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profile between stem and leaf of B. distachyon however its expression were significantly higher (20
folds) in these samples than in panicle and root.
DNA/harbinger, DNA/hAT and LTR transposons
exhibited no extreme expression level alterations
among four tissues. If the number of counts of TE is
taken into account, it is understood that their expression levels do not exactly correlate with the count
numbers.

ence
in leaves,
since
LINE
(RIX_unnamedfam93_3B_088_K04-1) was expressed significantly more in leaves than in other tissues (Figure
4). In addition, DNA/EnSpm (trep4402) and
DNA/hAT (trep3003) transcripts were revealed similar expression pattern with LINE in this tissue.
The expression level of RC/Helitron was similar between panicle and root. Besides the expression
levels of RC/Helitron showed parallel expression

FIGURE 3
The expression levels of TEs in four different tissue. L: leaf, R: root, P: Panicle, S: stem

FIGURE 4
Tissue specific expression profiles of TEs
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nism it can be thought that different TEs might exposed to different silencing mechanism as reported
before [20] and these mechanisms might control the
amount of TE transcript level.

DISCUSSION
In plant genomes TEs are abundant and varies
among different species. Their activity and transcription can be affected from environment or development stage in host genome. In this study, Class I
RNA TEs were found to be expressed more than
Class II DNA elements on account of the count numbers of transcripts. It was an expected result, since
Brachypodium genome consortium has reported that
retroelements encoding sequences were found robust
amount in Brachypodium genome than other repetitive elements. Furthermore because of their transposition mechanism Class I retroelements might be detected in higher levels.
However, the in silico results gathered from the
RNA-seq OLEUDU\GLGQ¶WH[DFWO\FRUUHODWHWKHGDWDRE
tained from qRT-PCR analysis. It is not an unexpected result since it is known that qRT-PCR analysis is more sensitive than RNA sequencing owing to
their strand specificity [19]. This might be happened
because of the low depth of RNA-seq library, their
transposition mechanism or their relative amount in
the library. In count numbers LTR/Gypsy subclass
was identified in higher amounts, on the contrary
LTR/Copia was observed strongly expressed via
qRT-PCR experiments (Figure 1, Figure 3). Showing the parallel results with ours, previous studies detected that LTR/Gypsy TE class was higher than
LTR/Copia in count numbers [11, 20]. Owing to the
many TE subclasses and variants it can be speculated
that not all copies of LTR/Gypsy were expressed,
with only a few copies transcriptionally active. Nine
TEs were detected as transcriptionally active in all
tissues we assayed. Except leaf LTR/Copia was
found strongly expressed in panicle, root and stem
tissue (Figure 3).
Although it was reported that most of the TEs
stay dormant under normal growth or developmental
stages, they activate under specific conditions [3, 21,
22]. Instead of LTR/Copia the higher expression of
DNA transposons in leaf is also an interesting result
because of their transposition mechanism. It can be
speculated that these TEs might affect metabolic or
physiologic processes according to the tissues they
transcriptionally active.
RC/Helitron TE transcript levels were detected
at very low levels either in count number or in transcript expression. Some possible explanations may
account for these results that RC/Helitron may not
have an important role in tissue manner or the number of their reads may low in RNA-seq library. On
the other side, Helitron derived transcripts have been
hypothesized to regulate the parental gene transcript
expressions via producing small RNAs [23, 24], so
the low abundance of Helitrons might be explained
by their decay to small RNAs. Therefore we cannot
exactly think that RC/Helitrons expressed in minimum amounts. From the point of silencing mecha-

CONCLUSION
As an important plant model organism, Brachypodium serves useful genome and transcriptome information. In this study in silico identification of TEs
was conducted. In addition the results obtained via
qRT-PCR assays showed the transcription pattern of
nine transposable elements in leaf, panicle, stem and
root tissues of Brachypodium. In superpooled RNAseq library in silico analysis revealed that
LTR/Gypsy was the most abundant TE. Although
LTR/Gypsy was found prominent in library expression analysis indicated that LTR/Copia was the highest expressed one except leaf. The expression profiles showed altered expression of TEs among four
tissues. Taken together with previous results, there is
still a remaining question is that how the TEs and
host genes work in an orchestrated manner against
environmental challenges.
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Conventional treatment of CGW includes a
series of biological treatment (mostly anoxic±oxic
process and activated sludge process after a physico-chemical pretreatment to reduce the concentrations of phenols and ammonium. A/O process was a
prevalent biological process treating coal gasification wastewater with a simultaneous removal of
COD and NH3-N [7]. The total phenols and NH3-N
removal efficiencies reached 65% and 72.7% with a
HRT of 40h in the AO reactor, respectively [8].
Hydrolytic acidification can improve the biodegradability of wastewater and common used as a pretreatment method for treating refractory industrial
wastewater. Although quite effective, these processes are still not enough to meet the strict requirements of the National Discharge Standard of
China.
To date, no study on the biodegradation of coal
gasification wastewater using hydrolytic acidification-AO process has been published. In this paper,
hydrolytic acidification-AO process was used treating coal gasification wastewater, the removal of
COD and total phenols was studied. Additionally, the
effect of HRT and circle ratio on removal efficiency
was investigated.

ABSTRACT
Coal gasification wastewater was treated by the
novel combination process of hydrolytic acidification-AO. The effect of HRT and circle ratio on
removal efficiency was investigated. Results indicated that the COD and total phenols removal efficiencies increased fast during start-up period with the
influent concentrations were 1500 mg/L and 300
mg/L, respectively. Through the COD and total
phenols removal efficiencies can be increased by
prolonging the HRT from 6 h to 15 hˈthe optimal
HRT of 10 h in hydrolytic acidification reactor was
property, with the COD removal efficiency was
75-80%. Larger circle ratio can dilution the
wastewater and reduce the inhibition effect posed by
toxic and hazardous substances in influent. Reduced
the circle ratio from 300% to 100%, the effluent
COD and total phenols increased from 467.4 mg/L
and 122.7 mg/L to 937.9 mg/L and 213.8 mg/L.

KEYWORDS:
Wastewater, Total phenols, Circle ratio, Hydrolytic Acidification,
AO

INTRODUCTION

MATERIALS AND METHODS

Coal gasification wastewater (CGW) is discharged in the processes of coal gas purification, the
composition of which is very complex, containing
various toxic compounds and a large number of
refractory organic and inorganic contaminants, such
as phenolic compounds, polynuclear aromatic hydrocarbons (PAHs) and nitrogenous heterocyclic
compounds (NHCs), long-chain hydrocarbons,
cyanide and so on [1-3]. This wastewater control task
has become a bottleneck for the development of coal
gasification industry in China which has played a key
role in new clean and renewable energy market in
recent years [4-6]. There is a need for an improved
process that is more practical in terms of investment
costs and high efficient for treatment of real biologically pretreated CGW.

Three cylindrical reactors made of plexiglass
connected in a series. The effective volumes of
hydrolytic acidification reactor, anoxic reactor and
oxic reactor were 2L, 1L and 2L, respectively. Several outlets with different height installed on the
reactor which can be used to control the work volume
of each reactor. The system was operated under room
temperature during the entire experiment.
Wastewater flows was controlled by the peristaltic
pump, and the DO in the anoxic reactor and oxic
reactor were controlled 2-5mg/l and 0.2-0.5mg/L by
a gas flow meter, respectively.
Inoculum and coal gasification wastewater
(1) Inoculum. The inoculum was collected from
different reactors of a full-scale facility in Harbin,
which had been operated for two years. The seed
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sludge was grey-black with good settlement characteristics. After inoculated, the VSS in hydrolytic
acidification reactor, anoxic reactor and oxic reactor
were 6000 mg/L, 4500 mg/L and 4500 mg/L, respectively.
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studied the effect of circle ratio on total phenols
removal efficiency.
Analytical methods. COD, BOD, total phenols, VSS and NH3-N were determined according to
Standard Methods [9]. pH measurements were
performed with a pH meter (pHS-3C, Lei ci, China).

(2) Coal gasification wastewater. Real coal
gasification wastewater used in this study was collected from the full-scale coal gasification plant in
Harbin. The main characteristics of real coal gasification wastewater after pretreatment is as follows:
COD of 2500-3500 mg/L, BOD5 of 500-750 mg/L,
total phenols of 300-600 mg/L, NH3-N of 80-200
mg/L and pH of 6-8. The BOD5/COD is about
0.2-0.35. Some feed nutrients were added into the
influent.

RESULTS AND DISCUSSION
The removal of COD and total phenols
during start-up. The result of COD and total phenols removal efficiencies were shown in Fig. 1 and 2.
Initially, the concentrations of COD and total
phenols of influent were around 1500 and 300mg/L,
respectively. The removal efficiencies increased fast.
On day 23, the COD and total phenols of effluent
were 657.9 and 120.1mg/L, and the corresponding
removal efficiencies were 56.4 and 56.7%, respectively. When the COD and total phenols concentrations promoted to around 2500 and 500mg/L on day
36, the corresponding concentrations in effluent
upgraded to 1427.1 and 323.1mg/L. But the removal
efficiency of total phenols rapidly increased to
62.8% on day 47. When the start-up was over, the
removal efficiencies of COD and total phenols
reached 80.3% and 72.9% on day 59, which were
higher than days 33-35, that was a longer sludge
acclimation time could get more phenol degrading
bacterias.

Start-up and operation (1) Start-up. Three
reactors were started-up at the same time. The
start-up period can be separated into two stages. On
days 1-35, the influent COD and total phenols were
around 1500 and 300mg/L, respectively. After the
removal efficiency kept stable for a week, on days
36-60, the influent COD and total phenols were
promoted to around 2500 mg/L and 500 mg/L. The
HRTs in hydrolytic acidification reactor, anoxic
reactor and oxic reactor were 10 h, 6 h and 12 h,
respectively. The circle rate of AO system was 300%
during the whole start-up period.
(2) Effect of HRT. After sludge acclimatization, keeping the circle rate 300%, the effect of HRT
in the hydrolytic acidification reactor on total phenols removal was studied on days 61-107. The
details are as follows: on days 61-83, the HRT was 6
h; on days 84-107, the HRT was 15 h.

The effect of HRT on pollutants removal.
HRT is a very important factor for biological treatment process. It usually can get a higher treatment
efficiency with a longer HRT. The study of HRT was
performed on days 61-107 to investigate the effect of
HRT (in hydrolytic acidification reactor) on the
removal efficiencies of COD and total phenols, and
the results can were shown in Figs. 3 and 4.

(3) Effect of circle ratio. On days 108-138,
restored the HRTs in three reactors to 10 h, 6 h and
12 h, respectively and modified the circle ratio to
100% (days 108-120) and 500% (days 121-138) to

FIGURE 1
The removal of COD during start-up

FIGURE 2
The removal of total phenols during start-up
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FIGURE 3
The effect of HRT on COD removal
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FIGURE 4
The effect of HRT on total phenols removal

TABLE 1
The removal of COD and total phenols at different circle ratios
COD
Removal
(mg/L)
efficiency
Influent Effluent
58-60
300%
2527.2
467.4
81.5%
118-120
100%
2492.6
937.9
62.4%
136-138
500%
2507.8
409.3
83.7%
*The values in this table were means of the three days.
Time
(days)

Circle ratio

Total phenols (mg/L)
Influent Effluent
498.6
122.7
504.3
213.8
501.5
99.8

Removal
efficiency
75.4%
57.6%
80.1%

On days 118-120, the circle ratio was 100%,
and the COD and total phenols of effluent were 937.9
mg/L and 213.8 mg/L, which were much higher than
days 58-60 with the effluent were 467.4 and 122.7
mg/L. The removal of total phenols dropped from
75.4% to 57.6% when the circle ratio changed from
300% to 100%. When the circle ratio was too small,
there was not so much nitrate for denitrification. The
bigger circle ratio can dilution the wastewater utmost
and reduce the concentration of pollutants, and
reduced the inhibition posed by toxic and hazardous
substances in the influent.
When the circle ratio enhanced from 300% to
500%, the COD and total phenols removal efficiencies different increased obviously. The concentration
of total phenols in the effluent was 99. 8mg/L with a
circle ratio of 500% compared 122.7 mg /L with a
circle ratio of 300%. The COD in effluent was 409.3
mg/L, which was similar with 467.4mg/L at the circle
ratio of 300%.

On days 61-83, the HRT in hydrolytic acidification reactor reduced to 6h, and the COD removal
efficiency dropped to 60-65% compared 75-80%
with a HRT of 10 h on days 53-60, and the total
phenols in effluent ascended form 130-150 mg/L to
250-270mg/L when the influent concentration were
around 500 mg/L. On days 84-107, the HRT was
prolonged to 15 h, and the total phenols removal
efficiency ascend to 80-85%.
Property HRT was necessarily for biological
treatment process, the pollutants cannot be removal
effectively with short HRT. The phenol compounds
were refractory pollutants, which cannot be degraded
at short HRT. The COD and total phenols removal
efficiencies can be increased by prolonging the HRT,
but the bigger HRT means a bigger reactor. The
removal efficiencies did not increase obviously with
the HRT of 15 h compared a HRT of 10 h. In this
study, the optimal HRT of 10 h in hydrolytic acidification reactor was property.
The effect of circle ratio on pollutants removal. In order to use organic matter in raw
wastewater as the denitrification carbon source, the
AO process needs circle the wastewater effluent in O
tank. The effect of circle ratio on COD and total
phenols removal was investigated during days
58-138. The removal of COD and total phenols at
different circle ratios was shown in Table 1.

CONCLUSIONS
The hydrolytic acidification-AO process was
investigated in treating coal gasification wastewater.
When the start-up was completedˈthe COD and total
phenols removal efficiencies were 80.3% and 72.9%,
respectively. Adjusted the HRT in hydrolytic acidi-

2288

© by PSP

Volume 27 ± No. 4/2018 pages 2286-2289

Fresenius Environmental Bulletin

an anthraquinone dye on immobilized TiO2
nanoparticles in a rectangular reactor: Destruction pathway and response surface approach.
Desalination. 268, 126-131.
[8] Sharp, V., Giorgi, S., Wilson, D.C. (2010)
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level). Waste Management Research. 28,
256-268.
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American Public Health Association, American
Water Works Association, Water Environment
Federation, Washington, DC.

fication reactor from 10 h to 6 h, the COD removal
efficiency dropped from 75-80% to 60-65%. The
removal efficiencies did not increase obviously at a
longer HRT of 15 h. Reduced circle ratio from 300%
to 100%, the effluent COD and total phenols increased from 467.4 mg/L and 122.7 mg/L to 937.9
mg/L and 213.8 mg/L. The removal efficiencies did
not increase obviously at a bigger circle ratio of
500%.

ACKNOWLEDGEMENTS
This work was financially supported by the
National Natural Science Foundation (51708196)
and the Central University Basic Scientific Research
Business Special Fund Projects (531107050887).

Received:
Accepted:

REFERENCES
[1] Xu, P., Han, H., Zhuang, H., Hou, B., Jia, S.
and Wang, D. (2015) Advanced treatment of
biologically pretreated coal gasification
wastewater by a novel integration of heterogeneous Fenton oxidation and biological process.
Bioresource Technology. 182, 389-392.
[2] Wang, Y., Gao, F., Fang, C., Wang, S., Zhao,
G., Guo, Y. and Sun, P. (2016) Economic asVHVVPHQW RI ¶DPPRQLD GLVWLOOation- concentration-supercritical water gasification-R[LGDWLRQ¶
combined process for coal gasification
wastewater treatment. Fresen. Environ. Bull. 25,
1355-1655.
[3] Zhang, Y. and Li, H. (2017) Tolerance and
recovery ability of moving bed biofilm reactor
to phenol and cresol shock load under vary
dissolved oxygen concentration. Fresen. Environ. Bull. 26, 4268-4276.
[4] Xu, P., Han, H., Hou, B., Zhuang, H., Jia, S.
and Zhao, Q. (2015) The feasibility of using
combined TiO2 photocatalysis oxidation and
MBBR process for advanced treatment of biologically
pretreated
coal
gasification
wastewater. Bioresource Technology. 189,
417-420.
[5] Andleeb, S., Atiq, N., Parmar, A., Robson, G.D.
and Ahmed, S. (2011) An HPLC method development for the assessment of degradation
products of anthraquinone dye. Environmental
Monitoring and Assessment. 176, 597-601.
[6] Li, H., Li, Y., Cao, H., Li, X. and Zhang, Y.
(2011) Advanced electro-Fenton degradation of
biologically-treated coking wastewater using
anthraquinone cathode and Fe-Y catalyst. Water
Science and Technology. 64, 83-86.
[7] Khataee, A.R., Zarei, M., Fathinia, M. and
Jafari, M. (2011) Photocatalytic degradation of

08.10.2017
06.02.2018

CORRESPONDING AUTHOR
Peng Xu
Key Laboratory of Building Safety
and Energy Efficiency,
Ministry of Education,
College of Civil Engineering,
Hunan University,
Changsha, Hunan 410082 ± China
e-mail: xp12904@163.com

2289

© by PSP

Volume 27 ± No. 4/2018 pages 2290-2298

Fresenius Environmental Bulletin
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ACCIDENT COUNTS USING ARTIFICIAL NEURAL
NETWORK AND MULTIVARIATE ANALYSIS: A CASE
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on the national economy. In the past decade, the financial aspect of traffic accidents is over one hundred billion dollars [2]. In Turkey, an average of 1.5
million accidents happens annually, in which death,
injuries and financial damages occur. Every year
5000 people die in Turkey due to traffic accidents.
Thus, an average of 18 people dies every day and
there is a traffic accident occurring at every 1.2
minutes. Hence, over one hundred thousand people
either die or get injured. Over 40,000 people have
died in Turkey due to traffic accidents between the
years of 1980-2010. During the same years, fewer
people have been lost due to terror incidents as compared to traffic accidents. Since the parameters
which cause traffic accidents are numerous, they
have a complex structure and they have continuously
been a source of interest for analysis by researchers.
Statistical modeling methods are commonly
used for several complex problems and also traffic
accident analysis [3, 4]. Therefore, in order to understand the causes of road accidents and achieve safer
journey, statistical methods are needed. Artificial
neural networks, negative binomial regression, multivariate regression (principal component analysis),
univariate and multivariate time series analysis are
among the most widely used statistical methods [57]. Considerable research, on accident prediction
models, has been carried out in recent years. These
models may basically be grouped into four main approaches, namely multivariate analysis, empirical
Bayes method, fuzzy logic and neural network [8].
Multivariate analysis usually models the road
accident frequencies with multiple linear regression
and generalized linear regression. The former is almost the earliest developed methods [9, 10], and now
has been proven to be inadequate since its assumption of normally distributed errors and homoscedasticity is not in accordance with the nature of accident occurrences. Thus, the Poisson regression
model, negative binomial regression model and negative multinomial model based on generalized linear
regression technique have been suggested [11-14],
and these models have been successfully applied and
widespread adopted recently. Empirical Bayes met-

ABSTRACT
By the World Health Organization, traffic acciGHQWVLQKDYHEHHQLGHQWLILHGDV³human-caused
QDWXUDOGLVDVWHU´6LQFHWKHSDUDPHWHUVZKLFKFDXVH
traffic accidents are numerous, they have a complex
structure and they have continuously been a source
of interest for analysis by researchers.
In this study, D100 (E80) State highway section
(422 km) between Erzincan- $÷UÕ *UEXODN FLWLHV
in Turkey was investigated by examining the statistical data obtained from Turkish Statistical Institute
and Republic of Turkey General Directorate of Highways 12th Regional Directory. For each kilometer
lane, widths, Annual Average Daily Traffic
(AADT), the number of accident, injury and death,
average velocity, distance (km), the number of links
and junctions were determined.
The methods of ANN (Artificial Neural Network), Poisson regression and multivariate regression were used to analyze above parameters. The
methods used have been evaluated as per R2, MSE,
AIC criteria. It has been found for the ANN method
that R2 (0.93), MSE (0.004), in Poisson regression
method R2 (0.57), MSE (0.33), and in the multivariable regression method R2 (0.61), MSE (0.26). The
results showed that ANN models perform better than
the multivariate regression in terms of traffic accidents.

KEYWORDS:
Number of Traffic Accident, Statistical Modeling, Artificial Neural Network, Multivariate Regression Analysis,
Turkey North Transit Interurban

INTRODUCTION
In traffic accidents, an average of 1.5 million
people dies worldwide annually and over 50 million
people either get injured or maimed [1]. By the
World Health Organization, traffic accidents have
EHHQFODVVLILHGDV³human-caused QDWXUDOGLVDVWHU´LQ
2013. Traffic accidents place a great financial burden
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Since the study was updated, it also included the data
for 2013.

hod also has a significant accident-predicting capability, and this has been validated by some researchers [11, 15, 16].
The ANN methodology has been used in various communications traffic and transportation engineering related problems in the last decade. There are
many applications of the ANNs in travel behavior,
traffic flow, and traffic management [17]. Artificial
neural networks were employed for modeling the relationship between traffic characteristics, road geometry, and environmental characteristics. Some researchers in various fields of research, including
highway safety, have proposed the use of neural network models for modeling [18, 19]. ANNs were determined to be a viable alternative to regression for
predicting speeds on two-lane rural highways [20].
Artificial Intelligence (AI) approaches haveshown a
high level of performance in identifying different
patterns of accidents in the training data and presented a better fit when compared to the regression
model [4, 21].
In this study, D100 (E80) State highway section
EHWZHHQ(U]LQFDQDQG$÷UÕ *UEXODN) cities in Turkey was investigated by examining the statistical
data obtained from Turkish Statistical Institute and
Republic of Turkey General Directorate of Highways 12th Regional Directory. For each kilometer,
lane widths, annual average daily traffic (AADT),
the number of accident, injury and death, average velocity, distance (km), the number of links and junctions were determined.

Artificial Neural Network (ANN). ANN is
widely used to analyze the traffic accidents in the
world [4, 6, 22]. ANN can be defined as a system
designed to model the method of how the brain handles any function. ANN is comprised of artificial
neural cells which are connected to each other in various ways. Once the ANN passes the learning period
with training algorithms, it will have the capability
of data collection, storage and generalization ability
of information with the connection weights between
the cells. The detailed information about ANN procedure can be seen in the paper of Bayata and
+DWWDWR÷OX [23, 24].
Two suitable networks have been selected by
doing an ANN application on seven different networks. Before going into modeling phase, correlation matrices for the independent variables have been

FIGURE 1
Turkey Map

MATERIALS AND METHODS
Highway Section and Collected Data. A series of models were estimated using the data collected in this study belonging to D100 (E80) State
LQWHUXUEDQVHFWLRQEHWZHHQ(U]LQFDQDQG$÷UÕ *U
bulak) cities in Turkey. The State highway section
was shown in Fig. 1 and 2.
The number of accidents on D100 (E80) State
LQWHUXUEDQ EHWZHHQ (U]LQFDQ 7HUFDQ  DQG $÷UÕ
(Gürbulak) of 422 km was investigated. The obtained data included 2005 to 2008 in Table 1 [3].

FIGURE 2
Highway Section

TABLE 1
The distribution of variables by year
Length

100-26
100-27
100-28
100-29
100-30
100-31
100-32
100-33

Number
of Accident
Y
2
7
30
8
4
8
3
8

AADT

Intersection
Number

Number
of Lanes

Lane
Width

Distance
(Km)

Average
Velocity

Number
of Links

X1
2924
3700
3552
5500
2886
2000
1915
2295

X2
2
2
3
7
1
1
1
2

X3
3
6
3
4
2
2
2
2

X4
3,2
3,8
3,17
3,54
3,50
2,75
2,87
3,12

X5
11-15
17
29
25
25
18
8
12

X6
75
82
82
88
83
91
78
77

X7
3
3
15
3
5
2
2
3
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analyzed and in the first five models of the independent variables, a high correlation has been observed.
For the ANN-TBA application, the neurons in the
entry surface have been created by using the
³prebca´FRGHLQ0DWODE, where the components having less than 2% of contribution have been eliminated and the remaining components have been
taken as primary components. For 120 data for each
variable, 60% have been used for network training,
20% for test and 20% have been used for verification.
Through a code written for Matlab, in order to
prevent the network from memorizing, a three-layer
network was formed with minimum parameters. The
neuron numbers in the secret layer were limited to 12-3. The maximum iteration number was defined as
1000. In the fourth and fifth models, the exit layer
was taken as two neurons (number of dead-number
of injured). The transfer function is taken as logsigpurelin-tansig. Our data has been scaled between [01] or [-1-+1]. The training set comprises 70% of the
data, while the test set is 30% of the data. When the
program is executed, the network architecture having
the maximum R2 between the network having the
minimum AIC criteria and the network architecture
with minimum OKH. For all the ANN applications,
the criteria of the test values R2, OKH, and AIC have
been identified and they have been presented in the
discussion and results section.

Oi
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yi !
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The parameters are predicted with likelihood
maximization or more generally with the maximization of the logarithm of the likelihood (expressed as
log-likelihood).
Since accidents are discrete random events,
they cannot be modeled using normal distribution
[28]. Poisson distribution is a suitable method for expressing accidents which are spaced, non-negative,
random and discrete events [29].
One of the problems seen in Poisson regression
is overdispersion. Due to overdispersion, the variance of the coefficients of the parameters which are
estimated will show a tendency for very small values
and the estimated coefficients will be biased. This
problem can be solved by assuming a negative binomial distribution in the analysis of accident data [29,
30].
Multivariate Regression (MR). The relationship between a dependent variable and independent
variables can be explained by using a mathematical
model which is formed on statistical foundations
[31]. In a multivariate regression analysis, the relationship between variables is accepted as linear [32].
Multivariate regression analysis assumptions;
1RUPDOGLVWULEXWLRQ
/LQHDULW\
+DYLQJQRDXWRFRUUHODWLRQLQHUURUWHUPV
&RQVWDQWYDULDQFH
,WFDQEHFODVVLILHGDVQRWKDYLQJPXOWLSOHFRQ
nections (co-linearity) between independent variables.
For conformity to a normal distribution, statistical tests and graphical plots can be analyzed. The
statistical tests can be stated as Chi-square test, Kolmogorov-Smirnov test (K-S), Z test, and ShapiroWilks (W statistics). In our applications, mainly Kolmogorov-Smirnov test has been utilized and if the
likelihood value is greater than 5% significance
level, then H0 hypothesis has been rejected. The
graphic tests are histogram, trunk-leave, box, Q-Q
and P-P plots.
The independence of the error terms is due to
error terms being suitable to normal distribution and
being a serial white noise unrelated to past values.
For this, we apply the Durbin- Watson (DW) test.

p

E 0  ¦ E j xij

(2)

Poisson regression is a nonlinear regression and
the coefficients of the parameters can easily be found
with the maximum likelihood method. The likelihood method can be expressed as in equation 3.

Poisson Regression. There are few
noncategorical instances when the dependent variaEOH WDNHV D FRXQWHU YDOXH «  DV D GLVFUHWH
value. These types of variables include examples
such as the number of accidents, number of fires, and
the number of patents. Under certain assumptions,
the discrete and the non-categorical dependent variables will be named as the Poisson regression model.
The Poisson regression model is used mostly to analyze counter data [25, 26].
If we evaluate the Poisson regression model
given as per Greene [27] for the number of accidents
then:
ܲሺ൫ܻ ൌ ݕ หܺଵ ǡ ܺଶ ǡ ܺଷ ǡ ǥ ǥ ǡ ܺ ൯
P : Probability of accidents occurring
ܻ : The number of accidents happening in the present
time period t
ȜL The number of accidents expected in time period
t
ȜL It is related to independent variables in a logarithmically linear manner [25].

E ' xi

p

E 0  ¦ E j xij )

exp( E ' xi

j 1

Multivariate Analysis. In this study, two different regression analysis such as Poisson regression
and multivariate regression (principal component
analysis) for multivariate analysis were used.

ln Oi
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The number of accidents was modeled by
ANN, PR, and MR for D100 (E80) State interurban
VHFWLRQEHWZHHQ(U]LQFDQDQG$÷UÕ *UEXODN FLWLHV
in Turkey.

2

t

t 1

DW is calculated for this purpose and generally
the DW test results having an interval of 1.5- 2.5
shows that there is no autocorrelation. In this model,
the coefficient of determination for comparison criteria is taken as R2. For defining the optimum model
between multivariate regression models, along with
R2, average squared error (MSE-Mean Square Error)
and AIC Akaike data criteria have been used. The
method which gives the highest R2 value is identified
as the best method of the three methods which give
the minimum MSE value.

i
Linear

Sigmond/Tangent/Hyperbolic
Weight
Ȧij

AADT
X1

Number of
Junction

ANN Model. The established network architecture is given in Fig. 3 and Table 2.
The parameters used in the ANN model:
Y: Total number of accidents
X1: Annual average daily traffic (AADT)
X2: Number of junction
X3: Number of lanes
X4: Lane width
X5: Distance - km
X6: Average velocity
X7: Number of links

Weight
Ȧik

X2

Number of Lane
X3
Y

Lane With
X4

Annual Estimating
Total Number
of Accidents

Output
Layer

Distance-Km
X5

Average
Velocity

X6

Hidden
Layer

Number of Links

ĭk

X7

ĭj
Bias

Input Layer

FIGURE 3
Established network architecture
TABLE 2
Optimum ANN architecture
Network
Structure

AIC
(Akaike)

Mean
Squared
Error (MSE)

Network 1
Network 2

-239.894
-222.869

0.008
0.008

R

Activation
Function

Transfer
Function

Number
of
Iterations

Number
of
Layers

0.96
0.96

Trainbr
Trainbr

Tansigtansigpurelin
Tansigtansigpurelin

500
500

3
3

2
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with the Poisson regression and then extreme dispersion indicator has been calculated.
Over-Dispersion Test:

Between the two network structures, the one
with the lowest Akaike data criteria has been chosen
[3]. For Network 1, which is the most suitable network, the dispersion and harmony plots are given in
Fig. 4a and Figure 4b. In the dispersion plot, it has
been seen that for the explanation between the training set and the real values, it is seen that the R2 value
in Fig. 4b is very successful with 0.96 and that in Fig.
4a, there is compatibility between the training set series and the real series performance of the model. Xie
et. al and [24, 33] were obtained asimilar result as
mentioned above.
The compatibility and dispersion plots for the
training set of the ANN application have been given
in Fig. 4.a, and b.

Pearson F 2

( yi  Pi ) 2
¦
i 1 Var (Yi )
n

(5)

If the distribution parameter is significantly
more then 0, then over dispersion has taken place and
it will be stated that Negative Binomial Regression
is the suitable method. The dispersion parameter has
been found in our application.
During the test of the dispersion parameter;
ܴܮ
ൌ െሺ ݕݐ݈ܾܾ݅݅ܽݎሺ݊ݏݏ݅ሻ
െ  ݕݐ݈ܾܾ݅݅ܽݎሺ݈ܾ݊݁݃ܽܽ݅݉݊݅݁ݒ݅ݐሻሻ 
Ƚ ൌ Ͳ 





F (212 d ,1sd )
(6)

The hypothesis is rejected and it is seen that the
negative binomial regression is the most suitable
method. For the compatibility fineness analysis, it is
appropriate to look at the value of:

0,8 

Pearson F 2
 1,2
n p

(7)

and within this interval, it is expected that it is
between 0.8- 1.2. In the result of the calculation, the
compatibility fineness value has been found to be
0.66. Hence, the Negative Binomial Regression
method was not used. It is observed that the coefficients of the independent variables are within the
95% confidence interval. The feasibility value of the
variables P-value is less than 0.05.
In the various models which have been tested,
the most meaningful model has been found below.

E ( A)

exp(b0  b1 X 1  b2 X 2  ....... bq X q )

ܧሺܣሻ ൌ ሺͳǤʹ͵ͻͷʹ  כሺܴܮሻ  ͲǤͲͲͲʹ͵ʹͺ כ
ሺܶܦܣܣሻ   ͲǤͳͶͶͻͶ  כሺܹܵሻ  ͲǤͲͲͶʹͲͷ כ
ሺܰܥሻ  െ ͲǤͲͳͳͷʹ  כሺܵܣሻሻ
(8)
Here;
N
: Number of Observations
P
: The Number of Parameters
Df
: Degrees of Freedom
FT
: Fixed Term
CFTA : The Count for Traffic Accident
AADT : Annual Average Daily Traffic
log(RL) : The Logarithm Of The Length Of The
Road About Miles
LN
: Number of Lanes
IN
: The Number of Intersections
SW
: Strip Width
NC
: The Number of Connections
AS
: Average Speed

FIGURE 4
Dispersion (a) and harmony (b) plots for ANN
training set of the model (R2=0.96)
Poisson Regression (PR). The study route has
been divided into sections by the 12. Regional Directorate of Highways and the starting km points of the
sections have been determined. The decision as to
which Poisson or Negative Binomial error structure
will be used has been determined by the method below. First, the model parameters have been predicted
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TABLE 3
Model parameters of poisson regression
n=120 sd=n-p=120-6=114 Pearson F 2 115,7460982 F 02.05 ,113 124,342
Parameters
login
AADT
sg
Velocity
Bs

Coefficient
1.2396
0.0002328
0.1746494
-0.011652
0.0604

Standard Error
0.136
0.00002
0.0808
0.006
0.004

z rates
9.09
9.29
2.16
9.88
-2.86

P
0.001
0.001
0.031
0.000
0.004

TABLE 4
Correlation matrix
Variables
ks
ln
AADT
ss
intsct
sg
bs
Velocity

ks
1
0.253
0.252
0.072
0.259
0.111
0.389
-0.045

ln

AADT

ss

intsct

sg

bs

Velocity

1
-0.025
-0.115
0.146
0.038
-0.004
-0.107

1
0.225
-0.044
-0.030
0.065
0.116

1
0.177
0.269
0.097
-0.035

1
0.236
0.695
-0.105

1
0.290
0.190

1
0.038

1

Poisson regression has joined all independent
variable models. In the analyses, when all the independent variables were added to the model, some P
values have been found to be greater than 0.05,
which were not found to be meaningful and they
were removed from the model. During modeling, a
number of intersections (intsct) and a number of
lanes (ss) were used as independent variables; but
since these values are not within the 95% confidence
interval, they have been removed from the model.
The conformity and dispersion plots were presented
in Fig.5.
Multivariate Regression (MR). Secondly, for
the data, the multivariate regression method was
used. At this stage, a correlation matrix has been
formed for all the independent variables as seen in
Table 4.
All of the variables used in the model were logarithmically transformed to make them suitable for
anormal distribution. The R2 value was found to be
0.62 [4].
When the model formed was analyzed, it was
observed that the number of lanes, the number of intersections, lane width and coefficients of speed varLDEOHVDUHQRWVWDWLVWLFDOO\PHDQLQJIXO7KH³)´WHVW
which tests the whole model was found to be statistically meaningful as seen in Table 5. By removing
the meaningless variables from the model, new modeling was done.
The variables in the new model were speed,
number of connections, length (km) and AADT. For
the consistency analysis of model parameters, the
variance table and FRHIILFLHQWVWDEOHDORQJZLWK³)´
VWDWLVWLFDOYDOXHV³W´YDOXHV tolerance and VIF values were presented in Table 5.

FIGURE 5
Dispersion (a) and harmony (b) plots for
Poisson regression model of the model (R2=0.57)
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(a)

(b)
FIGURE 6
Dispersion (a) and harmony (b) plots for Multivariate regression method (R2=0.61)
TABLE 5
Regression models parameters output
Variables
Ln
AADT
bs
velocity

B (Coefficient)
8.654
13.157
0.707
-24.866

T
3.177
3.012
4.753
-4.374

Probability
0.002
0.003
0.000
0.002

Tolerance
0.819
0.892
0.878
0.565

VIF
1.078
1.116
1.134
1.196

F

Probability

44.124

0.000

TABLE 6
Comparing of methods
Method
Poisson Reg.
MSE
ANN

R2
0.57
0.61
0.93

OKH
0.33
0.26
0.004

Evaluation

The most meaningful method

x D100 (E80) State interurban section beWZHHQ (U]LQFDQ DQG $÷UÕ *UEXODN  FLWLHV LQ 7XU
key. Lane widths, annual average daily traffic
(AADT), the number of accident, injury and death,
average velocity, distance-km, the number of links
and junctions were determined for each kilometer.
x By applying an ANN on seven different networks, the most suitable two networks have been selected. From the two network structure, the one having the least Akaike data criteria has been selected.
In the ANN model, the R2 value was found to be
0.96.
x The variables in the Poisson regression
were taken as the length between junctions, AADT,
the number of lanes in the road, width of the lanes,
the number of intersections, average speed and a
number of connections. During modeling, the number of junctions and the number of lanes have been
used as independent variables; but since these values
have not been found within the 95% confidence interval, they have been removed from the model.

In multivariable regression analysis, it was determined that R2= 0.61 and the mathematical expression of the model is as follows below. The conformity and dispersion plots were presented in Fig.6.
݇ ݏൌ ͺǤͷͶ  ݖݑ כ ͳ͵ǡͳͷ  ݐ݃ݕ כ ͲǡͲ כ
ܾ ݏെ ʹͶǡͺ ݕݐ݈݅ܿ݁ݒ כ
(9)
The results of this study show that in general,
both types of neural network models perform better
than the Negative Binomial (NB) regression model
in terms of data prediction [34]. The method with the
highest coefficient of determination R2 is ANN and
the method with least MSE is again found to be ANN
in Table 6.

CONCLUSION
Statistical modeling for a traffic accident on the
interurban highway has been effectively used. The
following conclusions were drawn based on the
model's results:
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x The R2 value of the multivariate regression
model was found to be 0.62.
x The method with the greatest R2 coefficient
determination and with the least MSE was found
ANN modeling.
x ANN models performed better than the
Multivariate regression model in term of design parameters.
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of sediment load to the intake of the lateral basin is
the use of submerged plates in front of the intake.
These plates cause deviation of flows full of sediments through creating secondary flows. Due to the
difference in the pressure on both sides of the submerged plate, a secondary flow occurs around them,
that this flow transmits bed sediments into the river
and creates an erosion groove in the front of the intake. Consequently, entering bed sediments into the
basin channel is prevented .
The vortices formed at the bottom edge of the
plate, are transmitted to downstream while they rotate, and create larger vortices. These vortices appear
in a spiral motion and cause changes in the bed shear
stress and topography of the riverbed.
Barkdoll et al. conducted an experiment on a
90-degree lateral basin to provide solutions for increasing the efficiency of submerged plates. The results of this study showed that the dewatering ratio
is the most effective factor affecting the ratio of diversion sediment. In addition, the ratio of dewatering
has a direct relation with the ratio of sediment enter
into the basin and with increasing dewatering ratio,
the proportion of sediment entering into the basin is
increased [1].
Characteristics of movement of flow and sediment around a large submerged plate with lengths
ranging from 1 to 4 meters in a straight and wide
flume with a length of 30 meters and a width of 6
meters were investigated by Ton et al. This study
showed that the performance of the submerged plate
in deflecting the pathway of sediments depends on
the impact angle of the plate to the flow, height and
length of the plate.
Nakato and Edgen conducted a research using
a physical model to reduce entering the sediment to
the intake of the Missouri River. The results of this
study confirmed the use of submerged plates over the
operation years [2].
Nazari et al. also conducted a study on the effect of the basin diversion angle on the ratio of flow
rate and sediment entering into the basin in a 90 degree convergent arch. This research was carried out
in a laboratory flume with a 90 degree arch and with
five different convergent angles in one position of
the arch. The results of this study showed that a 45

The sediment control in the basin is always a
complex issue of river engineering. The major part
of the flow entered into the basin is provided from
the lower layers of the flow in the main channel,
which has a higher concentration of sediments. In
this study, several experiments with physical model
were performed to verify the shape and angle of the
submerged plates in transporting sediments to the
spillway openings in a 180 degree arch. The experiments were performed using two rows of parallel
plate with five different layouts and four different installation angles as well as non-plate conditions.
These experiments were carried out with a constant
upstream flow rate and four different diversion flow
rates. In each test, the flow rate of the main and diversion channel, as well as the flow rate of the diversion sediments and the flow rate of sediments passing through the main channel were measured. The
results of this study showed that the performance of
parallel submerged plates in deviation of the sediment movement direction depends on the shape of
the plates and the angle of their installation, and the
proper performance was observed in reducing the
sediment transportation to the intake at an angle of
30 degrees. In addition, the ratio of dewatering has a
relatively direct relation with the ratio of sediments
input to the basin and with increasing dewatering ratio in all plates, the ratio of sediments input to the
pond is increased.


&% !
Sediments, Diversion sediment, Submerged plate shape,
180 degree bend, Lateral basin
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One of the important issues in the design of lateral basin is to increase the dewatering efficiency, so
that, while it prevents the entry and accumulation of
sediments in the input of the diversion channel, it facilitates the transfer of water into the basin. One of
the suitable methods for reducing the transformation
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the flow rate in the basin channel,  is the depth of
flow in the main channel,  is the main channel
width,  is the central radius of the arch,  is the
main channel slope ,  50 is the average diameter
of the bed load,  is the gravity acceleration, ρ is
the fluid specific mass, ρ  is the volumetric mass of

degree angle at the position of 60 ° is proper for entering the minimum sediment into the basin [3].
Hassan Pour et al. conducted a study on the performance of sediment control of composite submerged panels at the intake of lateral basin openings
in a 90 degree arch. The experiments were carried
out in a straight flume with dewatering angle of 90 °
and a submerged plate at the front of the intake. The
results showed that composite submerged plates
with a height of CH = 0.5 (characteristic parameter
of the height of the surface plate) would have a better
performance in controlling the sediment input into
the basin [4].
Past research has shown that submerged panels
are an effective structure for controlling sediment input into the basin. As the pattern of flow and flow
rate variations in the area of lateral basins connected
to direct channels are complex and three-dimensional, if these basins are constructed on arched
channels, this will be more complicated due to the
pattern of flow in the arches. Therefore, further research is required on the effect of the angle and the
Froude number on the performance of controlling
the sediment input into the basin in a 180 degree
arch.

sediments, β is the angle of the basin, θ is the position of the basin in the arch, μ is the fluid viscosity,  is the height of submerged plate,  is the
length of plate,  is the number of rows of submerged plates with angle of α with flow, δ  is the

longitudinal submerged plates and δ  is the transverse distances of the first row of submerged plates
from the intake. Regardless of the constant parameters in equation (1), the following equation is obtained:
(2)
 ( ,  ,  ,  ,  , , α ) = 0
Using Buckingham's theory, equation (2) becomes without dimension:
(3)
 ( ,  ,  , α ) = 0
In equation (3),  =   3 is the Froude
number,  =   is the relative diversion flow
rate and  =  ( +  ) is the flow rate of di-

" !"!

version sediment.
The experiments of this research will be carried
out hydraulically and with bed sediments by installing submerged plates with regular arrangement.
Submerged Plexiglas plates with a thickness of 2 mm
will be constructed and installed in two longitudinal
rows in front of the intake. The main channel has a
relative curvature of arch (R/B = 5/6) that the arch is
located in the gentle arches class. In order to prevent
the entering the turbulent waves to the arch, a direct
input channel with the length of 9 meters was connected to a channel with a 180 degree arch. This
arched channel is connected to the flow control valve
and then the outlet tank by another direct channel
with the length of 6 meter (Figure 1).

In modeling the flow on a lateral basin, the
most important goal is to determine the amount of
diversion flow rate and diversion sediment to the basin in different conditions of flow in the main channel. Considering the constant flow, the effective variables for the amount of sediment entering the lateral
basin include:
((1)
In relation (1),  is the flow rate of the sediments entering the basin channel,  is the flow
rate of load of the downstream bed of the main channel,  is the flow rate in the main channel,   is

# 
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Similar to plate B1, with the difference that the
thickness of the plate from the leading edge to the
terminal edge is uniformly reduced from 1 to 0.5
cm.
Similar to plate B2, with the difference that the leading edge of the plate is half-circled (The radius of
half-circled is 1 cm).






Similar toB3,with the difference that the lower part
of the end of the plate is curved.




Similar to B4,with the difference that the length of
the lower edges was increased by 3.5 cm and the
length of the upper edge was reduced by 3.5 cm.
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flow rate should be less than the critical velocity
( <   ). In all experiments, the ratio of shear rate to

In experiments, in order to determine the effect
of geometric shapes of submerged plates on the control of sediments entering the basin, five different
shapes were used (Table 1). In addition, all sizes related to submerged plates were considered in accordance with Table 2. Considering this fact that local
scouring was carried out under clear water conditions, in order to prevent erosion and sediment
transport in the upstream of the plates, the average

the critical shear rate was 0.93. All experiments were
carried out at a position of 70 degrees in the first half
of the 180 degree arch and a dewatering angle of 90
degrees, in the presence of plates and without the
submerged plates (Figure 2).
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by a 90° sharp triangular overflow at the bottom of
the drainage reservoir. The total flow rate was also
measured by a 60 ° sharp triangular overflow at the
first of the main arched channel after the relaxing
pond at the first of the main channel.
After the equilibrium time, the pump is
switched off and it is allowed to drain the water in
the channel slowly so that it does not affect the topography. After drainage, at the end of each experiment, the amount of sediment passed through the
main channel and diversion sediment in the intake
were collected and after drying, their weight was
measured by a precision scale in the soil mechanics
laboratory.

Since the purpose of the tests is to determine
the percentage of diversion sediments, the time of
the experiment was chosen so that the movement of
the sediments to the basin and downstream of the
channel reaches to a stable state.
On the recommendation of Raudkivi and Etma,
in order to prevent the formation of ripple, the diameter of the particles should be more than 0.7 mm. In
addition, in order to eliminate the effect of un-uniformity of the sediments on scouring, the standard
deviation of particles should be less than 1.3. Accordingly, a layer of normal river sand with an average diameter of 1.59 mm and a standard deviation of
1.29 was selected and it was applied in a layer with
thickness of about 10 cm to carry out the experiments [5]. According to the recommendations of
Oliveto and Hager (2002), in order to prevent the effects of roughness, they proposed the water depth
more than 20 mm that depths of 12 cm was selected
for all experiments [6]. To carry out experiments, the
submerged plates were first installed at the front of
the intake at the desired distance. Then, the bed materials of a graded river sand were spread out uniformly in a layer with specific thickness throughout
the flume using a chariot. Before starting the pump,
the end valve was closed and then the clear water
was slowly directed into the channel to prevent the
formation of ripple and roughness on the bed surface. The saturation time of the bed was 10 to 20
minutes. After raising the level of the water and ensuring the wetting of the sediments after a few
minutes, the pump started to work with a low flow
rate and the flow rate was slowly adjusted at the desired level using the main valve on the inlet pipe of
the relaxing pond. Then, with simultaneous and precise adjustment of the main valve and the lower
valve, the flow depth of 12 cm and the desired flow
rate were achieved. After the flow in the model became permanent, the diversion speed was measured

!#"!!#!!
In all experiments, the upstream flow rate was
constant with the value of 16 liters per second. After
adjusting the flow rate and flow depth, the sediment
was immediately transmitted to the intake and downstream of the main channel quickly. In this situation,
transitional sediments were transferred to the downstream and intake under the influence of the secondary flow. After some time from the start of the experiment, the sediments reached an area where the
effect of the plates on the area was reduced and the
effect of vortices around the plates was negligible
(Figure 3). For different diversion flow rate and the
shape of different submerged plates, the flow rate in
the basin, as well as the flow rate of the sediments
entering the basin channel and the flow rate of main
channel downstream bed load was measured. Subsequently, values of percentage of diversion relative
flow rate and percentage of flow rate of diversion
sediment were calculated in different conditions (Table 3).
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β(deg)

Qsi(gr)

Qsm(gr)

Qsi(gr)+
Qsm(gr)

gr%

Submerged
plate shape

Qr%

β(deg)

Qsi(gr)

Qsm(gr)

Qsi(gr)+
Qsm(gr)

gr%

Without
submerge
vance
Without
submerge
vance
Without
submerge
vance
Without
submerge
vance
B1
B1
B1
B1
B2
B2
B2
B2
B3
B3
B3
B3
B4
B4
B4
B4
B5
B5
B5
B5
B1
B1
B1
B1
B2
B2
B2
B2
B3
B3
B3
B3
B4
B4
B4
B4
B5
B5

Qr%

Submerged
plate shape

" 
+8:2985,9+895,*/;+78/547+2'9/;+,25<7'9+'4**/;+78/548+*/3+49,25<7'9+

0,06

0

674

1656

2330

0,29

B5

0,2

20

705

2960

3665

0,19

0,1

0

979

2111

3090

0,32

B5

0,3

20

1810

1378

3188

0,57

0,2

0

3865

3523

7388

0,52

B1

0,06

25

286

8223

8509

0,03

0,3

0

6481

3397

9878

0,66

B1

0,1

25

759

6485

7244

0,1

0,06
0,1
0,2
0,3
0,6
0,1
0,2
0,3
0,06
0,1
0,2
0,3
0,06
0,1
0,2
0,3
0,06
0,1
0,2
0,3
0,06
0,1
0,2
0,3
0,06
0,1
0,2
0,3
0,06
0,1
0,2
0,3
0,06
0,1
0,2
0,3
0,06
0,1

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

481
938
1987
3435
107
420
1040
3100
80
360
1445
3077
220
330
1290
3952
213
307
855
2400
396
554
1183
3652
253
635
1314
3030
151
278
1083
2796
265
320
760
1926
230
280

4011
3859
2100
1115
4111
3300
2231
1115
4564
3908
2546
1443
3679
2735
1750
1360
4414
3004
2001
1490
5605
4482
3400
1307
5121
4200
3189
1340
6930
5509
3582
1410
6557
4346
2220
1013
6780
4943

4492
4797
4087
4550
4218
3720
3271
4215
4644
4268
3991
4520
3899
3065
3040
5312
4627
3311
2856
3890
6001
5036
4583
4959
5374
4835
4503
4370
7081
5787
4665
4206
6822
4666
2980
2939
7010
5223

0,11
0,2
0,49
0,75
0,03
0,11
0,32
0,74
0,02
0,08
0,36
0,68
0,06
0,11
0,42
0,74
0,05
0,09
0,3
0,62
0,07
0,11
0,26
0,74
0,05
0,13
0,29
0,69
0,02
0,05
0,23
0,66
0,04
0,07
0,26
0,66
0,03
0,05

B1
B1
B2
B2
B2
B2
B3
B3
B3
B3
B4
B4
B4
B4
B5
B5
B5
B5
B1
B1
B1
B1
B2
B2
B2
B2
B3
B3
B3
B3
B4
B4
B4
B4
B5
B5
B5
B5

0,2
0,3
0,6
0,1
0,2
0,3
0,06
0,1
0,2
0,3
0,06
0,1
0,2
0,3
0,06
0,1
0,2
0,3
0,06
0,1
0,2
0,3
0,6
0,1
0,2
0,3
0,06
0,1
0,2
0,3
0,06
0,1
0,2
0,3
0,06
0,1
0,2
0,3

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

1600
3850
395
750
1264
2450
125
220
707
2596
230
343
867
2178
220
304
840
2005
162
204
1525
3650
237
636
1328
2919
137
190
1120
2598
194
300
630
2225
180
290
822
1820

4320
3530
8102
6598
4131
3520
8420
7993
4630
3396
7282
6783
5707
1223
7326
6624
5750
1735
10115
8711
7011
4535
10189
8200
6778
4354
10310
8350
7311
4627
11485
8456
5098
2940
11560
8600
6092
2824

5920
7380
8497
7348
5395
5970
8545
8213
5337
5992
7512
7126
6574
3401
7546
6928
6590
3740
10277
8915
8536
8185
10426
8836
8106
7273
10447
8540
8431
7225
11679
8756
5728
5165
11740
8890
6914
4644

0,27
0,52
0,05
0,1
0,23
0,41
0,01
0,03
0,13
0,43
0,03
0,05
0,13
0,64
0,03
0,04
0,13
0,54
0,02
0,02
0,18
0,45
0,02
0,07
0,16
0,4
0,01
0,02
0,13
0,36
0,02
0,03
0,11
0,43
0,02
0,03
0,12
0,39

,,+)95, 8:(3+7-+* 62'9+8 54 7+2'9/;+ ,25<
7'9+ 5, */;+78/54 8+*/3+49 /4 )54*/9/548 5, </9.
'4*</9.5:98:(3+7-+*6'4+28Figure 4 shows the
effect of submerged plates on the diversion sediment
relative percent for four different installation angles
of 15, 20, 25 and 30 degrees and for four percentages
of diversion relative flow rate at the width unit of
0.15, 0.25, 0 and 0.75. The diagrams show that the
presence of curvature and geometric deformation reduce the transfer of bed sediment load to the intake.
As in all angles of installation of the plate in front of
the intake and in all percentage of diversion relative
flow rate, the shape of the B5 plate has a better

performance in reducing the sediment transport to
the intake compared with other plates. Because the
end of the plate is more elongated and has a curvature towards the inner arch of the channel and its primary part is aerodynamically, and this geometric deformation causes deviation of the flow and transfer
of bed load to the inner arch of the channel. In addition, the shape B1 was not much effective in transporting the sediment due to the lack of curvature and
its simplicity, and the bed load sediments transfer towards the intake more than the other geometric
shapes of the submerged plates.
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#  
,,+)95,6+7)+49'-+5,7+2'9/;+*/;+78/54,25<7'9+/4:4/95,</*9.546+7)+49'-+5,7+2'9/;+,25<7'9+
5,*/;+78/548+*/3+49/4)54*/9/5485,</9.'4*</9.5:98:(3+7-+*62'9+8
,,+)9 5, 6+7)+49'-+ 5, 7+2'9/;+ */;+78/54
,25<7'9+/4:4/95,</*9.546+7)+49'-+5,7+2'9/;+
,25<7'9+5,*/;+78/548+*/3+49/49.+)54*/9/548
5, /489'22/4- 8:(3+7-+* 62'9+8 '4* </9.5:9 /4
89'22/4- 8:(3+7-+* 62'9+8 Figure 5 shows the

effect of relative diversion flow rate in unit of width
on percentage of relative flow rate of diversion sediment in four different installation angles of plates
including 15, 20, 25 and 30 degrees and for five different shapes of plate as well as non-plate condition.
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flow rate of diversion sediment to the basin is related
to the plate B5 at the angle of 15 ° at the relative diversion flow rate percent of 75%, that is equal to
48%. In addition, the lowest percentage of decreasing flow rate of diversion sediment to the basin is
related to the shape of plate B1 at the plate angle of
30 degrees at the relative diversion flow rate percent
of 15%, that is 4%.
The results of these diagrams show that, at all
installation angles of the plate, the plate B5 has the
greatest effect on reducing the flow rate of diversion
sediment to the basin and has the best performance
compared to other plates, and then, the shapes of B1,
B2, B3 and B4 had best performance respectively.
As it is shown in the diagrams, all plates have the
best performance in the relative diversion flow rate
percent of 75%, and the performance of the plates is
also decreased by decreasing the relative diversion
flow rate percent, so that in the relative diversion
flow rate percent of 15%, the lowest performance in
reduction of the percentage of flow rate of diversion
sediment to intake is observed.
In order to compare the effect of percentage of
relative diversion flow rate in unit of width on percentage of relative flow rate of diversion sediment in
conditions of with and without submerged plates,
data presented by Odgaard and Wang [7], Barkdoll
et al. [8] and Tan et al. [9] have been used. As shown
in Figure 8, the performance of submerged plate of
shape B5 is more appropriate than the results of other
researchers (Figure 7).

As can be observed in this figure, at all installation
angles of plates and in all plates as well as in the nonplate state, with increasing percentage of relative diversion flow rate in unit of width, the percentage of
relative flow rate of diversion sediment is increased,
so that the lowest percentage of relative flow rate of
diversion sediment occurs in percentage of relative
diversion flow rate in the unit width of 15% and the
maximum one most occurs in 75%. These graphs
show that at installation angles of 25 and 30 degrees
in low r percentage of relative diversion flow rate,
the shape of the plates has no significant effect on
the percentage of relative flow rate of diversion sediment, so that for all the shapes of the plates installed
in these two angles, the value of percentage of relative diversion flow rate is less than 5%, and the
higher amount of percentage of diversion flow rate
causes more effect of plate shape and installation angle.
+7)+49'-+ 5, 7+*:)9/54 5, */;+78/54 8+*/
3+49 </9. 8:(3+7-+* 62'9+8 )536'7+* 95 454
62'9+35*+Figure 6 shows the percentage of reduction of diversion sediment to the intake for the five
shapes of submerged plates at the four angles of submerged plates of 15, 20, 25 and 30 degrees and 4
percentages of diversion flow rate in units of width
15%, 25%, 50% and 75%. These graphs show that
the existence of parallel submerged plates decreases
the percentage of flow rate of diversion sediment to
basin. So that the highest percentage of decreasing
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submerged plates in the installation angle of 30 ° at
the percentage of relative flow rate of 15% compared
to the non-plate mode, that is about 6%.

In this research, experiments were carried out
to determine the relative percentage of diversion sediments in a 180 degrees arch with the aim of studying
the effect of shape of the submerged plate and its inclination angle on the relative percentage of diversion sediments in the presence and without submerged plates. The effective variables in this study
were plate shape, plate inclination angle and diversion relative percentage. The results of this research
are as follows:
1. The presence of submerged plates at all angles reduces the flow rate of diversion sediment into
the intake.
2- The angle of installation of submerged plates
has a reverse relation with the relative flow rate percentage of sediment input to the basin. By increasing
the angle of installation of submerged plates, the ratio of the relative flow rate percentage of sediment
input to the basin is decreased.
3. Dewatering ratio is an effective factor in the
percentage of relative flow rate of diversion sediment. In all experiments, the ratio of dewatering is
directly proportional to the ratio of sediment input to
the basin, so that as the dewatering ratio is increased,
the proportion of sediment input to the basin is increased.
4. The shape of B5 plate has the lowest percentage of relative flow rate of diversion sediment compared to other shapes. In other words, B5 has the best
performance compared to other plates.
5. The maximum percentage of relative flow
rate of reduction of diversion sediment to the intake
of the reservoir occurs in the presence of the parallel
submerged plates in the installation angle of 15 ° at
the percentage of relative flow rate of 75% compared
to the non-plate mode, that is about 48%.
6. The lowest percentage of relative flow rate
of reduction of diversion sediment to the intake of
the reservoir occurs in the presence of the parallel
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completely prevent their use and overthrow ecological balances. For this reason, the quality of our water
resources should be determined and monitored at
certain intervals. The determination of water quality
also utilizes biological data in addition to a variety
of physical and chemical resources. The most commonly used communities in biologic water quality
determination studies are macroinvertebrates. The
determination of quality of stream made with the
help of macrozoobenthic invertebrates indicates medium and long-term contamination in a stream [2].
The use of environmental parameters and various biotic indices together with the macroinvertebrates in
determining water quality has increased in recent
years in our country [1, 3-9, 11-14, 21].
Munzur River, which is the subject of our research, is located in Tunceli province borders of
Eastern Anatolia Region. Munzur River takes the
source of the Ziyaret Hill on Munzur Mountains and
flows in the west-east direction in the middle of the
2YDFÕNSODLQV Munzur River, which collects the waters of +DYDoRU 0DPXúD÷Õ ùDPXúD÷Õ .DEXúD÷Õ
1DQLNXúD÷Õ+DoÕOÕ0HUFDQ0HUKR and Kalan from
coming various directions, merges with Pülümür
Stream in central district and then flows south and
flows into Keban Dam Lake. It uses an average of 87
m3 of water in Munzur River, which follows a 144
km road to Keban Dam Lake [16]. The Munzur National Park, which is also part of the Munzur River,
was declared a national park in 1971 and has an area
of 42,000 hectares. Munzur Valley National Park"
which is one of the biggest national parks in Turkey
is located 8 km far from Tunceli city center and
stretches along the valley to the Munzur Mountains.
The Munzur Mountains rising to 3300 meters in the
north are surrounded by Mercan and Munzur River
valleys. The determination of the water quality and
ecological status of this protected area, with its rich
plant and animal fauna, is very important in terms of
understanding the human impact on our water resources. [16-19]. However, there is no study on
Munzur River's macroinvertebrates. The aim of this
research was to determined water quality by using
macroinvertebrates fauna and physicochemical parameters.

ABSTRACT
This study was carried out Munzur River between May 2015 and June 2016 in order to determine
the benthic macroinvertebrate fauna, physicochemical parameters and water quality, by applying
BMWP, ASPT and IBPAMP biotic index. In this
study, we aimed to approach the water quality of
Munzur River and contribute to our biological inventory. Benthic macroinvertebrate individuals were
collected from six sites. A total of 37 taxa and 2459
individuals were identified, 33 taxa belonging to Insecta, 2 taxa belonging to Gastropoda, 2 taxa belonging to Malacostraca. Also, some physicochemical
parameters of the water (Dissolved oxygen, pH,
NO2-N, NO3-N, Ca, flow rate, NH4-N, temperature)
were analyzed. As a result of our research the highest
ASPT index value was found in the fourth station,
the IBPAMP index value was found in the fifth station and BMWP index value was determined in the
second station. According to BMWP, ASPT,
IBPAMP index and physicochemical parameters results, the water quality of Munzur River was found
to unpolluted/slightly polluted. First in all species
and physicochemical measurements recorded for the
region so there is need for much intensive investigation and further testing of the effectiveness of the
BMWP, ASPT and IBPAMP indices.

KEYWORDS:
ASPT, BMWP, IBPAMP, Munzur River, Water Quality,
Turkey

INTRODUCTION
Water resources are natural wealth that must be
used consistently in the long run. It is important that
the ecological conditions of water resources are revealed and their good ecological position is protected and the bad one is promoted to good status.
Water pollution emerges a result of human affect
which qualitative changes in the water that restrict or
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FIGURE 1
Study area and stations

pilosa, Hydropsyche sp., Cheumatopsyche sp., Phychomyia pusilla, Hydropsyche angustipennis, Hydropsyche bulbifera, Hydropsyche contubernalis,
Hydropsyche fulvipes, Hydropsyche instabilis, Hydropsyche tenuis, Hydropsyche sp., Cheumatopsyche lepida, Limnephilus sp., Metanoea sp., Stenophylax sp., Philopotamus montanus, Protonemura
sp., Leuctra sp. ), Gastropoda (2 taxon) (Ancylus fluviatilis, Acroloxus lacustris), Malacostraca (2 taxon)
(Gammarus pseudosyriacus, Gammarus sp).
When the physicochemical parameters of waters taken at stations are examined, the highest and
lowest water temperature values were found between 4.9- Û& S+6,9- 8.6, dissolved oxygen:
7.2-10.2 mg / L, electrical conductivity: 183.4-407.9
ȝ6FPDmmonium nitrate: 0.16-0.42 mg / L, nitrate
nitrogen: 0.2-3.16 mg / L, nitrite nitrogen: 0-0.0002
mg / L, medium phosphate phosphorus: 0-0.0001 mg
/ L, flow rate: 2.9-8.6 m / s, calcium ion: 32.68-69.52
mg / L (Table 1). The highest ASPT index value was
found at station 4, the IBPAMP index value at station
5, the BMWP value was detected at station 2. (Table
2).
The species identified, the environmental parameters and the applied indices are very important
both for the extraction of the species of the region
and for the determination of the ecological condition
of the water quality and environment. When the
study groups were examined, the species belonging
to Ephemeroptera, Plecoptera, Trichoptera and Coleoptera groups were determined. These groups are
indicative groups that determine the presence of
clean water. Especially Plecoptera and Ephemeroptera are the most important groups of aquatic insecta
used for the quality determination of the environment [10].

MATERIALS AND METODS
In this study, 6 stations were chosen on the
Munzur River (Figure 1).
6XUEHUQHW ȝP ZDVXVHGLQWKHVDPSOLQJ
1 m2 area was selected where the vegetation was intensive and the area was scanned in reverse direction
of the bottom sediment flow [15]. Scanned bottom
sediment was transferred to plastic jars and fixed
with 75% alcohol. Specimens extracted from this
sediment were determined as family, genus and speFLHV'XULQJWKHVDPSOLQJZDWHUVDPSOHV Û& GLV
solved oxygen (mg / L), pH, flow rate (m / s), elecWULFDOFRQGXFWLYLW\ ȝ6FP ZHUHPHDVXUHGE\<6,556 model multiparameter and flow rate was measured in the field using a flow meter. In addition, ammonium nitrate (NH4-N) (mg / L), nitrate nitrogen
(NO3-N) (mg / L), nitrite nitrogen (NO2-N) (mg /
L), orthophosphate (PO4-P) (mg / L), calcium (Ca)
(mg / L) water samples for analysis were taken from
the laboratory and analyzed in the laboratory using
the ion chromatography. Coordinates of sampling
points were recorded with Garmin brand GPS.
BMWP, ASPT, IBPAMP indexes were used to determine the water quality.

RESULTS AND DISSUCION
In our study, 2459 individuals were identified.
In this study, the individuals collected from the stations belonged to Insecta (33 taxa) (Ephemerella sp.,
Ephemerella ignita, Baetis sp., Electrogena sp.,
Epeorus sp., Epeorus zaitsevi, Epeorus magnus,
Epeorus caucasicus, Ecdyonurus sp., Hydraena sp.,
Rhyacophila sp., Rhyacophila dorsalis, Sericostoma
sp., Sericostoma personatum, Agapetus sp., Goera
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Stony

Stony

Stony

Rocky

Rocky

Rocky

Calcium
(mg/L)

3,1
3,2
3,3
3
3,05
3,1
3,1
3,35
3,6
2,9
3
3,1
8,4
8,5
8,6
5,3
5,35
5,4

Phosphate
(mg/L)

8,3
8,45
8,6
8,1
8,2
8,3
7,6
7,7
7,8
7,2
7,35
7,5
6,9
7,05
7,2
7
7,15
7,3

N03-N
(mg/L)

209,3
254,75
300,2
301,2
354,55
407,9
198,9
200,35
201,8
183,4
232,3
281,2
285,5
292,8
300,1
205,6
257,45
309,3

Ground

9,9
10,05
10,2
8,9
9,25
9,6
5,6
5,95
6,3
7,7
7,8
7,9
7,9
8
8,1
7,2
7,35
7,5

N02-N
(mg/L)

M6

8,7
9
9,3
8,6
8,9
9,2
7,8
8,2
8,6
4,9
5,15
5,4
7,9
8,05
8,2
6,3
7,1
7,9

NH4-N
(mg/L)

M5

Flow Rate
(m/s)

M4

pH

M3

EC
(μS/cm)

M2

Min.
Avg.
Max.
Min.
Avg.
Max.
Min.
Avg.
Max.
Min.
Avg.
Max.
Min.
Avg.
Max.
Min.
Avg.
Max.

DO (mg/L)

M1

Temperature
Û&

Stations

TABLE 1
Physicochemical variables for stations in Munzur River.

0,3
0,355
0,41
0,42
0,395
0,37
0,18
0,195
0,21
0,26
0,315
0,37
0,16
0,175
0,19
0,21
0,27
0,33

0,0001
0,00015
0,0002
0
0,00005
0,0001
0,0001
0,0001
0,0001
0
0,00005
0,0001
0
0,00005
0,0001
0
0,00005
0,0001

1,1
1,195
1,29
1,16
1,315
1,47
1,57
1,955
2,34
1,95
2,555
3,16
3
3,08
3,16
0,2
0,275
0,35

0
0,00005
0,0001
0
0,00005
0,0001
0
0,00005
0,0001
0
0,00005
0,0001
0
0,00005
0,0001
0
0,00005
0,0001

33,15
34,25
35,35
32,68
34,27
35,86
65,98
67,75
69,52
44,93
46,9
48,87
60,98
64,855
68,73
59,06
60,155
61,25

TABLE 2
Score values of biotic-diversity indices and water quality classes.
Stations
Biotic Index
BMWP
ASPT
IBPAMP

Score
Class
Score
Class
Score
Class

M1

M2

M3

M4

M5

M6

104
II
5,1
II
9
II

165
I
8,68
I
11
I

153
I
6,8
I
12
I

144
I
11
I
11
I

110
I
6,4
I
13
I

110
I
8,7
I
12
I

In this study, 2 species (Protonemura sp., Leuctra sp.) belonging to Plecoptera and 9 species belonging to Ephemeroptera (Ephemerella ignita,
Ephemerella sp., Baetis sp., Electrogena sp., Epeorus sp., Epeorus zaitsevi, Epeorus magnus, Epeorus
caucasicus, Ecdyonurus sp.) were detected. In this
study, five stations except first station carried clean
water feature and have first class water quality, first
station was very little dirty compared to the other
five stations and have second class water quality
were determined. The use of this area and its surroundings as a picnic area is the reason for this result.
According to the determined macro invertebrate
composition, measured parameters and Surface Water Quality Regulation [20] Munzur River has clean
water feature. This area is not under the pressure of
urbanization because it is under protection. The
Munzur River has a clean water and rich macroinvertebrate fauna according to the results of the environmental parameters and the applied biotic index,
but since there is no study other than this study based
on the use of biotic index in the region so, such studies have to be carried out periodically.
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in fish farms [1]. Since 2008, neonicotinoids considered broad spectrum insecticides account for 80% of
global insecticide market [2]. Thiamethoxam second
generation neonicotinoid insecticide [3]. Due to their
physicochemical properties, these pesticides, which
can be applied by spraying in agricultural areas such
as rice fields, are frequently found in water and sediments related to agricultural areas and this causes
the beginning of toxicity in non-target aquatic organisms such as fish [4]. Osteichthyes, bony fish, are
considered to be a good model organism in the identification of toxicity of pesticides, as they develop
similar biochemical responses to mammals and other
vertebrates [5].  is a source of
nutrition that is widely used in tropical ecosystems,
cultured in many tropical countries, and economically prefabricated, producing an average of several
million tons per year worldwide [6]. In addition to
toxicity studies, gonad development and gene expression studies are also preferred as bio-indicator
species [7]. The best-known toxicity mechanism of
pesticides is oxidative stress induction by increasing
free radical production. Reactive oxygen species that
are by-products of aerobic metabolism, consist of
radical and non-radical oxygen species such as superoxide anion, hydroxyl radical and hydrogen peroxide formed by partial reduction of molecular oxygen [8]. Reactive oxygen species oxidize biomolecules, causing tissue damage and cell death in biological membranes. Proteins are involved cell membrane structure and plays important role for the synthesis of enzymes, hormones as well as the source of
energy for fish [9]. Researchers have reported that
alterations in protein level of different tissues under
toxic stress of various pesticides. Antioxidant systems have a critical role in protecting cellular biomolecules from oxidative damage caused by free
radicals [10]. It is important to measure these antioxidants when the antioxidant status of the organism is
determined. The varying concentrations of different
antioxidants/oxidants can be measured separately,
but these measurements require time-consuming, la-

We investigated that the synergistic toxicity of
thiamethoxam and lambda cyhalothrin on total antioxidant capacity (TAC), total oxidant status (TOS),
oxidative stress index (OXI) and protein content in
liver, brain and gonad tissues as well as somatic indices of . The fish exposed to
1/20, 1/10 of 96h LC50 value of thiamethoxam and
lambda cyhalothrin (477.29 mg/L, 2.901 μg/L), individually and in mixtures, for 7 and 15 days. Fish
were then left to depurate for 7 days in pesticide-free
water. Total oxidant status and OXI increased while
TAC decreased in tissues. Hepatosomatic (HSI) and
gonadosomatic indices (GSI) were found lower than
control group while condition factor did not show
any difference. The combined treatments of pesticides exerted synergistic effects on OXI. Increased
TOS/OXI, decreased TAC, HSI, GSI and alteration
in protein level have shown that pesticides cause
generation of free radical formation and start oxidative damage in tissues. Also, depuration period for 7
days was not adequate to eliminate the toxic effects
of pesticides. Therefore thiamethoxam and lambda
cyhalothrin may be considered as risky aquatic organisms.
'% !
Pesticides, Tilapia, Total Antioxidant Capacity, Total Oxidant Status, Oxidative Stress Index
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In recent times, organochlorine, organophosphate and carbamate pesticides are replaced by new
generation pyrethroid and neonicotinoid pesticides,
which have a low toxicity to the target organism.
Lambda cyhalothrin are broad spectrum Type 2 synthetic pyrethroids containing α-cyano group. It is
also known that lambda cyhalothrin is frequently
used to control ectoparasites and biological vectors
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bor-intensive, costly and complex techniques. Therefore, measuring the total antioxidant capacity (TAC)
and total oxidant status (TOS) quantities instead of
the non-practical measurements of different antioxidants/oxidants in an example allows us to obtain information about the changes the organism has to the
pollutant toxicity [11]. The condition factor which
reflects the nutrition conditions of the fish and the
energy consumption is widely used in the general
health status of the fish [12]. The hepatosomatic index is a biomarker commonly used to determine possible damage to the liver occurring in fish exposed to
pesticide toxicity. Also, the gonadosomatic index is
a biomarker used to determine deterioration in the
reproductive capacity of fish.
Organisms in the environment are exposed to
more than one pollutant. Different pollutants may
have synergistic or antagonistic effects when they
are on the move. Furthermore, researchers have studied the effects of different depuration period on oxidative stress parameters of fish exposed to pesticides
and elucidate that depuration period reduces oxidative stress [13]. Lambda cyhalothrin and thiamethoxam are widely used in Cukurova region, South Anatolia to control pests in agricultural products such as
cotton, tomato and eggplant. At the same time, commercial formulations of these pesticides are often
preferred for combating the harmful effects of fruits
and vegetables. However, there is insufficient data
on the ecotoxicological risk assessment studies of the
aquatic environment of these pesticides mixture.
Therefore, the effects of neonicotinoid thiamethoxam and pyrethroid lambda cyhalothrin on
TAC/TOS, OSI and protein level in liver, brain and
gonad tissuesof  as well as the ability of
 to regenerate and eliminate the toxic effects of pesticides after depuration period were investigated.

imine, (Actara, Sygenta, 25g/L) and lambda cyhalothrin (1-α(S*),3α(Z)]-(±)-cyano(3-pheno-xyphenyl)
methyl-3-(2-chloro-3,3,3-trifluoro-1-pro-penyl)-2,2
dimethylcyclopropanecarboxylate, (Ka-rate Zeon,
Sygenta), were utilized in this study. All chemicals
were obtained from Sigma Aldrich and Merck. All
of the chemicals were of the highest commercially
available grade.

*:9, 95=0*09> 9,89 96-h acute toxicity tests
were performed in accordance with APHA guidelines for determination of LC50 value in 
[14]. LC50 value of thiamethoxam determined in triplicate at 96-h in glass aquarums with 10 fish in a
semi-static medium at a density 1 g fish/L. Preliminary toxicity tests were carried out to determine thiamethoxam concentrations. Fish (n=10) were exposed to seven different (140, 280, 450, 525, 580,
620, 780 mg/L) nominal concentrations of thiamethoxam. The aquaria solutions were renewed daily by
transferring the fish to another aquarium in order to
compensate the chemical loss. Control fish were
maintained in the same conditions. There was no
mortality in control fish during the exposure period.
Dead animals in test aquaria were recorded through
96-h test period. At the end of the experiments, 96-h
LC50 value of thiamethoxam was calculated as
477.28 mg/L for .

=6,703,49(2 +,80.4 Fish were first divided
into two groups; control and exposure groups, and
then the exposure groups were divided into six subgroups. Thiamethoxam were assayed at nominal
concentrations of 23.86 ppm (G1) and 47.72 ppm
(G2) corresponding to 1/20 and 1/10 of the 96-h LC50
values respectively. Lambda cyhalothrin were assayed at nominal concentrations of 0.145 ppb (G3)
and 0.290 ppb (G4) corresponding to 1/20 and 1/10
of the 96-h LC50 values, respectively [15]. For the
combined effects of pesticides, 1/20 of the 96-h LC50
values of each compound (23.86 ppm thiamethoxam+0.145 ppb lambda cyhalothrin (G5), and 1/10
of the 96-h LC50 values of each compound (47.72
ppm thiamethoxam+0.290 ppb lambda cyhalothrin
(G6) were mixed at 1:1 ratio. Experimental fish were
exposed to pesticides on the 7 and 15 days. Subsequently, fish were transferred into pesticide-free water for 7 days in order to determine the potential reversibility of pesticide toxicity. A control group was
maintained in tap water. Eighteen fish were put into
each aquarium and the water refreshed every day.
Experimental and control water media was refreshed
everyday to minimize loss of pesticide concentration. At the end of the experiments, blood samples of
fish were collected by severing the caudal peduncle.
Following decapitation, tissues were immediately
dissected on an ice-cold plate, washed in 0.59 %
NaCl and stores at -80 0C until analysis.



" !"!

08/ 3(049,4(4*,  
(31.87±1.24 g, 13.47±0.95 cm) were obtained from
fish culturing pools of Cukurova University and
transferred to the laboratory. They were acclimated
for at least 2 weeks at 20 ± 20C, pH 8.01 ± 0.73, dissolved oxygen 7.40 ± 0.22 mg/ L, total hardness 188
mg/L CaCO3 with a 12:12 light:dark photoperiod.
Fish were supplied daily with commercial fish food
(Pinar, Turkey) at a rate of 2% body weight during
acclimation. Following the approval the Ethics Committee of Cukurova University, all animal maintenance and experimental procedures used were
planned and conducted in accordence with the
Guideline of APHA, AWWA, WPCF [14].

/,30*(28 Commercial formulations of thiamethoxam (3-[(2-chloro-5-thiazolyl)methyl] tetrahydro-5-methyl-N-nitro-4H-1,3,5oxadiazin-4-
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05*/,30*(288(>8Total antioxidant capacity and total oxidant status were determined colorimetrically using the commercial kit (Rel Assay Diagnostics, Turkey). Protein level determined by the
method of Lowry et al. [16]. Oxidative stress index,
HSI and GSI were calculated according to Erel [17]
and Biney et al. [18], respectively. The condition factor was calculated to according to Richer [19].

(9( (4(2>808 The data were analyzed using
SPSS statistical package program (SPSS 10.0 for

Windows SPSS Inc., Chicago, IL, USA). LC50
value of thiamethoxam (with 95% confidence limit)
were analyzed using Probit Analysis. Statistically
significant differences between experimental and
control groups were determined by analysis of variance (ANOVA). Significant differences (p<0.05)
were reanalyzed by SNK test to determine which individual groups were significantly different from the
control group. All parameters were expressed as
mean value ± standard error.

a)

b)

c)
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d)

e)


#  
(")"!*!+6759,042,;,2,!(4+!3,(8:7,+04  ,=658,+959/0(3,9/
5=(32(3)+(*>/(259/704(4+9/,07*53)04,+97,(93,49854 9/ 9/+(>8(4++,6:7(90546,705+75:68
<09/6(7(3,9,7880.40-0*(492>+0--,7,49-753*549752(7,3(71,+<09/(4(89,70*86  
!#"!!#!!

Decrease in antioxidant capacity in fish can be explained by the use of antioxidant enzymes to eliminate free radicals produced in cells or tissues due to
oxidative stress [21].
TOS level increased on 7 days in G2, G4, G6
and on 15 days in G5 and G6. In brain tissue, TOS
level increased in all groups on 7 days and in G5 and
G6 on 15 days. In gonad tissue, TOS level significantly increased in all groups on 7 and 15 days. Also,
The TOS level by the effects of G6 was highest induction in brain and gonad tissues on 7 and 15 days.
After depuration, TOS increased in liver by the effects of G1, G4, G5, G6, in brain by the effects of
G2, G4, G5 and G6, while it decreased in gonad by
the effects of G6. Combined treatment for 7 days
caused a slightly additive effect in gonad tissue. In
our study, we have compared the level of TOS between tissues on 7 days gonad>liver>brain,
gonad>brain>liver on 15days, brain>liver>gonad
tissues after depuration period were increased (Figure 1b). Dogu et al. [22] reported that TOS level increased after chlorpyrifos exposure in "

The results showed that TAC level decreased in
G4, G5 and G6 on 7 days in liver tissue. On 15 days,
TAC decreased in G4 and G6 while it increased in
G5. In brain tissue, TAC level decreased in G1, G2,
G3, G4, G5 and G6 while it increased on 15 days in
G1, G4 and G6. In gonad tissue, TAC level increased
on 7 days in G4, G5 and G6 while it decreased on 15
days in all groups except G1. After depuration period, TAC level decreased in liver and brain tissues
for all groups while it found at the control level except G3 in gonad tissue. The level of TAC by the effect of pesticide mixtures was highest inhibition in
brain tissue on 7 and in gonad tissue on 15 days. In
our study, when comparing the level of TAC between tissues, on the 7th day brain> liver> gonad, on
the 15th day gonad> liver> brain, after depuration period liver> brain> gonad tissues were decreased (Figure 1a). Similarly, Qiu et al. [20] observed a significant decrease in TAC level after amitriptyline, fluoxetine and mianserin exposure in "  .
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". Furthermore, Turkez and Togar [23] demonstrated that permethrin exposure induced TOS level.
The increased amount of TOS indicates that pesticides induce oxidative stress leading to biochemical
and functional changes in the organism. In our study,
TOC level decreased by the effects of G2, G4 on 15
days and in G2 and G3 after depuration period in
liver, by the effects of G1 and G3 in brain and by the
effect of G6 in gonad after depuration period. Decreased TOS level is associated with an increase in
the amount of ROS induced by the antioxidant defense system and a biological response to pollutants.
In liver tissue, OSI increased on 7 days for all
groups except G1. On 15 days, OSI increased in G6
while it decreased in G2. In brain tissue, OSI significantly increased on 7 days for all groups and G2, G5
and G6 on 15 days. In gonad tissue, OSI did not show
any difference from control groups on 7 days while
it increased on 15 days for all groups except G1. After depuration, OSI increased all groups in liver, G2,
G4, G5 and G6 in brain. OSI was found at control
level in gonad tissue for all groups except G6. It has
been determined that pesticide mixtures exposures
have a synergistic effect on the 7th day in the brain
and on 15th day in the gonad and after depuration period in the liver. When we compared the OSI level
among tissues in our study, we found brain>liver>
gonad on the 7th day, gonad>liver> brain on the 15th
day and liver> brain> gonad tissues increased most
after depuration (Figure 1c). Isitez and Cigerci [24]
reported that OSI was higher than control level after
metil metonsülfonate and siklofosfamide exposure.
Kaya et al. [25] observed the increased OSI after piridine exposure. In our study, the effects of thiamethoxam and lambda cyhalothrin on the production of
free radicals in liver, brain and gonad tissues of 
are thought to be inadequate for the removal
of ROS from antioxidant defense system.
Protein level increased in G2, G3, G6 on 7 days
while it decreased for all groups except G2 on 15
days in liver tissue. In brain tissue, protein content
decreased in G1 while it increased in G5 on 7 days
and in G2, G5 and G6 on 15 days. In gonad tissue,
protein level decreased in G1, G2, G3 on 7 days and
G1 and G6 on 15 days. After depuration period, protein level decreased for all groups in liver, by the effects of G1 in gonad tissue while it found at the control level for all groups in brain tissue. In our study,
when comparing the level of protein between tissues,
on the 7th day gonad> brain> liver, on the 15th day
and after depuration period liver> gonad> brain tissues were decreased (Figure 1d). The protein level
found lower than control level after lambda cyhalothrin exposure in    , in    
  and in  [26, 27, 28]. Also, Bose et
al. [29] reported that decreased protein level after thiamethoxam exposure in  Proteins are vital role for cell structure which is the essential source
of aminoacids for building up new tissues and synthesis like enzymes and hormones as well as source

of energy for fish. In our study, alterations in protein
level in different tissues demonstrated that protein
synthesis and metabolism affected due to pesticides
exposure and results suggested that   increased proteolitic activity and use their products to
possible utilization for metabolic purposes.
The condition factor, a somatic biomarker, is a
common indicator of the health of the fish. In addition to the nutritional requirements of the fish, it also
reflects metabolism and energy consumption [12].
Pesticides can be used to increase direct energy demand to provide hemostasis and can affect the
growth of fish by altering metabolism or indirectly
reducing nutrient uptake. In our study, the condition
factor was found at the control level in all periods for
all groups. No changes in nutrient uptake of fish during the experiment were observed. The condition
factor found at the control level in   
  after lambda cyhalothrin and endosulfan,
in separately and mixtures, and in    after
azoxystrobin exposure [30, 31]. In our study, the antioxidant defense system of  was considered to be effective and the toxic effects of thiamethoxam and lambda cyhalothrin were tried to be eliminated and hemostasis was presumed to be preserved.
The hepatosomatic index is a biomarker commonly used in the determination of possible damage
to the liver in fish exposed to pesticide toxicity and
in determining the metabolic activity of fish. Hepatosomatic index decreased on 7 days in G1, G2, G4,
G5 and on 15 days and after depuration period for all
groups (Figure 1e). Jordaan et al. [32] reported that
HSI decreased in male and female of 
  after azinphos-methyl exposure.
Dogan and Can [33] reported that HSI were lower
than control after dimethoate exposure for 15 and 30
days in  ". It is thought that decreased HSI
under stress conditions, the energy reserves in the
liver may be used to fight pesticide toxicity [34].
Gonadosomatic index was found at control
level on 7 days while it decreased on 15 days in G1,
G2, G4, G5, G6 and after depuration period for all
groups (Figure 1e). In the effect of sublethal concentrations butachlorin, it was reported that GSI level
significantly decreased in male of   [35].
The GSI level decreased after dichlorvos exposure in
  and after carbofuran, endosulfan, and methyl parathion exposures in   nius [36,
37]. Changes in the amount of gonadosomatic index
suggest that there is a deterioration in reproductive
capacity during the xenobiotic effect. In our study,
decreased GSI imply that gonad weight changes reproductive activities and endocrine system deteriorate in  due to thiamethoxam and lambda
cyhalothrin exposures.
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[5] Morsy, G.M. (2015) Bioaccumulation and Neurotoxicity of Dithiopyridine Herbicide in the
Brain of Freshwater fish, " . Toxicol Ind Health. 31, 1116-1127.
[6] Rodríguez-Fuentes, G., Gold-Bouchot, G.
(2004) Characterization of Cholinesterase Activity from Different of Nile Tilapia ( 
 ). Mar Environ Res. 58, 505509.
[7] Pfenning, F., Kurth, T., Meissner, S., Standke,
A., Hoppe, M., Zieschang, C., Göbel, A.,
Kretzschmar, G., Gutzeit, H.O. (2012) The Social Status of the Male Nile Tilapia ( 
 ) Influences Testis Structure
and Gene Expression. Reproduction. 143, 7184.
[8] Schieber, M., Chandel, N.S. (2014) ROS Function in Redox Signaling and Oxidative Stress.
Curr Biol. 24, 453-462.
[9] Banaee, M. (2013) Physiological Dysfunction in
Fish After Insecticides Exposure. InTech.
[10]Gu, A., Shi, X., Yuan, C., Ji, G., Zhou, Y., Long,
Y., Song, L., Wang, S., Wang, X. (2010) Exposure to Fenvalerate Causes Brain Impairment
during Zebrafish Development. Toxicol Lett.
197, 188-192.
[11]Atakisi, E., Topcu, B., Yildiz Dalginli, K.,
Gulmez, C., Atakisi, O. (2016) Acute Effects of
N-Acetylcysteine on Total Antioxidant Capacity, Total Oxidant Capacity, Nitric Oxide Level
and Gammaglutamyl Transpeptidase Activity in
Rabbits. Veterinary Department of Kafkas University, 22(6), 871-875.
[12]Alberto, A., Camargo, A.F, Verani, J.R., Costa,
O.F., Fernandes, M.N. (2005) Health Variables
and Gill Morphology in the Tropical Fish "
 !    from a Sewage-Contami-nated
River. Ecotoxicol Environ Saf. 61, 247-255.
[13]Ríos, V., Guzmán-Guillén, R., Moreno, I.M.,
Prieto, A.I., Puerto, M., Jos, A., Cameán, A.M.
(2014) Influence of Two Depuration Periods on
the Activity and Transcription of Antioxidant
Enzymes in Tilapia Exposed to Repeated Doses
of Cylindrosmopsin under Laboratory Conditions. Toxins. 6, 1062-1079.
[14]Apha, Awwa, Wef (1998) Water Standard
Methods for the Examination of Water and
Wastewater. 20th ed Washington, DC.
[15]Piner, P., Uner, N. (2012) Oxidative and Apoptotic Effects of Lambda-cyhalothrin Modulated by Piperonyl Butoxide in the Liver of 
. EnvironToxicol Phar-macol.
33, 414-420.

According to the results of the study, decreased
TAC level and increased TOS/OSI in tissues suggest
that thimaethoxam and lambda cyhalothrin, in individually and mixtures, increase free radical formation, antioxidant defense system is inadequate to
remove ROS and oxidative damage is started in tissues. In addition, alteration protein level suggest that
protein synthesis and metabolism afffected due to
pesticides. In our study, it has been determined that
pesticide mixtures treatments has a synergistic effect
on OSI. Also, thiamethoxam and lambda cyhalothrin
mediated liver damage decreased with HSI and the
change in reproductive activities and negative effects
on the endocrine system were revealed with decreased GSI. Also, after depuration period, results
demonstrated that tissues indicative of different responses to oxidative toxicity caused by pesticides
and depuration period for 7 days was not adequate to
eliminate the toxic effects of pesticides. The investigation of the antioxidant/oxidant status of organisms
in the ecotoxicological risk assessment studies of
pesticides is considered to be an important parameters. Our study results are thought to contribute to
understanding the mechanism of pesticide or pesticide mixtures in fish exposed to multiple toxic pollutants in the aquatic environment. In conclusion, results of this study show that thiamethoxam and
lambda cyhalothrin may be considered as risky for
aquatic organisms.
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of action, bioavailability, route of elimination, drug
interaction, and toxicities [1]. The most important
one from the chemotherapeutics is methotrexate,
which is a member of the folic acid antagonist group
and has anti-neoplastic characteristics [2]. Having
been used to treat rheumatic diseases since 1950s
[3], methotrexate was then used in the treatment of
acute lymphoblastic leukemia, lymphoma, osteosarcoma, breast, head and neck cancers as well as nonmalignant diseases such as psoriasis and rheumatic
arthritis. Methotrexate has toxic effects, particularly
on rapidly proliferating cells such as gastrointestinal
epithelium and bone marrow cells [4]. Besides, there
are studies reporting that it caused damages in organs
such as kidney [4, 5], liver [6-8], testicles [9-11] and
intestine [12]. In patients receiving chemotherapy,
chemotherapy is reported to result in increased oxidative stress and loss of antioxidants [13]. Therefore,
it is highly important to reduce oxidative stress of the
cells in patients receiving chemotherapy. Even in the
countries with modern medicine, supplementary
treatments with antioxidant substances such as nettle
are used during the treatment of cancer patients. In
recent years, nettle has been considered as a therapeutic plant due to its effect on human health in
many places around the world. Nettle is a plant from
the Urticaceae family, and has approximately 79 genera and 2600 species throughout the world [14]. In
our country, nettle holds the first place with a usage
rate of 93.2% among all herbs used by the people for
the alternative treatment of cancer patients [15].
Several flavonol glycosides have been isolated
from the nettle extract [16]. The nettle extract has
been shown to protect the body by acting as a free
radical inhibitor against free radicals like primary
antioxidants. Besides, the distinct reduction capacity
of the extract enables its potential antioxidant activity [17]. Recent studies demonstrated that nettle seed
extracts have several medical characteristics such as
reducing lipid peroxidation and liver enzymes (AST,
ALT), enhancing antioxidant defense system activity

ABSTRACT
In the study 32 Wistar albino rats were divided
into four group as control (Group Control, n=8),
methotrexate (Group MTX, n=8), MTX + UDS
(Group MTX+UDS, n=8) and Urtica dioica seed extract (UDS) (Group UDS, n=8). After the trial, blood
and post-necropsy testicular tissue samples were
taken. Histopathological examinations showed that
methotrexate had an adverse impact on spermatogenesis by damaging testicles; however, such damages were substantially decreased in the Group
MTX+UDS. In the immunohistochemical examinations glutathione peroxidase 1 (GPx1) immunoreactive areas was higher in the Group MTX + UDS
compared to the Group MTX.Biochemical examinations revealed that the level of malondialdehyde
(MDA), glutathione (GSH), glutathione S-transferase (GST) and catalase (CAT) enzymes levels statistically significantly differenced (p<0.001) in the
Group MTX compared to the control, UDS and
MTX+UDS groups. There were significant (p<0.05)
differences the Group MTX from Group
MTX+UDS. such as density, motility, dead-live
sperm rate and abnormal sperm rate. Our study results showed that UDS prevented the damage occurred in the testicles according to histopathological,
immunohistochemical, biochemical and spermatological findings.

KEYWORDS:
Methotrexate, Urtica dioica seed extract, Pathology, Testicles.

INTRODUCTION
Chemotherapeutics are agents causing lifethreatening side effects by affecting multiple systems.
For the optimal use of this group of agents, it is critical to be familiar with and monitor the mechanisms
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[18], anti-microbial, anti-ulcer and analgesic [17], immunomodulator, anti-inflammatory [19] and anti-viral [20] effects, and impact on benign prostate hypertrophy [21]. The protective effect of nettle seed extract against liver and kidney damage experimentally
induced by Aflatoxin B1 (AFB1), which is the strongest known carcinogenic in the world, in rats [22] and
broilers [23] was demonstrated based on biochemical and histopathological findings. However, review
of the literature did not reveal any clinical or experimental study regarding whether nettle seed extract
has an effect on methotrexate-induced toxicity in testicles.
In the present study, we aimed to investigate
the protective efficacy of nettle (Urtica dioica) seed
extract against methotrexate-induced toxicity using
histopathological, immunohistochemical, biochemical and spermatological methods.

Fresenius Environmental Bulletin

Histopathological examination. At the end of
the experiment, necropsy was performed on all animals and macroscopic changes of the testicles were
recorded. Tissue samples were taken from the testicles and fixated in Boin's solution. After routine tissue follow-up, the samples were embedded into parDIILQEORFNVȝP-sections were taken using microtome (Leica RM 2135); stained with hematoxylineosin and examined under light microscope (Nikon
80i-DS-RI2).
Immunohistochemical examination. To determine the glutathione peroxidase-1 (GPx1) activLW\  ȝP-sections were placed onto poly-lysine
slides and stained immunohistochemically with antiGPx1 (abcam-ab22604) primary antibody using 3,3Diamino-benzidine (DAB) chromogen via standard
Avidin-Biotin Peroxidase method as described by
the manufacturer. The density of immunohistochemical staining was examined under light microscope
(Nikon 80i-DS-RI2) and evaluated semi-quantitatively. For establishing whether the GPx1 immunoreactivities in the tissue were specific, all procedures
were exactly performed on the sections without adding primary antibody (negative control).

MATERIALS AND METHODS
Animal material. The practices on animals
WKURXJKRXWWKLVVWXG\ZHUHDSSURYHGE\<]QF<ÕO
University Animal Testing Local Ethics Committee
(YUHADYEK). The study used 32 rats with a
minimum age of four months.

Spermatological examination. In rat sperm
studies, density is usually determined by counting
epididymal or testicular sperms. Epididymal count
can be performed by counting the sperms of caput,
corpus, cauda, or whole epididymis [25]. In general,
researchers most commonly use the method of
counting the sperms of epididymis [26]. In the present study, sperm density of the caudal epididymis
was examined after collecting sperms via puncture
from the epididymises according to the method of
Robb et al. [26], right after the rats were dissected.
In other examinations, spermatological tests were
conducted using classic sperm testing methods.

Plant material and addition into food. Nettle
seed (Urtica dioica seed) extract was used as plant
material. For extraction, plant seeds were ground in an
electrical mill. Nettle seed was extracted using ether
[24]. The nettle seed extract of 30 ml/kg was added
to food.
Experiment plan. Rats were divided into four
groups with eight rats in each group. Experiment plan
was implemented as follows:
1. Control group: Fed only with standard pellet
food.
2. Group MTX: Administered 20 mg/kg i.p.
MTX on Days 1 and 5, and fed with standard pellet
food.
3. Group MTX+UDS: Administered 20 mg/kg
i.p. MTX on Days 1 and 5, and fed with pellet food
containing 30 ml/kg nettle seed extract.
4. Group UDS: Fed only with pellet food containing 30 ml/kg nettle seed extract.
For six weeks, the rats in the experiment groups
were kept in an environment with a room temperature of 23 ±1 0C and a cycle of 12-hour light-dark,
and provided water ad libitum.

Statistical Analyses. Biochemical analysis
results, mean and standard deviation (X ± SD) were
performed using a ready program Minitab for
Windows) based on standard methods; group means
were determined using One-way ANOVA test.
Differences between pathological changes were
determined using Chi-Square test. A p value of
SZDVFRQVLGHUHGVWDWLVWLFDOO\VLJQLILFDQW

RESULTS

Biochemical analyses. After the experiment,
the body weight of all rats were measured and recorded, and then administered i.p ketamine (50
mg/kg) + xylazine hydrochloride (10 mg/kg) for anesthesia. After the experiment, blood and post-necropsy testicular tissue samples were duly taken from
the rats for biochemical analyses.

Macroscopic and histopathological findings.
In this study, no changes were observed in the microscopic and macroscopic examination of the testicles of the control group rats (Fig. 1 A). The macroscopic examination of the testicles of the MTX
group, in turn, revealed congested dark-color areas
at serosa. Microscopic findings showed that germ
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the seminiferous tubule. Compared to the MTX
group, there were slight edema and congestion in the
interstitial space. Leydig cells were in normal histological form. The spermatids developing in the tubules were in a near-normal structure so that the tail
was in the lumen and the head was towards the tubular wall as in their classic appearance (Fig. 1 H).
The macroscopic examination of the testicles of the
UDS group rats did not reveal any changes; however, the microscopic examination showed same histological findings as the control group (Fig. 1 G).
Group-based distribution of the histopathological
findings in testicles is summarized in Table 1.

cells were largely desquamated from the basal membrane in many tubules, and a large number of immature germinal cells desquamated from the basal
membrane infused into the lumen of seminiferous tubules. In some tubules, atrophic changes were apparent. Other findings included narrowing of seminiferous tubules, hyperchromasia of spermatogonia and
degeneration of tubular cells as well as shrinkage of
the nuclei of some spermatogonia. Openings were
observed between Sertoli cells and spermatogonia,
and tubules were observed to have sporadic vacuoles
and apoptosis. There was sporadic edema in interstitial spaces, congestion and thrombosis in vessels, a
general enlargement of the interstitial space and expanded space between tubules. Some seminiferous
tubules had undulation in the basal membrane (Fig.
1 B-F). There were no changes in the macroscopic
examination of the testicles of the MTX+UDS group
rats. The microscopic examination of this group
demonstrated that the seminiferous tubules were preserved substantially, the germinal cell losses and
vacuolization were highly reduced, the cells from the
spermatogenetic series in the seminiferous tubules
continued to spermatogenesis in a manner that included spermatozoa and the pathomorphological
change in spermatogonia was not that much compared to the MTX alone group. There were sporadic
immature germinal cells infused into the lumen of

Immunohistochemical findings. The testicular tissue sections from all groups were observed to
have GPx1 immunoreactivity. There was no staining
in connective tissue and vascular endothelial cells in
the interstitial space (Fig. 2 A), while specific GPx1
immunoreactivity to varying degrees by groups was
observed in Leydig, Sertoli and germ cells and spermatozoa. In terms of reactivity, the densest reaction
(strong) (+3) was in the control (Fig. 2 B) and UDS
groups (Fig. 2 E), while the group MTX+UDS had
moderate (+2) (Fig. 2 D) and the group MTX had the
weakest (+1) reaction (Fig. 2 C). Group-based distribution of GPx1 reactivity in testicles is summarized
in Table 2.

TABLE 1
Distribution of testicular histopathological findings by groups.
Microscopic lesions
Degeneration and necrosis
Slight
Moderate
Severe
Ondulation and vacuolisation
Slight
Moderate
Severe
Atrophie of tubuli
Slight
Moderate
Severe
Desquamated immature germ cells
Slight
Moderate
Severe
Intertubular congestion and edema
Slight
Moderate
Severe
Separete from intertubular distance
Slight
Moderate
Severe

Control
-/8
-/8
-/8
1/8
1
-/8
-/8
-
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MTX
8/8
1
7
8/8
2
6
8/8
3
5
8/8
1
7
8/8
3
5
8/8
1
2
5

UDS
-/8
-/8
-/8
1/8
1
-/8
-/8
-

MTX+UDS
4/8
3
1
3/8
2
1
2/8
1
1
3/8
2
1
4/8
2
2
4 /8
3
1
-
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FIGURE 1
Photomicrographs of H&E stained histological slides of the testis. A) Normal histological appearance of
testis in the control group. B) Appearance of Ondulation and Atrophie of tubuli of testis in the MTX
group. C) Appearance of intertubular edema of testis in the MTX group. D) Appearance of hyalinisation on the and vacuolisation in the germ cells of tubuli of testis in the MTX group. E)) Appearance of
trombosis and intertubular edema in the MTX group. F) Appearance of desquamated immature germ
cells into the lumen of testis in the MTX group. G) Normal histological appearance of testis in the UDS
group. H) Nearly normal histological appearance of testis in the MTX+UDS group.

2323

Volume 27 ± No. 4/2018 pages 2320-2331

© by PSP

Fresenius Environmental Bulletin

FIGURE 2
Photomicrographs of immunoreactivity of Gpx1 in nuclei of germ, Sertoli and Leydig cells of testis.
Immunperoxidase staining. A) There is no immunoreactivity of Gpx1 in the negative control groups.
B) Appearance of intense immunoreactivity of Gpx1 in the control group. C) Appearance of weak immunoreactivity of Gpx1 in the MTX group. D) Appearance of moderate immunoreactivity of Gpx1 in
the MTX group. E) Appearance of intense immunoreactivity of Gpx1 in the UDS group.
TABLE 2
Distribution of GPx1 reactivity of testicular tissue by groups.
Parameters
GPx1 reactivity of Leydig and Sertoli cells
GPx1 reactivity of Germ cells

Control
+3
+3

MTX
+1
+1

UDS
+3
+3
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FIGURE 3
Group-based GPx1 scores.
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FIGURE 4
Effects of UDS on lipid peroxidation in Methotrexate-induced testis injury in rats.
Data are expressed as mean ± S.D. One way ANOVA followed by Turkey test, when appropriate (n=8).
Differences between groups were considered to be significant when (p<0.05). a Different from the control group, b Different from the methotrexate (MTX) group. MTX: Methotrexate; UDS: Urtica dioica
seed; MTX+UDS: Methotrexate + Urtica dioica seed; MDA: Malondialdehyde.
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FIGURE 5
Effects of UDS on reduced glutathione in Methotrexate-induced testis injury in rats.
Data are expressed as mean ± S.D. One way ANOVA followed by Turkey test, when appropriate (n=8).
Differences between groups were considered to be significant when (p<0.05). a Different from the control group, b Different from the methotrexate (MTX) group. MTX: Methotrexate; UDS: Urtica dioica
seed; MTX+UDS: Methotrexate + Urtica dioica seed; GSH: Reduced glutathione.

According to the Table 3 data, there was a statistically significant decrease (p<0.05) in the activities of glutathione S-transferase (GST) and catalase
(CAT) enzymes, which are antioxidant defense system enzymes, in Group MTX compared to the control group, while the same enzyme activities statistically significantly increased (p<0.001) in the UDS
and MTX+UDS groups compared to Group MTX.
Additionally, the activities of glutathione reductase
(GR), glutathione peroxidase (GPx=GSH-Px) and
superoxide dismutase (SOD) enzymes acted like
CAT and GST enzymes against the effect of MTX
and UDS; however, such effect was not statistically
significant.

Biochemical findings. According to the results
in Figure 4, the level of malondialdehyde (MDA),
which is the indicator of lipid peroxidation, was
found statistically significantly increased (p<0.05) in
Group MTX compared to the control, UDS and
MTX+UDS groups.
According to the results in Figure 5, the level
of glutathione (GSH) in the testicular tissue supernatant statistically significantly decreased (p<0.001) in
Group MTX compared to the control, UDS and
MTX+UDS groups, while co-administration of UDS
and MTX was found to show protective effect by reducing the GSH level to the control values.
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TABLE 3
Effects of UDS and MTX on antioxidant defense systems in testis tissue of rats.

Testis

Tissue

Parameters
GST U/g
GR U/g
CAT U/g
GPx U/g
SOD U/g

Control
79.05±2.53
1.13±0.05
94.48±19.41
66.62±11.82
2092.09±77.84

GROUPS
MTX
73.95±2.65a
1.10±0.12
36.85±8.38a
45.72±16.32 a
2055.82±72.51

UDS
79.62±3.75b
1.13±0.06
88.78±18.39b
68.64±17.22
2078.46±68.99

MTX+UDS
81.43±3.28b
1.08±0.05
66.67±15.73ab
58.79±11.34
2080.00±94.89

Data are expressed as mean ± S.D. One way ANOVA followed by Turkey test, when appropriate (n=8). Differences between groups were considered to be significant when (p<0.05).
a
Different from the control group,
b
Different from the methotrexate (MTX) group.
MTX: Methotrexate; UDS: Urtica dioica seed; MTX+UDS: Methotrexate + Urtica dioica seed; GST: Glutathione
S-transferase; GR: Glutathione reductase; CAT: Catalase; GPx: Glutathione peroxidase; SOD Superoxide dismutase.
TABLE 4
Spermatological data by study groups.
Parameters
Sperm concentration (x109/ml)
Sperm motility (%)
Dead live (%)
Abnormal sperm rate (%)
Head abnormality (%)
Acrosome abnormality (%)
Mid piece abnormality (%)
Tail abnormality (%)
a-b-c:

Control
3.97 ± 0.18a
79.27 ± 3.15a
6.24 ± 1.05a
8.27a
3.12a
0.9a
2.27a
3.18a

MTX
1.04±0.52b
9.42±5.26b
72.17±2.45b
87.45b
62.46b
11.75b
8.79b
13.18a

UDS
3.81 ± 0.43a
78.13 ± 3.83a
8.23 ± 1.44a
9.56a
2.47a
0.8a
2.19a
2.86b

MTX+UDS
2.87 ± 0.17c
57.74 ± 3.28c
29.42 ± 5.41c
37.42c
36.42c
6.47c
3.47a
5.83c

There was a difference with p<0.05 between the groups with different letters.
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FIGURE 6
Spermatological data by study groups.

cells that are pathologically proliferating within the
body, but their side effects also destroy rapidly-proliferating normal cells. Therefore, side effects are
mostly observed in rapidly dividing cells such as
blood cells, gastrointestinal system cells, hair follicles, and sperms [11]. Accordingly, cytotoxic chemotherapy leads directly to gonadal damage and the
degree of such damage causes several biochemical,
spermatological and histopathological changes depending on the administration route, dose and patient
age [27, 28].

Spermatological findings. The findings from
spermatological examination are presented in Table
4 and Figure 6.

DISCUSSION
The basis of cancer chemotherapy is to stop the
growth and proliferation of tumor cell or destroy
them if possible, without damaging normal cells of
the patient. Anti-neoplastic agents destroy cancer
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in the testicles of MTX-administered rats. It was observed that germ cells were largely desquamated
from the basal membrane in many tubules and a
large number of these immature germinal cells infused into the lumen of seminiferous tubules. Additionally, interstitial spaces were expanded locally
with edema, and there were congestion and thromboses in the vessels. In the testicles of the group administered UDS in combination with methotrexate,
it was found that the seminiferous tubules were preserved substantially, the germinal cell losses and
vacuolization were highly reduced, the cells from the
spermatogenetic series in the seminiferous tubules
continued to spermatogenesis in a manner that included spermatozoa and the pathomorphological
change in spermatogonia was not that much compared to the MTX group. Leydig cells and spermatids had normal appearance. These findings showed
that the damage in the testicles of the MTX group
rats was substantially prevented with the strong antioxidant effect of UDS. These findings were in line
with the studies [1, 40, 41, 42, 44] using antioxidants
to prevent MTX-induced damage occurred in rat testicles.
MTX is believed to cause many diseases related to the immune system and several organs. For
instance, it was reported that oxidative stress contributes to the MTX-induced liver damage mechanism
[33] and excessive production of reactive oxygen
species (ROS) that have a role in MTX hepatotoxicity consume mitochondrial enzymatic and non-enzymatic antioxidant defense systems [42, 46]. Increased oxidative stress with MTX has been reported
to result in production of ROS, which causes oxidative damage by decreasing NADPH and GSH [33,
47]. The study by Famurewa et al. [48] established
that MTX led to an increase in AST, ALT, ALP and
MDA, and a decrease in SOD, CAT and GPX enzyme activities and GSH levels. The study by Abd
El-Twab et al. [49] found that MTX causes decrease
in activities of SOD, GPx and GST enzymes, and
GSH levels compared to control group and increase
in MDA levels. The biochemical findings presented
in this study were consistent with the above-mentioned studies. According to the results in Figure 3,
the level of malondialdehyde (MDA), which is the
indicator of lipid peroxidation in the testicular tissue
supernatant, was found statistically significantly increased (p<0.05) in Group MTX compared to the
control, UDS and MTX+UDS groups; according to
the results in Figure 4, the level of glutathione (GSH)
statistically significantly decreased (p<0.001) in
Group MTX compared to the control, UDS and
MTX+UDS groups, while co-administration of UDS
and MTX was found to show protective effect by reducing the GSH level to the control values. Likewise, according to the table data, there was a statistically significant decrease (p<0.05) in the activities
of glutathione S-transferase (GST) and catalase

Although the side effect mechanism of the
chemotherapeutics in male reproductive system is
not exactly known, chromatin and DNA damage that
are occurred directly and/or indirectly as associated
with oxidative stress in spermatogenic cells, and defects in steroidogenesis are considered responsible
[29, 30]. In previous studies conducted to reveal the
effect of MTX on testicular cells, MTX was found to
decrease antioxidant activity in the cells, making
cells vulnerable to the effects of reactive oxygen species (ROS), and thereby cause damage in testicular
tissue and germ cells, atrophy in seminiferous tubules and apoptosis in germinal cells [31-33]. Ultimately, damage in the sperm DNA was established
along with decreased testicular weight and sperm
count, and increased abnormalities of sperm head
[34, 35].
The damages caused by MTX in rat testicles
have been demonstrated by several studies. The
study by Padmanabhan et al. [36] established morphological changes in seminiferous tubules such as
irregularity and vacuolization, and decrease in spermatpgonial cell series and spermatid counts. Nouri
et al. [10] conducted a study by administering 1
mg/kg MTX once a week for 4 weeks, and observed
increased space between seminiferous tubules in
some areas and formation of necrotic sites on Day
14; decreased diameter of the seminiferous tubule
compared to control group and presence of substantially atrophic seminiferous tubules on Day 28; and
decreased thickness of germinative epithelium and
substantially reduced sperm count on Days 14 and
28. The stud\E\9DUGÕHWDO>@UHSRUWHGDWURSK\
of seminiferous tubules, luminal infusion, and apoptosis of germinal cells in the MTX group. [37], in
turn, reported an explicit decrease in the diameter of
seminiferous tubule, sporadic thinning, and irregularity in basal membrane, expansion in intertubular
space, different sizes of primary and secondary spermatocytes and spermatids, vacuolization in spermatocytes and substantial decrease in the size of Sertoli
and Leydig cells.
Researchers reported that several antioxidant
agents are used for protective purposes to minimize
the adverse effects of anti-cancer drugs on testicles
[35, 38, 39], such antioxidants render free radicals
ineffective by sending electrons attacking them, and
antioxidants protect from free radicals and lipid peroxidation [1, 40] by inhibiting or delaying cellular
damage with their free radical scavenging effect
[41]. Prior studies conducted to prevent the testicular
damage caused by MTX reported that the damage is
largely prevented with the administration of antioxidants such as Silibinin [42], thymoquinone [43] and
beta-carotene [44].
The present study established atrophy in the diameter of tubules, undulation in the basal membrane,
vacuolization, and degeneration in tubular epithelial
cells, pyknosis in the nuclei and opening between
Sertoli cells and spermatogonia histopathologically
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infertility [33, 68]. The testicular damage related to
the MTX-induced oxidative stress occurs directly in
the spermatogenic cells and Sertoli cells, and leads
to dysfunction of Leydig cells and therefore, reduced
testosterone levels. It was reported that low and
moderate doses of methotrexate cause oligospermia
in rats, but do not lead to testicular atrophy [34]. On
the other hand, prior studies with MTX on rat testicles found decreases in testicular weight, seminiferous tubule diameter and germinal epithelial thickness as well as formation of degenerations [33], fatal
effects on all spermatogenic cells, particularly on
spermatocytes and spermatids [9] and reducing effects on the size of Sertoli and Leydig cells [37]. Furthermore, the findings of cytogenetic studies on mice
suggest that methotrexate leads to varying degrees of
chromosomal aberrations, DNA damage, and apoptosis in germ cells; decreases in epididymal sperm
count and motility, and increases in abnormal sperm
rates [28, 35, 69]. The present study established
based on the data from spermatological examinations that there were cell deaths intensively in the
methotrexate alone group, and there were significant
differences (p<0.05) in density, motility, dead-live
sperm rate and abnormal sperm rate in the MTX
group compared to other study groups and control
group. It was seen that such effect occurred only in
the MTX group due to the damage in the testicles,
and was not observed in the MTX + UDS group due
to the protective effect of UDS.

(CAT) enzymes, which are antioxidant defense system enzymes, in Group MTX compared to the control group, while the same enzyme activities statistically significantly increased (p<005) in the UDS and
MTX+UDS groups compared to Group MTX. Additionally, the activities of glutathione reductase (GR),
glutathione peroxidase (GPx=GSH-Px) and superoxide dismutase (SOD) enzymes acted like CAT and
GST enzymes against the effect of MTX and UDS;
however, such effect was not statistically significant.
This difference was believed to result from the undulation of antioxidant defense system enzymes depending on the physiological structure of the target
tissue/organ, antioxidant enzyme content or toxicity
exposure time. In this regard, it was reported that
other than MTX, ethyl alcohol [50, 51] and CCI4 [52]
that are used in oxidative stress inducing models lead
to undulation in the levels of SOD, GPx, GR, GST,
CAT antioxidant defense system enzymes and MDA
and GSH in various tissues such as liver, kidney,
erythrocyte and spleen. Accordingly, the lack of statistically significant difference in activities of SOD,
GPx and GR enzymes in the present study can be assessed in this context. The assessment of all data suggested that UDS is likely to have an effect of inhibiting the adverse effects of MTX in many antioxidant
defense system enzymes. This, in turn, can be resulted from the effect of the antioxidant substances
contained in UDS, such as steroids, terpenoids, phenylpropanoids, coumarins, polysaccharides [53, 54]
and lectins [55, 56].
Chemotherapy agents are known to cause infertility in men by damaging spermatogenesis, sperm
quality, germ cells, and blood-testicle barrier [57].
Among these chemotherapeutics, azathioprine has
been reported to result in decreased testicular weight
[58] and sperm count, and increased numbers of abnormal sperms [53]. The use of 5-fluorouracil was
reported to cause temporary azoospermia [59, 60]
and oligospermia [61] due to decelerated spermatogenesis in humans with malignant lymphoma and
testicular germ cell tumor; and decreased epididymal
sperm count [62] and serum testosterone levels [63]
in rats. The reported findings after administering
fludarabine to patients with chronic lymphocytic
leukemia were decreased testicular weight and testosterone levels, oligospermia, sperm DNA damage
and increased levels of FSH and LH [64]; cytarabine
was reported to cause azoospermia and severe oligospermia depending on its use in advanced ages of the
patients with cancer in their childhood [2, 65]. Likewise, azacitidine was demonstrated to result in decreased testicular spermatid and epididymal sperm
counts by negatively affecting spermatogenesis [66],
gemcitabine was shown to cause severe morphological head abnormalities [67]. The chemotherapeutic
agent most commonly studied on laboratory animals
in terms of the gonadal toxicity of anti-metabolites is
MTX. Due to its damages to the spermatogenic cells,
MTX is reported as one of the agents that can cause

CONCLUSION
In conclusion, our study results showed that
UDS prevented lipid peroxidation and accordingly
the damage occurred in the testicles due to its strong
antioxidant effect based on the histopathological,
immunohistochemical, biochemical, and spermatological findings. Based on these results, we concluded that UDS can be used in clinical practice at
different doses for preventing undesired effects
which can occur in testicles due to MTX use.
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ASSESSMENT OF DROUGHT IN THE ZAYANDEHROUD
BASIN DURING 2000±2015 USING NDDI AND SPI INDICES
Elena Tavazohi, Mozhgan Ahmadi Nadoushan*
Department of Environmental science, Isfahan (Khorasgan) Branch, Islamic Azad University, Isfahan, Iran

salinity and desertification are among important
environmental factors resulting in reduced agricultural productivity and limiting agricultural production areas and showing a widespread on a global
scale [2]. Drought is one of the most frequent natural disasters in Iran.
The dynamic nature of drought causes difficulties in planning, monitoring, predicting and
providing assistance to drought-stricken areas.
Analyses of drought may assimilate information on
rainfall, stored soil moisture, or water supply, but
they normally do not have full coverage for the
entire areas. Alternatively, drought may be calculated at one location where the input data is collected and available [3]. The damage and undesirable
effects caused by drought are so serious that some
consider its damage to be more extreme than other
natural disasters such as floods and earthquake.
Drought management can be one of the most effective measures in decreasing damages caused by
drought [4]. The damage caused by drought in Iran
is estimated at billions of dollars, not to mention
that other peripheral issues, such as the emergence
of various diseases, job losses, migration, etc.,
should also be taken into account [5].
Traditionally, drought monitoring has been
based on weather station observations, which lack
the continuous spatial coverage needed to characterize and monitor the detailed spatial pattern of
GURXJKW FRQGLWLRQV 6LQFH WKH ¶V KXQGUHGV RI
studies have used satellite land observation data to
monitor a variety of dynamic land surface. Satellite
remote sensing provides a synoptic view of the land
and a spatial context for measuring drought impacts
[6]. Remote sensing methodology provides one of
the ultimate tools that support the water management [7]. Satellite observations are a source of
timely continuous geo-referenced information. In
addition, drought may affect people and agriculture
at local scales or have impacts on economics, society and environments as well [3]. Remote sensing
(RS) is an often preferred method for environmental studies as it is a time and money saving tool of
inspecting large areas where full access to every
point is not possible. There are many different image processing methods used to extract information
from satellite images [8].
A combination of remote sensing-based variables from different approaches might provide more
comprehensive assessment of drought conditions.

ABSTRACT
For the management of Iranian water resources, especially with its dry and semi-dry conditions, identification of drought and its monitoring
are two important issues. Isfahan province and the
Zayandehrood river basin have experienced two
periods of drought over the last decades. In the first
period, which occurred between 1998 and 2001, in
addition to considerable damage to different parts
of the province, the Zayandehrood river in Isfahan
city dried up for the first time following the construction of the Zayandehrood dam. The damage
caused in that drought period was still evident when
another drought period began in 2007, continuing
till now. The aim of this study is the assessment of
the drought in the Zayandehrood river basin using
Standardized Percipitation Index (SPI) and Normalized difference drought index (NDDI) indices. For
the estimation of drought damage, remote sensing
technology and Landsat images of the years 2000
and 2015 were employed. To obtain Normalized
difference vegetation index (NDVI), Normalized
difference water index (NDWI), and Normalized
difference drought index (NDDI) indices, Landsat
spectral 3,4,5,6 bands and Idrisi Taiga software
were used. For calculating SPI (standard precipitation index), historical daily precipitation records
from seven hydrometric stations for 15 years from
2000 to 2015 were collected within three- and sixmonth as well as one-year intervals, and SPI was
calculated by DIP software. Based on the results
obtained from SPI index, the drought at Isfahan was
of the near normal and moderately dry types. The
investigation of NDDI index indicated an ascending
trend in the drought within the 15-year period. The
result of this study provides useful information for
drought management plans and plays an important
role in reducing the impact of drought periods.
KEYWORDS:
Drought, Zayandehrood basin, Normalized difference
drought index (NDDI), standard precipitation index (SPI)

INTRODUCTION
Drought is one of the critical natural disasters
that adversely affect people, river basins, water
resource systems, and the ecosystem [1]. Drought,
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index (NDWI) is a more recent satellite-derived
index from the NIR and short wave infrared
(SWIR) channels that reflects changes in both the
water content (absorption of SWIR radiation) and
spongy mesophyll in vegetation canopies. Because
NDWI is influenced by both desiccation and wilting in the vegetation canopy, it may be a more
sensitive indicator than NDVI for drought monitoring [6].
Obtained NDVI and NDWI indices through
five years of study and evaluation of MODIS Landsat images, and compared these two indices, and
also calculated NDDI index using these two indices
[13].
The objectives of this study are to use remote
sensing, NDDI and SPI indices to monitor and
evaluate the drought condition from 2000 to 2015
in Zayandehrood basin located in Isfahan, Iran.

In general, remote sensing data having both high
spatial and temporal resolutions would be required
for evaluating drought conditions[9].
As one of the most essential elements of life,
the supply of water is facing a severe crisis nowadays. Isfahan province and especially the Zayandehrood River basin have experienced two periods of drought throughout the past 15 years. The
first period which occurred between 1998 and 2001
caused considerable damage across the province
and the river dried up in the city area for the first
time following the construction of the Zayandehrood Dam. The damage caused in that
drought period was still evident when another
drought period began in 2007, continuing till date.
In addition to surface water resources, the groundwater resources of the province have also been
affected, causing water shortage throughout the past
two decades. The groundwater level in most of the
plains of the province has decreased, as a result of
which a large number of deep and semi-deep wells
have dried up or at least lost much of their water
[1].
Using SPI, it is possible to predict drought for
both short-term and long-term scales as well as
artificial neural networks [10]. The use of the GIS
technique and the measurement of SPI, NDVI, and
VCI indices are effective in the prediction of
drought [11].
NDVI, NDDI, VCI, and NDWI indices can also be measured concurrently in predicting drought
[8]. For the measurement of drought for long time
intervals, NDVI, NDWI, and NDDI indices can
also be used, with NDDI being more effective [12].
The normalized difference vegetation index
(NDVI), which is the normalized reflectance difference between the near infrared (NIR) and visible
UHG EDQGV 1'9,¶V UROH LQ GURXJKW PRQLWRULQJ DQG
assessment has been described several times during
the last decade. The normalized difference water

MATERIALS AND METHODS
The study area. Isfahan province with an area
of 107045 km2 LV ORFDWHG EHWZHHQ ¶1 DQG
¶1DQGEHWZHHQ¶(DQG¶(LQWKH
central part of Iran. This province is surrounded by
Markazi, Qom, and Semnan provinces in the north,
Fars, Kohguiluyeh, and Boyerahmad provinces in
the south, Yazd and Khorasan provinces in the east,
and Lorestan, Chahar Mahal and Bakhtiari provinces in the west [5].
Zayandehrood or Zendehrood, which means
³OLIH´ LV WKH ODUJHVW ULYHU LQ WKH FHQWUDO SODWHDX RI
Iran, originating from the Zard-Kouh-e Bakhtiari
range of the central Zagros Mountains, moving
eastward for around 200 km through the central
Plain of Iran, and eventually flowing down into the
Gavkhuni wetlands. Figure 1 shows the location of
Zayandehrood river in Isfahan province.

FIGURE 1
The location of Zayandehrood river in Isfahan province
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RESULTS

Methods. Today, the principles of remote
sensing have been defined as one of the branches of
science that have the art of provision and acquisition of information from points, objects, and environmental phenomena by sensors. This technique
gives us a measurable spatiotemporal background
about droughts [14].
The utilized data were Landsat TM images of
2000, Landsat OLI images of 2015. Idrisi Taiga and
Erdas Imagine softwares were applied for correction, processing, and interpretation of satellite images.

The results of calculating SPI and NDDI indices could be observed in the following sections.
SPI (standardized precipitation index). By
calculating SPI, one can determine the climatic
conditions for the period of interest in accordance
with Table 1 and SPI value. Considering the table,
drought begins when the numbers are less than -1
[17].
The three-month SPI results indicated that,
drought was of the moderate wet type, near normal,
and moderate dry types. The 6-month SPI results
indicated that drought was of the extreme, moderate, and near normal types. The 12-month SPI results indicated drought of the near normal type.

Calculation of drought indices After applying format conversion and image mosaicking,
mathematical operations was applied on satellite
images and NDVI, NDWI, and NDDI indices were
calculated.

TABLE 1
Classification of the SPI index [18]

NDDI index (Normalized difference
drought index). NDDI can present suitable information about drought, as it is obtained from a combination of NDVI and NDWI, which are sensitive
to vegetation and water resources respectively [15].

ܰ ܫܦܦൌ

Valueof SPI

1.5 - 2
1 - 1.5
-1 - 1
-1.5 - -1
-2 - -1.5
<-2

 െ 
  

NDVI (Normalized difference vegetation
index). NDVI is obtained from satellite images,
which is used for monitoring the condition of vegetation in relation to drought. This index is one of
the most common vegetation index [16].
NDVI=
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Class
Extreme wet
Severe wet
Moderate wet
Near normal
Moderate dry
Severe dry
Extreme dry

NDDI index. NDDI is a more sensitive index
to drought, which usually develops in the dry seasons of the year [16]. NDDI index was classified
into 3 classes (low, moderate and high) based on
the intensity of
Comparing NDDI maps (figures 2 & 3), the
development of the intensity of drought is evident
between 2000 and 2015. The distribution of the
³KLJK´FODVVLQZDVYHU\ORZDQGRQO\REVHUY
able at some points of the region, especially the
*DYNKXQL ZHWODQG ,Q FRQWUDVW WKH FODVVHV ³ORZ´
DQG³PRGHUDWH´FRYHUPRVWRIWKHUHJLRQ+RZHYHU
LQ  WKH GLVWULEXWLRQ RI WKH ³KLJK´ FODVV LQ
creased so much that almost the entire wetlands
were encompassed by this class, while the area of
³ORZ´ FODVV KDG GHFUHDVHG VLJQLILFDQWO\ ,W FDQ EH
concluded that the intensity of drought from 2000
to 2015 had increased considerably.

ૉ୍ୖȂૉୖୣୢ
ఘேூோାఘோௗ

P NIR is near infrared band while P Red is red
band.
NDWI (normalized difference water index).
This index is also obtained from satellite images
and based on leaf water content. This index has a
high sensitivity to water reserves [16].
P SWIR is short infrared band and P NIR is
near infrared band.
ૉ୍ୖȂૉୗ୍ୖ

 NDWI=ఘேூோାఘௌௐூோ
Calculation of standardized precipitation
index (SPI). The precipitation information extracted from seven hydrometric stations (Ghale
Shahrokh, Tanzimi Dam, Zamankhan, Kale Bridge,
Lenj, Musian, Chum Bridge, Varzaneh) between
2000 and 2014 were classified into three and sixmonth as well as one-year intervals. The preparation of initial data was performed using Microsoft
Excel.
Classified data was fed into DIP software for
the interpretation and investigation of drought. This
software is able to calculate drought indices, including SPI.

NDVI index. As previously mentioned, this is
the most common index for vegetation studies.
Healthy vegetation reflects infrared band waves
well [19]. This index lies within the range of -1 and
+1 [13]. Therefore, during drought, NDVI declines,
as it has a direct relationship with vegetation devastation during drought.
By comparing figures 4 and 5, which represent
NDVI in 2000 and 2015, it can be seen that the
³PRGHUDWH´FODVVKDG the highest frequency in 2000
and the range of the Zayandehroud River lay within
WKH ³KLJK´ FODVV +RZHYHU LQ  WKH PD[LPXP
IUHTXHQF\ LQYROYHG WKH ³ORZ´ FODVV DQG DOWKRXJK
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SDUWV RI WKH ULYHU OD\ ZLWKLQ WKH ³PRGHUDWH´ FODVV
no part of it lay within tKH³KLJK´FODVV2YHUDOOWKH
GLVWULEXWLRQ RI WKH ³PRGHUDWH´ DQG ³KLJK´ FODVVHV
had decreased in comparison with 2000, and it can
be concluded that the rate of drought had increased
between 2000 and 2015 with the reduction in vegetation.

Fresenius Environmental Bulletin

water resources and increased drought tension can
be found. In 2000, the area of the Zayandehrood
5LYHUOD\LQWKH³PRGHUDWH´DQG³KLJK´FODVVHVDQG
the Gavkhuni wetland was LQFOXGHG LQ WKH ³KLJK´
class with the maximum frequency. However, in
2015, the water level reached its minimum and it
was clearly observed that the river area lay within
WKH ³PRGHUDWH´ FODVV DQG RQO\ VRPH SDUWV RI WKH
*DYNKXQLZHWODQGVOD\LQWKH³KLJK´FODVVPRVWRI
LWOD\LQWKH³PRGHUDWH´FODVV
To measure the abovementioned indices, satellite images obtained in summer were used, as
drought occurs typically in this season of the year
and plants also lose more water in this season [11].
Based on the obtained images, 2015 had the maximum drought.

NDWI index. This index is more sensitive to
water reserves and is measured between -1 and +1
[13]. As it is evident, it can be concluded that
NDWI index decreases during drought, as it is in a
direct relationship with water reserves, and during
drought, these reserves diminish for certain.
By comparing NDWI maps in figure 6 and 7,
some classes of water shortage are observed across
different points, and the changes and reduction in

FIGURE 2
NDDI index for 2000
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FIGURE 3
NDDI index for 2015

FIGURE 4
NDVI map in 2000
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FIGURE 5
NDVI map in 2015

FIGURE 6
Map of NDWI index in 2000
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FIGURE 7
Map of NDWI index in 2015
NDDI index. Remote sensing technology and
satellite images have a relatively high potential in
monitoring and predicting the phenomenon of
drought on a wide scale. NDVI and NDWI have a
correlation with drought rate, and based on the
obtained results, NDDI, which is obtained by combining these two indices, is a more powerful index
for investigating drought tension conditions. Further, NDVI has the potential to identify regions
suffering from drought, given the different types of
vegetation. Whenever water content diminishes,
water reflection also declines in the short wavelength infrared band, and NDWI also drops.
NDVI is sensitive to vegetation and NDWI is
sensitive to humidity or water resources. NDDI
employs these two facts to predict drought.
As a newer and more sensitive index, NDDI
can present a more precise response in relation to
the drought rate, and thus is suggested for measuring drought. The results obtained from this research
regarding the sensitivity of NDDI are in full accord
with the results obtained by Charat et al. [15] and
Renza et al. [13] also concluded in their study that
in the dry seasons of the year, the lower are the
NDVI and NDWI, and the higher is the NDDI.
Erdenetuya et al. (2010) also concluded that NDDI
has the ability to measure drought on a large scale.
Furthermore, the level of precipitation has a

DISCUSSION
SPI index. SPI is used to measure the shortage
in precipitation from different resources. SPI in
each region is calculated based on long-term statistics for the intended period [20].
The objective of SPI is the allocation of a numerical value to precipitation. Considering the
information obtained, it can be concluded that within the statistical periods of 2000±2001 and 2014±
2015, overall precipitation was descending. As we
approach drought, SPI becomes more negative.
Based on the statistics, drought has existed periodically in some months (the index has been towards
negative) and has been more intense in the summer
months, in which drought mostly occurs.
Based on SPI results, in some intervals,
drought has been near normal, and moderate or
severe in other intervals. Based on the obtained
results, the normal status being of the maximum
frequency, the Isfahan city drought was of the normal type. Shokrikochak &Behnia have also proved
the potential of SPI in monitoring and predicting
drought in Khuzestan province [21]. Erdenetuya et
al. mentioned SPI as an effective element in the
identification of drought and management of water
resources [22].

2338

© by PSP

Volume 27 ± No. 4/2018 pages 2332-2340

Fresenius Environmental Bulletin

REFERENCES

huge impact on indices resulting from satellite
images which are sensitive to this phenomenon,
including NDWI. Using the indices obtained from
satellite images, one can monitor drought on a larger scale, as found by Charat et al. [15] in 2009. The
potential of NDDI as an effective index in measuring drought, especially in summer, was also proven
by Gu et al. [6].

[1] Jahangir, A.T.M., Sayedur, R.M., Saadat,
A.H.M. (2013) Monitoring meteorological and
agricultural drought dynamics in Barind region
Bangladesh using standard precipitation index
and Markov chain model. International Journal
of Geomatics and Geosciences. 3, 511-524.
[2] Denli, H.H., Denli, G.O. (2017) The use of soil
and water resources at the Mediterranean region in Turkey. Fresen. Environ. Bull. 26, 520526.
[3] Mongkolsawat, U.C., Wattanakij, N., Kamchai,
C., Mongkolsawat, K., Chuyakhai, D. (2009)
Exploration of Spatio-Temporal Drought Patterns using Satellite-Derived Indice for Crop
Management in Northeastern Thailand, Geoinformatics Center for the Development of
Northeast Thailand. Faculty of Science, Khon
Kaen University, Thailand.
[4] Tahan, F., Kheiri, S. (2009) Management of
Drought crisis and the solutions for combating
drought. National congress of water crisis
management. Marvdasht Islamic Azad University.
[5] Hassanzadeh, Y., Feyzi, A. (2006) Water Resources and a Managerial plan for drought periods. The Second conference of water resources management, Isfahan, Iran.
[6] Gu, Y.F., Brown, P., Verden, J., Wardlow, B.
(2007) A five-year analysis of MODIS NDVI
and NDWI for grassland drought assessment
over the central Great Plains of the United
States. Geophysical research letters. 34,1-6.
[7] Gulacsi, A., Kovacs, F. (2015) Drought monitoring with spectral indices calculated from
MODIS satellite images in Hungary. Journal of
environmental geography. 8(3-4), 11-20.
[8] Sariyilmaz, F.B., Musaoglu, N.M., Tanik, A.
(2017) Investigation of land use/cover changes
of Sazlidere basin by using band ratio for builtup area. Fresen. Environ. Bull. 26, 39-45.
[9] Hazaymeh, K., Hassan, Q.K. (2017) A remote
sensing-based agricultural drought indicator
and its implementation over a semi-arid region,
Jordan. J Arid Land. 9(3), 319±330.
[10] Rostami, E., Fattahi, M.H., Razmkhah, H.
(2015) Drought forecasting using Artificial
Neural Network; Case study: Kohgilooye and
Boyer Ahmad, Faculty of agriculture, Marvdasht Islamic Azad University, Marvdasht,
Iran.
[11] Dutta, D., Kundu, A., Patel, N.R., Saha, S.K.,
Siddiqui, A.R. (2015) Assessment of agricultural drought in Rajasthan (India) using remote
sensing derived Vegetation Condition Index
(VCI) and Standardized Precipitation Index
(SPI). The Egyptian Journal of Remote Sensing
and Space Sciences. 18, 53±63.

CONCLUSIONS
Satellite images have a high potential to predict drought. The use of multi-temporal satellite
imagery is effective in monitoring changes in vegetation and moisture, and also drought. The use of
remote sensing data in the study of natural phenomena facilitates the implementation of indicators that
allow a clear view of the whole area, enabling the
graphical assessment of a particular factor in an
area in relation to its environment. This will benefit
both issues associated with the decision-making and
environmental impact assessment.
NDDI is characterized by its ease of calculation because it is based on addition and subtraction
of normalized differences of vegetation and water
and does not depend on time series data. It is important to note that this index can be an optimal
complement to in-situ based indicators or for other
indicators based on remote sensing data [11]. NDDI
considers changes in vegetation as well as its water
contents using SWIR, RED, and NIR bands together [21]. The use of NDDI as an index in the prediction of drought has been very efficient and acceptable. NDWI, which is a proxy for changes in moisture content of the canopy, reacts to drought conditions more sensitively than NDVI (or the other
indices), because in case of drought, water loss
occurs sooner than the reduction of chlorophyll
content in vegetation. Overall, the information
obtained from NDDI, NDWI, and NDVI is more
effective than conventional methods in presenting
drought information.
SPI is a very popular meteorological drought
index which has been frequently used by decisionmakers for measuring and monitoring the intensity
of meteorological drought events. In addition, SPI
is useful for identifying the spatiotemporal extent of
long term historical droughts. SPI has a high potential for analyzing drought, given its computational
properties, for any spatiotemporal scale.

2339

© by PSP

Volume 27 ± No. 4/2018 pages 2332-2340

[12] Wambua, R., Mutua, B., Raude, J. (2014)
Drought Forecasting Using Indices and Artificial Neural Networks for Upper Tana River
Basin,Kenya-A Review Concept. Civil & Environmental Engineering. 4(4), 1-12.
[13] Renza, D., Martinez, E., Arquero, A., Sanchez,
J. (2010) Drought Estimation Maps by Means
of Multidate Landsat Fused Images. Remote
Sensing for Science, Education, Rainer Reuter
(Editor) and Natural and Cultural Heritage,
EARSeL.
[14] Gu, Y. F., Brown, P., Verden, J., Wardlow, B.
(2007) A five-year analysis of MODIS NDVI
and NDWI for grassland drought assessment
over the central Great Plains of the United
States. Geophysical research letters. 34, 1-6.
[15] Charat, M., Wattanakij, N., Kamchai, T.,
Mongkolsawat, K., Chuyakhai, D. (2009) Exploration of Spatio-Temporal Drought Patterns
using Satellite-Derived Indice for Crop Management in Northeastern Thailand. Asian association on remote sensing. Beijing, China.
[16] Rahimi, L., Sharifian, H. (2014) Monitoring
drought based on SPI, deciles, and normal. In
proceeding of the first national congress on
challenges of water resources and agriculture.
Khorasgan Azad University, Isfahan, 25-31.
[17] Rezaei Moghadam, M., Kamran, K., Rostamzadeh, H., Rezaei, A. (2012) Evaluation of the
efficiency of MODIS sensing data in estimation of drought case study: Urmia Lake water
basin. Geography and sustainability of environment. 5, 37-52.
[18] McKee, T.B., Nolan, J. and Kleist, J. (1993)
The relationship of drought frequency and duration to time scales. Preprints, Eighth Conf. on
Applied Climatology, Anaheim, CA, Amer.
Meteor, Soc. 179- 184.
[19] Hassanvand, M., Shahbazbeygi, M.H. (2013)
Investigation of drought phenomenon and wet
year using SPI in central regions of Iran. The
first national congress of irrigation and water
exploitation, Ferdowsi Mashhad University.
[20] Piri, H., Ansari, H. (2013) Investigation of
drought in Sistan Plain and its effect on Hamun
international wetland. Wetland Scientific research quarterly. Islamic Azad University,
Ahwaz branch, fourth year. 15, 63-74.
[21] Shokrikochak, S., Behnia, A. (2013) Monitoring and prediction of drought in Khuzestan
province using SPI and Markov chain. Journal
of irrigation science and engineering. 36(3), 112.
[22] Erdenetuya, M., Bulgan, D., Erdenetsetseg, B.
(2011) Drought Monitoring and Assessment
using multi satellite data in Monogolia. Proceedings of Asian Associate of remote sensing.
Taipei.

Fresenius Environmental Bulletin

Received:
Accepted:

14.09.2017
08.01.2018

CORRESPONDING AUTHOR
Mozhgan Ahmadi Nadoushan
Department of Environmental Science,
Isfahan (Khorasgan) Branch,
Islamic Azad University,
Isfahan ± Iran
e-mail: m.ahmadi@khuisf.ac.ir



2340

#"

  $   







  !






#!"$!# "!$ '
#!%!

588,04(;5+0  207,>((81,+0 5/(33(+,0+(74,1( 30457+)(7 
307))(8(3(4),+(89 


1

Department of Water Science and Engineering, Khouzestan Science and Research Branch, Islamic Azad University, Ahvaz, Iran
2
Department of Water Science and Engineering, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran

"#!#

tion (FHWA) of 383 bridge failures caused by catastrophic floods showed that 25 percent involved pier
damage and 72 percent involved abutment damage
[1]. A later more extensive study [2] indicated local
scour around bridge piers to be as equally important
as abutment scour. During the spring floods of 1987,
17 bridges in New York (including the notorious
Schohaire Creek Bridge which involved several fatalities) and New England were destroyed or damaged by scour. The annual direct cost (repair and replacement cost) of flood damage for highways on the
federal-aid system, which comprise less than half of
the bridges in the National Bridge Inventory, has
been estimated to total $50 million ([3] or HEC–20).
This does not include indirect economic costs due,
e.g., to the need to re-route traffic around a failed
bridge, which may be 2 to 10 times the direct costs
[4].
Figure 1 shows local scour at a bridge pier principally results from the downflow along the upstream face of the pier and the resulting horseshoe
vortex which forms at the base of the pier aids the
phenomenon [5].
One of the ways to reduce scour around the
bridges is to use a cable to increase its resistance
against shear stress caused by the flow.
Threading was suggested by Dey et al. (2006)
as an economical and easy-to-install countermeasure. Cables are wrapped spirally forming threads on
a pier. Their results indicated that, the scour reduction increases as the cable diameter and the number
of threads increases and also when the thread angle
decreases [6].
Khwairakpam and Mazumdar (2009) carried
out a study concerning the effect of the cable warp
around the bridge piers, and they concluded that the
cable plays role in distorting downstream flow and
weakening the power of the horseshoe vortices. In
addition, the scour depth are further reduced with increasing diameter of the cable and number of the
steps of that pier [7].
Tafarojnoruz et al. [8] reviewed the previous
studies and indicated that the results of several tests
were influenced by side-wall, sediment size, flow
shallowness and temporal effects. They have shown
that the results of Dey et al. [6] were affected by side-

One of the methods of scour control around the
piles bridge is to use the cable around it. In this
study, experiments were carried out in a rectangular
plexiglass flume to study the effect of cable around
a vertical tripod and two piles group with different
angle. In this research, a series of experiments was
performed by placing a vertical piles and two piles
groups with different angles separately in two modes
of with cable and without cable. The experiments
were carried out using three types of cable with various diameter, number of thread and thread angle at
a constant discharge in clear water. In each experiment, scour depth at the end of the test was measured
and then, the scour depth was calculated in different
conditions using the obtained data. The best configuration in the vertical pier and piers group was found
for a cable-pier diameter ratio of 0.1, thread angle of
15° and triple threaded. The result indicate that the
scour reduction increases as the cable diameter and
threaded increased and the thread angle decreased.
So in piers group of 28 and 38° degrees, scour depth
reduced to about 45 and 55%.
'&!"
River, Cable, Piles group, Scour

#!$#
If a pier is vertically arranged in the flow path,
the water flow is turbulent around it and the vortex
flow are formed around it. This flow has been considered as the main mechanism of scouring that leads
to formation of a cavity in the bed of the bridge piles
over the long time and may cause it to be destroyed
or collapse.
The importance of bridge-related scour research reflects the large number of bridges over water, including state, country, and city as well as federal and federal-aid bridges (over 480,000 in the
U.S.), and the large proportion of bridge failures attributable wholly or in part to hydraulic causes. A
national study for the Federal Highway Administra-
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wall and sediment size effects. These weaknesses demand further investigation. The other objective of
this study is to evaluate the results of Dey et al. [6]
by considering three cable diameters and three
thread angles.
Izadinia et al. (2012) reviewed studies the application of cable or collar and a combination of cable and collar were examined experimentally, as
countermeasures against local scouring at a smooth
circular bridge pier, close to threshold flow conditions of initiation of uniform sediment motion. The
results show that the simultaneous use of cable and
collar has high efficiency in reducing the scour

depth. The best configuration was found for a cablepier diameter ratio of 0.15 and thread angle of 15°,
in which the scour depth in upstream of the pier reduced to about 53%. In the case of a pier protected
with cable and collar the scouring postponed more
than pier protected with collar and the rate of scouring is less than in pier protected with collar [9].
The objective of the present study is to determine the effectiveness of the threaded pile with cables wrapped spirally for controlling scour at circular
piles. Also, in steady current, the scour reduction efficiency of threaded piles was investigated.
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and thread angle, number of thread is single, double,
and triple (Figure 2-b) III) Pile groups with two angles α 28 and 38° were tested (Figure 2-c).
The pile was first installed in the flume at the
desired location. For the tests with the cable, the cable was also fitted to the pier. Before each test, care
was taken to level the sand bed throughout the entire
length of the flume and particularly in the vicinity of
the pier using a wooden screed that is of the same
width as the flume. The screed can be dragged along
the flume rails to produce a sand bed having a
smooth, uniform surface. Thereafter, any uneven bed
surface was leveled using a hand-trowel. By employing the point gauge mounted on a carriage, initial bed
elevations were taken randomly to check the leveling
of the flume. The sand bed preparation was very key
as far as the experiment was concerned. This is because any unevenness or defect in the channel bed
can cause premature bed form development. To start
the test, the flume was slowly filled with water to the
required depth. Throughout the test period, the location and magnitude of the point of maximum scour
depth was recorded, with the depth being acquired
either using the point gauge or the 5 mm scale
marked onto the side of the pier. The frequency of
the measurements varied throughout the test period,
with the maximum scour depth readings being taken
every few minutes during the first hour or so of the
test and less frequently thereafter. It should be noted,
however, that the first five hours of each test is very
important as frequent readings are required to be
taken in order to properly define the early stage of
the graph of maximum scour depth versus time. The
required frequency of scour depth measurements decreases as the rate of scouring decreases (Figure 3).
At the completion of each test, the pump was
stopped to allow the flume to slowly drain without
disturbing the scour topography. The flume bed was
then allowed to dry, during which time photos of the
scour topography around the pier were taken, and the
final maximum scour depth was recorded using the
point gauge (Figure 4).

( )

This experiment was conducted in a laboratory
flume at hydraulic laboratory of Islamic Azad University of Ahwaz. The experiments were carried out
in a smooth rectangular flume with 15 m length, 0.5
m width and 0.7 m height.The working section, in
which piers were located, was 1.5 m long with a recess on the bed 0.15 m deep and was situated 4 m
downstream from the entrance of the flume. The
working section of the flume is made up of an aluminum bottom and Plexiglas sidewalls along one
side for most of its length to facilitate visual observations. At the end of this flume a controlling gate
was designed to adjust the water surface height at the
desired levels.
The size of pier in this study was defined to
meet the criteria which have been defined by other
investigators. Chiew and Melville (1987) defined
pier diameter should not be more than 10% of flume
width to avoid wall effect on scouring. The circular
pier model was fabricated from Polyvinyl Chloride
(PVC) pipe. So one model of circular pier of width
50 mm was used for the study [10].
The recess was filled with uniform sediment
with the mean particle sizes of 2 mm and with geometric standard deviation of particles =1.29. Uniform sand having the same size as that used for the
scouring test was glued over the false floor. Based
on Raudkivi and Ettema (1983), for nonripple forming sediments (50 ≥ 0.7 mm), experiments can be
run successfully with a flow condition, without the
upstream bed being disturbed by the approach flow
[11] .According to Chiew and Melville (1987) when
geometric standard deviation of particles are lower
than 1.3, the effect of non-uniformity sediment on
the depth of scour hole becomes negligible [10].
Tests were conducted on three sections: I) Single pier without cable (Figure 2-a), II) pier with cable. Helical wires of diameter (b) of 2, 4 and 6 mm
were wrapped spirally on the pier surface to form a
single circular thread. The thread angles θ were
15, 30 and 45°. For each combination of cable size
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Figures 5 show dimensionless diagrams of the
relative scour depth with cable (ds) and without cable (dsmax) and relative diameter of the cable at cylindrical pile in the absence of installation and in the
presence of cables in three cable-pier diameter ratioof 0.05, 0.075 and 0.1 at three thread angles of 15,
30, and 45° in three threaded single, double, and triple threaded piles for the three vertical positions of
pier and the piles group with angle of 28 and 38° perpendicular to the flow path. As observed in the figures, in all conditions, installing the cable around the
cylindrical pile is an effective factor in reducing the
scour depth around it. In addition, the relative diameter of the cable has a relation with the scour depth,
and the scour depth around the cylindrical pile is decreased with increasing relative diameter of the cable
around the cylindrical pile in all conditions. The existence of the pile in the flow path causes the formation of vortex flows around it, and these flows are
considered as the main mechanism of scour around
the pier bed. Therefore, installing the cable and increasing the relative diameter of the cable at pier
weaken the downstream and upstream vortex flows.
Thus, it causes reduction of the carrying capacity of
the bed load sediments to the downstream of the cylindrical pile, and reduction of the carrying capacity
of the bed load sediments to the downstream reduces

the scour hole around the pile, which is effective in
the pile failure.
In order to compare the effect of relative diameter of the cable on the relative scour depth in the
present study with other researchers, the results of
the research of Dey et al. [6] was used. Figure 6
shows the relative diameter of the cable in the vertical pier in three threaded single, double and triple
threaded piles and two cable angles of 15 and 30°
compared to the results of Dey et al. (2006) [6]. As
observed in these diagrams, the relative scour depth
is decreased with increasing relative diameter of the
cable in different steps and angles of the cable
around the vertical pier and the piers group. The results of these graphs show that the good agreement
of current research with other researchers' research.
Figure 7 shows the percentage of reduction of
relative scour depth around the cylindrical pier with
cable installation compared to the without cable for
three relative cable diameters, three cable angles at
pier and single, double, and triple threaded piles for
the vertical pier and the piers group of 28 and 38°.
The best configuration in the vertical pier and piers
group was found for a cable-pier diameter ratio of
0.1, thread angle of 15° and triple threaded. The result indicate that the scour reduction increases as the
cable diameter and threaded increased and the thread
angle decreased. So in vertical pier and piers group
of 28 and 38° degrees, scour depth reduced (Pr%) to
about 38, 45 and 55%.
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STRUCTURES OF SYMBOLIC REGRESSION EQUATIONS
FOR REFERENCE CROP EVAPOTRANSPIRATION
CALCULATION IN HUMID CHINA
Suyan Chen1,2, Junzeng Xu1,2,*, Qi Wei1, Junmei Wang2, Yuping Lv2, Yan Ma2, Qi Liao2
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agement [1-4]. Many approaches have been developed for the estimation of ET 0. Among them, Penman-Monteith (FAO-56 PM) equation recommended by the Food and Agriculture Organizations
(FAO) is accepted as the standard method [5-8].
Although the FAO-56 PM has been proved accurate at different temporal scales and suitable in
many regions [9], the large amount of input variables
limited its widespread application, as some variables
are usually not available for a given location. Thus,
a number of attempts have been done to solve this
problem. With rapid development of artificial intelligence, artificial neural networks (ANN) were used
to calculate ET0 with different combinations of input
variables [10, 11]. But the ANN methods were
black-box methods and could not provide the explicit formula for ET0 calculation [12-14], that became the main shortcoming of those methods which
restricted its popularization.
Function discovery methods, such as GEP
(gene expression programming), GP (genetic programming) and SR (symbolic regression) methods
offered new means for ET 0 estimation. Comparing
with ANN, the function discovery methods estimated ET0 with explicit mathematical formulas.
Compared with traditional regression, function discovery methods tried to find both the algorithms and
the parameters of the mathematical equation automatically without specifying the structure of the
equation in advance [15, 16]. Guven et al. [16] firstly
applied a GEP model for ET 0 estimation in California with solar radiation, relative humidity, air temperature and wind speed as inputs. Then, the GEP
equation with inputs of air temperature and solar radiation was proved perform better than PriestleyTaylor in Northern Spain, and perform better than
Hargreaves-Samani (HS) with only temperature as
input [17]. Recently, the SR method was used to establish function for ET0 estimation with the same inputs of HS equation in Arid China [18]. General conclusion was drawn that building equations with the
less input variables by the function discovery
method might provide explicit formula for ET 0 estimation [18-20]. While one shortcoming of the equations established by function discovery methods is
that the equation is generally site-specific in both
equation structure and coefficients [17, 18, 20, 21].

ABSTRACT
The symbolic regression (SR) method has been
applied to calculate reference crop evapotranspiration (ET0) in arid china, and was proved suitable to
find site-specific equations. However, its application
in humid regions has not been discussed and the difference between the equations in different regions is
still unknown. The SR method was engaged to establish equations with the same inputs to HargreavesSamani (HS) equation for ET0 estimation in humid
China. For each station, the most precise equation,
the simplest equation and the trade-off equation (to
balance the complexity and accuracy) were selected
out and evaluated. The results showed that the SR
equations could be used for ET0 calculation in humid
China, and performed better than the local calibrated
HS equation. The most precise equations largely varied among stations in both structures and terms in
humid and arid China, and they included more terms
with high complex index (CI) value in humid China.
The simplest equations were uniform in structure either in arid or in humid stations, but the variables included were the daily minimum air temperature (T mi)
and temperature range (TR) in humid China rather
than maximum air temperature (T ma) and the extraterrestrial radiation (Ra) in arid China. For trade-off
equations, three different structures were found for
five stations in humid China. The variables of T mi,
TR and Ra was included in trade-off equations in humid China instead of Tma and Ra in arid China. It indicated that Ra and Tma were the important variables
in determining reference evapotranspiration in arid
region, while Tmi, TR and Ra played a vital role in
estimating ET0 in humid region.
KEYWORDS:
symbolic regression, reference crop evapotranspiration,
function discovery methods, equation structure

INTRODUCTION
Estimation of daily reference crop evapotranspiration (ET0) is necessary for irrigation scheduling,
hydrological modelling and water resources man-
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In current research, based on meteorological
data collected from several stations in humid China,
the SR-based equations were established with the
same inputs to HS equation, to test if it performed
well in humid China, and to analyze the difference in
equation structures to results in arid China.

To overcome this problem, Xu et al. [18] tried to select out a trade-off equation with uniform equation
structure for all the five stations and low complex index, and proved that the trade-off equation performed better than the locally calibrated HS equation. The influence of different meteorological variables on ET0 estimation is quite different among different climate regions. Traore et al. [10] concluded
that wind velocity was the most effective variable for
calculating ET0 by ANN in Burkina Faso. However,
relative humidity and wind velocity were critical for
ET0 calculation by GEP method in a semiarid zone
[20]. According to sensitive analysis, the most sensitive variables to ET0 were solar radiation and wind
speed in a moderate humid region in Belgium [22].
While in humid China, the most sensitive variable
was relative humidity, followed by shortwave radiation [23]. By using attribution analysis in arid China,
Tang et al. [24] drew a conclusion that the largest
effect on ET0 rates was given by air temperature
compared with other climate variables. That means
the most effective variable might be different in different regions and climate conditions. If the performance and structure of SR-based equations (with the
same inputs of simple HS method) developed in humid region are different from developed in arid region is still unknown.

DATA AND METHODS
Data collection. Data from five meteorological
stations in humid region of China were collected
from the Chinese Meteorological Data Sharing Service System (http://cdc.cma.gov.cn). The data set includes basic meteorological data used for ET0 calculation by FAO-PM equation such as maximum air
temperature (Tma), minimum air temperature (T mi),
average temperature, air humidity (RHa), sunshine
hours (n), and 24-h wind speed at 2m height (u2). The
locations are shown in Figure 1, and detailed information for each meteorological station is listed in
Table 1. The data were categorized into two groups
for model calibration (1999-2004) or validation
(2005-2007).

FIGURE 1
Locations of five selected stations in humid China
TABLE 1
Geographic and climatic characteristics of the selected stations
Stations
Guilin(GL)
Hangzhou(HZ)
Nanchang(NC)
Wuhan(WH)
Changsha(CS)

Latitude
(°)

Longitude
(°)

Altitude
(m)

Annual rainfall (mm)

25.19
30.14
28.36
30.37
28.12

110.18
120.10
115.55
114.08
113.05

164.4
41.7
46.9
23.1
44.9

1860.1
1334.4
1610.7
1235.7
1388.4
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daily temperature (ć)
Maximum
Minimum
Average
23.83
16.45
19.50
22.11
14.23
17.64
22.42
15.47
18.50
22.24
14.89
18.02
22.17
14.88
17.92

wind velocity
(m s-1)
2.25
2.00
1.76
1.22
2.21
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each station with R-VTXDUHGJRRGQHVVRIILWDVWKH¿W
ness function.

FAO-56 PM equation. Daily ET0 calculated
by the FAO-56 PM equation is used as standard for
equation development and the performance evaluation of different equations [25], it can be expressed
as:
900
0.408'( Rn  G )  J
˄es -ea˅
T  273
(1)
ET0
' +J˄1+0.34u2˅
where Rn and G are net radiation and soil heat
flux (MJ m-2d-1), u2 is mean daily wind speed at 2m
height (m s-1), es and ea are the saturation and actual
vapor pressure (kPa), ǻ is the slope of the saturation
vapor pressure temperature curve (kPa ºC-1), Ȗ is the
psychrometric constant (kPa ºC-1), T is the mean
daily air temperature (ºC). For daily ET 0 calculation
based on the data set, Rn were determined based on
shine hours following the procedure recommended
by Allen et al. [25].

Model performance evaluation. The
weighted coefficient of determination (WR2), mean
absolute error (MAE) and root mean square error
(RMSE) were used to evaluate the performance of
the equation.
dR 2 ˄d d 1˅
(3)
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where d is the slope of linear regression (the
ET0 estimated by PM equation as dependent variable
y, and the ET0 by HS, local calibrated HS or SR
equation as independent variable x); R2 is coefficient
of determination. yi is the ET0 by PM and xi is the
ET0 by HS, local calibrated HS or SR equation for
the ith data sets, M is the total numbers of data.

HS equation.
(2)
0.408 u C u TR E u˄Tme +17.8˅u Ra
where TR and Tme are the daily temperature
range and daily mean air temperature (ºC), calculated as TR=(Tma-Tmi) and Tme =(Tma + Tmi)/2, Ra is
the extraterrestrial radiation (MJ m-2d-1), Tma and Tmi
are the daily maximum and minimum temperature
(ºC). The recommend values for C, E are 0.0023 and
0.5 respectively. In current research, the HS equation
was locally calibrated to determine the values of C
and E for each specific station.
ET0

RESULTS AND DISSUSIONS
The local calibrated HS equations and its
performance. The calibrated values of C and E in
humid region in China deviated from recommended
values (C=0.0023, E=0.50) in HS equation (Table 2),
with all the values of C less than 0.0023 and values
of E larger than 0.5. The value of C varied from
0.00115 to 0.00143, with an average of 0.00132. The
value of E ranged from 0.64 to 0.72, with an average
of 0.67. It was quite different from the results in arid
China, where C were mostly larger than 0.0023 and
E mostly less than 0.5 [18]. For the station of GL
with the highest annual average temperature (19.5
ºC) among all the five stations, C was the maximum
and E was the minimum, while for station of HZ
which is with the lowest annual average temperature
(17.64 ºC), C was the minimum and E was the maximum.

Intelligent Symbolic Regression Method.
The application of symbolic regression algorithm is
to find the relationship between the dependent variables and the independent variables automatically,
and an explicit expression to reveal this relationship
[26]. In this research, Tma, Tmi, Ra, Tme, TR were set
as independent variables, and ET 0 calculated by PM
equation as dependent variables. Function sets included c (constant), x, ex, log (x), xa, +,-, *, /. The
corresponding complex index (CI) value of each
function was 1, 1, 4, 4, 5, 1, 1, 1, and 2. The software
of Eureqa [18, 27] was used to find equations for

TABLE 2
The C, E values and performance of local calibrated HS equation
Equation

HS
equation

The calibrated
HS equation

Station

C

E

GL
HZ
NC
WH
CS
GL
HZ
NC
WH
CS

0.00230
0.00230
0.00230
0.00230
0.00230
0.00143
0.00115
0.00138
0.00135
0.00128

0.50
0.50
0.50
0.50
0.50
0.64
0.72
0.68
0.67
0.66

y=dx
y = 0.838x
y = 0.819x
y = 0.873x
y = 0.836x
y =0.796x
y = 1.000x
y = 1.000x
y = 1.000x
y = 1.000x
y = 1.000x

Calibration data
MAE
WR2
(mm d-1)
0.554
0.843
0.622
0.783
0.662
0.690
0.659
0.694
0.611
0.822
0.673
0.663
0.780
0.567
0.771
0.578
0.798
0.502
0.780
0.531

RMSE
(mm d-1)
1.042
1.019
0.903
0.912
1.044
0.852
0.767
0.777
0.716
0.753

y=dx
y = 0.851x
y =0.885x
y = 0.956x
y = 0.890x
y = 0.840x
y = 1.017x
y = 1.015x
y = 1.096x
y = 1.058x
y = 1.056x

Validation data
MAE
WR2
(mm d-1)
0.597
0.781
0.712
0.651
0.741
0.616
0.702
0.636
0.644
0.745
0.723
0.629
0.795
0.573
0.711
0.635
0.737
0.549
0.716
0.590

RMSE
(mm d-1)
0.979
0.881
0.833
0.865
0.975
0.806
0.803
0.860
0.813
0.829

x was the ET0 estimated by HS or calibrated HS equation, and y was the ET 0 estimated by FAO-56PM equation.
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equation, RMSE and MAE declined by 17.77% 34.26% and 17.70% - 37.99% for the most precise
equation, and declined by -0.23% - 22.98% and 1.54% - 22.82% for the simplest equation. Both the
most precise and simplest equation based on SR
method performed better than the HS equation.
Compared with local calibrated HS equation, the
most precise equation also performed much better,
but the simplest equation performed almost the
same. For the most precise equation, MAE and
RMSE were 14.31% - 21.70% and 13.03% - 22.68%
lower than local calibrated HS equation. For the simplest one, MAE and RMSE were -16.03% - 5.88%
and -6.64% - 6.45% lower than the local calibrated
HS equation.
7KHPRVWSUHFLVHHTXDWLRQSHUIRUPHGWKHEHVW
EXWZDVYHU\FRPSOH[DQGYDULHGJUHDWO\LQHTXDWLRQ
VWUXFWXUHDPRQJVWDWLRQV7KHVLPSOHVWRQHZDVMXVW
RQWKHRSSRVLWH2QHWUDGHRIIHTXDWLRQZDVVHOHFWHG
RXW IRU HDFK VWDWLRQ IURP WKH HTXDWLRQV LQ7DEOH 
7KH&,YDOXHRIWKHWUDGHRIIHTXDWLRQVZDV7KH
SHUIRUPDQFHRIWKHWUDGHRIIHTXDWLRQZDVEHWWHUWKDQ
WKHVLPSOHVWRQHDQGWKHORFDOFDOLEUDWHG+6&RP
SDUHG ZLWK WKH ORFDO FDOLEUDWHG +6 HTXDWLRQ 0$(
DQG506(UHGXFHGE\DQG
7KXVWKHWUDGHRIIHTXDWLRQUHVXOWHGLQD
EHWWHU (7 FDOFXODWLRQ ZLWK DQ DFFHSWDEOH HTXDWLRQ
FRPSOH[LW\
7KHUHVXOWVLQGLFDWHGWKDW65PHWKRGFRXOGJLYH
VHYHUDODOWHUQDWLYHHTXDWLRQVIRU(7FDOFXODWLRQZLWK
OHVVLQSXWYDULDEOHV%\XVLQJ65PHWKRGIRU(7FDO
FXODWLRQ\RXVKRXOGXVHDYHU\FRPSOH[DQGVLWHVSH
FLILFHTXDWLRQWRREWDLQDKLJKDFFXUDF\RI(7HVWL
PDWLRQ RU WKH DFFXUDF\ ZDV ORZ LI \RX HQJDJHG D
VLPSOH DQG OHVV YDULDEOH HTXDWLRQ 7KH WUDGHRII
HTXDWLRQZKLFKEDODQFHGWKHHTXDWLRQFRPSOH[DQG
DFFXUDF\ZDVDSSURSULDWHWRXVHIRU(7HVWLPDWLRQ

Compared with the HS equation with recommended coefficients, the performance of the local
calibrated HS equation was much better for the validation data set. RMSE and MAE of ET0 by local calibrated HS equation fell in 0.803 - 0.860 mm d-1 and
0.549 - 0.635 mm d-1, reduced by -0.027 - 0.173 mm
d-1 and by -0.019 - 0.155 mm d-1 compared with the
performance of HS equation. The errors in ET 0 calculation by the local calibrated equation reduced in
stations other than NC. The WR2 between ET0 by local calibrated HS and PM equation ranged from
0.673 to 0.798, 0.109 - 0.169 higher than that by HS
and PM equation. Overall, the performance of local
calibrated HS equation for ET0 estimation was better
than HS equation in humid region.
Symbolic regression equations and its performance. For each station, there were several equations with different structures and complexity (listed
in Table 3). Generally, with the increase in the complexity of equation, the performance of the equation
increased (Figure 2). This conclusion was consist
with the results in arid China [18]. Both the most precise equation and simplest equation were selected
out and listed in Table 4, a trade-off equation for
each station was figured out to balance the equation
complexity and accuracy (also listed in Table 4).
The daily ET0 calculated by the SR equations
for the validation data set were plotted in Figure 3.
Generally, the most precise equation which also was
the most complex one, performed the best in ET0 calculation. The complex index (CI) values of the most
precise equations ranged from 29 to 46, while the
simplest equation the CI value was 7. The RMSE and
MAE of the most precise equation fell in the range
of 0.641- 0.701 mm d-1 and 0.462-0.539 mm d-1, generally 7.03% - 23.53% and 8.95% - 26.69% lower
than the simplest equation. Compared with the HS
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TABLE 3
SR models at each selected station in humid China
Station

GL

HZ

NC

WH

CS

SR model

R2

RMSE
(mm d-1)

MAE
CI
(mm d-1)

ET0 =0.772+0.0159*Tmi*TR
ET0 =TR(0.0231*Tme)
ET0 =0.997+0.0179*Tmi*TR-0.0243*Tme
ET0 =2.507+0.00048*Tmi*TR*Ra-0.0566*Ra
ET0 =1.646+0.00048*Tmi*TR*Ra-0.0009*Ra2
ET0 =0.312+0.253*TR+0.00041*Tmi*Tme*TR-0.0101*TR2
ET0 =2.980+0.00058*Tme*TR*Ra-0.0792*Ra-0.00057*Tme*TR2
ET0 =1.821+0.0006*Tme*TR*Ra-0.0013*Ra2-0.00061*Tme*TR2
ET0 =2.410+0.0119*TR*Ra+6.621e-5*Tme*Tma2-0.0828*Ra-0.0131*TR2
ET0
=2.536+0.2816/TR-1.698/Tma+0.0128*TR*Ra+1.950e-6*Tma2*Tme2-0.0837*Ra0.0136*TR2
ET0=2.612-1.083/Tma+0.0135*TR*Ra+0.0011*0.506TR*Ra2+2.021e-6*Tma2*Tme20.0911*Ra-0.0148*TR2
ET0 =0.711+0.0168*Tmi*TR
ET0 =0.725+0.00036*Tme*TR*Ra
ET0 =0.00609*TR*Ra+0.00044*TR*Tmi2
ET0 =0.361+0.00493*TR*Ra+0.00045*TR*Tmi2
ET0 =0.329+0.00589*TR*Ra+1.591e-5*TR*Tmi3
ET0 =0.415+0.00737*TR*Ra+1.492e-5*TR*Tmi3-0.0530*TR
ET0 =0.207+0.00777*TR*Ra+1.431e-5*TR*Tmi3-0.00389*TR2
ET0 =0.737+0.0105*TR*Ra+1.437e-5*TR*Tmi3-0.0275*Ra-0.00853*TR2
ET0 =0.258+0.00986*TR*Ra+0.00718*Tme*TR+0.00012*Tme*Tmi2-0.00201*Tme*Ra0.0113*TR2
ET0
=0.337+0.0100*TR*Ra+0.00813*Tme*TR+3.809e-6*Tme*Tmi3-0.00179*Tme*Ra0.0131*TR2
ET0 =0.363+0.0117*TR*Ra+0.00504*Tme*TR+1.156e-7*Tmi5-0.00080*Ra2-0.0137*TR2
ET0
=0.628+0.00943*TR*Ra+3.744e-9*Tmi6+0.00018*Tme*TR*Ra-0.00083*Ra20.0106*TR2
=0.443+0.00914*TR*Ra+3.716e-9*Tmi6+0.00019*Tme*TR*Ra-1.762e-5*Ra3ET0
0.0105*TR2
ET0 =0.564+0.0189*Tmi*TR
ET0 =0.917+0.00054*Tmi*Tma*TR
ET0 =0.158*TR+0.0001*Tme*Tma2
ET0 =0.546+0.0991*TR+0.00065*TR*Tmi2
ET0 =0.508+0.00414*TR*Ra+0.00055*TR*Tmi2
ET0 =0.483+0.00551*TR*Ra+1.879e-5*TR*Tmi3
ET0 =0.470+0.00447*TR*Ra+0.00373*Tmi*TR+1.551e-5*TR*Tmi3
ET0 =1.615+0.0137*TR*Ra+8.993e-5*Tmi*Tma2-0.0702*Ra-0.0160*TR2
ET0 =0.606+0.0137*TR*Ra+9.270e-5*Tmi*Tma2-0.00119*Ra2-0.0159*TR2
ET0 =0.403+0.0142*TR*Ra+2.490e-6*Tmi*Ra*Tma2-3.121e-5*Ra3-0.0160*TR2
ET0 =0.548+0.435TR+0.0138*TR*Ra+9.333e-5*Tmi*Tma2-0.00122*Ra2-0.0154*TR2
ET0=0.838+0.0123*TR*Ra+0.00034*Tme*TR*Ra+7.004e-5*Tme*Tma2-0.151*TR3.639e-5*Ra3-0.0010*Tme*TR2
ET0 =0.438+0.0184*Tmi*TR
ET0 =0.626+0.00048*Tmi*TR*Ra
ET0 =0.897+1.335e-5*TR*Ra*Tme2
ET0 =0.262+0.00398*TR*Ra+0.00058*TR*Tmi2
ET0 =0.383+0.00397*TR*Ra+1.421e-5*TR*Ra*Tmi2
ET0 =1.064+7.621e-5*Tmi3+0.00051*Tmi*TR*Ra-0.0731*Tmi
ET0 =0.904+0.00023*Tmi3+0.00051*Tmi*TR*Ra-0.00667*Tmi2
ET0 =0.897+5.466e-6*Tmi4 + 0.00052*Tmi*TR*Ra-0.00436*Tmi2
ET0 =0.841+1.3016e-7*Tmi5+0.00052*Tmi*TR*Ra-0.00298*Tmi2
ET0
=0.497+0.00033*Tme3+0.00103*Tme*TR*Ra-0.00022*Tma*Tme*Ra0.00069*Tma*Tme*TR
ET0
=0.749+7.419e-6*Tmi4+0.00099*Tmi*TR*Ra-0.00015*Tmi*Tma*Ra0.00034*Tmi*Tma*TR
ET0 =0.530+0.0169*Tmi*TR
ET0 =0.873 +0.00055*Tmi*Tme*TR
ET0 =0.806+0.00535*Tma2-0.10115Tmi
ET0 =0.462+0.0819*TR+0.00061TR*Tmi2
ET0 =0.516+0.0924*TR+1.481e-5*TR*Ra*Tmi2
ET0 =0.469+0.00443*TR*Ra+1.822e-5*TR*Tmi3
ET0 =0.331+0.0159Tme+0.00421*TR*Ra+1.622 e -5*TR*Tmi3
ET0 =2.085+0.0114*TR*Ra+0.00011*Tmi*Tma*Tme-0.0651*Ra-0.190*TR
ET0 =0.472+0.0173*Tmi*TR+0.00558*TR*Ra+0.00022*Tme*Tmi2-0.00511*Tma2
ET0 =0.457+0.0133*Tmi*TR+0.00416*TR*Ra+5.061e-6*Tme*Tmi3-0.00238*Tma2

0.747
0.754
0.749
0.765
0.765
0.766
0.774
0.775
0.780

0.754
0.742
0.751
0.726
0.725
0.725
0.712
0.710
0.702

0.592
0.585
0.582
0.569
0.567
0.562
0.554
0.553
0.542

7
9
11
13
15
19
21
23
25

0.780

0.702

0.541

37

0.780

0.701

0.539

46

0.764
0.805
0.818
0.830
0.833
0.836
0.837
0.837

0.852
0.774
0.749
0.722
0.716
0.711
0.709
0.708

0.661
0.561
0.546
0.520
0.520
0.513
0.511
0.510

7
9
13
15
17
21
23
27

0.841

0.700

0.504

33

0.846

0.688

0.496

35

2352

0.847

0.686

0.497

37

0.849

0.681

0.488

41

0.850

0.680

0.487

43

0.777
0.803
0.808
0.826
0.827
0.831
0.833
0.837
0.838
0.839
0.840

0.814
0.766
0.756
0.719
0.718
0.710
0.705
0.697
0.693
0.693
0.690

0.604
0.586
0.596
0.536
0.528
0.528
0.522
0.521
0.518
0.515
0.510

7
9
11
13
15
17
23
25
27
31
35

0.841

0.685

0.507

43

0.739
0.795
0.812
0.814
0.824
0.826
0.835
0.841
0.842

0.867
0.768
0.735
0.730
0.710
0.708
0.689
0.676
0.673

0.637
0.535
0.520
0.512
0.485
0.496
0.490
0.481
0.477

7
9
11
15
17
21
23
25
27

0.843

0.671

0.456

33

0.847

0.662

0.466

35

0.765
0.808
0.819
0.824
0.829
0.835
0.837
0.838
0.843
0.848

0.799
0.721
0.699
0.690
0.679
0.667
0.665
0.662
0.652
0.640

0.574
0.536
0.521
0.493
0.488
0.479
0.477
0.479
0.467
0.462

7
9
11
13
15
17
21
23
27
29
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DQGVWUXFWXUHVZHUHYDULHGJUHDWO\DPRQJVWDWLRQV
75 5DZDVLQFOXGHGLQWKHPRVWSUHFLVHHTXDWLRQ
IRU IRXU VWDWLRQV H[FHSW:+ 0RUHRYHU 5D DQG
7PH 75  5D DSSHDUHG LQ WKH PRVW SUHFLVH HTXD
WLRQVRI*/+=DQG1&%XWWKHPDMRULW\RIRWKHU

6WUXFWXUHV RI WKH V\PEROLF UHJUHVVLRQ
HTXDWLRQV 7KH VLPSOHVW HTXDWLRQ VKDUHG WKH
XQLTXHIRUPRI(7 DE 7 PL 75DPRQJILYH
VWDWLRQVRQO\LQFOXGHGWKHWHUPRI7PL 75 7DEOH
 :KLOHIRUWKHPRVWSUHFLVHHTXDWLRQWKHIRUP
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WHUPVLQFOXGHGLQWKHPRVWSUHFLVHHTXDWLRQVRQO\
DSSHDUHGLQRQHHTXDWLRQRIILYH:KHQLWFDPHWR
WKH WUDGHRII HTXDWLRQ WKH VWUXFWXUH RI WKH HTXD
WLRQZDVOHVVFRPSOH[WKDQDQGYDULDEOHWKDQWKH
PRVWSUHFLVHRQHDQGVOLJKWO\PRUHFRPSOH[WKDQ
WKHVLPSOHVWRQH7KHVWDWLRQVRI+=1&DQG:+
VKDUHGWKHVDPHHTXDWLRQVWUXFWXUHRI(7 DE 
5D 75 F 75 7PL %XW IRU VWDWLRQ RI */ DQG
&6WKHVWUXFWXUHVZHUHGLIIHUHQWIURPHDFKRWKHU
DQGFRXOGEHZULWWHQDV(7 DE 7PL 5D 75
F 5DDQG(7 DE 75F 75 5D 7PL
UHVSHFWLYHO\ $OWKRXJK WKHUH ZDV GLIIHUHQFH LQ
HTXDWLRQ VWUXFWXUH WKH VDPH WKLQJ FOHDUO\ RE
VHUYHGZDVWKDWWKHWUDGHRIIHTXDWLRQRIHDFKVWD
WLRQLQFRUSRUDWHGYDULDEOHVRI5D7PLDQG75
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,QDULG&KLQDWKHWUDGHRIIHTXDWLRQZDVHVWDEOLVKHG
E\DGGLQJDVLQJOHWHUPRI5DEDVHGRQWKHVLPSOHVW
RQH +RZHYHU IRU WKH WUDGHRII HTXDWLRQ LQ KXPLG
&KLQDYDULDEOHRI5DZDVVRPHWLPHVDGGHGDVDWHUP
RI5D */ WRWKHVLPSOHVWHTXDWLRQDQGVRPHWLPHV
ZDVDGGHGE\PXOWLSO\LQJZLWK5D IRU+=:+1&
DQG&6 0RUHRYHUWKH QXPEHURIYDULDEOH7 PLLQ
FUHDVHGWRQ 7KHVHFKDQJHVOHGWRKLJKHU&,YDOXH
RI WKH WUDGHRII HTXDWLRQ LQ KXPLG &KLQD &,  
WKDQLQDULG&KLQD &,  )RUWKHPRVWSUHFLVHHTXD
WLRQLWZDVKDUGWRUHDFKXQLW\LQHTXDWLRQVWUXFWXUH
ERWKLQKXPLGDQGDULGUHJLRQ$QGWKHUHZHUHPRUH
WHUPVZLWKKLJK&,YDOXHLQWKHPRVWSUHFLVHHTXDWLRQ
LQKXPLGUHJLRQWKDQWKDWLQDULG&KLQDWKHSRZHURI
VHYHUDO YDULDEOHV VXFK DV 7PD  7PL  5D  ZDV DOVR
KLJKHU0RUHRYHUWKH PRVWSUHFLVH HTXDWLRQLQ KX
PLG UHJLRQ ZDV PDGH XS RI PRUH YDULRXV W\SHV RI
WHUPVFRPSDUHGWRWKDWLQDULGUHJLRQ9DULDEOHV5D
DQG75ZHUHLQFOXGHGLQDOOWKHPRVWSUHFLVHHTXD
WLRQVLQKXPLG&KLQDEXWLQDULGUHJLRQYDULDEOHV5D
DQG7PDDSSHDUHGWKHPRVWIROORZHGE\757 PLDQG
7PH,WZDVLQWHUHVWLQJWKDWYDULDEOH7PDZDVLQFOXGHG
LQDOOWKHVLPSOHVWDQGWUDGHRIIHTXDWLRQVLQDULGVWD
WLRQV DQG IUHTXHQWO\ DSSHDUHG LQGLYLGXDOO\7 PD RU
PXOWLSOLHG ZLWK RWKHU WHUPV  LQ WKH PRVW SUHFLVH
HTXDWLRQV%XWLQKXPLGUHJLRQ7 PDZDVQRWDQLP
SRUWDQWYDULDEOHLQDOOWKHHTXDWLRQVGHYHORSHGE\65
PHWKRG7PLZHUHIUHTXHQWO\LQFOXGHGLQGLYLGXDOO\RU
PXOWLSOLHGZLWKRWKHUV

&RPSDULQJ ZLWK WKH HTXDWLRQV GHULYHG LQ DULG
&KLQD>@WKHHTXDWLRQVZHUHGLIIHUHQWLQWHUPVLQ
FOXGHG DQG VWUXFWXUH )RU WKH VLPSOHVW HTXDWLRQ
ZKLFK VKDUHG WKH VDPH VWUXFWXUH RI (7  D  E 
7PL 75LQKXPLGUHJLRQEXWLWZDVLQDQRWKHUXQL
IRUPVWUXFWXUHRI(7 DE 7PD 5DLQDULGUHJLRQ
)RU WKH WUDGHRII HTXDWLRQ LW VKDUHG WKH XQLIRUP
VWUXFWXUHRI(7 D 5DE 7PD 5DLQDULGUHJLRQ
EXWWKHUHZHUHWKUHHHTXDWLRQVWUXFWXUHVIRUWKHILYH
VWDWLRQVLQKXPLG&KLQD (7 DE 7PL 75 5D
F 5D(7 DE 75F 75 5D 7PLDQG(7
DE 75 5DF 75 7PL
&RPSDUHGZLWKWKHVLPSOHVWHTXDWLRQVWUXFWXUH
DQGIRUPRIWUDGHRIIHTXDWLRQVZHUHPRUHFRPSOH[

TABLE 4
Three selected equations at different stations in humid area and their performances

Group

Station

GL

HZ
The most
precise
equation

NC

WH

CS
GL
The simHZ
plest equa- NC
tion
WH
CS
GL
HZ
The
trade-off
NC
equation
WH
CS

Equations

CI

ET0 =2.6121.083/Tma+0.0135*TR*Ra+0.00109*0.506TR
*Ra2 +2.022e-6*Tma2*Tme2-0.0911*Ra-0.0148*TR2
ET0=0.443+0.00914*TR*Ra+3.716e9
*Tmi6+0.00019*Tme
*TR*Ra-1.762e-5*Ra3-0.0105*TR2
ET0=0.838+0.0123*TR*Ra+0.00034*Tme*TR*Ra+7.0
04e-5
*Tme*Tma2-0.151*TR-3.639e-5*Ra3-0.00102*Tme*TR2
ET0=0.749+7.419e-6*Tmi4+0.00099*Tmi*TR*Ra0.00015
*Tmi*Tma*Ra-0.00034*Tmi*Tma*TR
ET0=0.457+0.0133*Tmi*TR+0.00416*TR*Ra+5.061e6

*Tme*Tmi3- 0.00238*Tma2
ET0 =0.772+0.0159*Tmi*TR
ET0 =0.711+0.0168*Tmi*TR
ET0 =0.564+0.0189*Tmi*TR
ET0 =0.438+0.0184*Tmi*TR
ET0 =0.530+0.0169*Tmi*TR
ET0 =1.646+0.00048*Tmi*TR*Ra-0.0009*Ra2
ET0 =0.361+0.00493*TR*Ra+0.00045*TR*Tmi2
ET0 =0.508+0.00414*TR*Ra+0.00055*TR*Tmi2
ET0 =0.262+0.00398*TR*Ra+0.00058*TR*Tmi2
ET0 =0.516+0.0924*TR+1.481e-5*TR*Ra*Tmi2
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Calibration data
Validation data
RMSE
MAE
MAE RMSE
WR2
WR2
(mmd-1) (mmd-1)
(mmd-1) (mmd-1)

46

0.745 0.579

0.752

0.778 0.539

0.701

43

0.849 0.526

0.698

0.841 0.487

0.680

43

0.800 0.504

0.681

0.870 0.507

0.685

35

0.834 0.428

0.612

0.832 0.467

0.663

29

0.825 0.470

0.664

0.863 0.462

0.641

7
7
7
7
7
15
15
15
15
15

0.695
0.726
0.739
0.762
0.767
0.719
0.788
0.780
0.816
0.812

0.821
0.821
0.798
0.760
0.758
0.786
0.715
0.719
0.649
0.683

0.745
0.748
0.746
0.719
0.745
0.762
0.814
0.800
0.802
0.810

0.754
0.852
0.814
0.867
0.799
0.725
0.722
0.719
0.731
0.679

0.654
0.653
0.614
0.568
0.554
0.617
0.532
0.537
0.454
0.493

0.592
0.661
0.604
0.637
0.575
0.567
0.520
0.528
0.512
0.488
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TABLE 5
Variables and combined terms in different equations in arid and humid China
SR model

Term

The most
precise
equation

Constant
Tmi
Tma
Ra
TR
Tme
Tmi*Tma
Tmi*Ra
Tma*Ra
Tma*TR
Tmin*TR
Ra*TR
Tme *TR
Tma*Tme
Ra*Tme
Ra/TR
Tmi2
Tma2
Ra3
Tmi4
Tmi6
TR2
Tme*TR*Ra
Tmi*TR*Ra
Tmi*Tma*Ra
Tmi*Tma*TR
Tme*TR2
Tme*Tma2
Tme *Tmi3
Constant
Tma*Ra
Tmi*TR
Constant
Ra
TR
TR*Ra
Tma*Ra
Tmi*Ra*TR
Ra2
Tmi2*TR
Tmi2*Ra*TR

The simplest
equation
The trade-off
equation

Stations in arid Region
Stations in humid Region
Dunhuang Urumqi Jiuquan Minqin Geermu Guilin Hangzhou Nanchang Wuhan Changsha
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1`
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1 Value of 1 indicated it was included in the equation for a certain station.
2 Equations for stations in arid China were cited from reference by Xu et al.[18]
HTXDWLRQSHUIRUPHGWKH EHVW7KH 65HTXDWLRQV IRU
(7 FDOFXODWLRQ LQ KXPLG &KLQD ZHUH GLIIHUHQW LQ
WHUPVLQFOXGHGDQGVWUXFWXUHVIURPWKHUHVXOWVLQDULG
&KLQD )RU WKH PRVW SUHFLVH RQH LWV VWUXFWXUHV DQG
WHUPVZHUHODUJHO\YDULHGDPRQJVWDWLRQVDQGWKHUH
ZHUH PRUH WHUPV ZLWK KLJK &, YDOXH LQFOXGHG LQ
HTXDWLRQVLQKXPLGWKDQLQDULG&KLQD7KHVLPSOHVW
RQHVKDUHGDXQLIRUPVWUXFWXUHRI(7  DE 7PD
5DLQDULG&KLQDZKLOHSUHVHQWHGDV(7  DE 
7PL 75 LQ KXPLG &KLQD 7KH WUDGHRII HTXDWLRQ
VKDUHGWKHVWUXFWXUHRI(7 D 5DE 7PD 5DLQ
DULG&KLQDDQG7PL75DQG5DZHUHSUHVHQWHGLQGLI
IHUHQWIRUPVDPRQJVWDWLRQVLQKXPLG&KLQD$GGL
WLRQDOO\UDGLDWLRQ5DDQG PD[LPXPGDLO\WHPSHUD
WXUH7PDZHUHWKHLPSRUWDQWYDULDEOHVLQGHWHUPLQLQJ
UHIHUHQFH HYDSRWUDQVSLUDWLRQ LQ DULG UHJLRQ ZKLOH
PLQLPXP GDLO\ WHPSHUDWXUH 7PL GDLO\ WHPSHUDWXUH
UDQJH75DQGUDGLDWLRQ5DSOD\HGDYLWDOUROHLQHVWL
PDWLQJ(7LQKXPLGUHJLRQ

For the simplest and trade-off equations, Ra and
Tma were generally the only two variables included
in Tma * Ra form at different stations in arid China
[18], while the most appeared variables were T mi and
TR with the same form of Tmi *TR among different
stations in humid China. Tma and Ra were variables
included in trade-off equations with the same form
in arid China, while Tmi, TR and Ra were presented
in different forms in humid China. It indicated that
the important variables in determining reference
evapotranspiration were Tma and Ra in arid region,
while it should be Tmi, Ra and TR in humid region.

CONCLUSIONS
7KH65HTXDWLRQVFRXOGEHXVHGIRU(7 FDOFX
ODWLRQLQKXPLG&KLQDDQGSHUIRUPHGEHWWHUWKDQWKH
ORFDOFDOLEUDWHG+6HTXDWLRQZLWKWKHPRVWSUHFLVH

2355

© by PSP

Volume 27 ± No. 4/2018 pages 2348-2357

ACKNOWLEDGEMENTS

Fresenius Environmental Bulletin

[9] Zhong, F.L., Sheng, Q., Wang, S.B., Lin, B.Y.,
Zhou, X.Z., Xu, R., Chen, L.Z. and Lin, Y.Z.
(2017) Precision irrigation scheduling for greenhouse tomato based on analysis of environmental character and the Pen-Monteith model.
Fresen. Environ. Bull. 26, 6938-6944.
[10] Traore, S., Wang, Y.M. and Kerh T. (2010) Artificial neural network for modeling reference
evapotranspiration complex process in SudanoSahelian zone. Agricultural Water Management. 97(5), 707-714.
[11] Yassin, M.A., Alazba, A.A. and Mattar, M.A.
(2016) Artificial neural networks versus gene
expression programming for estimating reference evapotranspiration in arid climate. Agricultural Water Management. 163(1), 110-124.
[12] Aghajanloo, M.B., Sabziparvar, A.A. and Talaee, P.H. (2013) Artificial neural network±genetic algorithm for estimation of crop evapotranspiration in a semi-arid region of Iran. Neural Computing & Applications. 23(5), 13871393.
[13] Khoob, A.R. (2008) Comparative study of harJUHDYHV¶VDQGDUWLILFLDOQHXUDOQHWZRUN¶VPHWK
odologies in estimating reference evapotranspiration in a semiarid environment. Irrigation Science. 26(3), 253-259.
[14] Sudheer, K.P., Gosain, A.K. and Ramasastri,
K.S. (2003) Estimating actual evapotranspiration from limited climatic data using neural
computing technique. Journal of Irrigation &
Drainage Engineering. 129(3), 214-218.
[15] Ferreira, C. (2001) Gene expression programming: A new adaptive algorithm for solving
problems. Computer Science. 21(2), 87-129.
[16] Guven, A., Aytek, A., Yuce, M.I. and Aksoy, H.
(2008) Genetic programmingǦbased empirical
model for daily reference evapotranspiration estimation. Clean ± Soil Air Water. 36(10-11),
905-912.
[17] 6KLUL - .LúL g /DQGHUDV * /ySH] --
Nazemi, A.H. and Stuyt, L.C.P.M. (2012) Daily
reference evapotranspiration modeling by using
genetic programming approach in the Basque
country (northern Spain). Journal of Hydrology.
414±415, 302-316.
[18] Xu, J.Z., Wang, J.M., Wei, Q. and Wang, Y.H.
(2016) Symbolic regression equations for calculating daily reference evapotranspiration with
the same input to hargreaves-samani in arid
China. Water Resources Management. 30(6),
2055-2073.
[19] Martí, P., González-Altozano, P., López-Urrea,
R., Mancha, L.A. and Shiri, J. (2015) Modeling
reference evapotranspiration with calculated
targets. Assessment and implications. Agricultural Water Management. 149, 81-90.

This research was supported by the National
Key Research and Development Program of China
(2017YFC0403202), Jiangsu Water Conservancy
Science and Technology Project (2016068), Innovative Young Scholar Project of State Key Laboratory
of Hydrology-Water Resources and Hydraulic Engineering (No. 20145027912) and the Project Funded
by the Priority Academic Program Development of
Jiangsu Higher Education Institutions.

REFERENCES
[1] Liang, L.Q., Li, L.J., Zhang, L., Li, J.Y. and LI,
B. (2008) Sensitivity of penman-monteith reference crop evapotranspiration in Tao'er river basin of northeastern china. Chinese Geographical
Science. 18(4), 340-347.
[2] Xu, X.B., Tang, X.G. (2016) Remote estimation
of ecosystem water-use efficiency of irrigated
and rainfed maize croplands with MODIS data.
Fresen. Environ. Bull. 25, 1383-1394.
[3] Heydari, M.M., Aghamajidi, R., Beygipoor, G.,
Heydari, M. (2014) Comparison and evaluation
of 38 Equations for estimating reference evapotranspiration in an arid region. Fresen. Environ.
Bull. 23, 1985-1996.
[4] Heydari, M.M., Abbasi, A., Fooladmand, H.R.,
Heydari, M. (2014) Evaluation of reference
evapotranspiration using real and estimated sunshine hours in a semi-arid and arid environment.
Fresen. Environ. Bull. 23, 1295-1301.
[5] Mohawesh, O.E. (2011) Evaluation of evapotranspiration models for estimating daily reference evapotranspiration in arid and semiarid environments. Plant Soil & Environment. 57(57),
145-152.
[6] Rojas, J.P., Sheffield, R.E. (2013) Evaluation of
daily reference evapotranspiration methods as
compared with the asce-ewri penman-monteith
equation using limited weather data in northeast
Louisiana. Journal of Irrigation & Drainage Engineering, Asce. 139(4), 285-292.
[7] Valipour, M. (2015) Importance of solar radiation, temperature, relative humidity, and wind
speed for calculation of reference evapotranspiration. Archives of Agronomy & Soil Science.
61(2), 239-255.
[8] Xu, J.Z., Peng, S.Z., Ding, J.L., Wei, Q. and Yu,
Y.M. (2013) Evaluation and calibration of simple methods for daily reference evapotranspiration estimation in humid east china. Archives of
Agronomy & Soil Science. 59(6), 845-858.

2356

© by PSP

Volume 27 ± No. 4/2018 pages 2348-2357

[20] Traore, S., Guven, A. (2013) New algebraic formulations of evapotranspiration extracted from
gene-expression programming in the tropical
seasonally dry regions of west Africa. Irrigation
Science. 31(1), 1-10.
[21] Kiafar, H., Babazadeh, H., Marti, P., Kisi, O.,
Landeras, G., Karimi, S. and Shiri, J. (2017)
Evaluating the generalizability of GEP models
for estimating reference evapotranspiration in
distant humid and arid locations. Theoretical &
Applied Climatology. 130, 377-389.
[22] Hupet, F., Vanclooster, M. (2001) Effect of the
sampling frequency of meteorological variables
on the estimation of the reference evapotranspiration. Journal of Hydrology. 243(3), 192-204.
[23] Gong, L., Xu, C.Y., Chen, D., Halldin, S. and
Chen, Y.D. (2006) Sensitivity of the penman±
monteith reference evapotranspiration to key
climatic variables in the Changjiang (Yangtze
river) basin. Journal of Hydrology. 329(3-4),
620-629.
[24] Tang, B., Tong, L., Kang, S.Z. and Zhang, L.
(2011) Impacts of climate variability on reference evapotranspiration over 58 years in the
Haihe river basin of north China. Agricultural
Water Management. 98(10), 1660-1670.
[25] Allen, R.G., Pereira, L.S., Raes, D. and Smith,
M. (1998) Crop evapotranspiration: guidelines
for computing crop water requirements. FAO Irrigation and Drainage Paper No. 56, Rome.
[26] Schmidt, M., Lipson, H. (2011) Symbolic regression of implicit equations. In: Genetic Programming Theory and Practice VII. Springer,
New York, 73-85.
[27] 'XEþiNRYi 5   (XUH-qa: Software review. Genetic Programming & Evolvable Machines. 12(2), 173-178.

Fresenius Environmental Bulletin

Received:
Accepted:

17.10.2017
11.01.2018

CORRESPONDING AUTHOR
Junzeng Xu
Hohai University
State Key Laboratory of Hydrology - Water
Resources and Hydraulic Engineering
College of Water Conservancy and
Hydropower Engineering
210098 Nanjing ± China
e-mail: xjz481@hhu.edu.cn



















2357

%$

" &   









 " #!"!




'&# #%!(%#"', #"&# 
!%##%"&!&""-,!')'&("%
!#%'& '&'%&&
6.:4B26-5@ ,.:-5.; +6.;8;@ 6 *265;:452:
1

Collaborative Innovation Center of Sustainable Forestry in Southern China of Jiangsu Province, (Nanjing Forestry University), Nanjing
210037, China
2
Shanghai Institute of Quality Inspection and Technical Research, Shanghai 200233, China
3
Architecture and Environmental Engineering Department, Sichuan Vocational and Technological College, Suining 629000, China
4
Pudong Agrotechnology Extension Center, Shanghai 201201, China



&'%'

for the assessment of soil ecosystem. Herbicides
and other agricultural chemicals will usually have a
series of effects on soil microbes and soil enzymes,
and even interfere with the normal function of the
soil. It is reported that chlorsulfuron and rimsulfuron will inhibit the growth of soil diazotrophs and
pseudomonas [7]. Metsulfuron methyl, chlorsulfuron and thifensulfuron can inhibit   
  in soil [8]. Azimsulfuron can change the
community structure of soil bacteria [9]. Metribuzin
had an inhibiting effect on acid phosphatese and
dehydrogenase, while metribuzin stimulated urease
and had no effect on glucosidase [10]. Therefore, to
understand a series of ecological effects caused by
chlorimuron-ethyl may be of great significance for
the rational use of chlorimuron-ethyl and other pesticides.
In recent years, the study on the effects of
chlorimuron-ethyl on the ecological environment
mainly focused on the effects of chlorimuron-ethyl
on non-target plants and soil microbes, and its degradation rate and degradation mechanism in the
environment. However, the effects of chlorimuronethyl on the soil microorganisms and the soil enzymes have not been systematically studied, especially under the environmental conditions of salt
stress. In this study, the effects of chlorimuron-ethyl
on soil microbial biomass and soil enzyme activity
under salt stress were studied by using the traditional microbial counting technique and enzyme
activity assay method, which provided the basis for
the rational application of chlorimuron-ethyl.

Soil microorganisms and enzyme activities
were important indicators of soil ecosystem responses to environmental stresses. The impacts of
salt and chlorimuron-ethyl mix on soil enzyme activities and microorganism population in soil was
examined. Results showed that the moderate salt
stress could lead to a certain degree of decrease of
soil bacteria, actinomyeetes and fungi. However,
under moderate salt stress, chlorimuron-ethyl did
not significantly affect the three types of microorganisms. Chlorimuron-ethyl could activate bacteria
under non-salt stress, while the fungi and actinomyeetes were inhibited. In addition, the activities of
soil invertase, urease, catalase and phosphatase
were inhibited in varying degrees by salt stress. The
effect of chlorimuron-ethyl on the activities of various soil enzymes was different, and it can activate
catalase, inhibit soil invertase, no significant effect
on urease and phosphatase. The correlation analysis
showed that the number of soil bacteria, actinomyeetes and fungi were positively correlated with the
activities of invertase, urease, catalase and phosphatase in soil.


,*#%&:
salt stress, chlorimuron-ethyl, soil microbe, soil enzyme
activity

"'%#('#"
Chlorimuron-ethyl{ethyl
2-[[[[(4-chloro-6methoxpyrimidin-2-yl)aminol] carbonyl] amino]
sulfonyl] benzoate}was a broad-spectrum sulfonylurea herbicide [1]. It has been largely used for the
control of broadleaf and gramineal weeds [2]. But
the chlorimuron-ethyl residue in soil might bring
some trouble to sensitive crops, soil microbes, soil
enzyme activity and nearby aquatic systems [3-6].
Both soil microbes and soil enzymes are important
components of soil, which have significant influence on soil material cycling, energy flow and fertility evolution, and are also important indicators

!'% &"!'#&
52960.8> .:1 >;68 >.9<82> Chlorimuronethyl (99.8%) was purchased from Sigma-Aldrich.
All other chemicals used were of analytical grade
and commercially available. Soil samples were collected from farmland in Yancheng City, China (Collect soil at 10 cm below the surface). After the sample was dried in the shade, remove the branches and
other debris for later use. The physical and chemical properties of the soil are shown in Table 1.
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C<2=692:?.892?5;1 The soil was placed in
a square plastic pot (40 cm x 40 cm), and the soil
weight in each pot was the same. They were divided into two groups S0 and S1. Soil salinity of S1
group was adjusted to 1.0% by adding an aqueous
solution of NaCl, and the salt salinity of S0 group
remained unchanged. Pea (   Linn)
was uniformly planted in every plastic pot. When
the height of pea was about 15cm, add chlorimuronethyl to the soil, the concentrations of chlorimuronmethyl in soil are 0, 0.1 and 1.0 mg/kg respectively
(identified as T0, T1 and T2). A total of six experimental groups were generated (S0T0, S0T1, S0T2,
S1T0, S1T1 and S1T2). Finally, all the experimental groups were incubated in the climate box,
soil water content was control in 18% -20%. The
soil microbes quantity and soil enzyme activity
were measured every 5 days [11,12]. Soil urease
was determined by indophenol blue colorimetric
method. Invertase was determined by phosphomolybdic acid colorimetry. The catalase and phosphatase were determined respectively according to the
potassium permanganate titration and the disodium
phenyl phosphate colorimetry.



total number of bacteria in soil increased significantly with the increase of chlorimuron-ethyl under
the condition of non-salt stress (S0T0, S0T1, S0T2).
This may be due to the activation effect of chlorimuron-ethyl on the growth and reproduction of
certain species of bacteria. The total number of bacteria in soil did not change significantly with the
concentration of chlorimuron-ethyl under moderate
salt stress (S1T0, S1T1, S1T2). The activation effect of chlorimuron-ethyl on bacteria was not observed, which may be due to the inhibitory effect of
salt stress on bacteria. In the absence of chlorimuron-ethyl (comparison of S0T0 and S1T0),
moderate intensity of salt stress (1.0% NaCl) would
have a certain inhibitory effect on bacteria, but the
total number of bacteria did not change significantly in the middle and late stages of culture. In general, salt stress usually inhibits bacteria, resulting in
a decrease in the total number of bacteria in the soil,
but may also allow salt-tolerant bacteria to gain a
growth advantage. It may counteract the reduction
of other types of bacteria. The total amount of soil
bacteria is usually about 70-80% of the total soil
microbial population. The stability of soil bacteria
quantity is closely related to the structure and function of soil, and it is also an important index to
evaluate soil quality [13-15].
It can be seen from Fig. 2 that under the condition of non-salt stress (S0), the addition of chlorimuron-ethyl will result in a significant reduction
in the number of actinomycetes in soil, which may

%&( '&"&(&&#"
3320?> ;3 058;=69@=;:2?5D8 ;: >;68 /.0?2
=6. 3@:46 .:1 .0?6:;9D02?2> @:12= >.8? >?=2>> It
can be seen from the data shown in Fig. 1 that the
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be due to the inhibition effect of chlorimuron-ethyl
on the growth and reproduction of actinomycetes.
Under the condition of salt stress, the number
of actinomycetes decreased significantly compared
with that under non-salt stress. However, changing
the concentration of chlorimuron-ethyl in soil did

not lead to significant changes in the number of
actinomycetes. It was considered that the inhibitory
effect of the moderate level of salt stress on the
actinomycetes was significantly greater than that
caused by other factors.
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Under the condition of non-salt stress, the addition of chlorimuron-ethyl could decrease the
number of fungi in soil (Fig. 3), which indicated
that chlorimuron-ethyl had a strong inhibitory effect
on the growth and reproduction of fungi. With the
increase of chlorimuron-ethyl concentration, the
number of fungi will be further reduced, which indicated that chlorimuron-ethyl had a strong inhibitory effect on the growth and reproduction of fungi.
It may be due to chlorimuron-ethyl is an inhibitor
on the synthesis of branched-chain amino acids, and
can interfere with the synthesis of branched-chain
amino acids in certain fungi, thereby affecting the
normal growth and reproduction of fungi. In addition, the degradation intermediates of chlorimuronethyl may also affect the growth of fungi.
By comparing the curves S0T0 and S1T0, it
indicates that moderate salt stress can lead to a significant reduction in the number of fungi in soil,
which is consistent with the reported literature [1618]. In addition, the effects of different concentrations of chlorimuron-ethyl on fungi under salt stress
were compared. The results showed that different
concentrations of chlorimuron-ethyl did not significantly affect the total number of fungi (P> 0.05),
but did not rule out some types of fungi may be
inhibited, while others are even activated. Because
the sensitivity of different species of fungi to herbicides is not the same, the application of herbicides
may still lead to the destruction of the original microbial community system in soil when the total
number of fungi remains stable. In general, the variation about the number of soil microbes after the
application of different types of herbicides is uncer-

tain and is often influenced by soil properties, herbicide type and application concentration, and climatic conditions [19, 20].
3320?>;3058;=69@=;:2?5D8;:>;682:ED92
.0?6A6?62> @:12= >.8? >?=2>> Soil invertase activity
is usually used to characterize soil biological activity, which can reflect the level of soil organic carbon
conversion, and it is also an important index to
evaluate soil ripening degree and fertility level [21].
The results in Fig. 4 show that the invertase activity
has been significantly reduced by about 35% under
salt stress conditions, mainly due to the fact that salt
stress can alter the three-dimensional structure of
the invertase, and consequently decrease its activity
[22]. Under the non-salt stress, chlorimuron-ethyl
had also some influence on soil invertase activity.
In addition, the invertase activity decreased with the
increase of chlorimuron-ethyl under moderate salt
stress. It is speculated that synaptic effect of chlorimuron-ethyl and salt stress will affect the invertase activity or the activity of the enzyme producing
microorganisms.
Fig. 5 shows that the presence of chlorimuronethyl has no significant effect on soil urease activity
under non-salt stress. There was no significant difference between S0T0, S0T1 and S0T2 (P> 0.05).
In addition, soil urease activity was significantly
decreased under moderate salt stress, but chlorimuron-ethyl did not significantly affect urease
activity (S1T0, S1T1 and S1T2 had no significant
difference). These data indicate that chlorimuronethyl may not affect soil urease activity, but salt
stress will significantly reduce soil urease activity.
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Urease is closely related to nitrogen cycle in soil, it
gen peroxide accumulation in soil. In general, soil
can hydrolyze urea to ammonia, is an important
catalase activity is closely related to soil organic
source of nitrogen nutrition. The decrease of soil
matter content and microbial quantity, and is positively correlated with soil fertility. It can be seen
urease activity will affect the utilization of urea in
from the data in Fig. 6 that chlorimuron-ethyl has a
soil. Excessive urease activity may cause ammonia
poisoning in plants, which is also detrimental to soil
strong activating effect on soil catalase under salt
stress or non-salt stress conditions, which may be
fertility and plant growth. Therefore, it is important
due to the synthesis and secretion of catalase in soil
to understand the effects of agrochemicals on soil
microbe is activated. But there is no significant
urease activity for agroforestry production and soil
maintenance [23, 24].
difference between S0T1 and S0T2, or between
S1T1 and S1T2. This indicates that higher concenThe catalase in soil can remove the hydrogen
peroxide produced in the process of biological metrations of chlorimuron-ethyl do not further enhance
the activity of catalase. Comparison of S0T0 and
tabolism, so as to relieve the toxic effects of hydro-
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the fungi and actinomyeetes were inhibited. In addition, the activities of soil invertase, urease, catalase
and phosphatase were inhibited in varying degrees
by salt stress. The effect of chlorimuron-ethyl on
the activities of various soil enzymes was different,
and it can activate catalase, inhibit soil invertase, no
significant effect on urease and phosphatase. The
correlation analysis showed that the number of soil
bacteria, actinomyeetes and fungi were positively
correlated with the activities of invertase, urease,
catalase and phosphatase in soil. In addition, the
experimental results also show that the coexistence
of salt stress and chlorimuron-ethyl will produce
new ecological effects, different from which caused
by the single factor.
In general, the salt stress and herbicide can also affect the growth of plants, which will affect the
secretion of plant rhizosphere-related enzymes. The
enzymes produced in the rhizosphere of plants are
also an important part of soil enzymes. However,
only the correlation between soil enzyme and soil
microbes was considered in the correlation analysis,
and the relationship between soil enzyme and plant
was not discussed. This need to be further improved
in the follow-up study so as to reveal the law more
accurately, to provide basic data and theoretical
guidance for the rational use of herbicides and other
agricultural inputs.

S1T0 curve shows that salt stress has a greater inhibition on the activity of catalase. This is mainly due
to salt stress will affect the growth and metabolism
of microbe, may inhibit the production of catalase
in soil microbe. In addition, the moderate salt stress
usually affect the spatial conformation of catalase
and reduce its activity.
Soil phosphatase can directly affect the decomposition and transformation of organic phosphorus in soil and its bioavailability, which can also
reflect the basic situation of soil phosphorus. Phosphatase plays an important role in the soil phosphorus cycle, which can hydrolyze the complex organic
phosphorus in soil into inorganic phosphorus that
can be used directly by the organism, thus alleviating the limitation of soil phosphorus [25-27]. It can
be seen from Fig. 7 that the addition of chlorimuron-ethyl in soil did not significantly affect soil
phosphatase activity. However, moderate levels of
salt stress can significantly reduce soil phosphatase
activity (about 45% reduction). This indicates that
phosphatase may be more sensitive to salt stress.
Under the conditions of salt stress, it is necessary to
focus on the phosphatase activity and use of phosphorus elements in soil.
#" (&#"
The analysis of the experimental results shows
that the moderate salt stress could lead to a certain
degree of decrease of soil bacteria, actinomyeetes
and fungi. However, under moderate salt stress,
chlorimuron-ethyl did not significantly affect the
three types of microorganisms. Chlorimuron-ethyl
could activate bacteria under non-salt stress, while

"#* !"'&
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high places and from riverside trees. This rash is the
basis of the food cycle. Trees fragments falling from
the tree change the geomorphology of the river; thus
creating new habitats for some taxis [5].
Although there exist a lot of faunistic and limnological studies of the Bulgarian part of the river [6,
7, 8, 9], there have been only two MSc theses [10,
11], two phytoplanctonic studies [12, 13] and two
faunistic study [14, 15] performed in the Turkish part
of Tunca River up to now. In this study, we aimed to
determine leaf package preferences of larvae of Chironomidae and the advantages of leaf packages in
faunistic study.

This research was carried out between May and
October 2012 at three different stations in the vicinity of Tunca River in the province of Edirne. In the
study, walnut, mulberry and elm leaf types gathered
from the surrounding trees and artificial boxwood
and leaf leaves made of dry plane leaf which was
spilled in the previous year were prepared. These
packages were aimed for determining which leaf
packs, stations and months in which Chironomidae
larvae preferred and colony in the following months,
how the leaf packs might have preferred them, and
species diversity at stations in the following months.
The largest colonization was in artificial boxwood
leaf packaging; the least colonization was found in
the mulberry leaves. This suggested that leaf packets
are used for accommodation rather than feeding.
Also the number of larvae was found high in August.
Fifty different species of Chironomid larvae were
found in the river.

$"#$ #
This study was carried out between May and
October 2012 at three stations located on the Tunca
River (Figure 1). The first station was Suakacağı Village, the second station was Değirmenyeni Village,
and the third station was Tunca Barracks. There were
willow and poplar trees around the 1st station. There
were reeds, ground sand, and mud on some areas.
The water level was around 50-60cm high (Figure
2). The water level at the 2nd station was 75cm, the
ground mud, behind the leaf packs; the reed was rich
in vegetation. In the 3rd station, the water level in the
river was approximately 60cm, the ground mud, but
the ground was sandy, there were grasses on the
shore.
First of all, the foliage of the trees and the
growth of the leaves were expected until May. Then
) "'&L.(walnut), #&)'  L. (mulberry),
 !)' *' Pall. (elm) leaves were collected because of the widespread presence around the river. In
addition, )+)' sp. (artificial boxwood) and  (
")'#&"( ' L. (dried plane leaf) poured from plane
trees in the autumn of the previous year were collected.
Then, 5 kg of potato bags were filled separately
from each kind of leaves and these packages were
ordered each month to receive a total of 5 potato bags
from each of the leaves. Leaf packets were connected
to each other by durable wires and marked with different coloured plastic numbers. When the leaves began to get decay in the coming months, it was guaranteed to be able to distinguish which leaf in which

(' "#
Chironomidae, larva, leaf packs, colonization, Tunca
River, Edirne.

$" %$ 
According to relative analyzes benthic invertebrates are found both in natural and artificial colonies in rock and leaf packs [1, 2]. One of the major
carbon sources of rivers is the leaves that are poured
out of the trees and reach to the water. Dried leaves
are indispensable carbon source, especially for the
mountain sides [3].
It has been proved that the activities of certain
benthic invertebrates increase with the amount of
rotting leaves. The activities of leaf scavenging
chemistry and macro-invertebrates are interdependent. Because the composition of the leaf litter is the
most important factor in the colonization of the
macro-invertebrates. Besides, it can be effective in
forming both leaf decay and colony in environmental
conditions [4].
The main source of dissolved organic and inorganic nutrients and particulate matter is rubble from
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number. For each station, 25 leaf packets were prepared to collect a total of 5 leaf packs, one from each
different leaf pack each month, and placed on the
ground of the river. In order to prevent drifting with
the current, the floors were fixed with thick iron and
connected to the land by ropes (Figure 3). Within the
following 5 months, a total of 5 leaf packets, one
from each different leaf package, were collected
from the sampling stations once a month. Leaves
were filtered by mixing with a large amount of water
in the bucket and washing the eyes in different sieves
(Hole Range - 0,600μ, 300μ and 1,18mm). The larvae were collected from the sieves and collected in
sample bottles containing 70% ethyl alcohol. Station
information, small tags with date stamps were placed
in the bottles. The specimens collected in the field






%" 
#:):165 -)<15/7)+2)/-9:63)5,

were removed from the muds in petri dishes then examined under a binocular stereomicroscope and preserved in small tubes labelled with labels.
Identification of Chironomidae species Moller
Pillot [16, 17], Şahin [18, 19, 20, 21, 22, 23], Fittkau
and Roback [24], Boesel [25], Şahin et al. [26],
Kırgız [27], and Özkan [28, 29, 30] were used.


"#%$##%## 
Leaf packets were released in May and a series
of samples were collected from different leaf packets
found at stations every month between June and October 2012. Then, in the laboratory, the chironomid
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larvae were counted by dividing them into groups achave more organisms in it than the others (Table 2).
cording to leaf package type, station and time.
According to Table 3, whether there is any difThe following tables show the variance analyference in the colonization of Chironomidae accordsis results of the differentiation of chironomid larval
ing to stations was examined and it was revealed
organisms by leaf type, station and time:
with p> 0.05 that there is no difference according to
According to Table 1, it was determined
the results of analysis of variance analysis.
whether there is a difference in colonization comAccording to Table 4, there was a difference in
pared to leaf species of Chironomidae larvae and it
the time-to-time colonization of the Chiromid larvae
was found that there is a difference according to the
compared to the results of the variance analysis test
results of analysis of variance test (p <0.05). Tukey,
(p <0.05). Tukey, from which this difference arises
from which this difference arises from an average,
from an average, was revealed by a multi-comparahas been shown to be artificially boxwood coincitive test result and it was found that this date had
dental with multiple comparative test results and to
more organisms than other times (Table 5).

$
-9+817:1<-9:):19:1+96.:0-,1..-8-5:1):1656.01865641,)-3)8<)-<-89;93-)<-9


)+)'sp.
) "'&
 (")'#&"( '
#&)' 
 !)' *'
Total

N



SS

15
15
15
15
15
75

83.73
24.60
47.20
15.33
38.73
41.92

107.650
30.373
46.165
23.166
38.563
60.985

95% Confidence Interval for
Average
Lower limit
Upper limit
24.12
143.35
7.78
41.42
21.63
72.77
2.50
28.16
17.38
60.09
27.89
55.95

Min.

Max.

3
0
3
0
0
0

432
112
187
94
120
432

F

p

3.143

0.020

• The mean difference is significant at 0.05 levels.

$ 
;3:173-+647)8):1<-$;2-?:-9:8-9;3:9.683-)..3-906.01865641,)-3)8<)-

Leaf variety

Average
Differences

Standard Error

Sig.

) "'&
 (")'#&"( '
#&)' 
 !)' *'
)+)'sp.
 (")'#&"( '
#&)' 
 !)' *'
)+)'sp.
) "'&
#&)' 
 !)' *'
)+)'sp.
) "'&
 (")'#&"( '
 !)' *'
)+)'sp.
) "'&
 (")'#&"( '
#&)' 

59.133(*)
36.533
68.400(*)
45.000
-59.133(*)
-22.600
9.267
-14.133
-36.533
22.600
31.867
8.467
-68.400(*)
-9.267
-31.867
-23.400
-45.000
14.133
-8.467
23.400

21.081
21.081
21.081
21.081
21.081
21.081
21.081
21.081
21.081
21.081
21.081
21.081
21.081
21.081
21.081
21.081
21.081
21.081
21.081
21.081

.049
.421
.015
.217
.049
.820
.992
.962
.421
.820
.559
.994
.015
.992
.559
.801
.217
.962
.994
.801

Leaf variety

)+)'sp.

) "'&

 (")'#&"( '

#&)' 

 !)' *'

95% Confidence Interval
Lower limit
.10
-22.50
9.37
-14.03
-118.16
-81.63
-49.76
-73.16
-95.56
-36.43
-27.16
-50.56
-127.43
-68.30
-90.90
-82.43
-104.03
-44.90
-67.50
-35.63

Upper limit
118.16
95.56
127.43
104.03
-.10
36.43
68.30
44.90
22.50
81.63
90.90
67.50
-9.37
49.76
27.16
35.63
14.03
73.16
50.56
82.43

• The mean difference is significant at 0.05 levels.

$ 
-9+817:1<-9:):19:1+96.:0-,1..-8-5:1):1656.01865641,)-3)8<)-<-89;99:):1659

Station 1
Station 2
Station 3
Total

N



SS

25
25
25
75

62.84
32.28
30.64
41.92

91.354
37.691
31.879
60.985

95% Confidence Interval for Average
Lower limit
Upper limit
25.13
100.55
16.72
47.84
17.48
43.80
27.89
55.95

• The mean difference is significant at 0.05 levels.
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Min.

Max.

F

p

0
0
0
0

432
133
117
432

2.288

0.109
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-9+817:1<-9:):19:1+96.:0-:-4768)3<)81)*131:?6.:0-3)8<)-6.01865641,)-

17.06.2012
21.07.2012
18.08.2012
16.09.2012
20.10.2012
Total

N



SS

15
15
15
15
15
75

32.40
34.33
90.87
21.00
31.00
41.92

39.752
31.970
108.374
20.132
39.796
60.985

95% Confidence Interval for Average
Lower limit
Upper limit
10.39
54.41
16.63
52.04
30.85
150.88
9.85
32.15
8.96
53.04
27.89
55.95

Min.

Max.

0
0
6
3
0
0

120
91
432
70
150
432

F

p

3.559

0.011

• The mean difference is significant at 0.05 levels.

$ 
;3:173-+647)8):1<-$;2-?:-9:8-9;3:96.01865641,)-3)8<)-<-89;9:14-

Date
17.06.2012

21.07.2012

18.08.2012

16.09.2012

20.10.2012

Date
21.07.2012
18.08.2012
16.09.2012
20.10.2012
17.06.2012
18.08.2012
16.09.2012
20.10.2012
17.06.2012
21.07.2012
16.09.2012
20.10.2012
17.06.2012
21.07.2012
18.08.2012
20.10.2012
17.06.2012
21.07.2012
18.08.2012
16.09.2012

Average Differences

Standard Error

Sig.

-1.933
-58.467(*)
11.400
1.400
1.933
-56.533
13.333
3.333
58.467(*)
56.533
69.867(*)
59.867(*)
-11.400
-13.333
-69.867(*)
-10.000
-1.400
-3.333
-59.867(*)
10.000

20.872
20.872
20.872
20.872
20.872
20.872
20.872
20.872
20.872
20.872
20.872
20.872
20.872
20.872
20.872
20.872
20.872
20.872
20.872
20.872

1.000
.050
.982
1.000
1.000
.063
.968
1.000
.050
.063
.011
.042
.982
.968
.011
.989
1.000
1.000
.042
.989

95% Confidence Interval
Lower limit
Upper limit
-60.38
56.51
-116.91
-.02
-47.04
69.84
-57.04
59.84
-56.51
60.38
-114.98
1.91
-45.11
71.78
-55.11
61.78
.02
116.91
-1.91
114.98
11.42
128.31
1.42
118.31
-69.84
47.04
-71.78
45.11
-128.31
-11.42
-68.44
48.44
-59.84
57.04
-61.78
55.11
-118.31
-1.42
-48.44
68.44

• The mean difference is significant at 0.05 levels.
 %# 

been due to that in spring of 2012; there were a lot of
rainfalls and floods. But, the rapid decrease of water
in the river due to excessive water use for agricultural purposes, especially for paddy fields. The large
macro invertebrates used these fields for shelter purposes rather than fed artificial boxwood. These results were obtained from Duran et al. and with the
results of Fritz and Feminelle [33].
According to Tables 1, 2, 4 and 5, the chiromid
larvae differ according to leaf species and the results
obtained in time colonization (p <0,05). When we
look at the source of this difference with the Tukey
multiple comparative test result, it is seen that the artificial boxwood and August came forward.
It has been revealed that the artificial boxwood
package contains more organisms in its own structure than the others. According to Fritz and
Feminelle [33], the density of invertebrates was
found to be low in dry seasons like June - August,
and in rainy seasons like September - October. This
situation does not comply with this study. Because
the largest organism was found in August, at least in
September. The facts indicate that leaf packets are
used for accommodation purposes rather than feeding.

During the study, a total of 50 different species’
larvae belonging to the Chironomidae were found.
&) )' ("$#&!' (Goethgebuer, 1921)
and # ,$ )!#"*()! (Walker, 1856) were the
most prevalent species in artificial boxwood, 
&) )' ("$#&!' (Goethgebuer, 1921) and
# ,$ )!")& (Skuse, 1889) was in dry plane
and # ,$ )!' ")! (Schrank, 1803) was in
elm (Table 6).
After leaving the leaves, a rapid decrease was
recorded in the aggregation of some of them during
the sampling. The most rapid decrease was seen in
the mulberry leaves within 1-2 months. Then the
walnut and elm leaves followed the mulberry leaves
with little difference. No changes were observed in
dry plane leaves and artificial boxwood.
According to the results of Richardson [31] and
Hofer and Richardson [32], leaf was mainly used as
a food source and high number of organisms was
found. The results of this study do not coincide with
the study done. In species, colonization was found
highest in the artificial boxwood. This may have
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19:81*;:1656.97-+1-9153-).7)+2)/-:?7-98:1.1+1)3*6>=66,'')35;:
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01865641,)-)8<)- 
 '!,%)"'Şahin, 1981
 '!,!#" '(Linnaeus, 1758)
&(#$ #$'$
&#"#!)'&#"#!)'"(&")'Zetterstedt, 1860
&#"#!)'&#"#!)'$& ")'Meigen 1918
&#"#!)'&#"#!)'$ )!#')'(Linnaeus, 1758)
&#"#!)'&$&)'Meigen, 1804
&#"#!)'!$(#&#"#!)'("("'Fabricius, 1805
&#"#!)'(&#"#!)')*&# 'van der Wulp, 1877
 #(",(&')'!")'Walker,1856
&#(#$)'"()'(Meigen, 1818)
&#(#$)'', *'(&'(Fabricius, 1794)
&,$(#&#"#!)'()'(Kieffer, 1913)
&,$(# #$ ! #$ (Kieffer, 1922)
&#("$'"&*#')'(Staeger, 1839)
&#("$'(&(#!)'(Kieffer, 1916)
" &#"&(Meigen, 1804)
" ''"'(Walker, 1856)
" "'# ((Kieffer, 1922)
" $"(Meigen, 1838)
"#&#"#!)'(""'(Fabricius, 1775)
 # )')# (Edwards, 1926)
&"')'!"Kieffer, 1921
&) )'("$#&!'(Goethgebuer, 1921)
&"#$ #$"#(((Wiedemann, 1817)
&"#$ #$'$
$" !#&(Kalugina, 1970
&#&#(#$)'# #&(Zetterstedt, 1838)
&#("$' #&'(Meigen, 1818)
&&#"#!)'&)()'(Goetghebuer, 1919)
&&#"#!)'*(#')'(Goetghebuer, 1921)
&(",(&')' )(&#&"(Kieffer, 1909)
&("$' !")'(Meigen, 1818)
&(&# )'&)*"(&'(Meigen, 1830)
"(")& ((&#Fittkau & Murray, 1983
# ,$ )!&$#)&&"()!Kieffer, 1921
# ,$ )!# ,$ )!#"*()!(Walker, 1856)
# ,$ )!"($ )!+'()!(Kieffer, 1916)
# ,$ )!# ,$ )! ()!(Meigen, 1818)
# ,$ )!# ,$ )!")) #')!(Meigen, 1804)
# ,$ )!# ,$ )!")&(Skuse, 1889)
# ,$ )!# ,$ )!$'(&(Meigen, 1830)
# ,$ )!&$#)& ' ")!(Schrank, 1803)
&# )' # #(",$)''$.
#(",(&')''$
((#&#"#!)'*"()'(Say 1829)
",$)'&(-(Kieffer, 1912)
",$)'$)"($""'Meigen, 1818
",(&')'&&)'Kieffer, 1909
"!""!, "("#'(Fries, 1823)
Total



'

!

"

34

2
31
0
103
0
9
32
20
59
1
3
28
1
4
10
0
0
1
1
32
1
2
6
275
4
0
107
2
1
6
5
1
1
1
2
0
197
3
0
74
88
0
63
43
1
1
0
40
16
0
1277

0
11
1
23
0
2
5
10
12
1
0
4
0
2
3
0
0
2
0
0
1
0
1
57
0
0
2
0
1
0
0
2
1
0
0
6
40
41
3
14
54
2
55
0
0
0
0
1
5
1
363

0
6
0
40
0
4
13
12
9
0
0
12
3
0
6
6
1
0
0
0
3
1
4
147
0
1
3
0
0
1
1
0
0
0
1
2
115
18
0
40
134
4
92
6
1
0
1
4
9
0
700

0
0
0
16
1
1
5
2
4
0
0
0
0
3
3
0
0
0
0
0
0
0
0
7
0
0
5
0
0
0
0
0
0
0
0
0
58
27
4
2
23
0
67
1
0
0
0
1
0
0
230

0
3
0
38
0
10
11
23
15
0
0
6
1
3
3
2
0
0
0
0
0
0
0
62
0
1
3
0
0
0
0
0
2
0
0
0
88
43
0
31
67
15
148
1
0
0
0
3
2
0
581
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phase change and heat conduction. The moving
phase interface of it determines that it is mathematically a strong nonlinear problem. Moreover, the
phase change of paraffin occurs in a temperature
range, which indicates the greater difficulty and
complexity in the analysis and solution compared
with phase change problems of pure matters.
Currently, there are many studies on the temperature distribution and variation characteristics in
spherical phase change materials at home and abroad
[1-4]. Yin et al. [5] filled paraffin into the pores of
expanded graphite and found that compared with
pure paraffin, the heat storage and heat release time
of the PCM (phase change material) were greatly reduced and the heat transfer coefficient was greatly
improved. Sarı et al. [6] obtained the best mass fraction of paraffin-filled graphite through experiments
and believed that the phase change material filled in
the pores of graphite varied little in its melting temperature.
Zhong [7] also carried out the test on the heat
storage capacity of PCM paraffin under the enhanced heat transfer with the spherical foamy graphite. However, these studies rarely take into account
the volume/density variations of PCM and the presence of cavities.
Taken the high thermal-conductive composite
phase change capsule (SSPCC, shape-stabilized
phase change capsule) as the research object, this paper adopts the fractal-cavity thermal conductivity
model which takes the cavity rate of the phasechange capsule into account. The apparent heat capacity method is employed to conduct the numerical
simulation of the solidification and heat transfer process of the phase change materials, thus describing
the temperature field distribution of the PCM to track
the position of the phase interface and analyzing the
influence of factors including the initial cavity rate,
Ste number and graphite content on the heat transfer
process of phase-change capsules.

The phase change heat conduction model is established for the composite phase-change energy
storage capsule based on the apparent heat capacity
method, which takes the cavity rate of the phasechange capsule into account. The fractal-cavity thermal conductive model is used to study the solidification and heat transfer process of the high thermalconductive phase-change capsule under the boundary condition of constant temperature, to describe the
temperature field distribution of the phase-change
capsule material for tracking the position of the
phase interface and to analyze the influence of factors including the initial cavity rate, Ste number and
graphite content on the heat transfer process of
phase-change materials. The results show that the initial cavity rate reduces not only the phase-change
heat transfer rate but also the phase change latent
heat in unit volume of capsule. When the Ste number
grows larger over time, the release of latent heat in
the phase-change process interface will be smaller.
The addition of a small amount of graphite to the
shape-stabilized phase-change capsule can effectively increase the release of transient heat flow and
improve the characteristics of phase change heat
transfer.


,+$&'
Phase change, heat transfer performance, energy storage
capsule material, solidification
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The composite phase-change capsule is a high
thermal-conductive phase-change material with the
shape-stabilized phase-change material manufactured with high density polyethylene and paraffin as
the core and coated with calcium alginate layers.
Taking advantage of the latent heat absorbed and released during the phase change of the paraffin, the
material can be applied in many fields including construction, textile and energy. The phase change heat
transfer includes two kinds of physical processes:
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Our research object is composite phase change
capsule material (SSPCC) blended with graphite,
which takes the calcium alginate as wall surface and
the shape-stabilized phase change material manufactured with high density polyethylene and paraffin as
the core. The initial temperature of the phase change
capsule is constant, the wall surface is stable at a

∂
∂



= 0,  > 0

(2)

= ,  > 0

(3)

 =0

 =

Initial conditions:



 =0

  =

=  , 0 ≤  ≤ 

(4)

 , (  −  )

(5)



lower temperature  , the radius of the core of

Where  is the wall temperature;  is the

SSPCC is  , and the thickness of the capsule wall

phase change temperature;  represents the heat capacity; and the subscripts  and  represent solidity and phase change materials, respectively.

is -  . As the phase change of paraffin occurs in a
certain temperature range, there will be three different states inside the medium: solid phase, solid-liquid coexistence zone and liquid phase. The physical
model is shown in Figure 1.
The following assumptions are proposed: (1)
the natural convection of the liquid phase in the
SSPCC is restrained by the influence of the framework support grid due to the small size of the capsule, so the phase change heat transfer process in the
capsule can be simplified as a pure heat conduction
process; (2) the physical parameters (thermal conductivity coefficient) of paraffin are unaffected by
temperature in every phase except in the solid-liquid
coexistence region; (3) the cavity is evenly distributed in the SSPCC; (4) the graphite is evenly dispersed in the high thermal-conductive phase change
capsule.

>B8C094;A740A20=028AE4 
0 <
≤ 
⎪⎧(1 − ) + 
(6)
 = ⎨
<
≤ 
⎪⎩

In the formula,  represents the mass fraction
of paraffin,  represents the radius of the core ma-

terials, and the subscripts  ,  ,  ,  represent
equivalence, HDPE, wall and phase change materials, respectively.
The heat capacity distribution function of paraffin in different temperature ranges is as follows
[7]:
⎧

 < (  − Δ )
(7)
 ,



⎪
 +  ,
⎪ρ
 = ⎨  l +  ,
2
⎪ 2Δ
⎪
 ,
⎩

(  − Δ ) ≤  ≤ (  + Δ )
 > (  + Δ )

Among them,

ρ

is the density of paraffin,

and the subscripts  ,  and  denote solidity, liquid and phase change materials, respectively.
>B8C094;A A74?:092<;3B2A8C8AE 2<4558284;A
I4  The equivalent thermal conductivity coefficient
λe of the composite phase change capsule material
can be expressed by equation (8):
⎧λ
0 <  ≤ 
⎪
(8)
λ = ⎨ 
 <  ≤ 
⎪
⎩λ

λ is the thermal conductivity coefficient of
the wall surface;
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∂
1 ∂
∂
= 2
(  2λ
)
∂
∂
 ∂

is the effective thermal conduc-

tivity coefficient of the core, which can be expressed
by the formula (9) [8]:

λ = 2λ ⋅ λ / ( λ + λ )

The apparent heat capacity method is adopted
in this paper to establish the control equation of the
spherical coordinate system of the spherical phase
change materials:



λ

where

λ

(9)

is the transverse thermal re-

sistance of the composite material, and

λ  is the

longitudinal thermal resistance of the composite material.

(1)

Boundary conditions:
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1 − ε 1/ 3

λ

λ
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υ 1/ 3
( ε −1/ 3 − ε 1/ 3 )λ + ( ε −1/ 3 − υ 1/ 3 ⋅ ε −2/ 3 + 2/ 3
)−1 λ
ε − υ 2/ 3
ε 2/ 3( ε 2/ 3 − υ 2/ 3 )λ ⋅ λ
2/ 3
(11)
= (1 − ε ) ⋅ λ +
(1 − ε 1/ 3 ) ( ε 2/ 3 − υ 2/ 3 ) ⋅ λ + ε ⋅ λ

⎧
υ1 + δ( ε − υ1 )
 < (  − Δ )
⎪
(  + Δ ) − 
⎪
υ = ⎨υ1 + δ( ε − υ1 )
(  − Δ ) ≤  ≤ (  + Δ )
2Δ
⎪
⎪
υ
 > (  + Δ )
⎩
ρ + ρ
δ = 
ρ

parameters remain constant. The values of the analysis parameters are as follows: the mass content of
paraffin is 60%, the initial temperature is set to 62
, the wall temperature is 55 , the initial cavity
ratio is 1%, the radius of the core is 1.5 mm, the wall
thickness is 3mm, Ste value is 0.06 and the phasechange temperature of paraffin is 58±1. The physical property parameters of phase change material
composition are shown in Table 1. It can be seen
from Figure 2 that the results of this model are close
to the literature with an error within 10%, which explains the rationality of the model.

(12)

(13)

The thermal conductivity coefficient of the
phase change material is linearly related to its temperature in the solid-liquid coexistence region[9].
The relationship is as follows:
⎧ λ ,
⎪
λ −λ
⎪
λ = ⎨λ , +  ,  , [ − ( − Δ ) ]
2Δ
⎪
⎪ λ ,
⎩

where

λ

 < ( − Δ )

] −1 (10)

(14)

( − Δ ) ≤  ≤ ( + Δ )
 > (  + Δ )
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(74 45542A <5 8;8A809 20C8AE ?0A4 <; A74 740A
A?0;@54? =?<24@@ 8; 20=@B94@  In preparing phase
change material, some bubbles generated due to the
preparation process may lead to the some cavities in
SSPCC, which will exert some influence on the heat
transfer process of phase change material. Figure3
shows the temperature field distribution characteristics of the phase change materials with different initial cavity rates. It can be seen that the initial cavity
rate has a significant effect on the thermal conductivity coefficient of the phase change capsule. When
the initial cavity rate increases from 0% to 8%, the
thermal conductivity coefficient is reduced by nearly
15%, indicating that the increase of the initial cavity
rate directly leads to the decrease of the heat transfer
rate and the solidification rate. When the solidification has lasted 25 s, the temperature difference
caused by the increase of the cavity rate from 0 to
10% reaches 0.7 ; and phase-change latent heat of
the unit volume capsule decreases correspondingly
with the increase of the cavity rate of the initial liquid
phase. Therefore, the initial cavity in the phase
change capsule is detrimental to the heat storage and
heat dissipation of the phase change material.

is the thermal conductivity coeffi-

cient of the composite framework;

λ

is the ther-

mal conductivity coefficient of the composite material; ε is the porosity of the porous surface of the
PCM paraffin corroded by organic solution; ν is
the cavity rate of the composite phase change capsule; δ is the phase-change volume shrinkage ratio
at the solidification of paraffin; Tm is the core temperature of the phase change; Δ is the radius of
phase change temperature; and the subscripts  , 
and  represent solidity, liquid and phase change
materials, respectively.
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To verify the rationality of the model, this paper takes the spherical phase change material with a
diameter of 10 cm as the research object. The calculated results of the time-dependent solidification
mass fraction of PCM are compared with the analytical solution of M. verappan[10] as shown in Figure
2. When the analysis parameters change, the other

(! 
%7E@8209=?<=4?AE=0?0:4A4?@<5=70@4270;64:0A4?8092<:=<@8A8<;.  /
Thermophysical property
Heat capacity C/kJ·kg-1
Thermal conductivity λ/W·m-1·K-1
Density ρ/kg·m-3
Phase change latent heat L/kJ·kg-1
Phase change temperature T/K

Paraffin
3350s/2700l
0.35s/0.15l
920s/750l
158.2
331±1

High density polyethylene
2100
0.5
940
—
—

* The superscript and l represent solidity and liquid, respectively.

2375

Graphite
710
129
269
—
—
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;59B4;24 <5 'A4 ;B:14? <; =70@4 270;64
740A A?0;@54? =?<24@@ <5 A74 20=@B94  Figure 4
shows the position of the solid-phase interface and
the liquid-phase interface at different Ste values
when the radius of the core is 1.5 mm. It can be seen
from the figure that during the solidification, the
phase interface keeps moving slowly and that the
moving speed of the phase interface starts to accelerate when the phase change is about to be completed. This is because the PCM liquid phase rate is
gradually reduced due to the continuous reduction of
the radius at the place close to the center of sphere,
which leads to the significant acceleration of the solidification rate. The Ste value is the ratio of sensible
heat to latent heat. When Ste is small, the change of
sensible heat has little influence on the latent heat re-

leased and absorbed in the phase change process interface. When Ste becomes greater with the passage
of time, the released latent heat at the interface of the
phase change process is smaller and the advance
speed of the solid phase interface is higher than that
of the liquid interface. It can be seen from Figure 4
that the larger Ste indicates higher heat transfer temperature, shorter solidification time, higher solidification rate and greater sensible heat transfer amount
in the unit area.

(4:=4?0AB?4 58493 8; 7867A74?:092<;3B2
A8C4 =70@4 270;64 20=@B94@ 0A 38554?4;A A8:4@ 
When the mass ratio of HDPE / paraffin / graphite in
the phase change capsule is 40/60/3, the core radius
is 1.5 mm, the wall thickness is 3 mm, the initial cavity rate is set at 1%, the initial temperature is 62°C,
2376

$#

! %   







!"  ! 


direction of the capsule obviously slows down, and
the temperature curve remains stable in the range of
57-59, which is the solid-liquid phase coexistence
zone. Due to the latent heat of phase change, the
equivalent heat capacity in the numerical model increases, which greatly hinders the heat transfer to the
center of the capsule; and the thermal resistance of
the wall is greater at places nearer to the center of the
capsule because of the longer distance of heat transfer. When the phase change is completed, the equivalent heat capacity is the heat capacity of the single
phase whose value is small, in which cases the temperature curve slope increases rapidly and the temperature reduction rate is accelerated. Therefore, the
feature of the latent heat storage and release of the
capsule material during phase change can contribute
to the delay of heat transfer and heat flow reduction.

the phase change temperature range of paraffin is 58
± 1, and the wall surface of the capsule is subjected to the low temperature loading at 55 , the
temperature field distribution of the phase change
capsule during the whole solidification process is
shown in Figure 5. It can be seen that when the low
temperature load is continuously applied to the wall
surface of the capsule, the temperature in the capsule
gradually decreases and that the temperature decreases rapidly at the initial stage of solidification,
especially in the vicinity of the wall surface. The
phase change material in the whole capsule is gradually solidified inwardly and continuously releases
phase-change latent heat. Therefore, when the temperature in the capsule gradually approaches to the
interface temperature 59 of the solid-phase area of
paraffin, the temperature decrease rate in the radial
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(74 5542A <5 8;8A809 A4:=4?0AB?4 <; A74
=70@4270;64740AA?0;@54?=?<24@@<5A74@=74?8
20920=@B94 When the radius of the capsule-core is
1.5 mm and the constant temperature boundary 55
 is applied to it, the complete solidification mass
fraction changes with time under the three cases
where the initial temperature is 60, 65 and 70,
respectively, as shown in Figure 6. As can be seen
from the figure, when the initial temperature changes
from 60 to 70, the solidification mass fraction
decreased slightly or even negligibly during the
same time period.

phase interface and to analyze the influence of factors including the initial cavity rate, Ste number and
EG content on the heat transfer process of phase
change capsules. The results show that the initial
cavity rate not only influences the phase-change heat
transfer rate but also reduces the latent heat of the
unit volume of capsule. When the Ste number grows
larger over time, the release of latent heat in the
phase-change process interface will be smaller; and
when the size of the capsule is larger, the influence
of Ste value on the time for complete solidification
is more significant. The addition of a small amount
of the high thermal-conductive graphite to the shapestabilized phase change capsule can improve the
prosperities of phase change heat transfer and effectively enhance the velocity of the phase interface and
the transient heat flow release, bringing the role of
the energy storage and release property of PCM into
full play.

(74 45542A <5 6?0=78A4  2<;A4;A <; A74
740A A?0;@54? =?<24@@ <5 =70@4 270;64 20=@B94@ 
Figure7 shows the time-dependent variation trend of
transient heat flow of the phase change capsules with
different graphite contents. As can be seen from the
figure, the released amount of transient heat flow is
enormous in the initial phase but then quickly decreased. At the initial moment, the paraffin is in direct contact with the surface of the capsule for heat
exchange, so the transient heat flow is relatively
large. But with the development of the phase change
process and the continuous heat transfer, a certain
thickness of thermal resistance layer is formed between the liquid phase change material and the capsule wall, through which the heat have to be transferred to the external wall surface. After a certain period of solidification, the heat flow gradually verges
to zero until the entire solidification process is completed, and the moment is the time of complete solidification. The variation trend of the transient heat
flow release amount will be different at different
graphite contents. When the graphite content is
higher, the transient heat flow release amount in the
initial stage is larger. The transient heat flow at the
initial stage is 0.35W when the graphite content is
6%; and the transient heat flow at the initial stage is
only 0.25W when the graphite content decreases to
0. And higher graphite content indicates faster release and steeper decline of the transient heat flow
curve. Therefore, the addition of graphite improves
the heat transfer rate of the phase change material.
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The phase change heat conduction model is established for the high thermal- conductive phasechange capsule based on the apparent heat capacity
method, which takes the volume change of paraffin
and the presence of cavity into account. And the fractal-cavity thermal conductive model is used to study
the solidification and heat transfer process of the
high thermal-conductive phase-change capsule under the boundary condition of constant temperature,
to describe the temperature field distribution of the
phase-change capsule for tracking the position of the

2378

$#

! %   







!"  ! 


[7] Zhong, Y., Guo, Q., Li, S. (2010) Heat transfer
enhancement of paraffin wax using graphite
foam for thermal energy storage. Solar Energy
Materials and Solar Cells. 94(6), 1011-1014.
[8] Carslaw, H.S., Jaeger, J.C. (1959) Heat in solids. Clarendon Press, Oxford.
[9] Feng, F.P., Xu, H.S., Cui, Z.H. (2015) Research
on the condition model of drilling fluid non-retention in eccentric annulus.International Information and Engineering Technology Association. 33(1), 9-16.
[10]Veerappan, M., Kalaiselvam, S., Iniyan, S.
(2009) Phase change characteristic study of
spherical PCMs in solar energy storage. Solar
Energy. 83(8), 1245-1252.
[11]Chen, Z., Gu, M., Peng, D. (2010) Heat transfer
performance analysis of a solar flat-plate collector with an integrated metal foam porous structure filled with paraffin. Applied Thermal Engineering. 30(14), 1967-1973.
[12]Xia, L., Zhang, P., Wang, R.Z.(2010) Preparation and thermal characterization of expanded
graphite/paraffin composite phase change material. Carbon. 48(9), 2538-2548.
[13]Yang, J.J., Dong, D.W., Yang, Y.H. (2016) Experimental Study of Gas Flow and Combustion
in Biogas Generators. International Information
and Engineering Technology Association.
34(4), 743-748.

&4248C43
224=A43








$&&'%$##)($&

-74;>80;74;
IIUSE, Key Laboratory of Energy Thermal
Conversion and Control of Ministry of Education,
School of Energy and Environment,
Southeast University
Nanjing 210096 – P.R. China
e-mail: chenzhengqian999@outlook.com

2379

© by PSP

Volume 27 ± No. 4/2018 pages 2380-2391

Fresenius Environmental Bulletin

ASCORBIC ACID AMELIORATES GENOTOXIC EFFECTS
OF COBALT NANOPARTICLES AND COBALT CHLORIDE
IN IN VIVO DROSOPHILA ASSAYS
Merve Gunes, Burcin Yalcin, Havva Ertugrul, Bulent Kaya*
Akdeniz University, Faculty of Sciences, Antalya, Turkey

ABSTRACT

INTRODUCTION

Nanoparticles are used in a wide variety of
fields due to their many advantages in different
industries, but knowledge about the genotoxic potential of nanoparticles is rather limited. It is known
that genetic changes such as mutation, recombination, and DNA damage that occur in organisms are
related to many diseases. Therefore, it is very important to determine such effects of nanomaterials.
Ascorbic acid (AA), one of the water-soluble antioxidant micronutrients, can be found in many vegetables and fruits and acts as a cancer preventive
agent by protecting cells against oxidative damage.
In this study, the genotoxic effects of cobalt nanoparticles (CoNP, 50nm) and cobalt chloride (CoCl2)
and the antigenotoxic effect of AA against them
were examined by means of both the Somatic Mutation and Combination Test (SMART) and the
Single Cell Gel Electrophoresis Test (COMET) on
Drosophila melanogaster. The SMART method is a
fast, reliable, and economical in vivo test method
based on the loss of heterozygosity genetic changes
(point mutation, deletion, non-separation, and recombination) occurring in the wing imaginal disc
cells. The alkaline COMET assay is a sensitive and
fast technique for the detection of single-strand
DNA breaks. In this study, both preliminary and
concurrent applications were performed in the
SMART method. It is seen that the damage induced
by CoCl2 and CoNPs in the pretreated group is
higher than in the simultaneous application. On the
other hand, simultaneous applications were made in
the COMET study, and it was observed that AA
decreased the genotoxicity with statistical significance.

Nanotechnology is a field of study in which
researchers have been closely involved in recent
years, and the unique properties and applications of
nanomaterials are being explored [1]. Nanotechnological products are used increasingly in many
fields, such as engineering, medicine, pharmacology, agriculture, and the environment [2]. Moreover,
because of their superior physicochemical properties, nanoparticles find wide use in medicine, food,
clothing, and industrial applications. The widespread use of these materials is causing concern
about the potential risks to organisms [3, 4]. As a
result of the production, use, and excretion of nanoparticles, 40% of these products are mixed with
soil, air, and water [5]. In that context, the effects of
nanomaterials on human and environmental health
and ways of protecting against possible adverse
effects are important research topics.
Cobalt is found in rocks, soil, surface and
ground waters, plants, and animals. Cobalt is also
released from the burning of oil and coal, from
automotive exhaust, and from industrial processes
such as metalworking [6]. Because cobalt nanoparticles have high magnetism and a large active area,
they are often used in the fields of electricity and
electronics, such as in high-intensity magnetic storage, magnetic toners, and magnetic inks, and protecting mobile phones from electromagnetic wave
radiation [7].
It is thought that components of vegetables
and fruits such as vitamins, minerals, and polyphenols minimize the risk of chronic illnesses. Plant
secondary metabolites, such as polyphenols and
flavonoids, are quite important in terms of protecting the organisms at the cellular level against external factors [8-10]. Ascorbic acid (AA), which is
found in many plants, has anticlastogenic, antimutagenic, antitumor, and protective effects against
pesticides [11-17]. In this context, the genotoxic
potentials of ionic cobalt and nanocobalt in this
work have been demonstrated by the Drosophila
SMART and COMET assays. In addition, it has
been shown that genetic damage is eliminated by a
AA.

KEYWORDS:
Drosophila, cobalt nanoparticle, ascorbic acid, genotoxicity, SMART assay, COMET assay.
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(CoNP, CoCl2, CoNP + AA, and CoCl2 + AA,
EMS, ethanol, and distilled water). When the larvae
were 96±4 hours old, they were collected under tap
water with the aid of a sieve and stored in a 5%
sodium hypochlorite solution for 2 minutes. Collection of 40-60 larvae from each application group
was done according to the Irving (2005) [20] method. The hemocytes isolated from the larvae with the
aid of a forceps were put into 1.5 ml centrifuge
tubes containing n-phenylthiourea and PBS. The
cells were centrifuged at 1300 rpm (300 x g) for 10
minutes at +4 ºC. After centrifugation, the supernatant was discarded, and the pellet was re-suspended
with cold PBS solution. According to the Singh et
al. (1988) [21] &20(7SURFHGXUHȝORIKHPR
F\WHV DQG  ȝO RI /0$ ZHUH PL[HG rapidly. The
solution was spread over the slides, which had been
NMA-coated one day before, and closed with cover
glasses. After the slides were left on a cold plate for
10 minutes, the cover glasses were gently separatHGDQGȝORI/0$ZDVVSUHDGRQWhem and they
again were left on a cold plate for 10 minutes. After
that, the cover glasses were removed from the
slides, and the slides were placed in light-free slidecontaining dishes containing lysing solution (2.5 M
NaCl, 100 mM Na2EDTA, 10 mM tris, 1% Triton
X-100, and 1% N-Lauroylsarcosine sodium salt
solution [pH = 10]). To prevent DNA damage, the
following steps were performed under dim light. In
this case, slides were left in the refrigerator for at
least 1 hour and placed for 30 minutes in a horizontal electrophoresis tank filled with electrophoresis
solution. The DNA was unwound by submerging
the cells into electrophoresis buffer (pH 13.2) for
20 minutes then electrophoresis was carried out for
30 min at 300 mA and 25V. After the electrophoresis process, the slides were neutralized with 0.4 M
WULV S+  IRUPLQXWHVWZLFH7KHQȝ/RI
HWKLGLXP EURPLGH (W%U  ȝJP/  ZDV DGGHG RQ
each slide. For each preparation, 50 cells were
counted on the fluorescence microscope (Nikon
Eclipse E200) at 40X magnification. Tail intensity,
tail moment, and tail length were used as evaluation
parameters. All measurements were made on a
fluorescence microscope in automatic measurement
mode with the COMET-IV (Version 4.11) program.

Chemicals. CoCl2 (Cas No:7646-79-9), CoNP
(Cas No:7440-48-4, Particle size:25-30nm), AA
(Cas No: 50-81-7), ethyl methanesulfonate (EMS)
(CAS No: 62-50-0), propionic acid, gum arabic,
ethidium bromide (EtBr), ethylenediaminetetraacetic acid (EDTA), phosphate-buffered saline
(PBS), and n-phenylthiourea were obtained from
Sigma Aldrich. Sodium chloride (NaCl), sodium
hydroxide (NaOH), low-melting-point agarose
(LMA), normal-melting-point agarose (NMA), and
tris were obtained from AppliChem Orthophosphoric acid, chloral hydrate, and glycerol were
obtained from Merck, and agar was obtained from
Alfa Aesar. CoCl2 and CoNP were dissolved in
ethyl alcohol, EMS, and AA were dissolved in
distilled water.
Strains. In the Drosophila SMART assay,
two Drosophila strains, flr3/TM3,Bds (female) and
mwh/mwh (male), were used [18]. The wild-type
strain, Oregon R+, was used in the COMET method. All strains used in the study were cultured at
25±1 ºC and 60% humidity.
Drosophila melanogaster Somatic Mutation
and Recombination Test (SMART). The SMART
assay is based on the loss of heterozygosity in the
wing imaginal disc cells. As described by Graf et
al. (1984), transheterozygous larvae were obtained
from mating virgin flr3(flare) females and mwh
males [19]. In concurrent applications, the eggs
were collected in a clean nutrient medium for eight
hours from mating virgin flr3 females and mwh
males. After 72±4 hours, 3-day-old larvae were
gathered under tap water with the aid of a sieve and
transferred to vials containing 4.5 g of Drosophila
instant medium (Formula 4-24, Carolina Biological
Supply Co., Burlington, NC, ABD) and 9 ml of test
chemicals (CoNP, CoCl2, CoNP + AA, and CoCl2 +
AA, EMS, ethanol, and distilled water). In the preliminary study, larvae collected at the beginning of
the second larval stage were exposed to different
doses of AA for 24 hours and then exposed to 10
mM CoNP and 10 mM CoCl2 at the beginning of
the third larval stage. Adult flies were kept in 70%
ethanol at +4 ºC until the wing preparations were
prepared. Wings were removed and mounted in
)DXUH¶V VROXWLRQ RQ PLFURVFRSH VOLGHV 3UHSDUHG
wing preparations were examined at 40X magnification with an optical microscope.

Characterization of Nanoparticles. The
CoNPs used in this study were synthesized by Prof.
'U (UWX÷UXO $USDo $NGHQL] 8QLYHUVLW\  &KDUDcteristic evaluations and particle sizing of NPs were
performed with a Tecnai G2 F30 transmission electron microscope (TEM). Measurement of the zeta
potentials was performed with the Malvern Zetasizer Nano-ZS, and density measurements were made
with the Anton Paar DMA 4500 4 (National Nanotechnology Research Center, Ankara-Bilkent University) specific gravity and concentration meter.

Drosophila melanogaster Single Cell Gel
Electrophoresis (COMET). Eggs collected from
the Drosophila Oregon R+ strain during 8 hours
were collected with a sieve when they were threeday-old larvae. Drosophila instant medium was
prepared in application tubes with 4.5 g in 9 ml of
solutions prepared for different application groups
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[24]. CoNP, another chemical used in the study, is a
nanomaterial with a wide range of industrial applications [25]. Elemental cobalt nanoparticles are
used in a wide variety of fields on magnetic screening, magnetic toner, medical sensors, energy storage, and contrast enhancer effects [7, 26]. Antioxidants are molecules that can neutralize radicals or
destroy oxidized molecules [10]. AA is a natural
antioxidant compound found in fruits and vegetables [27].
Nanomaterials have a toxic potential as a result of their physicochemical properties, such as
morphology, oxidant creations, surface function,
and dissolution rate [28]. In addition, due to their
small size, they easily pass through cell membranes
and other biological barriers, causing cellular dysfunctions [29]. In 2015, it was determined that the
worldwide market for nanomaterials is $1 trillion,
and that amount reveals a serious nanomaterial
exposure [2]. Nanoparticles make chemical pollutants in the environment less harmful and are used
in the removal of groundwater [30], removal of
heavy metals from wastewater [31], and cleaning of
polluted air [32]. In recent years, magnetic metal
nanoparticles such as cobalt and nickel have been
used for magnetic resonance imaging [33]. The
medical, occupational, and environmental exposure
of nanoparticles used in wide-ranging and varied
forms is causing concern [3]. The release of Co
from the CoNP exposure leads to accumulation in
the cells, which, in turn, causes cell viability to
deteriorate [34]. One reason for the toxicity of cobalt-containing nanoparticles is thought to be the
direct entry of cobalt into the cells and the dissolution of nanoparticles followed by an increase in
cations in the growth medium [35].

Statistical Analysis. The data obtained in the
SMART experiment were evaluated by means of a
computer program (MICROSTA) prepared for
Drosophila wing somatic mutation and recombination tests. Original and alternative hypotheses were
calculated by using the binomial conditional test.
Kastenbaum and Bowman (1970) [22] charts were
used when original and alternative hypotheses were
adopted or rejected. Student's t-test was used to
evaluate the differences between the control groups
and the treatment groups in evaluating the COMET
test. A P value of >0.05 was considered for all
applications in the COMET experiment.

RESULTS AND DISCUSSION
In this study, the antigenotoxic effect of AA
against CoCl2 and CoNP, which have genotoxic
effects, was demonstrated. In the SMART assay, a
total of 1904 wing counts were performed, with 80
wings for each concentration, excluding the EMS
with high genotoxic activity. In the COMET method, 700 hemocyte counts were performed in total,
50 for each dose. To characterization of the CoNP
TEM are used for determination, size distribution
and morphology. Fig. 1 indicate TEM figure and
zeta potential. The obtained average size of CoNP
is 50nm and zeta potential value is -11.8 mV.
The Co ions used in our work are a necessary
trace element for vitamin B12 formation, but they
have the potential to create oxidative damage by
complexing with ligands [23]. In addition, high
doses of cobalt cause genotoxic damage in mammalian cells. Studies with cell lines have shown that
cobalt causes DNA chain breaks, DNA-protein
complex formation, and triggering of recombination

FIGURE 1
Characterization of cobalt nanoparticle (Co NP - 50 nm). Transmission Electron Microscopy (TEM) image of Co NP with Tecnai G2 F30 (A). Particle Size Distribution (C) and Zeta Potential Measurements(B)
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which is the solvent. EMS, which is a positive control group used in the study, was observed to cause
genotoxic effects in terms of all parameters.

D. melanogaster has been used by researchers
in studies evaluating the toxicological potential of
nanoparticles in reproductive, developmental, and
genotoxicity tests [36-38]. The data obtained in our
study of transheterozygous larvae are shown in
Table 1 and 2. All doses of CoCl2 and CoNP (0.1,
1, and 10 mM) showed statistically positive results
when compared to ethyl alcohol, which was their
solvent. Vales et al. (2013) [4] investigated the
genotoxic effects of CoNPs by the Drosophila
SMART assay, and they found increased dosedependent genotoxicity. Nanomaterials have toxic
potential, but there is no genotoxic effect of each
nanoparticle. Alaraby et al. (2015) [39] in their
studies investigating the effects of ZnO nanoparticles, observed that ZnO nanoparticles did not produce a genotoxic effect in the Drosophila SMART
method but that they increased the expression of
Hsp70 and p53 genes. Avalos et al. (2015) [40]
investigated the toxicity of Ag nanoparticles of 4.7
nm size by the Drosophila SMART and found a
statistically insignificant low toxicity.
Gornati et al. (2015) [33] found that CoNP
caused cytotoxicity and increased Hsp70 levels in
human ovarian cancer and human glioblastoma cell
lines. DNA damage is a key mechanism in the
toxicity of nanoparticles. The increase in the number of reactive oxygen species is caused by oxidative stress, which in this case causes DNA damage
[41]. The COMET method is a sensitive and reliable method used by researchers to detect oxidative
damage induced by nanoparticles and subsequent
DNA damage [42-44]. The studies of Abudayyak et
al. (2017) [45] on the cytotoxic and genotoxic effects of CoNPs on kidney cells did not reveal significant genotoxic effects in the COMET, while cell
death was statistically significant. Liu et al. (2016)
[46] investigated the cytotoxic and genotoxic effects of Co ions and CoNPs on the BRL-3A cell
line. In that study, CoNP showed higher cytotoxicity than Co ions but also caused DNA damage in the
COMET test. Ponti et al. (2009) [47] on Balb/3T4
cells and Colognato et al. (2008) [48] on human
blood lymphocyte cells observed the genotoxic
effects of CoNPs with COMET and micronucleus
(MN) tests. Both studies have shown that CoNP has
a genotoxic effect. D. melanogaster is a model
organism used in human diseases, toxicological
studies, and genetic and developmental studies [49].
Drosophila is also a model organism of interest in
the investigation of nanomaterial-induced toxicity
[38]. In our study, we found statistically significant
single-stranded DNA damage in terms of all parameters for all concentrations of CoNP as compared to the solvent, ethyl alcohol and distilled
water, according to the results obtained from the
COMET test. Additionally, statistically significant
single-stranded DNA damage was observed in
terms of the tail moment and tail length parameters
of all CoCl2 doses compared to the ethyl alcohol,

FIGURE 2
Pre-treatment of Ascorbic Acid Against CoCl2
in SMART Assay
AA, also known as vitamin C, is a watersoluble vitamin and contributes to cellular protection mechanisms [50, 51]. AA is an antioxidant that
protects the organism from oxidative stress by
scavenging reactive oxygen species [52]. Bonilla et
al. (2006) [53] investigated the protective effect of
AA against paraquat toxicity and increased life
span by increasing doses of AA. It is thought that
AA inhibits cancer by inhibiting the formation of
N-nitroso compounds and stimulating the immune
system [54]. AA showed an anticlastogenic effect
in the MN test with cyclophosphamide (CP), mitomycin-C (MMC) and bleomycin (BLM) hydrochloride in bone marrow cells [12]. AA has a protective
role against chromosomal damage induced by doxorubicin (DXR) in human lymphocyte cells [13].
Yan et al. (2012) [55] observed a significant reduction in the level of 8-OHdG produced by ethanol in
human lymphocyte cells pretreated with AA. In
addition, a scavenging effect of hydroxyl radicals
by AA was also observed in this study. Chang et al.
(2012) [56] investigated brain development in
mouse embryos and in newborn rats and observed
the protective effect of AA on toxicity caused by
lead. Olvera et al. (1995) [57] observed the protective effect of AA against gamma ray and CrO3 toxicity in their studies using the Drosophila SMART
method.
In the SMART assay, 48-hour-old larvae were
exposed to different doses of AA for 24 hours in
pre-treatment, and the same larvae were exposed to
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a 10 mM dose of CoNP and CoCl2 at the 72nd hour.
In preliminary treatments, AA reduced the damage
induced by CoCl2 and CoNP with statistical significance (Fig.2 and Fig.3). According to the results
obtained, all doses of AA had antigenotoxic effects
in terms of all parameters (small single spot, large
single spot, total mwh, and total clone) (Table 1).
Co-treatments were performed with 72±4hour-old larvae that were exposed to CoNP, CoCl2,

Fresenius Environmental Bulletin

and AA. We used 1 mM EMS as the positive control and distilled water and ethyl alcohol as the
negative control. Similar to pre-treatments, AA
reduced the genotoxicity in co-treatments (Fig.4
and Fig.5). According to the results obtained, AA
showed a protective effect against genotoxicity
induced by CoCl2 and CoNP in terms of all doses
and all parameters studied in the co-treatments
(Table 2).

FIGURE 3
Pre-treatment of Ascorbic Acid Against CoNP in SMART Assay




FIGURE 4
Co-treatment of Ascorbic Acid Against CoCl2 in
SMART Assay

FIGURE 5
Co-treatment of Ascorbic Acid Against CoNP in
SMART Assay
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TABLE 1
In vivo Antigenotoxic Effects of Pre-treatment of Ascorbic Acid Against CoCl2 and CoNP Genotoxicity in
D. melanogaster
Compounds,
concentration
(mM)

Number
of wings
(n)

Small single
spots (1-2 cells)
(m=2)

Large single spot
(>2cells) (m=5)
D.

Total mwh spots
(m=2)
D.

D.

Frequency
of clone
formation
(105 cells)

Total spots
(m=2)

No.

Fr.

No.

Fr.

No.

Fr.

No.

Fr.

No.

Fr.

80

12

(0.15)

2

(0.02)

0

(0.00)

14

(0.18)

14

(0.18)

0.72

80

13

(0.16)

2

(0.02)

0

(0.00)

15

(0.19)

15

(0.19)

0.77

80

14

(0.18)

i

2

(0.02)

i

3

(0.04)

i

19

(0.24)

i

19

(0.24)

i

0.97

32

71

(2.29)

+

27

(0.87)

+

9

(0.29)

+

105

(3.39)

+

108

(3.48)

+

13.45

80
80

53
36

(0.66)
(0.45)

+
+

9
5

(0.11) +
2
(0.02) i
64 (0.80) + 64
(0.06) i
0
(0.00) i
40 (0.50) + 41
48±4 Askorbic acid (mM)
10
80
11 (0.14) í
2
(0.02) i
0
(0.00) i
13 (0.16) í 13
50
80
11 (0.14) í
1
(0.01) i
0
(0.00) i
12 (0.15) í 12
250
80
2
(0.02) í
1
(0.01) i
1
(0.01) i
4
(0.05) í
4
48±4 h Askorbic acid (mM) + 72±4 h 10 mM CoCl2
10
80
22 (0.28) í
3
(0.38) í
1
(0.01) i
26 (0.32) í 26
50
80
5
(0.06) í
2
(0.02) í
1
(0.01) i
8
(0.10) í
8
250
80
5
(0.06) í
2
(0.02) í
1
(0.01) i
8
(0.10) í
8
48±4 h Askorbic acid (mM) + 72±4 h 10 mM CoNP (50 nm)
10
80
18 (0.22) í
1
(0.01) í
1
(0.01) i
20 (0.25) í 20
50
80
26 (0.32) í
2
(0.02) í
3
(0.04) i
31 (0.39) í 31
250
80
25 (0.31) í
2
(0.02) í
1
(0.01) i
28 (0.35) í 28
)UIUHTXHQF\'VWDWLVWLFDOGLDJQRVLVSRVLWLYHíQHJDWLYHLLQFRQFlusive;
m=multiplication;

(0.80)
(0.51)

+
+

3.28
2.05

(0.16)
(0.15)
(0.05)

í
í
í

0.66
0.61
0.20

(0.32)
(0.10)
(0.10)

í
í
í

1.33
0.41
0.41

Distilled
water (48h)
Distilled
water (72h)
%1 Ethyl
alcohol (72h)
1 mM EMS
(72h)
10 mM CoCl2
10 mM CoNP

D.

Twin spots
(m=5)

D.

(0.25) í
1.02
(0.39) í
1.59
(0.39) í
1.43
probability levels= 0.05.

TABLE 2
In vivo Antigenotoxic Effects of Co-treatment of Ascorbic Acid Against CoCl2 and CoNP Genotoxicity in
D. melanogaster
Compounds,
concentration
(mM)
Distileted
water (72h)
%1 Ethyl
alcohol (72h)
1 mM EMS
(72h)
10 mM CoCl2
10 mM CoNP

Number
of wings
(n)

Small single
spots (1-2 cells)
(m=2)

Large single spot
(>2cells) (m=5)

No.

Fr.

No.

Fr.

80

13

(0.16)

2

(0.02)

80

14

(0.18)

i

2

(0.02)

32

71

(2.29)

+

27

(0.87)

80
80

53
36

(0.66)
(0.45)

+
+

9
5

D.

D.

Twin spots
(m=5)
No.

Fr.

0

(0.00)

i

3

(0.04)

+

9

(0.29)

Total mwh spots
(m=2)
D.

No.

Fr.

15

(0.19)

i

19

(0.24)

+

105

(3.39)

D.

Frequency
of clone
formation
(105 cells)

Total spots
(m=2)
No.

Fr.

D.

15

(0.19)

i

19

(0.24)

i

0.97

+

108

(3.48)

+

13.45

0.77

(0.11) +
2
(0.02) i
64 (0.80) + 64 (0.80) +
3.28
(0.06) i
0
(0.00) i
40 (0.50) + 41 (0.51) +
2.05
72±4 Askorbic acid (mM) 72±4
10
80
13 (0.16) i
5
(0.06) i
0
(0.00) i
18 (0.22) i
18 (0.22) i
0.92
50
80
16 (0.20) i
3
(0.04) i
2
(0.02) i
21 (0.26) i
21 (0.26) i
1.08
250
80
14 (0.18) i
1
(0.01) i
1
(0.01) i
16 (0.20) i
16 (0.20) i
0.82
72±4 h Askorbic acid (mM) + 72±4 h 10 mM CoCl2
10
80
13 (0.16) í
1
(0.01) í
1
(0.01) i
15 (0.18) í 15 (0.18) í
0.77
50
80
30 (0.37) í
8
(0.10) í
4
(0.05) i
42 (0.52) í 42 (0.52) í
2.15
250
80
30 (0.37) í 10 (0.12) í
4
(0.05) i
44 (0.55) í 44 (0.55) í
2.25
72±4 h Askorbic acid (mM) + 72±4 h 10 mM CoNP (50 nm)
10
80
30 (0.37) í
4
(0.05) í
2
(0.02) i
36 (0.45) í 36 (0.45) í
1.84
50
80
23 (0.28) í
2
(0.02) í
0
(0.00) i
25 (0.31) í 25 (0.31) í
1.28
250
80
19 (0.24) í
6
(0.07) í
1
(0.01) i
26 (0.32) í 26 (0.32) í
1.33
)UIUHTXHQF\'VWDWLVWLFDOGLDJQRVLVSRVLWLYHíQHJDWLYHLLQFRQFOXVLYHP PXOWLSOLFDWLRQSUREDELlity levels= 0.05.

ic effect on total spot, twin clones and small spot
clones against cyclosphosphamide, diethylnitrosamine, mitomycin C, and urea. Fernandes et al.
(2017) [59] investigated the protective effect of
vitexin, which has antimicrobial, antioxidant, and
anti-inflammatory effects against the genotoxicity

Abraham (1994) [58] investigated the antigenotoxic effect of coffee against the mutagenic
and carcinogenic chemicals cyclosphosphamide,
diethylnitrosamine, procarbazine, mitomycin C, and
urethane. In the study conducted with the Drosophila SMART method, coffee showed an antigenotox-
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mM CoCl2 + 250 mM AA showed a statistically
significant decrease in all parameters (Fig.6). The
observed results obtained by co-administration of
10 mM CoNP with AA (10, 50, and 250 mM) were
statistically significant reductions in all parameters
(Fig.7).
The most important mechanism underlying the
toxicity of nanomaterials is the production of reactive oxygen species (ROS). Excessive ROS production is caused by oxidative stress resulting in the
degradation of normal physiological processes [29].
It has been determined that CoNPs enhance ROS
production in in vivo and in vitro studies [28, 6465]. Antioxidant molecules such as glutathione and
cysteine act as redox buffers in different cell compartments and protect against reactive species. For
that reason, antioxidants are used as protective
agents against nanoparticle toxicity.
Antioxidants taken with the diet have a critical
importance for reducing oxidative damage and
reducing many chronic diseases. Antioxidant intake
is thought to be one of the strategies for reducing
nanomaterial-induced toxicity [29]. Nyga et al.
(2015) [66] investigated the protective effect of AA
ȝ0 DJDLQVWWKHF\WRWR[LFLW\LQGXFHGE\&R13
DQGȝJPO LQDOYHRODUPDFURSKDJHV$$
showed an effective protective effect at doses of 5
DQGȝJPORI&R13 while statistically different
FHOO YLDELOLW\ ZDV QRW REVHUYHG DW  ȝJPO $$
However, there are also studies showing that AA
induces genotoxicity. In another study using the
SMART method, AA showed a genotoxicity increase at a dose of 100 mM while there was reduced genotoxicity at 50 mM against doxorubicin
[67].

induced by benzo[a]pyrene with the Drosophila
SMART assay. The results obtained showed that
vitexin exhibited an antigenotoxic effect in small
single spots and in total clones. In another study
conducted with the Drosophila SMART method,
the protective effects of AA, lycopene, resveratrol,
and FeSO4 against the genotoxicity induced by 4nitroquinoline-1-oxide (4-NQO), which is a carcinogenic and mutagenic chemical, were investigated. Antioxidants did not show a protective effect in
the results obtained in the study [60]. Similarly, in
the study of Vlastos et al. (2015) [61], the protective effect of Chios mastic oil, known for its anticarcinogenic potential, was evaluated by the Drosophila SMART method. The essential oil used in
the study did not show a statistically significant
protective effect against mitomycin C. Scolastic et
al. (2008) [62] investigated the protective effect of
lycopene, which has an antioxidant potential
against n-nitrosodiethylamine, on a COMET assay
with an HEPG2 cell line, and they observed a statistically significant protective effect at all doses. In
another COMET study, vitamin C (AA) showed a
high protective effect against nicotine exposure in
mice [63].
In our study, it was observed in the COMET
assay that, at all doses, AA did not cause genotoxic
damage as compared to the control group of distilled water in terms of all parameters (Table 3).
CoCl2 and CoNP showed statistically positive results when compared with ethyl alcohol, which is a
solvent. Antigenotoxicity evaluation showed a
statistically significant decrease in tail length and
tail moment of 10 mM CoCl2 + 10 mM AA. Suspensions of 10 mM CoCl2 + 50 mM AA and 10

TABLE 3
Protective effect of ascorbic acid against CoCl 2 and CoNP in COMET
Concentartion (mM)
Distilled water
Ethyl alcohol (%1)
EMS 5 mM
10 mM CoCl2
10 mM CoNP
10
50
250
10
50
250
10
50
250

Tail intense (%)
Tail moment (μm)
0.85±0.29
0.10±0.03
1.52±0.23
0.18±0.39
1.91±0.36***
6.12±1.44***
1.72±0.39(#)
0.58±0.09***(#)
8.10±1.79***(#)
1.67±0.30***(#)
Ascorbic acid
0.75±0.25
0.07±0.02
0.62±0.22
0.09±0.03
0.60±0.26
0.007±0.003
Ascorbic acid + 10 mM CoCl2
1.22±0.32(#)
0.17±0.29(#)
(#)
1.04±0.27
0.14±0.22(#)
0.92±0.28(#)
0.11±0.25(#)
Ascorbic acid + 10 mM CoNP
0.96±0.34(#)
0.16±0.22(#)
0.87±0.44(#)
0.11±0.26(#)
0.76±0.38(#)
0.12±0.18(#)

*0.01 < P < 0.05 **0.001 < P < 0.01 ***P < 0.001
# CoCl2 and CoNP administration compared to ethanol (Student's t-test)
EMS, ethyl methanesulfonate
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Tail length(μm)
21.44±0.80
21.88±1.01
29.30±1.01***
26.10±0.95***(#)
29.66±1.54***(#)
20.22±2.42
16.15±3.14
14.18±1.22
22.11±2.24(#)
20.18±1.82(#)
16.14±0.94(#)
21.21±1.13(#)
18.14±0.97(#)
14.28±0.82(#)
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FIGURE 7
Antigenotoxic effect of AA against to CoNP in
COMET

FIGURE 6
Antigenotoxic effect of AA against to CoCl 2 in
COMET
CONCLUSION
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As a common problem all over the world, the
flow-like landslides have been widely and deeply investigated. Most investigations were performed focusing on the failure mechanisms in the pre-failure
stage, and the fast propagations in the post-failure
stage, respectively. This study attempted to simulate
a real mudflow in a consistent manner, and to describe the initiation, propagation and arrest stages of
the disaster using only one constitutive model. A
visco-elasto-plastic model with solid-fluid transition
was briefly presented and used in the study, and necessary physical parameters were carefully calibrated.
Two failure mechanisms induced by increasing gravity and decreasing suction were discussed, and the
definition for the interface between viscous and
elasto-plastic layers was explained. Finally, the consistent simulation of the mudflow was performed,
and the impact effect against a remaining wall was
heuristically studied.



complex, and several types can be classified according to certain index. According to Hungr [5], the
landslides of flow type can be described as follows:
- Mudflow. Very rapid flow along certain channels, and generally composed of the saturated and
plastic soils, with a water content larger than liquid
limit.
- Debris flow. Extreme rapid flow along established channels with abrupt slopes, and composed of
the saturated debris. The principal difference between mudflow and debris flow is the plastic clay
content: the plasticity index is generally less than 5%.
- Flowslide. Rapid flow with full or partial insitu liquefaction observed or implied in the source
material. These disasters can be divided into 2 types:
the clay flow slide and the sand (silt, debris, rock)
flow slide. The former is composed of the sensitive
clay with a water content larger than liquid limit, and
the later of the sand (silt, debris, weak rock) saturated at rupture surface.
In addition to the three types of disasters, there
are also peat flow, earth flow, debris flood, non-liquefaction sand flow, and rock avalanche, according to
Hungr [5]. The flow-like landslide simulated in this
study occurred in 1986 at Palma Campanie, Italy, and
it could be classified as a mudflow, because it was
mainly composed of loose and plastic volcanic ashes,
and the failure was induced by the rising phreatic line.
In the propagation stage, it flowed along an established channel and presented a large flow velocity.
The flow-like landslides are usually composed
of granular materials, which present very various behaviors under different conditions. Before failure occurs, the granular material presents a solid behavior;
after failure occurs, it presents a fluid behavior. This
macroscopic phenomenon of solid-fluid transition
can be explained as the variation of microscopic contact network, as shown in Fig. 1: solid particles are
closely connected in initial state, and frictional interactions among particles are dependent on normal
stresses, and deviatoric stresses can be supported by
the solid skeleton. Under certain conditions, for example, under water infiltration condition (or seismic
condition), a lubrication effect can be introduced
among the particles, and the strong contact network
can be destructed. Consequently, the contact network
loses the capacity to support the deviatoric stresses,

(' "# 
Mudflow, consistent evolution, visco-elasto-plastic model,
instability, solid-fluid transition, large deformation.
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Flow-like landslides are a worldwide problem,
the assessments of slope instability [1, 2] and numerical simulations of flow behavior become more and
more important. The disasters of flow type generally
release a large kinetic energy and present a high flow
velocity, which usually cause a lot of fatalities and
destroy buildings. On August 7, 2010, a catastrophic
mudflow occurred in Gansu, China [3]. This mudflow was induced by intense rainfall and caused a
death of 1,239 persons. On February 21, 2005, a rainfall-induced waste landslide occurred at the Leuwigajah dump site in Bandung, Indonesia [4]. This disaster involved a volume of   X &V, and caused
147 fatalities and was one of the largest landfill landslides.
The mechanism of the flow-like landslides is
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were calibrated. Finally, the initiation of the mudflow
in different conditions was studied, and the consistent
evolution of the mudflow, including the initiation, the
propagation and the arrest stages was simulated. Besides, the flow impact against a remaining wall was
simply discussed. In section 4, some conclusions
were proposed, and the perspectives and drawbacks
of this study were discussed.

and the granular material presents a fluid behavior.

&# #$ !#$ '$
# %$"#$ 


The flow-like landslides exhibit various behaviors in different stages. On one hand, the solid behavior can be observed in the pre-failure stage, and there
have been numerous elasto-plastic constitutive laws
to model the corresponding behavior [9]. On the other
hand, the fluid behavior can be exhibited in the postfailure stage, many investigations have been performed focusing on the flow behavior of the geomaterials in this stage [10]. Contrary to previous investigations, which studied the flow-like landslides
by dividing them into two stages, in this study, a
visco-elasto-plastic model with solid-fluid transition
was used to describe the mudflow in a unified framework.
Fig. 2 showed the scheme of this constitutive
model. An elasto-plastic constitutive law, called
PLASOL, was used to describe the solid behavior before failure occurred, and a Bingham's viscous law
with a constant stress threshold )S was devoted to
describe the fluid behavior after the failure. In addition, the second order work criterion was introduced
to model the solid-fluid transition. In the following
paragraphs, the main features of the unified model
were briefly presented.

%" 
2,97:,782,,76;*,;6.;>793/7909*6<4*95*
;.92*4:*#;9760,76;*,;,799.:876-260;7
:742-+.1*=279+'.*3,76;*,;6.;>793
/795.-+@4<+92,*;276.//.,;
The numerical simulation of flow-like landslides was usually divided into two types. Classical
Lagrangian finite element methods were used to analyze the initiation stage, because there were not large
deformation issues in the pre-failure stage. And the
propagation and arrest stages were usually simulated
by using SPH [6] and depth-averaged methods [7]. In
this study, the mudflow was simulated and analyzed
by using the Finite Element Method with Lagrangian
Integration Points (FEMLIP), and a visco-elastoplastic constitutive model with solid-fluid transition
[8] was introduced to describe the solid and fluid behaviors of this disaster in a unified framework.
The paper was organized as follows. Section 2
was devoted to present briefly the constitutive model.
The geometry of the numerical model was determined in Section 3, and some physical parameters

%" 
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4*:;784*:;2,57-.4Widely used to describe
elasto-plastic behavior for geomaterials [11-13], the
PLASOL model was briefly presented focusing on
its three main features, and more details could be referred to Barnichon:
1. Plastic criterion of Van Eekelen’ type (Van
Eekelen 1980), which was close to Mohr-Coulomb
plastic criterion but avoided the geometric singularities, was used and expressed as follows:
Vc
# Us  & Ts  ][\t  
(1)
y

the norms of the stress increment and the strain increment of the material point , respectively. In case
of!U +jkni  in all loading directions, geomaterial
stays unstable zone; in case of !U +jkni  for any
loading direction, geomaterial is considered potentially unstable; and in case of !U +jkni   in the
current loading direction, geomaterial is unstable,
and failure can occur. In order to assure the rational
computational time in numerical calculations, only
the local second-order work in the current loading direction was calculated and used as the criterion to
judge the instability. Furthermore, the normalized
global second order work was used to analyze boundary value problems, and written as follows:

3c was the mobilized friction angle under triaxial compression path, TJ J  and Us
T
KU  (K J  V J9) were first and second
invariants of the effective stress tensor, J was the effective stress and was a parameter.
2. The plastic hardening was controlled by the
l
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where was the cohesion, the index  and signified the corresponding values at elastic and plastic
limits, respectively. c and l were two hardening parameters.
3. As the geomaterials obeyed a non-associated
plastic flow, the PLASOL constitutive law realized
this feature by using a plastic potential differing from
(see Eq. (1)) as follows:
Vc
$ Us  & Ts  ][\ty 
(3)
where had a similar form with , but the friction angles 3 were replaced by the dilatancy angles
5.

#742-/4<2-;9*6:2;276 ,92;.9276 Many investigations have been performed focusing on the liquefaction and the solid-fluid transition for geomaterials,
and the second order work criterion is considered as
an appropriate tool to describe them [14]. As the
most conservative failure criterion, which can describe all the material instabilities by divergence, excluding flutter instability, the second order work criterion has been used to assess the stability and the
failure of geomaterials [15-18]. The local second order work and its normalized form are written as follows:
(4 a)
!U + !1gh !/gh
!U +jkni

d w q|

dJ@ dH| 
!U +jkni

(5)

&2:,7<:4*>>2;1*,76:;*6;:;9.::;19.:174-
Flow-like landslides mostly exhibit a high velocity
and a large kinetic energy, and induce a wide disaster
area. This is a typical phenomenon of Bingham's
fluid with stress threshold. In order to model the propagation and the arrest stages of flow-like landslides,
the Bingham's viscous model with a constant stress
threshold was chosen to establish the unified model.
The linear viscous relationship and the independence
on confinement of the stress threshold were considered for sake of simplification. The simplified viscous law was thus expressed as follows:
If: Us  )S
2gh
Us  )S 2gh
2gh  )S 

"gh
Us
0
Us
0
(6)
else: "gh 
where K and = were the deviatoric stress and
strain rate tensors, respectively. )S was the constant
stress threshold, and 0 was the dynamic viscosity.
Let us summarize briefly the unified model.
The elasto-plastic behavior was modeled by the
PLASOL constitutive law in the solid stage, and the
fluid behavior after the solid-fluid transition was
simplified and considered to obey the Bingham's viscous law. The second order work criterion was used
to describe the transition, and in case of !U +  ,
geomaterial was strictly stable and exhibited a solid
behavior, in case of !U +  , the failure occurred.
In the condition of !U +  , the solid-fluid transition occurred and the geomaterial turned to fluid regime, if Us  )S; and the geomaterial in the fluid
regime returned to solid regime, if Us became less
than )S , which signified the deposit process and corresponded to arrest stage of flow-like landslides.



C

3cS 

 u|_| dJ@ dH@ 

where g is the determinant of the Jacobian
matrix and 6g is the numerical weight at the material
point . The global instability of the studied mudflow
was assessed according to this Equation.

H  H , with  a unit vector. The mod(=
V
ified cohesion and frictional angle were formulated
as follows:
3c

d w q| u|_| 

(4 b)

where
is the normalized local second order work at material point , with a value limited between -1 and 1, and !J@  and !H@  are
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(` was the residual degree of saturation, and
, -and were physical parameters to calibrate.
The suction was expressed as: )  *b  *q ,
with *b the air pressure and *q the water pressure.
trended to attract the soil grains each other and contribute a larger cohesion to the soil skeleton, if *b
could be neglected. The effective stress of the partially saturated soils was expressed as follows:
  4)9      (8)
J J  *b 9  4*b  *q 9 J
where J
 was the net stress, and 4 was a coefficient with a value from 0 to 1. The definition of this
parameter has been deeply investigated [23-27], and
in this study, the expression of 4 ( was used, because it was theoretically satisfying and simple.
For the mudflow in Palma, the volcanic ashes
were very porous and composed of fine grains. Two
assumptions were introduced in the study, as follows:
- The hysteresis effect could be neglected and
the expression of Van Genuchten could be applied in
the study.
- The pores in the studied materials were connected to the atmosphere, so the air pressure was null.
By considering 4 ( , the effective stress
was expressed as follows:
J J  (  )
(9)
In the principal stress space, the consideration
of the effective stress corresponded to a translation
along the direction of the hydrostatic line to a larger
mean stress. Consequently, it was equivalent to consider that the stress was not changed, but the modified cohesion ki (the apparent cohesion) under
the partially saturated state was larger than the cohesion k under the saturated state.
According to Eq. (7) and the previous contribution, the hydraulic parameters could be determined
as follows: the residual water content was 0.3 and the
saturated one was 0.7, ,
  ZW , and &  . With a porosity approximatively
equal to 0.7, the residual degree of saturation could
be estimated as: (`  . The apparent cohesion
was thus obtained by the expression as follows:

"$   
!(#!"$"# 
#%$  $% '
In this study, a code based on the FEMLIP
method [19,20] was used to calculate the consistent
evolution of the mudflow, and the visco-elasto-plastic model with solid-fluid transition has been implanted. The method can solve the large deformation
problems and track the internal variables during the
calculation, and more details about this method can
be referred to the previous contributions [20].
.;.9526*;276 7/ 81@:2,*4 8*9*5.;.9: For
such a numerical analysis, 17 parameters were necessary. For the elasto-plastic model, 13 physical parameters were required; for the viscous law, 2 physical parameters were needed. Furthermore, a natural
density of soil and a initial suction were also necessary. In order to minimize the number of the physical
parameters, 3c 3e and 5c 5e were assumed
(so the behaviors under compression and extension
loading paths were combined), andl   c
 and'   were considered according
to the proposition by Prunier [21].
In addition, the water was a determinant trigger
for the global instability in the studied site. The hydraulic effect was taken into account by introducing
the apparent cohesion and the suction, and the decrease of the apparent cohesion under water infiltration could induce the instability.
 @-9*<42,,76-2;276:The relationship between degree of saturation and suction is described
by the Water Retention Curves (WRCs), which exhibits generally a hysteresis effect under wetting and
drying paths. In this study, the simplified form [22]
of the WRCs was used for the sake of simplification,
and was stated as follows:
TZanx
((` 
                       (7)
 }
TYro 

where  was the current degree of saturation, 
was the suction in partially saturated porous media,
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  *;<9*4 -.6:2;@ *6- =2:,7.4*:;784*:;2,
8*9*5.;.9:The elastic parameters of the mudflow
were rarely studied, because most models focused
only on its flow stage [28-30]. Only one reference
proposed the choice of the elastic parameters, and
the Poisson's ratio of 0.29 and the Young's module
of 5 MPa were used in this study, according to the
reference [38]. 
As absence of physical parameters for the float
stones, the pyroclastic deposits were considered to be
composed only of the volcanic ashes. According to
previous contributions, the natural density .jbp with
a value of
%&V [28] was used in this study.
Furthermore, experimental results from 3 undrained
triaxial tests under initial pressures of 50, 100 and 150
kPa were illustrated in Fig. 3 [31]. The friction angle
at elastic limit was small (3o), and that at plastic limit
was of 38o. The effective cohesions at elastic and
plastic limits were almost null, according to Fig 3.
The suction with an approximate value from 10
to 80 kPa was obtained by experimental tests for the
volcanic ashes [32]. According to Eq. (10), the values
of the apparent cohesion could be estimated to be 315 kPa under the suction kPa, and 8-38 kPa under  kPa. In case of intense rainfall, the wetting
process induced a decreasing suction from 80 kPa to
less than 10 kPa, and the apparent cohesion also decreased. A gravitational instability induced by wetting process could be simulated by the progressive
decrease of the apparent cohesion.
The pyroclastic deposits were very loose, and
the contractility was visible with decrease of the pressure during the tests shown in Fig 3. Several calcula-

tions were performed based on the experimental results, by varying the parameter 5, in order to obtain
a numerical result, which was sufficiently close to the
experimental result under the pressure of 100 kPa, as
shown in Fig 4. The calculations were realized with a
friction angle of 8-38o, an effective cohesion of 0, a
Young’s module of 5 MPa and a Poisson's ratio of
0.29. Fig 4 presented the numerical results and the
comparison with the experimental tests.
According to the numerical results, the dilatancy angle varying from -250 to 5o seemed to be the
most appropriate, comparing with the experimental
results.
Finally, the viscous parameters proposed by
Revellino [28] were chosen, and the visco-elastoplastic parameters and the natural density were enumerated in Table 1.

.75.;92,57-.4*6-+7<6-*9@,76-2;276:
The studied mudflow occurred at Palma Campania
city in 1986. It initiated in the west of the Pizzo volcano, and the ravine, along which this mudflow
flowed, was relatively straight and confined laterally,
and did not present branches. These particularities
made reasonable to simulate the mudflow under the
assumption of plane deformation in 2D. The bed
rock was composed of the fractured and intermediary weathered Mesozoic limestone, and was covered
by a layer of pyroclastic deposits, which was constituted by volcanic ashes and float stones. According
to Guadagno [33], the average thickness of the pyroclastic deposits was 9 m. Besides, from a topographic point of view, the slope varied from 42o at
the initial position to 12o at the arrest position, as
shown in Fig. 5a.
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Evidently, only the pyroclastic deposits involved in the mudflow, and the bed rock was thus
excluded from the numerical model to decrease the
calculation cost. The numerical model of the mudflow was shown in Fig 5b, and the anchorage boundary condition was considered for all the 4 boundaries
(red lines in Fig. 5b).

#;<-2.:/79;1.:742-/4<2-;9*6:2;27626262;2
*;276 :;*0. 7/ ;1. 5<-/47> The initiation of the
sliding on the most inclined slope (42o) was firstly
studied in a simple model. As shown in Fig. 6a, a volcanic ash with a thickness of 9 m was considered, and
the gravity was progressively exerted with an inclined angle of 42o. The anchorage boundary condition was considered for all the 4 boundaries, and the
failure and transition zones could concentrate in the
left border, where the artificial traction conditions

were generated. The border effect was visible according to the strain distribution with an elastic behavior,
and the influence scope was estimated to be 13 m as
shown in Fig. 6a. Consequently, this zone was considered to be elastic to reduce the border effect in the
initiation stage of the mudflow. Fig. 6b showed the
modified model, in which the border effect could be
neglected. The modified model was discretized by 32
elements in the direction y and 80 elements in the direction x.

 $9*6:2;27626-<,.-+@26,9.*:26009*=2;@
The transition induced by the increasing gravity was
firstly studied. In order to present the development of
viscous strain, the calculation was continued, although the first transition zone appeared. And the
gravity was maintained to be constant until it reached
13.8m/U , when the first transition zone appeared (the
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material was stable under the gravity $ &) U). 
As shown in Fig. 7, the solid regime corresponded to the zones where the solid-fluid transition
was not occurred, or the material solidified with
Us  )S after a flow stage. Some points could be observed according to the results:
- The solid-fluid transition appeared and developed along the base of the material layer (at increment 117 and 133), because Us was larger in lower
part than in upper part with the same gravity. At the
increment 176, a throughout sliding band developed
until the upper surface of the material layer. At the
increment 204, the material started to deposit and the
solidification started, because the fluid zones started
to reduce comparing with the result at the increment
176.
- At the increment 117, a result of the normalized local second order work was illustrated (see Fig.
8). Comparing the failure zone (!U +jkni  ) with
the transition zone in Fig. 7, a good coincidence could
be observed.
Fig. 9 showed the evolutions of the second invariant of deviatoric stress Us and the velocity in
the direction x, along the profile C at the increment
176 (see Fig. 7). The delimitation between the viscous layer and the elasto-plastic one could be determined according to Us )S , and the velocity increased from bottom to top in the viscous zone and
maintained constant in the elasto-plastic zone, where
the material could be considered to be quasi rigid.
 $9*6:2;27626-<,.-+@-.,9.*:260:<,;276
The wetting process had been considered as the principal trigger of the mudflow, the decreasing suction
induced the decrease of the apparent cohesion, during
the wetting process, and the plastic limit was thus reduced so that failure occurred. In the study, an initial
suction field, with a value of 80 kPa, was assumed
homogeneous in the studied material. The gravity
was progressively augmented until a value of 9.8 m/s2

(at the increment 320), and then the phreatic line
started to rise until the elevation of 8.5 m. The wetting
action propagated with the rising phreatic line, and
the suction decreased according to an artificial gradient initially exerted in the base of the model. Fig. 10
illustrated the mechanism.
A value of 6 kPa/m for the suction gradient was
introduced, according to the contribution of Cascini
[37], which presented profiles of the suction values in
the pyroclastic layer, and the data were obtained by
the in-situ measures.
Fig. 11 illustrated the development of the transition zones and the flow configuration. The transition zones concentrated firstly in the upper part of the
layer, and exhibited a diffuse feature. With the elevation of the phreatic line, the transition zones developed downwards and the distribution was more diffuse (increments 412, 458), which was not observed
in the previous case, and could be explained by the
liquefaction phenomenon.

%"
*24<9.A76.:26-2,*;.-+@;1.6795*42A.-47
,*4:.,76-79-.9>793*;;1.26,9.5.6; 
? OQ RAEP

%"
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gravity was progressively augmented until the value
of 9.8 m/s2, and the phreatic line was raised as the
previous case.
Fig. 13 illustrated the evolutions of the horizontal displacement on the top of the remaining wall and
the second invariant of deviatoric stress on the toe,
respectively. It should be noted that the two variables
were very important for dimensioning of the remaining walls. Fig. 14 showed development of the unstable zones in the initiation stage, flow configurations
in the propagation stage, and contact between the
mudflow and the remaining wall in the arrest stage.
  62;2*;276 :;*0. Firstly, the initiation and
the development of the unstable zones were showed
in Fig. 14. The first unstable zone appeared on the
bottom of the soil layer at the time step 86, and the
sliding band developed from the steepest slope and
along the interface between the soil layer and the bed
rock (at the time step 109).

 47>:;*0.Subsequently, the geomaterials
moved along the slope. Noted that the decrease of
the slope angle delayed slightly the flow velocity of
the geomaterials, especially in the position where the
slope angle firstly decreased, at the time steps 389,
930 and 999.

  58*,; *0*26:; ;1. 9.5*26260 >*44 *6-
;1.*99.:;:;*0.The first contact between the mudflow and the remaining wall was at the time step 860,
when the second invariant of deviatotic stress
Us and the horizontal displacement increased rapidly. However, a slight increase of Us and could
be observed from the time step 700-750 (see Fig. 13).
This phenomenon was caused by the air particles,
whose viscous parameters could not be completely
neglectable in the numerical model. As the increase
was very slight, it could be considered that the influence of the air particles was sufficiently weak. 
Definitively, the horizontal displacement at the
top of the remaining wall reached 22 cm, and the
value of Us at the toe was about 380 kPa. Indeed,
this study did not consider the inertia effect. According to Preisig and Zimmermann [34], during the impact process, Us increased rapidly until a peak appeared, and then decreased and stabilized to a smaller
residual value. However, according to the investigation of Chanut [35], the final force did not depend on
the dynamic effect.
Finally, the immobilization process of the geomaterials was observed from the time step 930 to 999,
when the decreasing Us was less than the Bingham's yield stress )S . The last unstable zones
formed a band, which linked the top of the remaining
wall and the base of the geomaterials. The zone under the band was called dead zone, and was important to determine the force exerting on the remaining wall [35, 36].


%" 
76:2:;.6;:25<4*;2767/;1.5<-/47> 
;1.262;2*;2768978*0*;276*6-*99.:;:;*0.:
76:2:;.6; :25<4*;276 7/ ;1. 5<-/47> The
definitive geometric model was presented in Fig. 12.
A remaining wall with a height of 21 m and a width
of 15 m was considered. The mesh was composed of
32 elements in vertical direction and 160 elements in
horizontal direction. The remaining wall was assumed to be elastic with a Young's module of 50 MPa
and a Poisson’s coefficient of 0.29. In addition, the
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The paper presented briefly a visco-elasto-plastic model with solid-fluid transition, and attempted
to simulate a real mudflow in a unified framework.
The necessary physical parameters were carefully
calibrated and two failure mechanisms (increasing
gravity and decreasing suction) were studied. The
variations of the second invariant of deviatoric stress
and the velocity were discussed along depth of the
model, and the determination for the interface between viscous and elasto-plastic layers was explained.
Finally, the three stages, including the initiation,
propagation and arrest stages, of the mudflow was
simulated using only one constitutive model, and the
impact effect of the mudflow against a remaining
wall was heuristically studied.
However, the hydro-mechanical coupling was
not considered in the study, and it was important to
realize a more accurate analysis of the rainfall induced landslides. The determination of the Bingham’s stress threshold dependent on some elastoplastic parameters, according to experimental tests,
but in this study, the stress threshold was assumed to
be constant for sake of simplification. Besides, the
simulation was performed in 2 dimensions, and the
numerical analysis in 3 dimensions would be more
realistic.
In conclusion, the study proposed a consistent
simulation for the whole process of a flow-like landslide, and the advantages of the visco-elasto-plastic
model with solid-fluid transition was presented.
With further improvements, more realistic flow-like
landslides were expected to be described and analyzed using this model.
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THE APPLICATION OF IMPROVED BP NEURAL
NETWORK IN THE PREDICTION OF
INFILTRATION-REDUCING RATE WITH CEMENT
PERMEATING RIVER SEDIMENT
Zhixia Duan, Guisheng Fan*
&ROOHJHRI:DWHU5HVRXUFHV6FLHQFHDQG(QJLQHHULQJ7DL\XDQ8QLYHUVLW\RI7HFKQRORJ\7DL\XDQ6KDQ[L3URYLQFH&KLQD

aquifer.Based on the concept that cement could permeate sediment to reduce the infiltration content, experts and scholars have performed exploration. Duan
Z.X. HWDO [7] explored the influences of the ways of
cement permeating sediment, the amount of cement,
the permeation headwater, the texture of the sediment and the bulk density on the infiltration-reducing effect. Ji J.L. HWDO [8] did a search that impact of
postponed water feeding time on the infiltration-reducing effect of cement into alluvial soils and the results showed that the infiltration-reducing rate increased with extending postponed water feeding
time of cement permeating sediment, the infiltrationreducing rate reached the maximum value at 12h
postponed water feeding time, and then it did not
change significantly. The relationship between the
infiltration-reducing rate and postponed water feeding time was shown to be a power exponent function;
Duan Z.X. HWDO [9] investigated the changes of the
infiltration-reducing rate with the amount of cement,
the SHUPHDWLRQ KHDGZDWHU WKH WH[WXUH RI WKH VHGL
PHQWDQGWKHEXONGHQVLW\7KHPRUHWKHDPRXQWRI
FHPHQWSHUPHDWLQJVHGLPHQWWKHPRUHREYLRXVWKH
LQILOWUDWLRQUHGXFLQJHIIHFWLVEXWWKHH[WHQWLVOLP
LWHG7KHKLJKHUWKHKHDGZDWHURIFHPHQWSHUPHDWLQJ
VHGLPHQWWKHVPDOOHUWKHVHGLPHQWEXONGHQVLW\DQG
WKHOLJKWHUWKHVHGLPHQWWH[WXUHWKHJUHDWHUWKHLQILO
WUDWLRQUHGXFLQJHIIHFWLV
Obtaining the infiltration-reducing rate of different texture and structure sediment can provide
technical support for the technology of infiltrationreducing and interception-pollutant with cement permeating sediment being applied in practice. It's
costly and time-consuming to access the infiltrationreducing rate by means of test. And therefore it can
be an effective way to get it by attempting to combine with its influencing factors and set up a prediction model. The relations between the infiltration-reducing rate and its influencing factors expected were
complicated nonlinear and its inputs and outputs can
be seen a specific mapping relationship. And the artificial neural network can solve the non-linear problem between the dependent variable and many independent variables efficiently, especially BP neural
network which has strong non-linear mapping ability

ABSTRACT
Based on a series of indoor simulating infiltration tests, the influences of postponed water feeding
time, the amount of cement, the permeation headwater, the texture and the bulk density of the sediment
on the water infiltration and infiltration-reducing rate
were analyzed. The BP neural network was optimized by genetic algorithm and particle swarm optimization and the prediction models of the infiltration-reducing rate were established based on three
BP neural networks with 60 groups of sampled data
of different test conditions. Although the results reveal that the forecast precision of three BP neural
network forecasting models are different, those
mean absolute percentage errors are all within 10%,
and all can be used to forecast the infiltration-reducing rate. The mean absolute percentage error of traditional BP prediction model is 9.4%, while that of
GA-BP and PSO-BP were 7.2% and 7.5%. The forecast accuracies of GA-BP and PSO-BP are partly improved and GA-BP and PSO-BP can better forecast
the infiltration reduction results under the condition
of fine particulate matter permeating river sediment.

KEYWORDS:
BP neural network model, genetic algorithm, particle
swarm optimization algorithm, river sediment, infiltrationreducing rate.

INTRODUCTION
The pollutants in sewage or river water polluted
transport in surface-sediment-groundwater system.
Some of the pollutants would enter into groundwater
aquifer with water infiltration and pollute groundwater simultaneously>@.Surveys show that when cement slurry was added in the water infiltration process, cement permeated sediment pore and blocked
the pore under the combined effect of pressure potential gradient of water flow and gravity gradient.
And then, the hydraulic conductivity and the water
infiltration rate were decreased, reducing sewage
quantity of surface water infiltrating groundwater
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the river sediment there. There are four different textures of the river sediment including sandy loam,
silty loam, sandy loam and clay loam. The range of
the clay content is 0.88%̚21.80%, that of the silt is
26.56% ~ 57.13% and that of the sand content is
33.52% ~ 63.49%, for details see Table 1.

and can approximate any non-linear function with
any precision [13-14]. BP neural network is widely
used in the prediction of soil hydraulic parameters.
Schaap M.G. et al. [13] created predictive model of
water retention curve using 204 sandy soil samples
and the results shown that the prediction performance of neural network was superior to linear regression; Adopting 110 sandy soil samples, Qu Z.Y.
et al. [14] established BP neural network model taking bulk density, soil clay and organic as input variables and the parameters of BC model and VG model
as output variables. A conclusion was drawn that BP
neural network model can be applied to predict the
parameters of BC model and VG model; With the
multiple linear regression model, multiple non-linear
regression model and BP neural network model
method, Han Y.H. et al. [15] set up different transfer
functions between field capacity and soil physicalchemical properties. They made a conclusion that the
precision of BP neural network model is generally
higher than that of multiple linear regression model
and multiple non-linear regression model.
Although, BP neural network could solve nonlinear problem and performs well in self-adaptability
and self-organization, it has some limitations inevitably for basing on the algorithm of minus-grade decline. The initialized weights and threshold of BP
neural network are selected randomly. Improper initialization will lead the algorithms converge to local
minimum. The genetic algorithm (GA) is a global
optimal algorithm, which can optimize the weights
and thresholds of BP neural network and improve the
generalization ability of BP neural network by combining the algorithm with BP neural network. Similar to the genetic algorithm, the particle swarm optimization algorithm (PSO) is an optimization technique based on the iteration steps. Using GA and
PSO optimizing BP can overcome its shortcoming.
This paper synthetically considers possible influence
factors of the infiltration-reducing rate with cement
permeating sediment liking postponed water feeding
time, the amount of cement, the permeation headwater, the texture of the sediment and the bulk density.
The infiltration-reducing rate prediction models are
obtained with BP arithmetic, GA-BA arithmetic and
PSO-BP arithmetic using the test 60 data as a research sample of data. The accuracies of the above
prediction models are compared to provide more accurate model for the infiltration-reducing with cement into the river sediment.

(2) The fine particulate matter-cement. The
tested fine particles substance is an ordinary Portland
cement (model: PgO42.5). The cement was sealed
for preservation, and screened by a sieve with
0.075mm round holes before being used to prevent it
to being affected with damp leading to its size becoming larger. Test soil and cement were analyzed
by a Rise-2022 laser granulo-meter and the composition.
TABLE 1
Grain size distribution of the test materials
Particle
Size

İ
2ȝP

220ȝP

202000ȝP
%

ı
2000ȝP

Cement

1.27

59.31

39.42

0

Soil 1
Soil 2
Soil 3
Soil 4

0.88
7.78
31.80
14.03

55.87
24.39
36.3
9.4

41.99
65.66
29.96
76.3

1.26
2.17
1.94
0.27

Material
property
Ordinary
Portland
Silty loam
Sandy loam
Clay loam
Sandy loam

The data in the above table are average data calculated from three measurements.
(3) The sewage used in the test. The sewage
used in the test was taking from municipal
wastewater in natural rivers. The water diverting
place is Huyu River in Taiyuan city, an important
anabranch of Fenhe River, located in Wan Berlin
District. The river of this section carries part of sewage of industry and living and is representative.
Infiltration test apparatus and process. (1)
The infiltration experiment instruments. A set of
self-made infiltration devices was used to conduct
this experiment which consists of the water supply
system, the infiltration soil column, and the fine particles adding system:ķThe main unit of the water
supply system is Markov tube, which provides a constant headwater for infiltration soil column while
supplying and measuring water flow automatically;
ĸThe infiltration soil column is composed of water
supply chamber, the infiltration column, and the
drainage chamber;ĹThe fine particles adding system includes an oxygenator, an adding bottle and
dispersed in water, so as the water could ooze
smoothly into the soil column.

TEST MATERIALS AND METHODS

(2) Infiltration test process. The test process
is divided into the following four steps: ʒMake the
infiltration soil column. Stir the sediment sample until uniformly mixed after the big chunks of soil particles were pulverized and the large debris (e.g.
plants roots, stones etc.) were eliminated. And then

Test materials. (1) The river sediment. The
river sediment used in the papers test were taken
from four different locations of the mainstream and
tributaries of Fenhe River Basin in China Loess Plateau which can well represented the main features of

2404

© by PSP

Volume 27 ± No. 4/2018 pages 2403-2409

Fresenius Environmental Bulletin

reducing can reflect the extent of stable infiltration
rate with cement permeating the river sediment compared with the reference sample without cement permeating, which we shall denote by š.

the infiltration soil column was filled layered with
sediment sample; ʓCement permeated the sediment
sample. A dose of cement permeated the sediment
sample during the cement grouting infiltrating process (to avoid cement hydration and setting before
permeating the sediment sample and prevent deposing at the bottom of the fine particles adding system,
an oxygenator was disposed); ʔCement and sediment particle cohered. A certain standing time was
set after the process of cement permeating sediment
so that cement could adequately aggregate and set
with soil particle; ʕWastewater infiltrated after cement permeating sediment. The wastewater infiltration experiment was conducted postponed some time
when the cement grouting was added. Read the Markov tube regularly. The infiltration capacity and infiltration rate changing in time were calculated and
the infiltration-reducing rate was obtained by comparing the infiltration rate with and without cement
permeating.

K

ir  it
u 100%
ir

Where

K

(1)

was the infiltration-reducing rate

(%), ir was the stable infiltration rate of the control
group (cm/min), and it was the stable infiltration
rate of the treated sample.
The parameters corresponding to infiltration
rate in different testing condition include the postponed water feeding time, the amount of cement, the
infiltration headwater, the bulk density and sand content of sediment. They are characterized by different
quantitative indicators respectively, shown in Table
2.
65 sets of modeling samples were made up of
the infiltration-reducing rate and corresponding parameters utilized to characterize different testing
condition, shown in table 2. 60 groups of test data
were used as modeling samples, and 5 sets of data
were randomly selected as test samples.

Test plan and sample. (1) Test scheme. A series of sewage infiltration tests were designed of different postponed water feeding time, different
amount of cement, different infiltration headwater,
different texture and different bulk density of the
sediment, with and without cement permeating. Different postponed water feeding time means different
timeframes were postponed to start the test of sewage infiltration when a certain concentration of cement grouting was added. Five kinds of postponed
water feeding time of 0h, 6h, 12h, 24h and 48h were
design; Seven kinds of infiltration headwater of 0cm,
30cm, 50cm, 60cm, 90cm, 100cm and 120cm were
designed; Ten kinds of cement dosages of 0.2 kg/m2,
0.4 kg/m2,0.5 kg/m2, 0.6 kg/m2, 0.8 kg/m2, 1.0 kg/m2,
1.5 kg/m2, 2.0 kg/m2, 2.5 kg/m2 and 3.0kg/m2 were
designed; Seven kinds of sediment density of 1.30
g/cm3, 1.35 g/cm3, 1.40 g/cm3, 1.45 g/cm3, 1.5 g/cm3,
1.55 g/cm3 and 1.6 g/cm3 were design which are
within the actual river sediment density.

BP neural network and GA 澝 POS algorithm. BP (Back-Propagation) neural network prediction model implements the training process
largely though the dissemination of positive information and error back-propagation. Each network
training sample includes output and expected output
and the deviation between them decreases along the
gradient direction to reach the predetermined range
inner, by back-propagation network to continuously
adjust the weights and thresholds. However, BP network exists of easily falling into local minimum
point and weak global search capability. Therefore,
the genetic algorithm (GA) and particle swarm optimization algorithm (POS) are used to optimize the
link weights and threshold value of BP network to
improve its inadequacy of easily trapping into local
minimum value.
The GA uses a population of points at a time in
contrast to the single point approach by the traditional ones, and will guarantee to find the global optimum. It simulates evolutionary process in nature
and the optimization result is searched by selection,

(2) Modeling and testing samples. In order to
establish and test the prediction model, a total of 95
sets of infiltration tests were carried out, in which 30
groups were control group without cement permeating. 65 sets of infiltration-reducing rates are calculated under different test conditions. The infiltration-

TABLE 2
Modeling sample parameters
Sample
number

Reduction
ratio (%)

Bulk density
Ȗ (kg/cm3)

sand grain
FRQWHQWȦ (%)

Head-water h
(m)

Dosage of cement
M (kg/cm2)

1
«
64
65

23.5
«
20.71
36.25

1.4
«
1.5
1.4

65.66
«
41.99
65.66

0.5
«
0.5
1

1
«
0.8
2
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T (h)
12
«
24
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(4) 7KH FRQWHQW RI VDQG 7KH IXQFWLRQ RI FH
PHQW SHUPHDWLQJ WKH ULYHUEHG VHGLPHQW SUHYHQWLQJ
ZDWHUIURPLQILOWUDWLRQLVPDLQO\DFKLHYHGE\EORFN
LQJ PDFURSRUHRIVHGLPHQW7KHELJJHUWKHFRQWHQW
RIVDQGSDUWLFOHWKHODUJHWKHLQWHUJUDQXODUSRUHDQG
WKH JUHDWHUFHPHQWSHUPHDWLQJEORFNLQJ PDFURSRUH
RI VHGLPHQW WKH HIIHFW RI LQILOWUDWLRQUHGXFLQJ ZDV
WKHVWURQJHU

cross and mutation and other genetic operations.
Similarly, the PSO is also a swarm intelligent optimization. For the algorithmic, each particle represents a potential solution of multi-extremum optimization problems and the fitness value is made by the
fitness function.

PREDICTION MODELS OF
INFILTRATION-REDUCING RATE

(5) 7KHEXONGHQVLW\7KHEXONGHQVLW\RIVHG
LPHQWFORVHO\UHODWHGWRWKHODUJHSRUHVFRQWHQWDQG
WKHQXPEHURIODUJHSRUHVGHFUHDVHVZLWKWKHLQFUHDVH
RIWKHEXONGHQVLW\7KHVPDOOHUWKHEXONGHQVLW\WKH
ORRVHU WKH VHGLPHQW VWUXFWXUH DQG WKH JUHDWHU WKH
VSHHGDQGGHSWKRIFHPHQWSHUPHDWLQJZKLFKPHDQW
WKHJUHDWHUWKHDPRXQWRIFHPHQWSHUPHDWLQJFDXVLQJ
WKH ODUJHU WKH GHFUHDVH RI K\GUDXOLF FRQGXFWLYLW\
7KHUHIRUH WKH HIIHFW RI LQILOWUDWLRQUHGXFLQJ ZHDN
HQHGZLWKWKHLQFUHDVLQJRIWKHEXONGHQVLW\
Before starting the neural network training, the
sample data is normalized to eliminate the influence
of different dimension on the results of network
training and prediction. In the Matlab2014a, all
training sample data are normalized to 0-1 using the
function of mapmaxmin.

The development of the model. Input-output
variables and data pre-processing. Input variables
have a greater impact on the network's predictive results. For the prediction of infiltration-reducing rate,
the factors affecting infiltration-reducing rate such as
the postponed water feeding time, the amount of cement, the permeation headwater, the content of sand
and the bulk density of the sediment are chosen preliminary as the input variables, based on the current
research achievement. The qualitative relationship
between the input variables and the output variables
are described below:
(1) 7KHSRVWSRQHGZDWHUIHHGLQJWLPH$IWHU
DGGLQJ D FHUWDLQ FRQFHQWUDWLRQ RI FHPHQW VROXWLRQ
FHPHQWSDUWLFOHVSHUPHDWHGVHGLPHQWSRUHLQWKHHI
IHFWRISUHVVXUHSRWHQWLDOJUDGLHQWRIZDWHUIORZDQG
JUDYLW\JUDGLHQW7KHDFWXDOZDWHUFURVVVHFWLRQDUHD
RILQILOWUDWLRQUHGXFHGLQWKHMRLQWHIIHFWRISK\VLFDO
VWRSSDJHDQGFRKHVLRQVWRSSDJHRIFHPHQWZLWKVRLO
SDUWLFOHV $QG WKHQ WKH K\GUDXOLF FRQGXFWLYLW\ GH
FUHDVHGZLWKWKHUHVXOWVWKDWWKHLQILOWUDWLRQUHGXFLQJ
UDWHGHFUHDVHG7KHIXQFWLRQRIDJJUHJDWLRQDQGVHW
ZRXOGEHFRQGXFWHGIXOO\ZLWKWKHLQFUHDVLQJRIWKH
SRVWSRQHGZDWHUIHHGLQJWLPHEXWLWZDVOLPLWHG>@
7KHLQILOWUDWLRQUHGXFLQJUDWHUHDFKHGWKHPD[LPXP
YDOXHDWKSRVWSRQHGZDWHUIHHGLQJWLPHDQGWKHQ
LWGLGQRWFKDQJHVLJQLILFDQWO\

The design of topology structure. This paper
makes use of BP neural network algorithm to predict
the infiltration-reducing rate, by establishing a threetier structure of the neural network, namely input
layer, hidden layer and output layer. 5 parameters of
the factors affecting the infiltration-reducing rate
were chosen as the net input layer, namely the postponed water feeding time, the amount of cement, the
permeation headwater, the content of sand and the
bulk density of the sediment. The initial number of
hidden neurons was determined by empirical formulate (1), then the trial and error method of gradually
increasing and decreasing the hidden neurons number was used for making the error minimal. Ultimately 10 was identified as the hidden layer nodes.
The infiltration-reducing rate was output layer, that
was its neurons node was 1. Accordingly, the threetier structure of the neural network for predicting the
infiltration-reducing was 10-1-5.

(2) 7KHGRVDJHRIFHPHQW:LWKWKHLQFUHDVHRI
FHPHQWFRQWHQWWKHGHJUHHVRIWKHSK\VLFDOSOXJJLQJ
RIFHPHQWDQGWKHFRKHVLRQEHWZHHQFHPHQWDQGVHG
LPHQWSDUWLFOHVHQKDQFHGDQGWKHLQKLELWLRQWRZDWHU
LQILOWUDWLRQVWUHQJWKHQHGEXWLWZDVOLPLWHGGXHWRWKH
ILQLWHVHGLPHQWSRURVLW\:KHQWKHDPRXQWRIFHPHQW
UHDFKHG NJP WKH VHGLPHQW SRURVLW\ FHPHQW
FRXOGSHUPHDWHKDGEHHQODUJHO\SHUPHDWHG6RWKH
HIIHFWRILQILOWUDWLRQUHGXFLQJZDVILQLWH>@

q

a b  w

(2)
Where: q was the number of hidden layer node;
a was the number of output layer node and it was 1,
b was the number of input layer nod and it was 5. w
was an arbitrary constant between 10 and 0.
In the training process of BP neural network,
the shift function was tansig, trainlm (the LM optimization algorithm), having fast convergence rate,
was selected as the training function. The number of
training steps was 1000, the training target (net.trainparam.goal) was 0.001, and the learning efficiency
(net.trainparam.lr) was 0.01. To compare the results
before and after optimization, some parameters were
consistent with that of the traditional BP neural network during GA-BP and PSO-BP being trained.

(3) 7KH SHUPHDWLRQ KHDGZDWHU 7KH GLIIHU
HQFHVRIWKHSHUPHDWLRQKHDGZDWHUDIIHFWHGWKHSUHV
VXUHRIFHPHQWSHUPHDWLQJVHGLPHQWDQGGHWHUPLQHG
WKHLQILOWUDWLRQSRWHQWLDOJUDGLHQW7KHLQFUHDVHRIWKH
SHUPHDWLRQKHDGZDWHUZRXOGULVHWKHSRWHQWLDOJUDGL
HQWRILQILOWUDWLRQLQWHUIDFHWKDWPDGHLWSRVVLEOHFH
PHQWSHUPHDWHGWKHSRUHVZKLFKKDGEHHQSHUPHDWHG
GLIILFXOW\7KHUHIRUHZLWKWKHLQFUHDVHRIWKHSHUPH
DWLRQ KHDGZDWHU WKH DPRXQW RI FHPHQW SHUPHDWLQJ
ULVHGDQGWKHUDWHRILQILOWUDWLRQUHGXFLQJLQFUHDVHG
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Other parameters in the GA-BP were set: population
size 10, evolution 15, the mutation rate 0.1, the crossover probability 0.9; other parameters in PSO-BP
was: the population size 20, the evolution algebra 10,
learning factor were taken C1=1.45, C2=2.

the optimal initial weights and threshold were chosen as initial value of neural network. Then BP neural network was being trained until the prediction error was accepted or the maximum number of iterations was reached.

Implementation of GA-BP and PSO-BP neural network. (1) The implementation of GA-BP.
According to the structure of BP neural network 510-1, the weight between the input layer and the hidden layer was determined as 5*10, the weight between the hidden layer and the output layer was determined as 10 * 1, the threshold of hidden layer was
10, the threshold of output layer was 1. Therefore,
the length of chromosome individual coding of GA
was 5 * 10+10 * 1+10+1=71. The sum of the training
error of the neural network was adopted as the fitness
function. The individual fitness degree was calculated by fitness function, the optimal individual fitness degree was obtained by selection, adaptive
crossover and mutation using genetic algorithm, and

(2) The implementation of PSO-BP. According to the structure of BP neural network, the population particle of PSO optimization was initialized to
a 71-dimensional row vector. It contained all the
weights and threshold value of BP neural network.
The sum of the training error of the neural network
was still adopted as the fitness function. The optimal
particle population, namely the optimum initial
weights and threshold of neural network, were
searched by iterative operation. And then BP neural
network was being trained.
Network training and forecasting. Training
results. The vector values of the weights and thresholds of the results network training using 3 BP neural
are shown in Table 3, 4 and 5.

TABLE 3
Weight and threshold values of traditional BP neural network
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TABLE 4
Optimized weight and threshold values of GA-BP
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TABLE 5
Optimized weight and threshold values of PSO-BP
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TABLE 6
Inspection samples and the error of the text of Ș
Sample number
Sand grain content Ȧͧ%ͨ
Bulk density Ȗͧkg/cm3ε
Head-water hδmε
Cement content m(kg/cm2)
Intermittent time t (h)
Measured Ș (%)
Predicted Ș BP
(%)
GA-BP
PSO-BP
MAPE (%)
BP
GA-BP
PSO-BP

1
39.97
1.3
1
1
12
26.95
27.77
27.09
27.93
3.0427
0.5195
3.6364

2
65.55
1.4
0.5
2
0
12.24
13.48
10.93
11.43
10.1307
10.7026
6.6176

3
41.99
1.6
1
0.8
12
20.35
21.84
18.76
19.5
7.3219
7.8133
4.1769

4
41.99
1.5
0.5
0.8
24
20.71
19.58
21.53
19.97
5.4563
3.9594
3.5732

5
65.55
1.4
1
2
12
36.25
36.08
35.56
33.66
0.469
1.9034
7.1448

average

5.2841
4.9797
5.0298

cement, the permeation headwater, the bulk density
of the sediment and the content of sand as inputs.
And the relative errors of the models were less than
9.4% within the acceptable range.
(2) By way of the authentic proof, the forecasting precision of the BP neural network prediction
model optimized by BG and PSO have the more raising than the traditional BP neural network prediction
model. The MAPE of traditional BP model was
9.4%, and that of PSO-BP and GA-BP were 7.2%
and 7.5%, respectively. It can better achieve the forecast of infiltration-reducing effect under the condition of cement permeating river sediment with GABP and PSO-BP
(3) In this paper, two mathematical models with
the combination of BP and GA and the combination
of BP and PSO were put forward and the defect of
the neural net liable to fall into local least error was
eliminated by GA and PSO. It was effective to improve the accuracy of BP neural predicting model of
¨ adopting GA and PSO with global optimization.
(4) For the limited number of samples and less
of the texture types of river sediment, there are still
some limitations for the application of three BP neural network prediction model. In further study, the
increase of sample size would be the chief concerned
matters.

Comparing three kinds of model's forecasting accuracy. The mean absolute percentage error
(MAPE) was selected as the index to compare the
accuracy of the model.
The prediction values of the infiltration-reducing rate were achieved by training 3 BP neural network models with 60 sets of sample data. Comparing
the predict data and the data of measurement, the
precision of the models based on 3 different BP neural network were all relatively high. The prediction
error of GA-BP and PSO-BP model were less than
that of traditional BP model and that of GA-BP and
PSO-BP were almost the same. The MAPE of traditional BP model was 9.4212%, and that of PSO-BP
and GA-BP were 7.2193% and 7.4757%, respectively.
Validation and application of models. The
preserved 5 groups of sample data were brought into
the forecasting model. The prediction accuracies of
three BP network models were calculated and the error calculations are shown in Table 6.
The regression forecasting models of ¨based
on three BP neural network algorithms were established. Then the accuracies of the models were verified with the verifying data. Table 6 indicates the accuracies of prediction of BP neural network are all
satisfactory and the BP neural network models optimized by GA and PSO have higher prediction accuracies compared to the traditional BP algorithm. The
mean absolute percentage errors of BP, GA-BP and
PSO-BP were 5.2841%, 4.9797% and 5.0298% and
they are all well within the acceptable limits. The results demonstrated it was feasible to predict ¨ by
three BP neural network models and the optimized
models had better forecast effects.
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inorganic nutrients [12]. However, nectar is primarily a source of sugars and provides energy for those
arthropods which are first attracted to the flower and
then can access the nectar [13, 1]. Common buckwheat ( '!$ "$#$) is an annual plant
belonging to the family Polygonaceae. Insect attraction and pollination of buckwheat depend on nectar
production [14, 15, 16]. Glands at the base of the
ovary secrete nectar composed of sucrose, fructose
and glucose. The two hexoses are the major components and total sugar concentration of flower nectar
averages 55% in the growth chamber [17].
Generally, amongst the many functions now
known to be performed by plant flavonoids are those
of UV protection [18], oxidant or free radical protection, modulation of enzymic activity, allelopathy, insect attraction or repulsion, nectar guides, probing
stimulants, viral, fungal, and bacterial protection,
nodulation in leguminous plants, pollen germination
[19, 20, 42].
Flavonoids, along with other phenolics, help
protect plants from herbivory by both insects and
mammals [19]. Although one of the most studied
groups of flavonoids in regard to this function is the
isoflavonoids, other classes of flavonoids are apparently involved, including anthocyanins, flavones,
flavonols, and proanthocyanidins [21, 50]. Although
most research has used leaves, flavonoids have also
been found in other plant parts, such as the roots and
seed coats. Insecticidal activity of flavonoids is
achieved through various mechanisms including
their effects as feeding deterrents [9, 42, 49], digestion inhibitors, and direct toxicity [22, 23, 24].
Lipid-soluble flavonoids in leaves form phenolic resins that deter feeding by insects and can bind
irreversibly with plant proteins to form flavonoidbased tannins that are unpalatable to herbivores [25].
One of the commercially valuable flavonoids insecticides is rotenone [26]. This compound is present in
roots and aerial parts of many tropical species of Fabaceae. Rotenone is potent against a wide range of
pests including leaf-chewing beetles, caterpillars,
flea beetles, and aphids. The metabolite acts by specifically inhibiting the NADH-dependent dehydrogenase step of the mitochondrial respiratory chain,
thus impairing O2 uptake by insects [26].
In addition to their being feeding deterrents,

Flavonoids have been vital components of
plants, ever since their development at the time plant
life emerged from the aquatic environment. In this
study, buckwheat  '!$ "$#$ Moench
and the brown lacewing !$"#"Walker
were investigated for flavonoids. Buck wheat nectars
and abdomens of fed and unfed lacewing adults were
screened for flavonoids using Liquid Chromatography–Mass Spectrometry (LC-MS). Compounds
retention time and compound identification were
presented. Hesperitin, diosmin and wogonin type flavanol and flavanone compounds were confirmed by
UV/Vis (with a PDA detector scanning from 220600nm) for buck wheat nectars and Apigenin-7-glucoside and Epigallocatechin as major flavanoids in
abdomens of the brown lacewing. Results indicated
variation in nectar compounds extracted with majority of compounds eluted after 26 minutes fed lacewing abdomens restrains the majority of nectar compounds.


'&!"
Buckwheat, Flavnoid analysis, Lacewing, Nectar extracts
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Plant resources (pollen, floral, and extra floral
nectar) are used by natural enemies as food sources
[1, 2]. As a result, the provision of flowering plants
can enhance the effectiveness of natural enemies by
increasing their longevity, fecundity, and predation
or parasitism rates [3, 4, 5]. Specifically, sugar feeding improves the fitness and performance, and affects the nutrient status in parasitoids [6, 7, 8, 9, 49]
and predators [10, 11]. Research has long supported
the importance of nectar feeding for parasitoid life
histories, but nectar resources for predators have received less attention until recently. The impact of
different pollen and nectar sources on predator survival, longevity, or development should be quantified as insect conservation programs are developed
for specific natural enemies.
Nectar contains numerous minor organic and
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habitats and green lacewings (Neuroptera: Chrysopidae) are generally absent [29]. The larvae and adults
consume small soft-bodied arthropods and may be
important biocontrol agents [30, 42]. The species
was the subject of laboratory and field research when
exotic aphids were causing substantial damage to lucerne crops soon after the aphids’ accidental introduction to New Zealand in the 1970s [31, 32, 33, 34].
However, #"are known to consume floral
resources [35]. The opportunity for larvae to both exploit floral resources and contribute to biological
control is likely to be limited by their inability to disperse by flight. They may, however, exploit nonprey foods within their foraging range, as do chrysopid larvae [36] and influence of some plant extracts
on carbohydrates metabolism of male Albino rats
[37, 42]. The main objective of this study was to
identify the flavonoids of buckwheat nectar and in
the abdomen of #" before and after feeding on nectar.

flavonol glycosides can also function as phagostimulants to insects [27]. In some cases, the taste of the
flavonoids may be associated with attraction or repellence of herbivores. Quercetin-3-glucoside,
which occurs in the pollen of sunflower #$"
$$"L., is phagoactive for the western corn rootworm !# %!! LeConte (Coleoptera:
Chrysomelidae), which feeds on this pollen [27].
There are cases where a feeding attractant becomes
a deterrent as concentration increases. For example,
in studies with clover !$"$#!!$L. and
the red-legged earth mite #'$" "#!$#!
Tucker (Acarina: Penthaleidae), genistein showed
93% deterrence when supplied at a concentration of
0.08%, and 68% deterrence at 0.045%, yet was
found to be an attractant to the mite at 0.01%. [28,
42].
The brown lacewing !$" #"
Walker (Neuroptera: Hemerobiidae), is widespread
in agro ecosystems in Australasia [30, 31]. In New
Zealand, it is the most abundant lacewing in such


# 
8698>7-;.=.7=287=26.*7-,86987.7=<8/>7478@727.,=*;.A=;*,=<

"*695.
References

Nectar extracts

!.=.7=287#26.627
12.8
14.8
25.8
26.8

*;.7=6C()
439
309
607
617

30.5

*635

13.1
13.7
14.4
16.4
16.4
16.7
17.6
18.3
18.5
18.6
20.9
23.1
23.3
23.3
23.3
23.4
24.3
24.4
25.6
25.6
25.6
25.6
25.6
25.6
25.6
25.6
27.2
30.1

353
353
360
335
335
353
369
353
593
593
377
487
497
497
497
497
625
417
609
*655
609
*655
*655
609
*655
609
455
493

30.5
30.7

*637
639

2411

8698>7-<
Unknown
Unknown
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Wogonin-7-rutinoside or Oroxylin-7-rutinoside
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caffeoyl quinnic acid – isomer
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Unknown
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hesperitin-7-rutinoside (hesperidin)
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!.*;2706.=18-<Lacewing cultures were established from local field-caught insects and maintained for more than six generations prior to the experiments. Larvae were raised on aphids. Adults
were provided with aphids, moist cotton wool and
honey solution applied to the walls of their enclosure. Aphid cultures were maintained on broad bean
L. ‘Coles Dwarf’ (Leguminosae).
Buckwheat was grown in a glasshouse before
use in the experiments. Buckwheat flowers were
checked regularly during the experiments and since

nectar droplets could always be seen it was assumed
that this resource was continuously available in both
cut and uncut flowers. Nectar quality was assumed
not to have differed between these methods of provision [38].
To provide adult lacewings for the experiments,
pupae were collected from the cultures and placed in
pots without food or water. These were checked
daily and adults were collected for use, unfed, within
24 h of emergence. All insect rearing and experimental procedures took place in temperature controlled rooms at a mean temperature of 20 oC (range
±1 oC), The light regime was 16 h light: 8 h dark.
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.,=*;.A=;*,=<<,;..7270+B52:>2-,1;86*
=80;*91B6*<<<9.,=;86.=;BThe nectar secretion
of buckwheat was taken from 10 flowers on randomly selected racemes. Nectar was extracted with a
10 µl syringe. Nectar extracts were screened for flavonoids by liquid chromatography mass spectrometry (LC-MS). Extracts were acidified by addition of
2µl of 5%v/v Acetic acid. An aliquot of 10µl was
injected on column.
An LC-MS ion-trap, model LTQ form Thermo
Finnigan was utilized. Electro-spray ionization (ESI)
was applied in the positive and negative ion modes.
This mode switching allows the maximum ion generation for sensitivity and suitable data collection for
the varying compound class chemistries. Single MS,
MS2 and MS3 data were collected after elution via a
PDA detector. A Synergi-Hydro RP, 4µm, 150 x
2.1mm column with 4 x 2 mm guard cartridge from
Phenomenex Ltd was used for separation. The mobile phase consisted of water (A) and acetonitrile (B)
both containing 0.2% formic acid (FA) with gradient
elution from 100% A – 50%B over 45 minutes. Flavonoids references were injected one by one at a concentration of 10 μg/mL. The characterization of the
single components was carried out via the retention
time and the accurate molecular masses. Each compound was optimized to its estimated molecular
mass [M-H] − in the negative mode preventing fragmentation. The data obtained from LC-MS were subsequently entered into Thermo Finnigan application
Manager Software for substance characterization.

A=;*,=287 *7- *7*5B<2< 8/ 5*,.@270 *+-8
6.7< Newly-emerged lacewings were alternately
allocated to two treatments: (1) with flowers and (2)
without flowers. The lacewings were transferred to
individual cylindrical clear plastic enclosures (height
18 cm, diameter 10 cm) with mesh over the open top.

Each enclosure contained a water-filled vial with a
cotton wool wick secured by a foam plug. For the
‘with flowers’ treatment, a freshly cut buckwheat inflorescence was also held in the water by the foam.
‘Without flowers’ replicates were provided with water only. The lacewings were exposed to the treatments for 24 h and then placed in a micro-centrifuge
tube and frozen.
Freeze-dried lacewing abdomens were removed and spiked with and internal standard (apigenin-7-glucoside, m/z 431 [M-H]). These were then
extracted with methanol buffer, concentrated and reconstituted ready for analysis. Analyses for fed and
unfed lacewings were screened using similar procedures as described previously in experiment 1.
!"$#"
.,=*;.A=;*,=<Table 1 and Figure 1 indicates
compound retention time, components and unknowns that were eluted with mass screening in the
negative mass mode [M-H]-. No compounds were indicated by the positive mode. However, confirmation of hesperitin, diosmin and wogonin types of flavanol and flavanones were done by UV/Vis (with a
PDA detector scanning from 220-600nm). Unlike
GC-MS there are no compound libraries available
for LC-MS due to the individuality of instruments
and other variables. Currently our database is limited
to a small number of simple flavonoids.
*,.@270 *+-86.7< .A=;*,=< Compounds
for major and some minor components have been
presented in Table 2. The base peak [M-H] - chromatograms indicating the major components in each extract are also presented in Figure 2.


# 
*,.@270*+-86.7.A=;*,=524.5B,86987.7=<
"*695.
B

A

!.=.7=287#26.
627
15.23
18.62
25.28
26.12
27.34
30.65
34.18
36.59
37.36
37.54
24.56
24.43
24.57
26.12
27.46
29.56
29.75
30.65
35.18

*;.7=6C()
299
421
329
431
331
725
709
865
501
329
505
573
717
431
569
527
623
725
555

8<=524.5B
Unknown
Unknown
Unknown
Apigenin-7-glucoside (Internal standard)
Unknown
305 ((Epi-gallocatechin) + malonylhexose + glucose
Unknown
Unknown
Unknown
Unknown
loss 206 sinapoyl
adduct 68 on m/z 505
loss of 162 glucose? + 180
Apigenin-7-glucoside (Internal standard)
327 + glucoside + sulfation
285 + glucoside + sulfation
311 + pentose + glucose
305 ((Epi - gallocatechin) + malonylhexose + glucose
313 + glucoside + sulfation
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and hesperitin-7-rutinoside (hesperidin), indicating
that buckwheat can clearly attract many natural enemies because of its shallow corollas [43] and presence of high quality nectar including such these flavonoids.
Analysis of lacewing abdomens, made it clear,
the presence of (Apigenin-7-glucoside, (Epigallocatechin) + malonylhexose + glucose) before feeding
on buckwheat nectar. However, after feeding, the abdomen analysis clearly confirmed the presence of the
same two compounds found before feeding and the
presence of (sinapoyl, glucosides and pentose + glucose); indicating a significant increase in sugar content. On the other hand, the two flavonoids Apigenin-7-glucoside and ((Epi)gallocatechin) were
found in fed and un fed #" which might

Several factors affect the relative preferences of
natural enemies for specific plant species, of which
accessibility and quality of the nectar and pollen are
particularly important [39, 40]. However, the nutritional value of floral species used in these programs
is very essential in implementing this strategy. Enhancing biodiversity in natural and managed ecosystems can increase pressure on herbivores and enhance pest management through biological control
[2, 10, 41, 42, 51].
In the present study, we found the following
flavonoids in buckwheat nectar: diosmin (diosmetin7-O-rutinoside, wogonin-7-rutinoside or oroxylin-7rutinoside (dihydroxy-methoxyflavone-rutinoside)
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be used as antioxidant and other functions that provide fretful area of research concerning this predator.
In plants, Apigenin-7-glucoside induces the
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the foundation for further manipulating natural enemies to cope with biotic and abiotic environmental
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[1, 4]. The MRLs for pesticides are established in
the developed countries and FAO-WHO to ensure
that these pollutants in vegetables and fruits do not
exceed these levels to safe human health [4, 5].
Most countries including Jordan have established pesticides monitoring programs to ensure
that concentrations in vegetables and fruits do not
exceed the MRLs, and no misuse of pesticides that
lead to unexpected residues in crops [3, 6].
The aim of this study was to monitor pesticides residues in vegetables and fruits in four governorates located in southern Jordan in 2011/2012
to high food quality with no residues or less than
the MRL to protect citizens from undesirable contaminations.

ABSTRACT
This study was conducted to monitor pesticide
residues in local and imported agricultural crops in
southern governorates of Jordan in 2011/2012. The
results indicated that one local analyzed sample out
of 400 contained pesticide residues more than the
maximum residue level (MRL) (0.25% of the total
samples), 16 samples contained residues less than
the MRL (4% of the total samples) and 383 samples
did not contain residues (95.75% of the total samples). There was one analyzed imported sample out
of 400 contained residues more than the MRL
(0.25% of the total analyzed samples), 22 samples
contained residues less than the MRL (5.5% of the
total analyzed samples) and 377 samples did not
contain residues (94.25% of the total analyzed
samples). It is recommended to continue monitoring the pesticides residues in the local and imported
samples to protect human and environment.

MATERIALS AND METHODS
Sampling. (1) Local samples. Total of 400
samples of different vegetables and fruits were
separately and randomly collected from four governorates in southern Jordan in 2011/2012. The govHUQRUDWHV ZHUH $TDED 7DILODK .DUDN DQG 0D¶DQ
The samples were collected from various farms in
these governorates. The size of the collected sample
was depended on fruit type [1] as follows. One kg
for fruit type weighing less than 25g each like olives and strawberries; 1-3 kg for fruits weighing 25100g each like tomatoes and mandarins; 2-5 kg for
fruits weighing 100-250g each like pears and oranges, and 10 slices for fruits weighing more than
250g each. The collected samples were placed in
labeled bags and transferred to the Center of Pesticides Analysis in the Ministry of Agriculture in
Amman.

KEYWORDS:
Crops, Pesticides, Residues, Jordan.

INTRODUCTION
Pesticides are substances able to kill in small
concentration. They are applied on plants or soil to
decrease the population of a pest to avoid the damage of the cultivated vegetables and fruits and to
improve crop quality. The use of pesticides has
been recently increased due to its effective rapid
action which leads to increase in crop productivity.
The misuse of pesticides and the accumulative
residues in harvested vegetables and fruits have
become undesirable and consumer concerned [1].
Pesticides have been linked with acute diseases
such as headaches, nausea and death, and chronic
diseases such as cancer, reproductive deficit and
other hazardous side effects [2, 3]. Pesticides residues are able to reach human directly through the
crop intake and indirectly through the food chain

(2) Imported samples. 400 samples of different vegetables and fruits were separately and randomly gathered in 2011/2012 from imported commodities through the different Jordanian boarders
centers. These were King Hussein bridge custom
and northern pass way agriculture centre in Jordan
valley, Zarqa free zone custom, Jaber custom,
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leum benzene (5:1:1) in a 500 ml conical flask drop
by drop. The sample was washed with 50 ml of the
previous mentioned mixture then collected in a
conical flask and evaporated using rotary evaporator to dryness. The residue was reconstituted in 5
ml hexane and transferred to a 5 ml vial using Pasteur pipette to be ready for injection.

Queen Alia Airport custom, Amman custom, Aqaba
passenger custom, Agriculture Aqaba custom and
King Abdullah the second Agriculture custom in
Sahab industrial city.
Sample size and analysis were as mentioned in
the local samples [1, 3].
Quality control. To evaluate the efficiency of
the extraction method, blank samples of each sample type were spiked with standard solution and
treated as mentioned later in the analytical method
[3]. In addition, blank samples were analyzed for
each type of sample. Quality control program was
applied through analyzing certain samples in the
laboratories of the Jordanian Royal Scientific Society, Jordanian Forensic Research Laboratories,
through joining Inter-Laboratory Comparison Programs established by the German GIZ and other
analytical programs for quality assurance [3].

Apparatus and requirements for analysis.
(1) Pesticides standards samples. All used pesticides standards are certified, and almost of 100%
purity.
(2) Organic solvents. All used solvents were
of "pesticides residues analysis" grade.
(3) Glass wares. All glass wares were washed
with soap water, distilled water, acetone and then
dried in a drying oven at 80ºC.
(4) Used Gas chromatography-apparatus.
In this study different GC-apparatus were used as
follows:
1) GC 5890 (HP) SERIES II with 63Ni-ECD and
(CHEMI-STATION):
9ROXPHLQMHFWHGȝO
Split ratio: (1:18)
Split vents flow rate: 15 ml / minute
Septum purge flow rate: 2ml/minute
Purge on time: 0.5 minute
Detector make-up gas (Nitrogen): 28 ml/minute
Anode purge flow rate: 3ml/ minute
&ROXPQ +3 P [  PP ,'  ȝP ILOP
thickness.
Carrier gas (He) flow rate: 2 ml / min
Oven program: Initial temperature 80ºC (2 min),
80- 180ºC (30ºC/minute), 180 - 200ºC (5ºC/min),
200 - 280ºC, (10ºC/min), 280ºC (14 min).
Injector temperature: 250ºC
Detector temperature: 300ºC
Chemistation: HP computer vectra 486/33N
Monitor HP Ergo Super VGA
Printer: HP Desk Jet 500
Auto injector HP 7673
2) GC type (HP) 5890 Series II with NPD-detector
9ROXPH,QMHFWHGȝ
Split ratio: (1:10)
Split vents flow rate: 15 ml/ minute
Purge on time: 5.0 minute
First column: HP- P [  PP  ȝP ILOP
thickness
Carrier gas (Nitrogen) flow rate: 1 ml / minute
Second column: HP- P[ PP ,'  ȝP
film thickness.
Carrier gas (Nitrogen) flow rate 1 ml/min
Injector temperature: 250ºC
Detector temperature: 300ºC
Temperature program: initial temperature 90ºC (2
min), 90 - 150ºC (20ºC/min), 150-270ºC (6ºC/min),
270ºC (15 min).

Analytical method. To detect and determine
pesticides residues of organochlorines, organophosphorous, pyrethroids, some carbamates and
other minor groups, Luke method reported by
AOAC, [7] was adopted. For the extraction, 50 g
from the homogenized sample of the high water
content, or 10 g of the low water content were
placed in a blender with 40 ml de-ionized water.
100 ml acetone were then added and blended for
two minutes. The blender was washed with 50 ml
acetone and both fractions were filtered through
Buchner funnel. The extracts were placed in a 250
ml graduated cylinder and the volume was recorded. 40 ml of the extract were placed in a 500 ml
separating funnel with 2 g sodium chloride or 10 ml
saturated sodium chloride solution and shaken for
one minute. Fifty ml dichloromethane and 50 ml
petroleum ether were added to the separating funnel
and shaken for two minutes. The aqueous layer was
separated into another separating funnel and the
organic layer was filtered through an anhydrous
sodium sulfate layer on a filter paper into a conical
flask. The aqueous layer was extracted twice, each
time for one minute with 50 ml dichloromethane.
The organic layers were filtered through the anhydrous sodium sulfate into the conical flask. The
pooled dichloromethane extracts were concentrated
using the rotary evaporator at 35-40ºC and 50 mbar
to 2 ml. The residues were evaporated to dryness
using a gentle stream of nitrogen gas. 0.5 ml of the
internal standard mixture containing 0.03 ppm
endrin and 0.2 ppm pirimiphos methyl in n-hexane
were added to the round bottom flask and the solution was collected in a test tube to be ready for the
clean-up step if needed.
For the clean-up, 3g of silica gel were placed
in a glass column then covered with 0.5g anhydrous
sodium sulfate. The 0.5 ml evaporated sample was
transferred using Pasteur pipette after adding 5 ml
of a mixture of dichloromethane, acetone and petro2419
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RESULTS

Detector (NPD) gases:
Make-up gas (Nitrogen): 32 ml/min
H2: 3.5 ml / min
Press air: 110 ml / min
Auto injector: HP 7673
Integrator: HP 3396 Series II.
3) GC-MS type HP 6890
6SOLWOHVVLQMHFWRU9ROXPHLQMHFWHGȝ
Capillary Column: HP-5, 30mx0.25mm-ID, 0.25
ȝPILOPWKLFNQHVV
Carrier gas (Helium) flow rate: 0.9 ml/min
Integrator HP laser Jet 4000.
Mass selected detector HP 5973 Quadruple
Low Mass 50ºC
High Mass 550ºC
Threshold 25
MS Quad 150ºC Maximum 200ºC
MS Source 230ºC Maximum 250ºC
Initial temp: 255ºC
Pressure: 7.25 psi
Purge Flow 14.0 ml/minute
Total Flow: 17.0 ml/minute
Gas type: Helium.
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Local samples. Figure 1 shows that 0.25% of
the total analyzed local samples (one sample) contained pesticides residues more than the MRL (Table 1 and 2). 4% (16 samples) out of the 400 samples collected from the four governorates in southern Jordan in 2011/2012 contained residues but less
than the MRL and 95.75% (383 samples) did not
contain residues.
Table 2 shows that pesticides residues found
in 275 samples (96.83%) of the total samples (284
samples) gathered from Karak were free of any
pesticide. Only 9 samples (3.17%) contained residues less than the MRL and no sample contained
residues more than the MRL.
Table 3 shows that tomatoes samples collected
from southern governorates of Jordan in 2011/2012
contained more pesticides residues (2.25% of the
total samples) than the other local samples, but less
than the MRL.
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FIGURE 1
Number and percentages of local samples collected in 2011/2012 from the southern governorates
divided in: samples without residues, samples with residues <MRL and samples with residues >MRL
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TABLE 1
Concentrations of pesticides residues in local samples collected from the southern governorates in
2011/2012 and the maximum residue limits (MRL)
Sample type
Parsely
Sweet pepper

Origin
Tafila/ Ain Albyda
Karak/Ghor Safi

 Sweet pepper

Karak/Ghor Safi

Tomato

0D¶DQ*DIIHU

Faba bean

Aqaba/Disi

Spinach
Tomato
Tomato
Tomato
Cucumber
Tomato
Tomato
Tomato
Tomato
Tomato
Cucumber
Apple

Tafila/Alshamiya
Karak/Ghor Safi
Karak/Ghor Safi
Karak/Ghor Safi
Karak/Zahhoum
0D¶DQ
0D¶DQ(OKDVVD
Karak/Ghor Safi
Tafila
.DUDN$OWKHUD¶
Karak
Shobak

Found pesticide
Bromopropylate
Procymidone
Penconalzole
Chlorfenapyr
Chlorfenapyr
Bromopropylate
Procymidone*
Bromopropylate
Procymidone
Procymidone
Procymidone
Procymidone
Metalaxyl
Chlorpyrifos
Cypermethrin
Permethrin
Dimethomate
Procymidone
Chlorpyrifos

Concentration
mg/kg
0.03
0.05
0.04
0.02
0.02
0.02
0.2
0.02
0.02
0.02
0.04
0.02
0.04
0.02
0.07
0.2
0.3
0.09
0.5

MRL
mg/kg
1.0
5.0
0.05
0.05
0.05
1.0
0.05
1.0
5.0
5.0
5.0
2.0
0.5
0.5
1.0
1.0
2.0
2.0
1.0

*More than the MRL
TABLE 2
Sample sources from the southern governorates/Jordan, total number of samples gathered from each
governorate and the number with percentages of samples which do not contain residues and the number
of samples with percentages of samples which contain residues more or less than the MRL.

Sample
Source

Total
number

Karak
0D¶DQ
Tafila
Aqaba
Total

284
40
29
47
400

Samples without
residues
% of all 400
Number
samples
275
68.75
36
9
26
6.5
46
11.5
383
95.75

Samples contained <MRL
Number
9
4
3
0
16

% of all 400
samples
2.25
1
0.75
0
4.0

Samples contained >MRL
Number

% of all 400 samples

0
0
0
1
1

0
0
0
0.2
0.25

DISCUSSION

Imported samples. Figure 2 shows that
0.25% (1 sample) of the total analyzed imported
samples contained pesticides residues more than the
MRL (Table 4) out of the 400 samples collected in
2011/2012. 22 samples (5.5% of the total analyzed
samples) were found to contain residues but less
than he MRL and the rest of the samples (377 samples, 94.3%) did not contain any residue.
Table 5 shows that pesticides residues in the
imported samples collected from several countries
in 2011/2012 were found in different levels of concentrations. One sample imported from Syria was
found to contain residues more than the MRL.
Table 6 shows that of the imported grapes
samples collected in 2011/2012 (total 57 samples)
one sample (1.80 % of the total samples) contained
residues more than the MRL, those contained less
than the MRL were 10 samples (17.5% of the total
samples) and the rest of 46 samples (80.7% of the
total) contained no residues.

Local samples. This study shows that there
were different levels of pesticides residues in the
analyzed local samples. These results agreed with
those reported in Jordan by Alawi et al., [3].
Tomato samples contained pesticides residues
more frequently in the analyzed samples followed
by sweet peppers, cucumber and then other commodities. These crops form the main components
for the salad dish in Jordan. Bernstein, [8] reported
that consumers in USA and everywhere should
select vegetables and fruits that do not absorbs
much pesticides as part of a healthy diet to have
less pesticides residues.

2421

© by PSP

Volume 27 ± No. 4/2018 pages 2418-2426

Fresenius Environmental Bulletin

TABLE 3
Type of local samples gathered from the southern governorates/Jordan in 2011/2012, and the percentage
of found pesticides according to the type of product relative to the total gathered samples

Type of
sample

Total
number

Aubergine
Tomato
Cabbage
Onion
Common sage
Lettuce
Olive
Cauliflower
Mint
Parsley
Sweet pepper
Bean
Faba bean
Spinach
Cucumber
Radish
Potato
Lemon
Broccoli
Sweet pepper
Zucchini
Corn
Bitter orange
Grapes leaves
Okra
Melon
Water melon
Apple
Grape

29
142
24
4
1
3
3
20
1
1
23
12
11
1
18
2
47
3
1
18
10
2
2
1
2
6
3
8
2

Samples Without
Residues
Number
29
133
24
4
1
3
3
20
1
1
23
12
10
1
16
2
47
3
16
10
2
2
1
2
6
3
6
2

Samples contained
< MRL

% of all
samples (400)

Number

% of all
samples (400)

7.25
33.25
6.00
1.00
0.25
0.75
0.75
5.00
0.25
0.25
5.75
3.00
2.50
0.25
4.00
0.50
11.75
0.75
0.25
4.00
2.50
0.50
0.50
0.25
0.50
1.50
0.75
1.50
0.50

0
9
0
0
0
0
0
0
0
1
0
0
0
1
2
0
0
0
0
2
0
0
0
0
0
00
0
1
0

0
2.25
0
0
0
0
0
0
0
0.25
0
0
0
0.25
0.50
0
0
0
0
0.50
0
0
0
0
0
0
0
0.25
0

Samples contained
>MRL
% of all
Number
samples
(400)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0.25
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

TABLE 4
Concentrations of pesticides residues in imported samples collected in2011/2012 according to the sample
origin and the maximum residue limits (MRL)
Sample type
Red Grapes
 Red Grapes
Apple
Colored pepper
 Apple
 Apple
 Apple
 Apple
Orange
 Orange
 Orange
 Grapes
 Red Grapes
 Green Grapes
 Red Grapes
 Red Grapes
Grapes
Grapes
Grapes
Grapes
Apple

Origin

Found pesticides

Lebanon
Lebanon
USA
Plaestine
Syria
Syria
Greece

Cypermethrin
 Cypermethrin
 Cypermethrin
Penconazole
Chlorpyrifos
 Chlorpyrifos
 Chlorpyrifos
Chlorpyrifos
 Pirimicarb
Imazelil
Bromopropylate
Chlorfenapyr
 Chlorpyrifos
 Chlorpyrifos
Myclobutanil
 Chlorpyrifos
 Chlorpyrifos
 Chlorpyrifos
 Chlorpyrifos
 Chlorpyrifos
 Chlorpyrifos
 Chlorpyrifos

Syria
Egypt
Syria
Syria
 Chile
Spain
Spain
Syria
Syria
Lebanon
Lebanon
Lebanon
Palestine
 Lebanon

 *More than the MRL
2422

Concentration
mg/kg
 0.05
0.05
0.13
0.04
0.50
0.60
0.03
0.03
0.06
2.2
0.34
0.03
0.02
0.04
0.08
0.40
0.91*
0.20
0.09
0.12
0.30
0.20

 MRL
mg/kg
0.2
0.2
2
0.05
1
1
1
1
1
5
2
0.05
0.5
0.05
1
0.5
0.5
0.5
0.5
0.5
0.5
1
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FIGURE 2
Number and percentages of imported samples gathered in 2011/2012 divided in: samples without
residues, samples with residues <MRL and samples with residues >MRL
TABLE 5
Origin countries of the imported samples in 2011/2012, total number, the number of samples without
residues, the number of samples with residues <MRL and the number of samples with residues >MRL
Samples without
Samples with residues
Samples with residues
residue
<MRL
>MRL
Sample
Total*
% of total
% of total
% of total
Origin
number
Number
samples
Number
samples
Number
samples
(400)
(400)
(400)
Lebanon
37
31
7.75
6
1.50
0
0
USA
23
22
5.50
1
0.25
0
0
Palestine
12
10
2.50
2
0.50
0
0
Syria
76
70
17.50
6
1.50
1
0.25
Greece
7
6
1.50
1
0.25
0
0
Egypt
35
34
8.50
1
0.25
0
0
Chile
5
4
1.00
1
0.25
0
0
Spain
5
3
0.75
2
0.50
0
0
*The sum of samples in this table is 200, the rest (200; 50%) of the total gathered imported samples from different countries did not contain any residue

2423

© by PSP

Volume 27 ± No. 4/2018 pages 2418-2426

Fresenius Environmental Bulletin

TABLE 6
Types of imported vegetables and fruit samples in 2011/2012, concentrations according to crop type, their
numbers and the percentages from the total imported samples of 400.

Sample type

Number of
samples*

Samples without
residues
% of all
Number Samples
(400)
46
11.5
82
20.5
20
5.0
16
4.0

Samples with residues
<MRL
% of all
Number
Samples
 (400)
10
2.5
6
1.5
3
0.75
2
0.5

Samples with residues
 >MRL
% of all
Number
Samples
 (400)
1
0.25
0
0
0
0
0
0

Grapes
57
Apple
88
Orange
23
Potato
18
Colored
4
3
0.75
1
 0.25
0
0
Sweet pepper
*Total number of samples in this table is 190, the rest (210, 52.5%) of total samples of 400 are free of pesticides

application on cabbage, the found residues were
ORZHUWKDQWKH(3$¶V05/
0.25% of the analyzed samples contained penconazole fungicide from the triazole group, but less
than the MRL [9]. The penconazole residues were
disappeared by 73.08% after ten days of treatment
in Egypt [14].
0.25% of the analyzed samples contained metalaxyl fungicide from the phenylamid acylalanin
group, but less than the MRL [9]. However, Malhat,
[15] indicated that metalaxyl disappeared rapidly in
tomato fruit after two days of application and after
that the decrease was quit slowly.

One Faba bean sample contained residues of
procymidine fungicide more than the MRL [9].
Zuwola, [10] reported that 23 different pesticides
were detected on green bean samples in 1992 and
1993 in USA.18% of these samples had residues of
more than one pesticide.
Samples collected from Karak governorate
contained more SHVWLFLGHV UHVLGXHV WKDQ 0D¶DQ,
Tafila and Aqaba. This is due to the fact that most
cultivated crops in Karak governorates were located
in southern Jordan valley which applied pesticides
intensively. Alawi et al., [3] reported that 23.5% of
the local samples were containing pesticides residues in Jordan in 2000/2001 study, but less than the
MRL.
0.75% of the analyzed samples contained organophosphorous pesticides particularly dimethoate
and chloropyriphos, but less than the MRL [9].
Chlorpyriphos and other organophosphorous pesticides were detected in food and soybeans in USA
[11].
0.5% of the analyzed samples contained pyrethroids particularly cypermethrin and permethrin,
but less than the MRL [9]. Pesticides residues of
permethrin, cypermethrin and fenvalerate from the
pyrethroids group have been detected in the analyzed samples in Jordan [3].
Luckily no of the analyzed samples contained
chlorinated hydrocarbon pesticides. In local samples in three studies (2004/2005; 2005/2006 and
2007/2008) in Jordan were found to be free of the
chlorinated hydrocarbon pesticides except one
sample of 2004/2005 [3]. 0.75% of the analyzed
samples contained benzilate particularly bromoproplate acaricide, but less than the MRL [9]. However, this accaricide have been prohibited to be imported and used in Jordan [12].
0.5% of the imported samples contained halogenated pyrrols particularly chlorfenapyr acaricide,
but less than the MRL [9]. Cao et al. [13] reported
that when chlorfenapyr applied in the double rate of

Imported samples. Pesticides residues occurred at different levels in the collected imported
samples from nine countries, but samples imported
from 26 countries were without residues. Similar
results were obtained in a study conducted in Jordan on pesticides residues in imported agricultural
crops by Alawi, et al. [3]. There was only one analyzed sample from Syria contained pesticides residues more than the MRL [9]. This was a good indication that most countries which exported to Jordan
agricultural crops apply successful practices such as
the use of the recommended rate of application and
the waiting periods [1].
Grapes analyzed samples contained pesticides
residues more frequent than the other samples,
followed by apples, oranges, potatoes and sweet
peppers. Cabras and Coute, [16] reported that in
1999, out of 1949 grape samples, 2.5% were contaminated in Italy.
3% of the analyzed samples contained organophosphates particularly chlorpyriphos insecticide
including that red grape sample from Syria which
was more than the MRL [9]. Alawi, [3] reported the
occurrence of chlorpyriphos in agricultural samples
in Jordan. Luckily, there were no analyzed samples
contained organochlorine pesticides. Alawi, [3]
declared that the number of samples of agricultural
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[3] Alawi, M.A., Al-Antary, T.M., Hussein, E., AlOqlah, A. (2012) Comparison study of pesticides residues in agricultural crops in Jordan
for seven studies between 1993 and 2008.
Fresen. Environ. Bull. 21, 927-934.
[4] EFSA (2010) 2008 annual report on pesticide
residues according to article 32 of regulation
(EC) No. 396/2005. EFSA Journal. 8(6), 16461647.
[5] NZFSA (2009) Pesticides maximum residue
limits for export fruits, vegetables and cereals.
http://www.nzfsa.go.nz/plant/subject/horticultu
re/residue.
[6] Keikothiale, B., Spanoghe, P. (2011) Pesticide
residues in fruits and vegetables. In: Stoytcheva, M. (Ed.) Pesticides-Formulations, Effect,
Fate. ISBN: 978-953.307-532-7, InTech.
[7] AOAC (1996) AOAC Official Method 985.22
Organochlorine and Organophosphorous Pesticides Residues Gas Chromatographic Method.
Luke Method 10.1.02.
[8] Bernstein, L. (2015) To your health: Pesticides
residue in fruits and vegetables associated with
low sperm count. The Washington Post, March
30.
[9] Codex Alimentarius Commission (2009) FAOWHO Food Standards: Pesticides Residues in
Food (MRL) FAO-WHO Publications, Room
350p.
[10] Zuwola, G. (2016) Pesticides and our crops.
Health compiled by the Environment Working
Group from FDA and EPA sources on pesticide levels in common crops http://towards
freedom.com/240.html. pp4.
[11] Imhoff, D. (1999) Pesticide residues are common in cotton by products in Agriculture.
http://findarticles.com/p/articles/mi_ml_525/is
_3_84/ai_54492553.
[12] Al-Mommany, A., Al-Antary, T.M. (2008)
Pests of Home and Garden. Publication of the
University of Jordan publications. Amman,
Jordan. 518p.
[13] Cao, Y., Chen, J., Wang, Y., Liang, J., Chen,
L., Lu, Y. (2005) HPLV/UV analysis of
chlorfenapyr residues in cabbage and soil to
study the dynamics of different formulations.
Sci. Total Environ. 350(1-3), 38 -46.
[14] Hassan, E., Ahmad, N., and Arief, M. (2013)
Dissipation and residues of penconazol in
grapefruits. World Journal of Analytical Chemistry. 1(3), 28-30.
[15] Malhat, F.M. (2017) Persistence of metalaxyl
residues on tomato fruits using high performance liquid chromatography and QuECHErs
methodology. Arabian Journal of Chemistry.
10, 765-768.
[16] Cabras, P., Coutes, E. (2010) Pesticides residues in grapes and wine in Italy. Food Additives and contaminates. 18(10), 880-885.

crops contained organochlorines in Jordan was
gradually declining in the last ten years.
0.75% of the analyzed samples contained pyrethroids particularly cypermethrin insecticide, but
less than the MRL [9]. Alawi, et al., [3] indicated
the occurrence of cypermethrin in some imported
samples in Jordan.
0.25% of the analyzed imported samples contained carbamates particularly pirimicarb as insecticide and chlorpropham, but less than the MRL [9].
27% of the analyzed crop samples were contained
some carbamate insecticides or their metabolites in
USA [17].
0.5% of the analyzed samples contained triazoles but less than the MRL [9]. Jardim and Caldas
[18] reported that the misuse of triazol fungicides
would lead to accumulation of residues in the crops.
0.25% of the analyzed samples contained benzilates particularly bromopropylate accaracide, but
less than the MRL [9]. Barba, [19] found that the
residue levels of bromopropylate in some crops
after 15 days were lower than 0.7 ppm and did not
exceed the MRL.
0.25% of the analyzed samples contained
chlorfenapyr accaracide from the halogenated pyrrols, but less than the MRL [9]. Ditya, [20] reported
that the half life of chlorfenapyr in chili and cabbage were 2.945 and 3.79 days, respectively.
0.25% of the analyzed samples contained
imazalil fungicide from the imidazol group, but less
that the MRL [9]. Imazalil residues in oranges were
significantly correlated with low temperature [21].
In conclusion and recommendation, it is needed to monitor pesticides residues regularly on all
crops in all governorates of Jordan, and in all imported samples. The continuation of supervision on
the use of pesticides by farmers is required, particularly the rate of application and waiting periods of
pesticides through agricultural extension and regular pesticides monitoring and applications.
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ABSTRACT

man which led the government including Jordan to
establish regular monitoring system [3, 6-7].
The aim of this study was to find levels of
pesticides residues in local and imported samples of
crops from northern districts of Jordan to compare
the found residues with the recommended MRLs to
provide consumers with safe and high quality food.

Eight hundred samples of both locally produced and imported agricultural products (400
samples for each) including fruits, vegetables, crops
and medicinal plants were analyzed during
2010/2011. Locally produced samples were collected from the northern part of Jordan including Irbid,
north Jordan Valley, Jerash, Ajloun and Mafraq.
Imported samples were collected from the various
importing zones at the Jordanian borders. Locally
produced products showed that three samples were
contained pesticide residues above the maximum
residue limit (MRL), representing 0.75% of total
locally produced samples. Thirty five samples were
contained pesticides residues below the MRL which
represent 8.75% of total locally produced samples.
Imported products showed that only 45 samples
were contained pesticides residues below the MRL,
representing 11.25% of total imported samples.

MATERIALS AND METHODS
Sampling / Local samples. 400 samples of
different fruits and vegetables were separately and
randomly collected from different regions in the
northern districts of Jordan. These districts were
Irbid, Jarash, Ajloun, Mafraq and northern Jordan
Valley. The samples were collected between May
11, 2010 and January 11, 2011. There were 306
samples of vegetables and 94 samples of fruits. The
different samples were collected either directly
from farms or from the center market for fruits and
vegetables in Amman, the capital of Jordan. Sample
size was considered depending on fruit variety [4]
as follows: The sample size was one kg for fruits
weighed less than 25 g such as olives and strawberries; 1-3 kg for fruits weighed 25 ± 100g each such
as mandarins and tomatoes; 2 ± 5 kg for fruits
weighed 100 ± 250 g each such as oranges and
apples; and 10 pieces for fruits weighed more than
250 g each. The collected samples were separately
transferred by labeled bags to the laboratory of
pesticides analysis/ Ministry of Agriculture in Amman for analysis.

KEYWORDS:
Pesticides, residues, local crops, imported crops, Jordan.

INTRODUCTION
Vegetables and fruits are needed commodities
in human diets, because they provide important
nutrients to the body. Unfortunately, they might be
an important source for pesticides residues as toxic
pollutants. Through cultivation of these plants,
farmers use pesticides to control insects, fungi and
other destructive pests, with other practices to reduce the damage caused by these regular and epidemic pests. The use of pesticides has been increased due to their rapid action with less labor.
However, the occurring of pesticides residues in the
fresh crops has recently become a concern by effect
and ability to interfere with the nerve and reproductive system and cause cancer and asthma [1 - 3].
Several pesticides are non-polar, persistent
chemicals which reach the body through food [3-5].
In addition, some pesticide residues in the crops
might exceed the MRL to become not safe to hu-

Sampling/ Imported samples. 400 samples
of different fruits and vegetables were separately
and randomly collected from imported crops
through the different boarder centers. These were in
King Hussein bridge custom, Aqaba custom, Jaber
custom, Queen Alia Airport custom, Zarqa free
zoon custom, Amman custom and northern Pass
way Agriculture center. Sample sizes and steps of
analysis were as described in the local samples. The
samples were collected between May 11, 2010 and
January 11, 2011. The samples were collected from
imported crops of 43 countries.
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TABLE 1
Total number of local samples, their distribution between the categories:
contains no residues, contains residues <MRL and contains residues >MRL with the percentages

Sampling
Location

Total
number

Irbid
N. Jordan Valley
Jerash
Ajloun
Mafraq
Ȉ7RWDO

3
152
21
15
209
400

Samples containing
No residues
% of
Number
Total
2
0.50%
145
36.25%
21
5.25%
15
3.75%
179
44.75%
362
90.5%

Samples
containing <MRL
% of
Number
Total
1
0.25%
7
1.75%
0
0%
0
0%
27
6.75%
35
8.75%

Samples
containing >MRL
Number

0%

0
0
0
0
3
3

0%
0%
0%
0%
0.75%
0.75%

tion was collected in a test tube to be ready for the
clean-up step if needed.

Quality control. The efficiency of the extraction method was evaluated by spiking blank samples of each type with standard solution and extracted as will be mentioned later in the analytical
method section [3]. In addition, blanks for each
type of samples were analyzed. Quality control
programs were applied in cooperation with the
laboratories of the Royal Scientific Society (Jordan), Forensic Research laboratories (Jordan); joining Inter-Laboratory comparison programs organized by the German GIZ and other analytical programs for quality control [3].

Apparatus and requirements for analysis.
(1) Pesticides Standards Samples. All used pesticides standards are certified, and almost of 100%
purity.
(2) Organic Solvents. All used solvents were
of "pesticides residues analysis" grade.
(3) Glass Wares. All glass wares were
washed with soap water, distilled water, acetone
and then dried in a drying oven at 80ºC.

Analytical method. For the determination of
the pesticide residues of organochlorine pesticides,
organophosphorous pesticides, pyrethroids, some
carbamates and other pesticides groups, Luke
method [8] was applied. For the extraction, 50 g
from the homogenized sample of the high water
content, or 10 g of the low water content were
placed in a blender with 40 ml deionized water. 100
ml acetone were then added and blended for two
minutes. The blender was washed with 50 ml acetone and both fractions were filtered through Buchner funnel. The extracts were placed in a 250 ml
graduated cylinder and the volume was recorded.
40 ml of the extract were placed in a 500 ml separatory funnel with 2 g sodium chloride or 10 ml saturated sodium chloride solution and shaken for one
minute. Fifty ml dichloromethane and 50 ml petroleum ether were added to the separatory funnel and
shaken for two minutes. The aqueous layer was
separated into another separatory funnel and the
organic layer was filtered through an anhydrous
sodium sulfate layer on a filter paper into a conical
flask. The aqueous layer was extracted twice, each
time for one minute with 50 ml dichloromethane.
The organic layers were filtered through the anhydrous sodium sulfate into the conical flask. The
pooled dichloromethane extracts were concentrated
using the rotary evaporator at 35-40ºC and 50 mbar
to 2 ml. The residues were evaporated to dryness
using a gentle stream of nitrogen gas. 0.5 ml of the
internal standard mixture containing 0.03 ppm
endrin and 0.2 ppm pirimiphos methyl in n-hexane
were added to the round bottom flask and the solu-

(4) Used Gas Chromatography-Apparatus.
In this study different GC-apparatus were used as
indicated in [3].

RESULTS
Local samples. Table 1 shows that 0.75% of
the local analyzed samples (400) were containing
pesticides residues more than the MRL and 8.75%
of the total samples contained residues less than the
MRL. 90.5% of the local analyzed samples were
not contaminated with pesticides.
This Table shows that pesticides residues were
detected in local samples collected from Irbid,
northern Jordan Valley and Mafraq, but no residues
were detected in the samples collected from Jarash
and Ajlon districts.
Table 2 shows the pesticides residues occurred
in local fruits and vegetable samples at different
levels during 2010/2011.
Imported samples. The found residues in the
contaminated samples were compared with the
MRL [9] adapted by the Jordanian standards. The
results show that no samples containing residues
more than the MRL, but 11.25% of the samples
contained residues less than the MRL. 88.75% of
the imported analyzed samples were not contaminated with residues.
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TABLE 2
Distribution of pesticides residues occurred in local fruits and vegetable
samples at different residue levels during 2010/2011

Crop
type

Total
No.

Vegetables
Fruits
Ȉ7RWDO

06
94
400

Samples containing
No residues
number
284
78
362

% of total
71.0%
19.5%
90.5%

Samples
Containing
<MRL
number
%
21
5.25%
14
3.50%
35
8.75%

Samples
containing
>MRL
number
%
1
0.25%
2
0.50%
3
0.75%

TABLE 3
Distribution of pesticides residues occurred in imported fruits and vegetable
samples at different residue levels during 2010/2011

Crop
Type

Total
No.

Vegetables
Fruits
Total %

198
202
400

Samples Containing
No Residues
number
196
159
355

% of Total
49.0%
39.75%
88.75%

Samples
Containing
<MRL
number
%
2
0.5%
43
10.75%
45
11.25%

Samples
Containing
>MRL
number
%
0
0.0%
0
0.0%
0
0.0%

In Poland, Szpyrka [11] reported that pesticide
residues were detected in 28.1% of analyzed vegetable and fruit samples.
Tomato samples which contained residues
make 4.58% of the total vegetable samples, were
collected from Mafraq district in summer 2010,
particularly in August and September. This was due
to the outbreak of the destructive tomato broad leaf
miner Tuta absoluta in this district which obligated
farmers to spray insecticides intensively to control
this pest. Herbicides were also used to get rid of
weeds acting as shelters for this epidemic pest.
Bakirci [12] reported that 8.4% and 9.8% of
the fruit and vegetable samples, respectively contained pesticides residues above the MRL, out of
754 samples.
There were residues for chlorpyrifos and
ethoprophos from the organophosphate group in
different samples but less than the MRL which
makes 2.75% of the total samples. Research conducted by USDA scientists [13] found 51 pesticides
on kale and 41 pesticides on collard greens. Several
of those pesticides were organophosphates such as
chlorpyrifos and organochlorines such as dieldrin
and DDE. There were residues for cypermethrin
and fenvalerate from the pyrethroids group in 19
different samples but less than the MRL which
makes 4.75% of the total samples. Two another
samples contained cypermethrin in a concentration
more than the MRL; which makes 0.75% of the
total samples. Chen [14] stated that the most frequently detected pesticide was cypermethrin. It was
found in 18.7% of the vegetable and fruit samples
analyzed in Xiamen of China.

Table 3 shows that pesticides residues occurred in imported samples of fruits and vegetables
from different countries, at different levels during
2010/2011.
This table shows that pesticides residues occurred in 0.5% of imported vegetables and 10.75%
of imported fruits during 2010/2011.
Table 4 shows that pesticides residues were
detected in samples imported from 10 countries in
2010/2011.The number of samples imported from
Syria contained residues, but less than the MRL,
were 16 out of 44 (Table 4).

DISCUSSION
Local samples. The local contaminated samples indicated different pesticides residues depending on the plant, pesticides type and sampling time.
The results indicated that samples of tomato and
grapes were contaminated more than other plant
commodities, followed by samples of peaches,
sweet peppers, cucumber, hot pepper, nicterin,
squaches, pomegranates, melon and apples.
Patton [10] indicated that 70% of 55 analyzed
samples in China were contaminated with pesticides residues. 30% of these contaminated samples
had residues more than the MRL. These samples
collected in summer had more pesticides residues
than those collected in other seasons. This might be
due to the insect activity which was more in summer season which needed more pesticides application to control the pests and lead to have few samples contaminated with pesticides residues more
than the MRL.
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taminated with endosulfan sulfate but less than the
MRL. Endosulfan is not allowed to be used in Jordan [4]. However 16 samples out of 57 imported
from Syria were contained pesticides but less than
the MRL.
In conclusion, the local contaminated samples
(9.5%) were less in contamination than the imported samples (11.2%) of the total imported samples.
It is necessary to continue monitoring pesticides
residues in both local and imported samples to
avoid food contamination and to help decision
makers to take the right decision and developing
pesticides uses and registration.

Imported samples. Results indicated that imported apple and orange samples were contained
pesticide residues more than other commodities,
followed by samples of grapes, pears, peaches,
sweet peppers, kiwis, lemons and strawberries.
Organophosphate insecticides were the most found
pollutants particularly chlorpyrifos, phosalone and
diazinon in samples collected from the imported
commodities. Shukla [13] found similar results in
USA. Pyrethroids were found in the contaminated
samples, particularly cypermethrin and fenvalerate.
Chen [14] reported similar results in China. One
apple imported sample from USA was found con-

TABLE 4
Pesticides residues according to sample type compared to the MRL and the origin of imported samples in
2010/2011

1
2
3
4
5
6
7
8

Sample
type
Apple
Apple
Apple
Apple
Apple
Apple
Apple
Apple

Syria
Syria
Syria
Lebanon
Greece
Turkey
USA
China

9

Apple

Syria

10

Apple

Lebanon

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

Apple
Apple
Apple
Apple
Apple
Apple
Apple
Apple
Apple
Orange
Orange
Orange
Orange
Orange
Orange
Orange
Orange
Orange
Orange
Pears
Pears
Pears
Peach
Peach
Kiwi
Grapes
Grapes
Grapes
Grapes

Syria
Syria
USA
Turkey
Turkey
Turkey
Syria
Lebanon
Egypt
Bulgarai
Syria
Syria
Syria
Egypt
Syria
Egypt
Syria
Lebanon
Egypt
South Africa
South Africa
Lebanon
South Africa
Australia
Greece
Lebanon
Syria
Syria
Syria

No.

Origin

40

Grapes

Syria

41
42
43
44

Sweet pepper
Sweet pepper
Lemon
Strawberry

Egypt
Egypt
Egypt
Egypt

Pesticide
found
Cypermethrin
Chlorpyrifos
Chlorpyrifos
Chlorpyrifos
Chlorpyrifos
Chlorpyrifos
Chlorpyrifos
Chlorpyrifos
Chlorpyrifos
Cypermethrin
Chlorpyrifos
Cypermethrin
Chlopyrifos
Chlopyrifos
Endosulfan-sulfate
Cypermethrin
Chlopyrifos
Cypermethrin
Chlopyrifos
Phosalone
Cypermethrin
Chlorpyrifos
Imazalil
Imazalil
Chlorpyrifos
Imazalil
Cypermethrin
Imazalil
Cypermethrin
Imazalil
Imazalil
Diazinon
Diazinon
Chlorpyrifos
Chlorpyrifos
Iprodione
Iprodione
Cypermethrin
Cypermethrin
Chlorpyrifos
Fenvalerate
Fenvalerate
Cypermethrin
Chlorfenapyr
Chlorfenapyr
Imazalil
Chlorpyrifos

2430

Concentration
(mg/kg)
0.04
0.05
0.013
0.013
0.05
0.02
0.10
0.02
0.01
0.03
0.46
0.04
0.01
0.04
0.173
0.043
0.02
0.044
0.03
0.03
0.05
0.01
0.054
0.02
0.04
0.07
0.03
0.80
0.18
1.26
0.80
0.014
0.01
0.02
0.02
1.77
2.80
0.11
0.09
0.01
0.23
0.17
0.09
0.02
0.04
0.12
0.30

MRL
(mg/kg)
0.7
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
0.7
1.0
0.7
1.0
1.0
1.0
0.7
1.0
0.7
1.0
1.0
2.0
1.0
5.0
5.0
1.0
5.0
2.0
5.0
2.0
5.0
5.0
0.3
0.3
0.5
0.5
10.0
5.0
0.20
0.20
0.50
1.0
1.0
0.20
0.05
0.05
5.0
1.0
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[11] Szpyrka, E., Kurdziel, A., Rupar, J., and
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Aliaga Bay (Izmir, Turkey) is one of the contaminated area by domestic and several industrial facilities. The toxicity of contaminated sediment and
water of the Bay has investigated by sea urchin spermyotoxicity test. The toxic effects of the samples
which were collected from six stations and diluted
up to10-1 to 10-3 ml in habitual sea water were determined as fertilization success and the quality of offsprings of   and    
Significant growth reduction at the early life
stages and an increase in larval deformities at the
pluteus stage were approximately 34% for 
and 10% for  in the dilution 10-3 from station
1. The effective concentration (EC50) in station 1
was estimated as 70.926 for  embryos and
1225.8 ml/L for   embryos. The sediment
samples also showed a noticeable spermyotoxicity,
up to nearly 78% developmental delay in embryos
reared in 0.1 mg/ml for and 56% for 
 in station 5. The EC50 values for  and
 sperm calculated as 0.01 mg/L and 9767.5
mg/L respectively.
As a result of this investigation, all dilutions of
water and sediment samples were toxic for two sea
urchin species and showed that  was found
to be more tolerant to contaminated sediment and
water than In conclusion, the present investigation has pointed out a clear response of early
life stages of  and  to different dilutions of contaminated water and sediment samples
and sperm bioassays test of sea urchins may be good
method to evaluate the toxicity of contaminated environmental samples.



the development of new methods to minimize the
harmful effects on biological resources, ecosystems
and human health frightens the eyes of the environment makers and regulators. It is present in many
polluted surface waters and sediments that threaten
the survival of organisms. Several generations may
affected at a minor or major level in the population
[1-3]. The evaluation of the complex actions of contaminants and the biological effects has been determined through bioassays [4, 5]. Echinoderms are
closely related to vertebrates that belong to deuterostomians. consequently [6], they might reflect the
similar response to environmental contamination [710]. The sea urchin is one of the most sensitive and
acceptable test organisms for acute bioassays of pollution. As is well known, the effects of toxic chemicals on early developmental stages of aquatic organisms are of great importance in the protection of the
natural population’s health. The sea urchin is one of
the most sensitive and suitable test organisms for
acute bioassay of marine pollution [10-12]. Stabbing
et al. [13] recommended that multispecies might be
used in the tests because of the dissimilarity in susceptibility of different species to different contaminants [14].   and    embryos have
been recognized as valuable tools in toxicological
studies [5].  was first studied by Lillie [15]
however in ecotoxicological studies,  have
been more widely used than  [8, 16]. They
favor different substrates for feeding.  feed
primarily on algae and sea grass while   prefer sessile invertebrates [17-19].   has not
been widely used for toxicity testing [8, 16, 19], although in most of the studies has been used
[20-22]. No comparative study has been carried out
to reveal the differences in sensitivities between the
two species to the pollutants.
Aliağa is a heavily industrialized town located
50 km from the north of district of ˙Izmir Province
in the Aegean Region of Turkey (Figure 1). Aliaga
Bay (Izmir, Turkey) is one of the seriously contaminated area by domestic and several industrial facilities such as the second largest oil refinery of Turkey
(Tupras), and a petro chemistry plant (Petkim), paper, ship breaking, iron-steel, iron-steel rolling
plants, liquefied petroleum gas, fuel, electric power

(& "#
Sea urchin, sediment toxicity, water toxicity, spermyotoxicity, fertilization 
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Today, both natural phenomena and the environmental impacts of human activities are a fact, and

2432

#"

  $   







  !




$"#$ #

#<=-A:.**6-#*584260The sediment samples were collected from the six stations of Aliağa
Bay (Figure 1) by grab sampler and placed in precleaned jars and kept in an ice-box until delivery up
to the laboratory. Water samples in polyethylene bottles were taken to the laboratory in the ice-box until
testing for embryo and sperm toxicity. For the experiments, each water sample was diluted from 10-1 to
10-3 ml and sediment samples were added to the test
media as 0.1 mg/ml, 0.01 mg/ml and 0.001 mg/ml.
Filtered sea water was used as the test medium.

plants, cement and textiles [2, 3] (Figure 1). In recent
years, several studies have been performed about
weakening of the ecosystem in Aliaga Bay from both
as biological diversity and changes in content of the
pollutants in environmental compartments such as
heavy metals and pesticides in the tissues of several
marine organisms or sediments [23-26]. The main
objective of this study was to assess the comparative
toxicity of water and sediment from Aliağa Bay by
sea urchin spermyotoxicity test and fertilization success using two species    and  
.
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The physico-chemical properties of water samples were measured as; temperature 13 °C, salinity
37.50 psu, 6.91 (pH), 5.5 mg/lt (dissolved oxygen)
for station 1, temperature 14.5°C, salinity 38 psu,
6.91 (pH), 5.5 mg/lt (dissolved oxygen) for station 2,
station 3 temperature 13.5 °C, salinity 37.50 psu, 7.0
(pH) and 5.0 mg/L dissolved oxygen, station 4: temperature 13 °C, salinity 38.50 psu, 6.91 (pH), 6.5
mg/lt (dissolved oxygen) and station 5 temperature
15 °C, salinity 38 psu, 7.91 (pH), 5.0 mg/lt (dissolved oxygen). These results were found to be 13
°C (temperature), 38 psu (salinity), 8.02 (pH), 10.8
mg/lt (dissolved oxygen) in station 6.

27*;;*AAdult sea urchins,  and 
 were collected from a clean area in the IzmirSeferihisar, (Aegean coast of Turkey). The area has
been approved since there is no domestic or industrial waste discharge. Sea urchin sperm bioassays
were carried out as explained before by CakalArslan and Parlak [8]. In all of the experiments, seawater taken from the natural environment was filtered and used (FSW, 35 psu, 18 ºC) to cultivate the
embryos. Each procedure was run in six replicates.
Bioassays were carried out using 50 µl sperm
cell suspensions exposed to various sediment and
water concentrations diluted with filtered natural sea
water (FSW) for 30 min [10]. Changes in the fertilization success were determined by scoring the percentage of fertilized eggs [12]. For the offspring
quality tests after 30 min exposure 100 µl treated

sperm suspension was added to 30 ml of FSW containing untreated eggs [12]. The embryos were enhanced in an incubator at 18±2◦C for  and
19±2◦C for  from 10 minutes after fertilization up to the 72 hour pluteus larval stage. Spermyotoxicity was assessed according to morphological
criteria explained by Pagano et al. [12]. A sample of
100 embryos was observed under a light microscope.
Developmental defects were observed on living plutei, which were immobilized in 10–4 M chromium
sulfate. In order to evaluate the sub-lethal effects of
the substances tested on   and   ,
Woelke [27] criteria used for toxicity assessment.

#<*<2;<2,*4 *6*4A;2; Statistical similarity tests
were carried out using a one-way ANOVA, and significant differences were noticed with Student-t test
[28] and Dunnett’s multiple comparison test [8]. The
Statistica-6.0 computer programme was used for
data analysis [29]. EPA Probit Analysis Program
was used for estimated LC/EC Values Version 1.5.


"#%$#

As a result of the spermyotoxicity tests conducted using water and sediment from Aliağa Bay,
toxic effects were determined by comparing frequency values of malformations and normal plutei
obtained from the examination of 100 embryos or
larvae of both species.

$ 
*6- /.:<242B*<276;=,,.;;?2<1<1.42*0**A?*<.:*6-
#.-25.6<;*584.;

Stations

Dilutions

Control
CdCl2

100 µl
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1

1

2

3

4

5

6

% Fertilization
% Fertilization
Water Samples (ml/ml)

 
94,55±1,7
96,55 ± 0,88
0±0
0±0
94,66 ± 0,33
81,3±11,2
76,3±13,2*
92,33 ± 2,33
70,7±23,8*
91,33 ± 3,52
93,66 ± 0,66
77,33 ± 12,25*
91,66 ± 0,66*
68 ± 25,51*
87 ± 1**
50,3± 16,1**
90,7± 2,9
97 ± 0
49,7±20,45*
94,3± 0,3
45,3± 20,3**
94,3± 0,3
68,33 ± 23,16*
95 ± 0
64,66 ± 11,83*
94,33 ± 1,33
56,66 ± 23,7**
94 ± 2
80,33 ± 15,23
91 ± 1*
61,33 ± 17,70*
81 ± 9**
58 ± 24,19**
80 ± 3,46**
81,33 ± 15,23
94,66 ± 1,66
67,33 ± 17,70
94,66 ± 0,88
53 ± 24,19
93,33± 0,33

*p<0.05, **p<0.005, ***p<0.0005
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% Fertilization
% Fertilization
Sediment Samples (mg/ml)

 
96,33 ± 0,88
95,66 ± 1,25
0±0
0±0
92,66 ± 1,76
93,5 ± 1,5
85,3± 1,9**
87,5 ± 1,5**
49 ± 16,5**
75,5 ± 1,5***
90 ± 2
93,33 ± 2,18
81,5 ± 0,5***
87,7± 2,8**
78 ± 1***
66,3± 8,9**
90 ± 4,1*
90 ± 1
89 ± 1,5**
81,5±3,5***
74,7±10,2**
80,5 ± 0,5***
87 ± 0,6**
88,5 ± 0,5*
82,33 ± 0,7**
86 ± 2*
80,66 ± 2,7**
83,5 ± 1,5*
85,33 ± 2,7**
88,5 ± 6,5
77 ± 1***
80 ± 2,5**
80 ± 7,2**
54 ± 7***
93,33± 1,20
88 ± 2*
90 ± 0,57**
85 ± 2**
89,66 ± 5,04**
81 ± 3***
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#8.:5A7<7@2,2<A 7/ &*<.: #*584.; The results of spermiotoxicity test of water samples will be
handled as frequencies of fertilized eggs, offspring
quality and calculated EC50 values for both species.
The frequencies of fertilized eggs of  in the
controls was 94.5% (Table 1). Water samples from
all stations disturbed fertilization at dilutions between 10-3 to 10-1 ml. Fertilized egg frequencies
ranged between 45,3-70,7 % in the 10-3 dilution of
water samples from all station (p<0.005) (Table 1).
According to fertilization test results the diluted water samples of station 3 were found to be the most
toxic among the others. On the other hand, the fertilized egg frequency were ranged between 80-94.3 %
in the similar experiments were carried out using 
 (control frequency was 96.55 %). The lowest

frequency were from Station 2. (p<0.005). The adverse effects of water on fertilization success were
observed on both species but   exhibit that
this species is more strong to pollutants than 
.
As a result of sperm bioassay considering offspring quality, in the control group normal pluteus
frequency was observed at 96% for   and
98% for   . This frequency value changed
from 44-27% for  and 72.5-26 % for 
  from the 10-1 ml diluted experimental medium
(Table 2, Figure 2). ). The fall in the dose-response
curve of normal larva frequency was observed in all
dilutions of water samples from six stations, but on
the contrary the developmental malformations (P1
and P2) increased (Table 2, Figure 2).


$ 
:.9=.6,2.;7/-.>.4785.6<*4.//.,<;7/?*<.:*6-;.-25.6<;*584.;7/42*E**A26 
*6- <1:7=017=<;8.:527<7@2,<A.*6C#<*6-*:-::7:7:5*4!4=<.2":.
<*:-.-84=<.2! 8*<174702,5*4/7:5.-84=<.2#3.4.<*45*4/7:5*<276;! 8*<174702,.5+:A7;47,3.-
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24=<276;
&*<.:(ml/ml)
100 µl
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1
#.-25.6<(mg/ml)
100 µl
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1



! 

95,7 ± 2,29
4,3± 2,3
0±0
100 ± 0
65 ± 3***
34±2*
62,5±2,5***
37,5±2,5*
44 ± 1,5***
59,5±1,5*
62 ± 1***
38 ± 1*
56 ± 1***
44 ± 1*
38 ± 2***
62 ± 2*
44,5±0,5***
54,5±1,5*
32,5±0,5***
67,5±0,5*
27 ± 0***
73 ± 0*
43,5±1,5***
56 ± 1,5*
35 ± 0***
65 ± 5*
33 ± 0***
65 ± 0*
33 ± 2***
66,5±1,5*
28,5±1,5***
71 ± 1*
24,5±0,5***
73 ± 2*
44,5±1,5***
55,5±1,5*
36 ± 0***
64 ± 5*
30 ± 0***
68 ± 0*

95,66± 1
4,3± 2,3
0±0
100 ± 0
33,33 ± 1,2***
61,3 ± 3,2***
18 ± 4,50***
81,66 ± 4,4
10,66 ± 9,2***
88,3 ± 9,2***
23 ± 3,21***
75 ± 3,60***
19 ± 3***
79,5 ± 3,6***
10 ± 1,52***
88,3± 0,7***
28 ± 14***
71,33±13,33***
22,66±11,85***
43 ± 21,9***
15,3± 1,76***
84 ± 2,08***
36,66± 6,4***
63,33 ± 6,35***
25,3± 4,09***
74 ± 4,04***
22,66± 5,4***
77 ± 5,68***
37,33± 1,5***
61,66±2,0***
23,66± 7,7***
75 ± 7,57***
5,33 ± 2,3***
91,33±1,9***
18,33±6,1***
81,66±6,1***
10,33±8,9***
82 ± 6,80***
6,33 ± 6,3***
27± 24,54***

*p<0.05, **p<0.005, ***p<0.0005
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! 
0±0
0±0
1±1
0±0
0±0
0±0
0±0
0±0
1±1
0±0
0±0
0±0
0±0
1 ± 1*
0,5±0,5*
0,5±0,5*
2,5±2,5
0±0
0±0
1 ± 1*
0±0
0±0
2 ± 1,5**
0,3±0,3**
1 ± 0,6**
2 ± 1,5**
1,5±0,5**
1,6±0,9**
1,33 ± 0,7**
34,3±32,8**
0,7 ± 0,3**
0±0
0,66± 0,7**
0,3 ± 0,3**
1 ± 0,57**
1,33± 0,7**
3,3 ± 1,9**
18,4±1**
7,66± 3,7**
66,7±30,9**



! 
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98 ± 1,29
2 ± 1,29
0±0
0±0
100 ± 0
0±0
90 ± 2*
10 ± 2**
0±0
80,5 ± 0,5*
19,5±0,5**
0±0
67,5±2,5*** 32,5±2,5***
0±0
87 ± 1*
13 ± 1**
0±0
78 ± 6**
17 ± 1**
1±1
72,5±0,5***
19,5±0,5**
8±0
79,5 ± 0,5**
20,5±0,5**
0±0
74 ± 2***
26 ± 2***
0±0
26 ± 4***
74 ± 4***
0±0
79 ± 3**
21 ± 3**
0±0
63,5±4,5*** 33,5±7,5***
3±3
62 ± 2***
29,5±7,5***
8,5±3,5
84 ± 9**
14 ± 7**
2±2
58,5±9,5*** 33,5 ± 7,5**
3±3
43,5±4,5*** 56,5±4,5***
0±0
85 ± 6**
15 ± 6**
0±0
79,5 ± 4,5**
14 ± 7**
2±2
71,5±1,5***
27 ± 3**
1,5±1,5
 
93,5 ± 1,14
6,5 ± 1,14
0±0
0±0
100 ± 0
0±0
88,5 ± 0,5
10,5 ± 0,5
1±0
80 ± 0**
19,5 ± 0,5
0,5±0,5
75,5±1,5*** 22,5±0,5***
2±2
89 ± 1
10,5 ± 0,5
0±0
70,5±4,5***
25 ± 3***
4,5 ± 1,5
41 ± 1***
58 ± 1***
1±0
73 ± 2***
23,5±2,5***
3,5±0,5
64 ± 5***
34,5±3,5***
1,5±1,5
49 ± 2***
51 ± 2***
0±0
78 ± 2***
21,5±2,5***
0,5±0,5
68,5±4,5***
31 ± 5***
0,5±0,5
55,5±9,5*** 44,5±9,5***
2±2
64 ± 10***
34 ± 8***
2±2
63 ± 0***
37 ± 0***
0±0
55 ± 3***
45 ± 3***
0±0
65,5±3,5*** 33,5±3,5***
1±0
56,5±2,5*** 42,5±2,5***
1±0
44±4***
56±4***
0±0


0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
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The impact of water samples of six stations on
exposed sperm of  was estimated as EC50
by probit analyses and these data show that EC50
values for stations were calculated as 70.926 ml/L
(1), 21.721 ml/L (2), 0.278 ml/L (3), 0.048 ml/L (4),
0.001 ml/L (5) and 114 ml/L (6). Besides that, water
samples from station 5 were more toxic than the
other stations (6<1<2<3<4<5). On the other hand, in
the test with exposed sperm of   was estimated as EC50 by probit analyses and these data
show that EC50 values for stations were calculated
as 1225.8 ml/L (1), 18173.7 ml/L (2), 27.892 ml/L
(3), 2330.15 ml/L (4), 54.23 ml/L (5) and 31837.1
ml/L (6). Besides that, water samples from station 3
were more toxic than other stations (6<4<2<1<5<3).
Comparing the effect of water samples from six stations on  and  according to EC50
values, although station 5 was determined most toxic
for , EC50 values showed that station 3 was
observed most toxic for   

#8.:5A7<7@2,2<A7/#.-25.6<#*584.;Spermyotoxicity experiments were conducted by adding
0.1 mg/ml, 0.01 mg/ml and 0.001 mg/ ml wet weight
sediment samples from each station. The unfertilized
egg number increased by increasing the added
amount of sediment samples and also 100 individuals selected randomly at the end of 72 hour offspring
quality experiments, abnormalities increased by increasing the added amount of sediment samples. The
data will be evaluated by comparing the frequencies
of fertilized eggs, offspring quality and calculated
EC50 values for both species as and 
 .
The numbers of fertilized eggs in the controls
were 96.33% and 95,66 % for  and 
respectively (Table 2). All of the sediment samples
prevented fertilization at all dilutions and the fertilized egg frequencies in 10-1 dilution from all stations ranged between 89,66-49% for  while
83,5-54% for  (p<0.005).  
 embryos were subjected to the effect of sediments during spermyogenesis, an increase in the frequency of embryos with developmental anomalies
occurred depending on the sediment amounts, and a
very clear dose-response relationship was observed
(Figure 3). To compare the results of the test exposed
to 0.1 mg/ml sediment samples from all stations normal plutei frequencies changed between 5,3322,66% for 41-75,5% (p<0.005).
At the highest addition of sediments from all stations
a great increase was determined in the frequency of
embryos whose development had been blocked at
the blastula/gastrula stage (range from 3 to 42%)
while this phenomenon was rarely observed at low
amounts of sediments.
The impact of sediment samples of six stations
on exposed sperm was estimated as EC50 by probit
analyses and these data show EC50 values for stations were calculated as 2080.962 mg/L (1), 313.371

mg/L (2), 59.890 mg/L (3), 1.426 mg/L (4), 0.010
mg/L (5) and 87.887 mg/L (6). These calculations
were estimated as EC50 by probit analyses and these
data show EC50 values for stations were calculated
as 19053.83 mg/L (1), 64750.35 mg/L (2),
171356.56 mg/L (3), 410452.68 mg/L (4),
976754.589 mg/L (5) and 63916.2 mg/L (6) for 
 . The water and sediment samples from Aliağa
Bay were toxic from the first dilutions onwards according to Woelke’s (1965) criteria.
In conclusion, according to probit analysis station 5 was more toxic than others for  
(5>4>3>6>2>1) and station 3 was more toxic for 
 (3>1>4>2>6>5). Statistically significant difference was found between the control group and six
stations of water and sediment samples normal plutei
frequencies and developmental deformities (P1, P2)
(p<0.005).
Developmental anomalies frequency in pluteus
stages of sea urchin  was found to be much
higher (ranged between 39-88‰) than  
(ranged between 40-56%) in those from sediment
samples of Aliağa Bay. Although all stations were
observed to be toxic, sperm of  was more
sensitive than  according to estimated EC50
values of sperm bioassay. Comparing the effect of
water samples from six stations on  and 
 according to EC50 values, although station 5
was determined to be most toxic for , EC50
values showed that station 2 was observed to be most
toxic for  


#%## 
In this study, the effects of water and sediment
samples from Aliağa Bay on fertilization success and
the offspring quality of a sea urchin,  and
  were determined comparabl by exposing
the sperm to several dilutions of the samples in the
laboratory. Results of the fertilization tests showed
that waters and sediments of all stations in Aliağa
Bay arrested fertilization success and were toxic
comparing to the control group. There were significant differences between the number of fertilized
eggs compared to the control group in all dilutions
of sediment and water (Table 1). The spermyotoxicity results of Aliağa Bay sediments and waters
showed a significant dose-related increase of larval
malformations in and at all data
sets. According to calculated EC50 values for 
 and for  showed that  was more
sensitive than   Pagano et al. [30] reported
the toxic effects of sediments and waters from two
rivers (Sarno River and Volturno River) in Italy using sea urchin embryotoxicity and fertilization tests. They suggested that the sea urchin is a
sensitive tool for evaluating biological quality of
contaminated sediments and waters. Our results had
similar outcomes to those of Pagano et al. [30].
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EC50 of sediment was 2.216 and 203.37 mg/L for 
and  at Station 3. But present study’
spermyotoxicity results showed that Station 2 and
station 5 had more toxic sediments the others. Station 2 is located at shipping zone of Aliağa Bay (Figure 1). At same location Neşer et al. [25] reported
that total PAHs concentrations ranged from 0.07 to
20.9 µg/L in sediment. And also they were suggested
that Aliağa sediments were likely to be contaminated
by acutely toxic PAH compounds. In addition to
these results Neşer et al. [25] were reported the levels
of metals in same location as between 0.98 and 7.02
for Hg, 0.42–3.94 for Cd, 91.3–751 for Pb, 81.1–264
for Cr, 49.7–703 for Cu, 180–685 for Zn, 587–1192
for Mn, 95–240 for Ni, 36247–54666 for Fe, and
15288–39678 µg/L (dry weight) for Al. Besides that,
Küçüksezgin et al. [26], reported that the heavy
metal levels were found highest in sediment, water
and particulate matter of the Aliağa Bay. These findings are confirmatory data for the toxicity results of
sediment and water samples from station 2 obtained
from our investigation.


 %# 

A large data set exists on the toxicity of several
chemicals on the developmental stages of s
[22, 31, 8]. In scientific literature, it may be attained
some investigations having test with two species
comparatively. Carballeira et al. [19] reported some
adverse effects of salinity on eggs of  and
 and found that fertilization of  and
 was not found to be affected by salinity. In
another study by Carballeira et al. [32], embryos of
two species of sea urchin (  and  )
were exposed to antibiotics and disinfectants and the
abnormalities in larval development, and the effective concentrations (ECs) were calculated to evaluate the toxicity. This study reported that both species
showed similar sensitivities to all substances tested.
One of the research show similar sensitivity of 
 and  when exposed to samples with
high levels of ammonium and cadmium, ammonium
chloride, zinc sulfate and sodium dodecyl sulfate
[20, 33]. Cakal-Arslan et al. [10] carried out a research previously with  and  to determine the effects of the NP and OP (concentrations
ranging from 0.937 to 18.74 µg/L), and octylphenol
(concentrations ranging from 5 to 160 µg/L) on embryonic development shows that  is more resistant than this species as similarly to our findings.
In the study of Cakal-Arslan and Parlak [34, 35] embryotoxicity and spermyotoxicity of Bisphenol-a
was tested on both species of sea urchin and negative
effects were observed on two sea urchin species embryos at concentrations of 300-3500 µg-BPA/L for
 and 5 to 3500 μg/L for  . Our results showed similarity with previous investigations
with two species exposed to BPA that reported 
 to be more tolerant than . After all,
our previous investigations [8, 10, 34, 35] and the
present study show that  is more sensitive
than  to several dilutions of water and sediment from Aliağa Bay. In study by Karaaslan et al.
[36, 37] A.  and  embryos were exposed to increasing concentration of Atenolol. According to obtained results, an increase in larval malformations as skeleton deformities at the pluteus
stage were observed and the calculated EC50 for embryotoxicity was 66,46 mg/l for A.  , 33,802
mg/l for P. . This study showed same results
with our study that P.  more sensitive than A.
 toAtenolol.
There is little research reported on detecting the
toxicity of sediment and water toxicity of Aliağa
Bay. Cakal-Arslan et al. [2] reported micronuclei
frequencies at gill and peripheral blood cells of 
       
       Their study indicates the environmental hazard of pollutants present in Aliaga Bay apart from types and amounts of
these pollutants. Previous study of Cakal-Arslan et
al. [3] reported that all water and sediment samples
of Aliağa Bay assessed as toxic. EC50 of water was
9.348 and 1237 ml/L for  and  and

Results of all the bioassays of all water and sediment dilutions were toxic for two sea urchin species
show that  found to be more tolerant to contaminated sediment and water than In conclusion, present investigations point out that the response of   and  to different dilutions of water and sediment samples are not even but
they are good bio indicators and sensitive to sperm
bioassays [38]. These types of studies are important
in forecasting the toxic effects of water and sediments
of interacted surface waters bodies by industrial and
urban sludge on living organisms. Besides that, the
suitability of accomplishing fertilization and larval
development tests of different sea urchin species in
risk assessment procedure is also revealed.
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Agroecosystem, alkaline phosphatase, beta-glucosidase,
biopesticide, wheat, wood vinegar, pesticides, soil enzyme
activity

This study was made to determine the impact
of pesticides and wood vinegar, used to protect
plants in wheat agroecosystems, on the Alkaline
phosphatase and Beta-glucosidase soil enzymes’ activities, comparatively. The study was made at the
end of the production seasons of 2014-2015 and
2015-2016, on a field of winter wheat field under the
ecologic conditions of Muş province, with four repetitions and in a fixed way according to the Randomized Block Experiment Pattern. The plant protection
product applications in the study were: It was conducted as a pesticide application and control application, in which not any plant protection product (pesticide and wood vinegar) was applied with the wood
vinegar dosages of 0.5% - 1% - 2% - 3% - 4% and
5% mL; corresponding to the pesticide application.
In 2015, as the average enzyme activity for Alkaline
phosphatase, the lowest value (9.409) was in pesticide and highest (11.262) was in 1% mL wood vinegar, and for Beta-glucosidase, the lowest value
(4.329) was in 5% mL wood vinegar and the highest
(4.829) was in 0.5% mL wood vinegar. In 2015,
about the feature of enzyme activity; the interactions
of Dose x Time x Type (P=0.372), Time x Type
(P=0.957), Dose x Time (P=0.470) and the exclusive
impact of time (P=0.146), were not found to be statistically significant, and the interaction of Dose x
Type was found to be statistically significant
(P=0.016). In 2016, it was found that the enzyme activity was increased after the application compared
to before, in general, and the interactions of Dose x
Time x Type (P=0.208), Dose x Time (P=0.799) and
Dose x Type (P=0.345) were not found to be significant. It was found that the conducted pesticide and
wood vinegar applications at different doses had impacts on the activities of Alkaline phosphatase and
Beta-glucosidase, of the soil enzymes. It was also
found that the wood vinegar did not affect the activities of these enzymes negatively and it was even
promising in increasing the enzyme activities in
some applications.

!"!
Although pesticides had advantageous impacts
on the agricultural production, they possess a potential threat to the environment [1]. They pollute water,
soil, atmosphere and food [2], and also affect the soil
enzymes that determine the soil’s life quality and are
important catalysts [1, 2, 3, 4]. The problems, caused
by the intense use of pesticides, became necessary to
seek for various alternative methods and natural pesticides [5]. Being among the natural pesticides, the
bio pesticides can be provided from many natural
materials, such as animals, plants, bacteria, and various minerals [6]. [7] stated that many plants and
technologies were used in the production of the vegetative pesticides. Wood vinegar (WV) and other
weak pyrolysis liquids are manufactured as a byproduct of the carbonization processes, and it was
found in the archaeological studies that it was used
in the “Neanderthal’s Era” [8]. WV is a good resource for organic agriculture, and it is used in agriculture and daily life, widely, in Japan [9]. [10]
stated that WV’s 80-90% consists of water and 1020% comes from more than 200 organic compounds,
and its main core has consisted of the acetic acid and
the recent annual production was around 14.000
tons. WV is used in agriculture, as fertilizer, insectrepellent or organic fungicide [11]. WV has important effects on increasing the soil quality [12],
and it is toxic or slightly toxic against the organisms
that are not targeted in water and soil. [12] stated that
WV is used in the provision of fertilizer that is
needed by plants while growing and it is effective in
the development of plant and soil quality in agriculture, as it is also effective against plant disease and
harmful insects, and it does not have a toxic impact
on humans and animals. Recently, [13] according to
the data that they found from the study that they
made under in-vitro conditions, concluded that the
experiment of WV under in-vivo conditions could
provide beneficial results.
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there were paradoxical results in relation with phosphatase. [27], found that although the herbicides that
they used in potato soils (    
 L.)
had an impact on the phosphatase enzyme, there was
a fast improvement. [28] observed there was a stipulation in the phosphatase activity in the soil where
Kitazine was applied. It was found that when WV
was applied in the different dilutions of the sandy
soils in the pots (200, 150, 100, 50 and 20), ß-glucosidase and alkaline phosphatase activities increased
with the dilution rate of WV decreased. [29] mixed
five applications, whose WV content was 100% (undiluted), 20% (diluted 5 times), 10% (diluted 10
times), 5% (diluted 20 times) and 0% (control), respectively with soil, who had 1:4 rate of WV liquid
(mL)/soil (g), in a study to determine the effect of
WV in different doses on salty and alkaline soils’ enzyme activities. In the application with 100% WV,
they found that the activities of glucosidase and urease were prevented in the soil.
Although the effect of pesticides on Alkaline
phosphatase and Beta-glucosidase’s activity was
studied in the conducted literature researchers, at an
insufficient level, there were not any detailed researches on the effect of WV (wood vinegar), which
has the potential of an organic pesticide, on enzymes.
This study was made to determine the impact of pesticides (fungicide and herbicide) and WV, used to
protect plants in wheat agroecosystems, on the Alkaline phosphatase and Beta-glucosidase soil enzymes’
activities, comparatively.

Soil enzymes have a vital role in the protection
of soil functions [14]. Many types of research indicate that the activities of the soil enzymes, being one
of the basic indicators of a soil’s health, are decreased by the pesticides. On the enzyme activity,
fungicides mainly had a negative impact and in this
matter, they are divided into two parts as the groups,
with positive and negative impact of herbicides. It
was stated that glyphosate affected [15] and inhibited [16] the enzyme activity of phosphatase. [17]
found that the enzyme activities of the herbicides,
used in their studies, decreased the enzyme activities, the pesticides; and when the pesticides, used in
the land application, were calculated according to the
soil’s fresh weight, they decreased the activity of
seven enzyme types and Fluazinam could display a
strong inhibition even after the winter. [18] found
that after the inhibition of Mancozeb for 14 days,
which was applied 10 times more than the recommended dose, the Alkaline phosphatase activity increased 41% and in the 28 days-long inhibition of
different pesticide applications, it decreased at the
rate of 30%. [19] stated that the activity of phosphatase enzyme was inhibited by 50% after the 35 dayslong application of Chlorpyrifos (100 mg kg-1) and
at 65% after 7 days-long application of Mancozeb
(100 mg kg-1). [14] stated that the Phosphatase enzyme’s activity in the laboratory was stimulated in
many of Butachlor concentrations, applied on the
soil in various concentrations (under moist and dry
conditions), and the use of Butachlor changed the enzyme activity and their potential results can be examined in the future studies. [20] stated that super
herbicide Buctril, used in the land experiment for
two years, displayed negative effects on the activities
of soil enzymes for the first two weeks, while its impact was decreased, later. [21] remarked that when
Falcon 460 EC is used 30, 150 and 300 times above
the recommended dose, it inhibits the alkaline phosphatase’s activity. [22] stated that Fomesafen has
different stimulant effects on the activates of alkaline
phosphatase. [23] found that Thiamethoxam inhibits
the activity of phosphatase. [24] stated that when
Mancozeb, used in different concentrations and incubation periods in alluvial soils (0-2000 mg kg-1), is
used above 10 mg kg-1, it has a reverse and destructive effect on phosphatase enzyme. [25] found that
the phosphatase and ß-glucosidase activities, in the
soil where Metalaxyl pesticide was applied in different doses, increased at the beginning, although it decreased later. [26] reported that all of the five insecticides, which he used in sandy soil under laboratory
conditions, inhibited the activity of phosphatase for
a short time and this can be tolerated. [16], in the
study to determine the effect of four pesticides
(Glyphosate, Paraquat, Atrazine and Carbaryl) on
the activity of phosphatase in 22 soil samples, stated
that the Glyphosate’s general inhibition effect on
phosphatase was observed to be between 5-98% and

! ! 
A field experiment was established on in the
Krasunia odeska wheat field of BERCE Alparslan
Agricultural Enterprise (height: 1276, lateral: 380
47’ 33. 1577”, long: 410 32’ 45. 8119”). The experiment was conducted as fixed in 2015 and 2016, in
accordance with the Randomized Block Experiment
Pattern with 4 repetitions. Muş province, where the
experiment was conducted and which has a continental climate, and its winters are cold and snowy,
while its summers are generally short and cool [30].
The wood vinegar (WV), used in this study,
was obtained by the gasification of the waste of
Broyler chicken breeding facility. In the experiment,
made in 2015, for fertilizers ground (NP 20-20-0,
13.700 g da-1) and height (46% urea, 10 kg da-1, “Öz
başak”) fertilizers were used. Besides, to the parcels,
on which pesticide was applied, herbicide Weed
killer D (active substance: 2,4-D Asid Dimethylamine, 100 mL da-1, Protective) and fungicide Duett
Super (active substance: 84 g L-1 epoxiconazole and
250 g L-1 Fenpropimorph, 100 mL da-1, Basf) were
applied, and 0.5%, 1%, 2%, 3%, 4% and 5% mL WV
was applied on WV parcels and only water was applied on the control group parcels.
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wheat, in the region were used, 2)0.5% mL WV, corresponding to the pesticide application, 3)1% mL
WV, corresponding to the pesticide application,
4)2% mL WV, corresponding to the pesticide application, 5) 3% mL WV, corresponding to the pesticide application, 6)4% mL WV, corresponding to the
pesticide application, 7)5% mL WV, corresponding
to the pesticide application, 8)a control application,
where not any plant protection product (pesticide
and WV) was used, was made. During the experiment, plant protection product were used 1 time in
2015, 4 times in 2016 (pesticide and WV).
In both of these years, soil samples were taken
(from 0-30 cm depth) 2 times from 8 different places
of the each parcel [32], before and after the plant protection product application and WV application. The
Beta-glucosidase and Alkaline phosphatase enzyme
activities in soils were determined according to [33].
In the statistical analyses, obtained in these studies,
Repeated Measurement ANOVA was used. As the
result of the variance analyses, Tukey Multi Comparison Test was used in the determination of different groups. In making these statistical analyses IBM
SPSS (Ver. 24) statistical package program was used
[34].

In the second year of the experiment, for fertilizers ground (NP 20-20-0, 13.700 g da-1) and heigth
(46% urea, 10 kg da-1, “Öz başak”) fertilizers were
used. Besides, to the parcels, on which pesticive we
applied, fungicide Input (active substance: 160 g L-1
Prothioconazole+300 g L-1 Spiroxamine, EC, 100
mL da-1, Bayer) and Duett super (active substance:
84 g L-1 Epoxiconazole and 250 g L-1 Fenpropimorph, 100 ml da-1, Basf), Herbicide Harmony Platinum (active substance: 37.5%, Thifensulfuron methyl+37.5% Tribenuron methyl, DF, 2 g da-1, Bayer)
and Attribut super WG 20 (active substance: 6.75%
Propoxy carbazone-sodium+4.5% Mesos ulfuronmethyl, WG, 20 g da-1, Bayer) and Biopower (100
mL da-1, Bayer) were mixed, and 0.5%, 1%, 2%, 3%,
4% and 5% mL WV was applied on WV parcels and
only water was applied on the control group parcels.
The plant protection product applications were
made by following the pesticides and application
calendar that BERCE Alparslan Agricultural Enterprise for the diseases, harmful and weed that is seen
in wheat and by using a knapsack sprayer [31]. Subjects of application: 1)pesticide application; drugs,
used against the weeds and harmful organisms of
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Beta-glucosidase

Alkali phosphatase

Type

Sample
Time

Before
Application
(19.05.2015)

After
Application
(25.06.2015)

Before
Application
(19.05.2015)

After
Application
(25.06.2015)

Application Dose

N

Mean

SE Mean

Minimum

Maximum

WV 0.5% mL
WV 1% mL
WV 2% mL
WV 3%mL
WV 4%mL
WV 5% mL
Pesticide
Control
WV 0.5%mL
WV 1%mL
WV 2% mL
WV 3% mL
WV 4% mL
WV 5% mL
Pesticide
Control
WV 0.5% mL
WV 1% mL
WV 2% mL
WV 3% mL
WV 4% mL
WV 5% mL
Pesticide
Control
WV 0.5% mL
WV 1% mL
WV 2% mL
WV 3% mL
WV 4% mL
WV 5% mL
Pesticide
Control

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

10.133
11.702
10.650
10.592
9.658
9.435
9.140
9.620
11.140
10.823
11.24
10.283
9.6050
10.500
9.6775
9.480
5.223
4.547
4.287
4.495
4.530
4.013
4.515
4.282
4.435
4.258
4.800
5.025
5.045
4.645
4.565
4.813

0.0776
0.198
0.170
0.122
0.133
0.566
0.287
0.123
0.852
0.289
1.06
0.211
0.0751
0.494
0.0911
0.104
0.705
0.179
0.220
0.344
0.803
0.404
0.555
0.454
0.204
0.187
0.143
0.208
0.604
0.516
0.288
0.468

10.010
11.320
10.240
10.310
9.290
8.450
8.390
9.270
9.960
10.020
9.44
9.780
9.4300
9.710
9.4200
9.210
3.900
4.060
3.970
3.880
3.080
3.030
3.800
3.150
3.920
3.990
4.430
4.480
4.310
3.940
4.120
3.900

10.360
12.250
11.070
10.900
9.880
10.450
9.770
9.800
13.670
11.390
14.31
10.810
9.7700
11.900
9.8500
9.710
6.850
4.910
4.940
5.100
6.820
5.010
6.170
5.220
4.910
4.800
5.090
5.490
6.850
6.170
5.350
6.060
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Type (P=0.372), Time x Type (P=0.957), Dose x
Time (P=0.470) on the feature of enzyme activity
and the exclusive effect of Time were not found to
be statistically significant (P=0.146). However,
alongside with this the interaction of Dose x Type
was found to be statistically significant (P=0.016).
That is, it was found that the differences between
Doses changed according to the Types (Table 2).

In order to determine the effect of Dose, Type
and Time (before and after) on the enzyme activities,
the Repeated Measures Analysis of Variance was
separately used, in each year (Table 1).
For 2015, the interactions of Dose x Time x
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Application Dose
N
Mean
SE Mean
Minimum
Maximum
WV 0.5% mL
4
10.636
0.440
9.960
13.670 ABa
WV 1% mL
4
11.262
0.232
10.020
12.250 A a
WV 2% mL
4
10.946
0.512
9.440
14.310 ABa
WV 3% mL
4
10.438
0.127
9.780
10.900 ABa
WV 4% mL
4
9.6313
0.0713
9.2900
9.8800 Ba
WV 5% mL
4
9.967
0.402
8.450
11.900 ABa
Pesticide
4
9.409
0.173
8.390
9.850 Ba
Control
4
9.5500
0.0790
9.2100
9.8000 Ba
WV 0.5% mL
4
4.829
0.371
3.900
6.850 Ab
WV 1% mL
4
4.402
0.132
3.990
4.910 Ab
WV 2% mL
4
4.544
0.155
3.970
5.090 Ab
WV 3% mL
4
4.760
0.211
3.880
5.490 Ab
WV 4% mL
4
4.788
0.475
3.080
6.850 Ab
WV 5% mL
4
4.329
0.326
3.030
6.170 Ab
Pesticide
4
4.540
0.290
3.800
6.170 Ab
Control
4
4.547
0.318
3.150
6.060 Ab
*
The differences between Doses, displayed with different capital letters in the same Dose, were significant. (P≤0.05).
*
The differences between Types, displayed with different small letters with the same Types, were significant. (P≤0.05).
Beta-glucosidase

Alkali phosphatase

Type
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Beta-glucosidase

Alkali phosphatase

Type

Application
Dose

Before
Application
(21.04.2016)

After
Application
(25.06.2016)

Before
Application
(21.04.2016)

After
Application
(25.06.2016)

N

Mean

SE Mean

Minimum

WV 0.5% mL
WV 1% mL
WV 2% mL
WV 3% mL
WV 4% mL
WV 5% mL
Pesticide
Control
WV 0.5% mL
WV 1% mL
WV 2% mL
WV 3% mL
WV 4% mL
WV 5% mL
Pesticide
Control
WV 0.5% mL
WV 1% mL
WV 2% mL
WV 3% mL
WV 4% mL
WV 5% mL
Pesticide
Control
WV 0.5% mL
WV 1% mL
WV 2% mL
WV 3% mL
WV 4% mL
WV 5% mL
Pesticide
Control

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

9.218
9.282
9.130
8.870
9.307
9.3200
8.985
9.408
9.097
9.925
9.650
10.623
10.175
9.697
10.280
9.307
4.697
4.230
4.240
4.140
4.032
3.4500
3.872
3.815
9.762
8.81
9.33
8.49
8.625
9.158
5.523
8.59

0.120
0.189
0.242
0.405
0.295
0.0656
0.333
0.280
0.204
0.593
0.172
0.627
0.796
0.131
0.520
0.126
0.864
0.251
0.447
0.459
0.247
0.0636
0.206
0.198
0.870
2.13
1.83
1.05
0.873
0.956
0.388
1.57
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Maximum
8.930
8.840
8.530
8.060
8.610
9.1700
8.080
8.670
8.760
9.130
9.220
9.840
8.820
9.460
9.580
9.010
3.410
3.620
3.410
3.550
3.440
3.3300
3.380
3.320
7.970
5.87
6.39
6.23
6.560
6.990
4.960
5.28

Type
9.490
9.760
9.700
9.880
10.050
9.4300
9.500
10.00
9.690
11.690
10.060
12.480
12.470
10.070
11.810
9.620
7.130
4.810
5.320
5.510
4.450
3.6000
4.360
4.190
11.640
15.05
14.50
10.35
10.480
10.850
6.660
11.53
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Sample Time
Type
Mean
SE Mean
Minimum
Maximum
Before Application
Alkali phosphatase
9.1900
0.0874
8.0600
10.0500 Aa
(21.04.2016)
Beta-glucosidase
4.060
0.143
3.320
7.130 Bb
After Application
Alkali phosphatase
9.844
0.169
8.760
12.480 Aa
(25.06.2016)
Beta-glucosidase
8.536
0.466
4.960
15.050 Ba
*
The differences between Types, displayed with different capital letters with the same Time, were significant (P≤0.05).
*
The differences between Times, displayed with different lower letters with the same Types, were significant (P≤0.05).

was not any significant difference between the statistical applications. It is seen that these findings
were coherent to the study [35] which revealed that
the wood vinegar, applied to sandy soil in different
concentrations, affected the enzyme activity of soil.
On the effect of the plant protection products,
used in the land application of 2016, on the enzyme
activity, it was found that the interactions of Dose x
Time x Type, Dose x Time, Dose x Type were not
significant and there was not a significant difference
between doses, in case that other factors were neglected. However, it was found that the interaction
of Time x Type was significant. The enzyme activity
of Beta-glucosidase was found to negatively affect
the pesticide application, compared to the control
(Table 3). It is seen that the results of this study are
in coherence with the finding of [25] that the enzyme
activity of ß-glucosidase on soil, in which Metalaxyl
was applied in different concentrations, decreased
towards the end of the study. According to [23], the
soil enzymes were very sensitive to soil’s pH value,
plant nutrition materials, inhibitors and weather conditions in the agricultural applications. In the application of 2016, it was found that the enzyme activity
generally increased after the application, compared
to before, it is thought that this is a result of the difference of the plant protection product application,
precipitation, and soil sampling dates.
As the result: It was found that the conducted
pesticide and wood vinegar applications at different
doses had impacts on the activities of Alkaline phosphatase and Beta-glucosidase, of the soil enzymes. It
was also found that the wood vinegar did not affect
the activities of these, and it was even promising in
increasing the enzyme activities in some applications. However, the unstable weather conditions,
plant protection product application dose, and frequency can affect the results. In this matter, it is
thought that it can be beneficial to try the wood vinegar, primarily the one, which was obtained from the
Broyler chicken fertilizer and used in the study, and
other equivalents, which could be obtained from different raw materials, under different weather conditions and environments (laboratories, greenhouses
and fields), with different doses and frequencies.

In the application of 2015, it was seen that there
was a difference between Alkali phosphatase and
Beta-glucosidase enzyme activities. Alkali phosphatase enzyme activity was found to be lowest in pesticide (8.390) and highest in 2% mL WV (14.310).
In average, it was seen to be lowest in pesticide
(9.409) and highest in 1% mL WV (11.262). The
beta-glucosidase enzyme activity was found to be
lowest in 5% mL WV (3.030) and highest in 0.5%
and 4% mL WV (6.850). In average, it was seen to
be lowest in 5% mL WV (4.329) and highest in 0.5%
mL WV (4.829).
For 2016, the interactions of Dose x Time x
Type (P=0.208), Dose x Time (P=0.799) and Dose x
Type (P=0.345) were not found to be significant on
the enzyme activity. However, the interaction of
Time x Type was found to be significant (P=0.0000).
Furthermore, it was found that there was not a significant difference between the Doses when the other
factors were neglected (Table 3, 4).
In the application of 2016, it was found that the
enzyme activity increased after the application, compared to before, in general. It was determined that
there was a difference between Alkali phosphatase
and Beta-glucosidase enzyme activities.
On the features of enzyme activity of the plant
protection products, used in the application of 2015
of this study, it was found that the effect of Dose x
Time x Type, Time x Type, Dose x Time interactions
and exclusively Time alone was not statistically significant and only the interaction of Dose x Type was
statistically significant. In the application of 2015,
the enzyme activity of Alkali phosphatase was found
to be lowest in pesticide (9.409) and highest in 1%
mL WV (11.262). It is seen that the data, gathered in
this study, were supported by the studies [16, 19, 24,
21, 23] which stated that pesticides had negative effects on the activity of phosphatase. According to the
control, 1% mL WV’s displaying a significantly positive statistical effect on the enzyme activity of Alkaline phosphatase is similar to the findings of [35]
that wood vinegar increases the activity of alkaline
phosphatase with the decrease in its dilution rate. In
the application of 2015, it was found that the enzyme
activity of Beta-glucosidase was the lowest in 5%
mL WV (4.329) and the highest in 0.5% mL WV
(4.829) according to the control, even though there
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The intensive exercise performed during soccer
games and training relies on both aerobic and anaerobic energy production. Furthermore, several studies
have reported that after strenuous aerobic or anaerobic exercises, production of free radicals (FR) increases, which could change the balance between oxidative stress and antioxidant defense mechanisms.
On the other hand, regular physical activity may upregulate the antioxidant defense system to maintain
homeostasis. Hence, the purpose of this study was to
investigate the relationship between aerobic and anaerobic capacity and oxidative stress indices in
young male soccer players. Twenty trained male
U17 soccer players (height = 169.23 ± 3.08 cm;
weight = 62.23 ± 5.68 kg) volunteered to participate
in this study. The aerobic and anaerobic capacity
variables were limited with the repeated sprint ability (RSA) test, 200 m sprint, Yo-Yo Intermittent Recovery test level 2 (YO-YO IR2) and VO2max. Total
antioxidant status (TAS), total oxidant status (TOS),
oxidative stress index (OSI), and 8-hydroxy-2’-deoxyguanosine (8-OHdG), an indirect marker of
DNA damage, were determined as oxidative stress
indices. The results of the current study demonstrated that only the TAS level positively correlated
with the YO-YO IR2 distance and VO2max values (p
< 0.05). Additionally, there was a significant positive strong relationship between TOS and OSI (p <
0.05). However, there was no significant relationship
between the TOS level and DNA damage and any
performance variables (p > 0.05). These results indicate that physical capacity is positively associated
with antioxidant capacity, but further studies are
needed to understand the mechanisms underlying the
relationship between the antioxidant defense system
and regular physical activity.



Soccer performance depends on a number of
variables, including technical, tactical, psychological and physiological characteristics [1]. Soccer is an
intermittent sport that is characterized by ~1200 acyclical and unpredictable changes in activity (each
every 3 to 5 s) involving, among others, 30 to 40
sprints, more than 700 turns, and 30 to 40 tackles and
jumps [2]. Soccer players need to improve their aerobic and anaerobic endurance performance to recover quickly so that they can perform high-intensity
intermittent activities, and soccer players need to
maintain this performance throughout a game [3, 4].
Many different tests have been developed to evaluate
aerobic and anaerobic capacity. Some of these tests
were based on metabolic and biochemical criteria,
whereas others were based on evaluation of performance in specific tests [5]. The repeated sprint ability (RSA) test and YO-YO Intermittent Recovery
test (YO-YO IR) are the most popular field tests used
specifically for soccer players. RSA is evaluated
with the best sprint performance, sum of sprints, and
fatigue index [6]. The fatigue index is defined as a
decrement maximal force output or decrement sprint
performance. On the other hand, YO-YO IR tests
evaluate individuals’ ability to repeatedly perform
intense exercise [7]. In this study, aerobic and anaerobic capacity were evaluated with the RSA, 200 m
sprint, and YO-YO IR2 tests.
Previous findings demonstrated that after aerobic or anaerobic intensive exercise, free radicals
(FR) increase and the antioxidant defense system is
activated to maintain homeostasis [8-11]. Oxidative
stress occurs when the FR level overcomes the endogenous antioxidant defense system [12]. Many
studies have reported that FR increases and the antioxidant defense system decreases after strenuous
aerobic or anaerobic exercises [8, 9, 13, 14]. On the
other hand, it has been observed that the antioxidant
defense system is affected by the state of physical
activity status [15]. Several studies have shown that
regular physical activity increases the antioxidant
defense indices [10, 15-17], although strenuous
physical activity is known to increase oxidative
stress.

%#
Total antioxidant status, total oxidant status, oxidative
stress index, 8-OHdG, strenuous exercise
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The type, intensity, and duration of exercise
might affect outcomes related to oxidative stress. In
addition, the frequency of exercise and its effects
(acute or chronic) might affect oxidative stress responses. From this point of view, the purpose of the
current study was to examine the relationship between oxidative stress indices and aerobic and anaerobic capacity in a group of young soccer players. Oxidative stress was evaluated with total antioxidant
status (TAS), total oxidant status (TOS), oxidative
stress index (OSI), and 8-hydroxy-2’-deoxyguanosine (8-OHdG), which is an indirect marker of DNA
damage.

calculated according to Rampinini et al. [18] (Formula 1). The RSA test was performed on an outdoor
grass surface.
RSAdec = ((RSAmean / RSAbest) * 100) – 100
Formula 1

 1 645.27 4*5+351&2(* 7*67. The 200-m
all-out run was performed on a 400-m athletics track.
The run time was recorded using photoelectric cells
(Smartspeed, Fusion Sport Pty Queensland, Australia). Players started the sprint from a standing position with the front foot placed 10 cm before the first
timing gate.

%3%3 27*51.77*27 *(39*5< 7*67 0*9*0 .
The Yo-Yo Intermittent Recovery test level – 2 (YoYo IR2) test was performed on a soccer field with a
natural grass surface after 15-min of the standardized
warm up. The test consisted of repeated 20 m shuttle
runs at progressively increasing speeds dictated by
an audio bleep emitted from a CD player. Between
each shuttle, participants were instructed to jog for
10 seconds within a 10 m area (5 m going + 5 m return) marked behind the finishing line. The test was
terminated after failure to achieve a shuttle run in the
given time on two occasions. The number of successfully completed shuttles was recorded, running
distance (YO-YO IR2 distance (m)) was calculated,
and maximum oxygen consumption (VO2max) was
estimated using the following formula (Formula 2).
The tape (Yo-Yo tests, HO + Strom, Denmark) was
calibrated before every trial, and the procedures were
identical to those previously described and suggested by Bangsbo et al. [19].
VO2max (mL·min-1·kg-1) = Yo-Yo IR2 distance (m) *
0.0136 + 45.3
Formula 2

*581 &2&0<6*6Plasma TAS was determined using an automated measurement method developed by Erel [20]. In this method, a hydroxyl radical, the most potent biological radical, is produced.
In the assay, 500 μL of “Reactive 1” and 30 μL of
each serumsample (or standard/H2O) were added to
plates in duplicate. Based on the kit instructions, the
first absorbance was read at a wavelength of 660 nm.
Then, 75 μL of “Reactive 2” was added to all of the
rows, and the second absorbance was read at a wavelength of 660 nm after incubation for 5 min at 37ºC
temperature. TAS was calculated using the absorbance values that were obtained from the two readings
(Formula 3). The assay was precise below 3%. The
results are expressed as mmol Trolox Equiv./L.
TAS Results = [(ΔAbs H2O) - (ΔAbs Sample)] /
Formula 3
[(ΔAbs H2O) – (ΔAbs Standard)]

*581  &2&0<6*6 Plasma total oxidant
status (TOS) was determined using a novel automated measurement method developed by Erel [21].
In this method, 500 μL of “Reactive 1” and 25 µl of
each serum sample (or standard) were added to

  

&57.(.4&276 Twenty trained male soccer
players who were playing on different teams and selected for the U17 provincial team volunteered to
participate in this study. At the beginning of the
study, all participants and their parents were informed about the possible risks and benefits of the
study, and written consent was obtained. The study
was conducted in accordance with the Helsinki Declaration for experiments involving humans. No soccer player reported antioxidant compound intake, including vitamins and/or medications. Additionally,
none of the participants was a smoker. All participants were instructed to avoid drinking alcoholic
beverages or caffeine for at least 24 hours before the
exercise-testing day.
27-53431*75.()&7&(300*(7.32. Participants’
heights were measured using a stadiometer (Holtain
Ltd, England) to the nearest 0.1 cm; additionally,
participants’ weights, percent body fat (%), and BMI
(kg/m2) were estimated by a bioelectrical impedance
analyzer (Tanita MC-180-MA, Japan). All measurements were performed twice, and the average values
were used for descriptive statistics.
*4*&7*) 645.27 &'.0.7< 7*67 Participants
started with the standardized 10-min warm-up; 5
minutes of running, followed by a 3-minute period
of dynamic stretching and then 2 minutes of accelerations and decelerations over 20 m. The repeated
sprint ability (RSA) testconsisted of six 40-m (20 m
+ 20 m) shuttle sprints, separated by 20 s of passive
recovery. This test was designed to measure both repeated sprint and change-in-direction abilities. Athletes started from a line, sprinted for 20 m, touched
a line with their foot, and then returned to the starting
line as fast as possible. Each single 40-m (20 m + 20
m) shuttle sprint test was measured by a photocells
system (Smartspeed, Fusion Sport Pty Queensland,
Australia). Four scores were determined for the RSA
test: the total time of RSA (RSAtotal), mean time of
RSA (RSAmean), best sprint time (RSAbest), and
percent decrement of RSA (RSAdec) values were
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tested for normal distribution with the KolmogorovSmirnov test. Then, the correlations between the oxidative stress indices (TAS, TOS, OSI, and 8-OHdG)
and aerobic and anaerobic capacity variables (RSAtotal, RSAmean, RSAbest, RSAdec, 200 m, Yo-Yo
IR2 distance, and VO2max) were evaluated using
Pearson Product Moment Correlation analysis. All
analyses were executed using SPSS for Windows
version 18.0, and statistical significance was set at p
< 0.05.


! 

plates in duplicate. Based on the kit instructions, the
first absorbance was read at a wavelength of 530 nm.
Then, 25 µl of “Reactive 2” was added to all of the
rows and the second absorbance was read at a wavelength of 530 nm after incubation for 5 min at 37ºC
temperature. The assay was calibrated using hydrogen peroxide, and the results are expressed in terms
of the micromolar hydrogen peroxide equivalent per
liter (μmol H2O2 Equiv./L). TOS was calculated using the absorbance values that were obtained from
the two readings (Formula 4).
TOS Results = [(ΔAbs Sample) – (ΔAbs Standard)]
* 10 µmol/L.
Formula 4

*7*51.2&7.323+7-*3;.)&7.9*675*66.2)*;
The oxidative stress index (OSI) was defined as the
percent ratio of the TOS level to the TAS level [22]
(Formula 5).
OSI (Arbitrary Unit) = TOS (μmol H2O2 Equiv./L) /
TAS (mmol Trolox Equiv./L)
Formula 5

*581 -<)53;< >)*3;<,8&236.2*Serum
8-hydroxy-2’-deoxyguanosine (8-OHdG) was analyzed using an enzyme-linked immunosorbent assay
kit (Cayman Chemical, DNA/RNA Oxidative damage ELISA Kit). At room temperature, 8-OHdG
standardswere prepared based on the kit instruction
and included 10.3, 23.1, 52, 117.1, 263.4, 592.6,
1333,and 3000 pg/ml. Then, 50 μL of each standard
were added to two rows of the plates. Fifty microliters of each serum sample was added to plates in
duplicate. Fifty microliters of 8-OHdG AChE tracer
was added to each well except the Total activity
(TA) and Blank (Blk)wells. Fifty microliters of the
primary antibody was added to a 50 μL aliquot of
each sample and standard in microtiter plates precoated with 8-OHdG. Plateswere covered by a plastic film and incubated for 18 hoursat 4°C. After that,
plates were emptied and rinsedfive times with wash
buffer. Then, 200 μL of Ellman’sreagent was added
to each well and 5 μL of tracerwas added to the total
activity wells. Plates werecovered with a plastic film
and placed on anorbital shaker in the dark for 120
minutes. The bottom of the plate was then wiped
with a clean tissue, plastic film was removed and
plate was read at 420 nm based on the kit instructions.

7&7.67.(&0&2&0<6.6All values are presented as
the mean ± standard deviation (SD). The data were


The physical properties of the U17 soccer players are presented in Table 1, and the mean values of
the oxidative stress indices as well as the aerobic and
anaerobic capacity variables are presented in Table
2. Additionally, the correlation coefficients among
the measured variables are shown in Table 3. The results indicated that only the TAS level was significantly correlated with the YO-YO IR2 distance and
VO2max performance values (r = 0.493; p < 0.05).
There were no significant correlations between the
TOS and 8-OHdG levels and any of the measured
performance variables. However, the results of the
present study demonstrated that the OSI was significantly correlated with the TOS level in U17 soccer
players (r = 0.850; p < 0.01, not presented data in
Table 3).
!
The relationship between the oxidative stress
indices and aerobic/anaerobic capacity was investigated in the present study. The VO2max, RSA performance, and 200 m sprint time were used to evaluate
the aerobic and anaerobic capacity of soccer players,
and to the best of our knowledge, no study has examined the relationship between these variables in
young trained soccer players. The results of the present study showed that aerobic and anaerobic capacity were significantly correlated with the TAS level.
On the other hand, TOS and DNA damage were not
significantly correlated with any performance variables. Overall, these findings support the literature,
which suggests an antioxidant protective response
arising from regular physical activity.


-<6.(&04534*57.*63+7-*! 63((*540&<*56

"&5.&'0*6
Age (years)
Height (cm)
Weight (kg)
Body fat percentage (%)
Body mass index (kg·m-2)

*&2=
16
169.23 ± 3.08
62.23 ± 5.68
14.20 ± 2.56
21.76 ± 2.13
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-*1*&29&08*63+7-*3;.)&7.9*675*66.2).(*6&2)7-*&*53'.(&2)&2&*53'.((&4&(.7<9&5.&'0*6.2! 
63((*540&<*56

"&5.&'0*6
*&2=
*53'.(&2&*53'.((&4&(.7<
RSAtotal (s)
45.18 ± 0.89
RSAmean (s)
7.53 ± 0.15
RSAbest (s)
7.18 ± 0.20
RSAdec (%)
4.93 ± 2.03
200 m (s)
27.07 ± 0.97
YO-YO IR2 distance (m)
487.50 ± 59.78
51.93 ± 0.81
VO2max (mL·min-1·kg-1)
;.)&7.9*675*66
Total antioxidant status (mmol Trolox equivalent/L)
1.27 ± 0.19
Total oxidant status (µmol H2O2 equivalent/L)
3.82 ± 1.34
Oxidative stress index (Arbitrary Unit)
0.30 ± 0.10
8-OHdG (ng/ml)
0.49 ± 0.06
Note: RSAtotal: total time of RSA; RSAmean: mean time of RSA; RSAbest: best sprint time of RSA; RSAdec:
percent decrement of RSA; Yo-Yo IR2: Yo-Yo Intermittent Recovery test - level 2; VO2max: maximum oxygen
consumption; 8-OHdG: 8-hydroxy-2’-deoxyguanosine.
 
355*0&7.32'*7:**27-*3;.)&7.9*675*66.2).(*6&2)7-*&2&*53'.((&4&(.7<9&5.&'0*6.2! 63((*54&<*56


)
*5+351&2(*"&5.&'0*6


RSAtotal (s)
0.157
-0.020
-0.301
-0.008
RSAmean (s)
0.156
-0.020
-0.301
-0.009
RSAbest (s)
0.354
-0.247
-0.348
0.151
RSAdec (%)
0.347
0.339
0.189
-0.226
0.231
-0.395
200 m (s)
-0.309
0.078
YO-YO IR2 distance (m)
-0.408
0.251
0.493*
-0.148
VO2max (mL·min-1·kg-1)
-0.408
0.251
0.493*
-0.148
Note: Pearson correlation; * p < 0.05 (2-tailed); RSAtotal: total time of RSA; RSAmean: mean time of RSA;
RSAbest: best sprint time of RSA; RSAdec: percent decrement of RSA; Yo-Yo IR2: Yo-Yo Intermittent Recovery
test - level 2; VO2max: the maximum oxygen consumption; TAS: total antioxidant status; TOS: total oxidant status;
OSI: oxidative stress index; 8-OHdG: 8-hydroxy-2’-deoxyguanosine.

[27]. On the other hand, when the Turkish population
is consideredthe VO2max values have been recorded
as 59.95 ± 1.23, 60.22 ± 1.47, and 56.69 ± 0.60
(mL.kg-1.min-1) in a group of 15- and 18-year-old
soccer players [28-30]. However, it should be noted
that VO2max was obtained by different methods (laboratory conditions and YO-YO IR) in the abovementioned studies. For this reason, it is difficult to
compare the results. However, the experience of endurance training was not the major inclusion criteria
for the current study. Different types of training
cause different adaptations; while strength training
results in an increase in muscle mass and muscle
power, endurance training induces increases in maximal oxygen uptake and metabolic adaptation, which
lead to an increased exercise capacity [31]. Soccer
requires both of these adaptations.
The current findings show that when the aerobic capacity of a soccer player increases, the TAS
level increases. Free radical formation goes up due

Scientists have previously focused on exerciseinduced oxidative stress. However, a very small
number of these studies have examined the relationships between various performance variables, (,
VO2max, muscle strength, training status and/or body
composition etc.) and oxidative stress responses [2326]. The findings of the current study demonstrated
that there is a positively moderate significant correlation between the TAS level and aerobic capacity
(VO2max) in the group of trained subjects. The
VO2max value gives information about the physical
fitness status of individuals. The average value
(mean ± SD) of VO2max was recorded as 51.93 ± 0.81
(mL.kg-1.min-1) (Table 2), and this value was not as
high as expected from endurance athletes. Furthermore, the VO2max value determined in the current
study was not as high as the VO2max values reported
in the literature. The VO2max value has been reported
to be 63.4 ± 5.6 (mL.kg-1.min-1) in a group of 17year-old male soccer players (mean age = 16.9 ± 0.4)
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to increased oxygen consumption. This, in turn, increases biological molecular damage. On the other
hand, as Radak et al. [10] indicated, stimulating FR
formation is necessary to evoke a specific adaptation, such as increased antioxidant/oxidative damage, enzyme activity repair, increased resistance to
oxidative stress, and lower levels of oxidative damage. In addition, as observed in Table 3, there is a
low negative correlation between the TAS level and
RSAtotal, RSAmean, RSAbest and 200 m performance. However, these correlations were not statistically significant. The relationship between these
variables and TAS perhaps could be clarified with a
larger sample size.
It has been reported that the antioxidant defense
system (TAS, Superoxide dismutase) is significantly
higher in trained soccer players compared to sedentary controls [15, 22, 32]. Furthermore, Gatterer et
al. [17] reported that the antioxidant defense system
improved and oxidative stress indices decreased under different conditions, such as hypoxia or
normoxia, following regular physical exercise in
soccer players. In addition, it has been reported that
the antioxidant level was higher in soccer players
compared to controls (1.698 ± 0.2 and 1.057 ± 0.4,
respectively), although the TOS and OSI values were
not significantly different between the groups [14].
Similar results also have been reported by Cazzola et
al. [33], who demonstrated that soccer players have
a better antioxidant status than controls. The lack of
measurements of the control group is one of the limitations of the current study. Nevertheless, the findings are consistent with the literature, which suggests that regular physical activity could improve antioxidant status over a prolonged period of time. For
example, Elousa et al. [16] reported that 16 weeks of
regular aerobic training increased the antioxidant defense system and decreased oxidized low-density
lipoprotein (LDL) concentrations in male and female
subjects. Similar to aerobic training, it has been
shown that regular resistance exercise training increased the antioxidant status after 6 weeks in untrained males [34].


!

of measurements of the control group is one of the
limitations of the current study. However, the participants were the best soccer players selected for the
U17 provincial team. On the other hand, regular anaerobic training intervention may influence the capacity of the oxidative stress and antioxidant defense
systems as well as their performance. Therefore, future studies should specifically focus on regular anaerobic training interventions.
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properties such as flexibility, resistance, wide temperature resistance, stability, and optical clarity [2].
DEHP is colorless, odorless, non-evaporating and
hydrophobic [3]. Additionally, it is more soluble in
gasoline, paint removers and oils than water [2]. Although many plastics materials have low amounts of
DEHP in their structure, vinyl materials (such as
PVC) contains up to 40% [4]. DEHP is extensively
used in production of many polymeric products [2,
3]. Annual production amounts of PAEs are estimated about 1 million tons in the European Countries and global production amounts about 4.3 million tons. Approximately half of the annual production values consists of DEHP [4]. Meng et al. [5] reported that 80% of PAEs products are formed by
DEHP in China.
DEHP transports to the environment in a variety of ways. During the entire life cycle of DEHPcontaining products, approximately 72% of DEHP
releases to the soil, 21% to water, and 7% to air [6].
DEHP is found at varying concentration in surface
water (0.013-18.5 µg/L), wastewater (0.716-400
µg/L), landfill leachate (88-460 µg/L), sludge (121250 mg/kg) and soil (2-10 mg/kg) [4]. DEHP is detected in drinking water of many countries in different concentrations such as 0.05-0.06 µg/L in Germany and Poland, 0.93 µg/L in Greece, 0.55 µg/L in
United States of America (USA), 3.47 µg/L in China
[7, 8].
Many researchers reported that exposure to low
concentration of DEHP at long time can cause significant negative impacts on human health [9]. The
average daily intake of DEHP in adults, young people and children are 8.2, 10 and 25.8 μg/kg/day, respectively [10]. DEHP can be taken into the body via
plastic packaging materials of food, drinking water,
some personal care products [5], cosmetics, medical
devices and blood tubes etc. [11]. However, a significant part of DEHP is taken into human body with
drinking water [7]. DEHP is defined as an endocrine
distributing compound (EDC) and carcinogen by
United States Environmental Protection Agency
(USEPA) and U.S. Department of Health and Human Services (DHHS) [12]. According to U.S.
DHHS, 4x10-2 µg/kg/day DEHP concentration can
increase cancer risks [2]. Approximately 0.77 µg/L

Di-(2-ethylhexyl) phthalate (DEHP) is a member of the phthalate ester (PAE) family and extensively used as a plasticizer in polymeric products.
DEHP is classified as a priority substance by many
environmental protection agencies. DEHP can be
found in many environmental matrices, such as surface waters, groundwater, drinking waters,
wastewaters, landfill leachate, sludge, soil, and sediments. Sewage effluents and sludge are identified as
major routes that bring DEHP into the environment.
It can cause negative impacts on the endocrine system, thyroid hormones, and reproduction cells
(sperm abnormalities) at long-term exposure. Unfortunately, conventional drinking water and
wastewater plants are insufficient in terms of DEHP
removal. In this study, best treatment alternatives to
remove DEHP from drinking water and wastewater
were determined using a systematic model based on
multi-criteria decision-making methods (MCDM).
The potential treatment alternatives were weighted
according to defined 18 criteria by using criteria
weighting method (CWM). The total weight score of
each treatment alternative was calculated according
to weighted sum method (WSM) and a priority ranking was made based on simple ranking method
(SRM). Ultimately, adsorption process and membrane filtration processes were determined as the
best treatment alternatives for the removal of DEHP
from drinking water and wastewater.


&$ 
Di-(2-ethylhexyl) phthalate (DEHP), drinking water, micropollutant, MCDM, wastewater, treatment.
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Di-(2-ethylhexyl) phthalate (DEHP) is one of
the well-known members of the phthalate esters
(PAEs) family [1]. DEHP is a chemical compound
used as a plasticizer in polyvinyl chloride (PVC) production in order to improve physical and chemical
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the complex decision making process. MCDM is
used to decide the best alternative when there is more
than one sophisticated solution of a problem.
MCDM is a transparent and systematic decisionmaking method that allows comparison of quantitative and qualitative criteria frequently use in environmental issues. MCDM is based on the modeling
and analysis of different alternatives according to the
defined criteria [19]. Total eleven different MCDM
models were described in the literature in decisionmaking processes in various fields [20]. Simple
Multi-Attribute Rating Technique (SMART) and
Analytic Hierarchy Method (AHM) are the most
widely known and used decision making models.
These models allow for the evaluation of a large
number of alternatives according to various criteria.
In this study, an original and simple applicable decision making model was used by combining SMART
and AHM models with criterion weighting (CWM),
weighted sum (WSM) and simple ranking (SRM)
methods. The CWM allows weighting of the specified evaluation criteria and each alternative according to the criteria. The WSM ensures that the total
scores of the alternatives weighted according to the
defined criteria are determined. SRM includes ranking and prioritization of each alternative according
to the calculated total scores.
In this study, total 18 criteria used in the evaluation process of the treatment alternatives and each
criteria weights were identified (Table 1). A detailed
literature survey was conducted on the removal of
DEHP from drinking water and wastewaters. Thus,
treatment alternatives have been identified and evaluated qualitatively and quantitatively. A systematic
assessment has been carried out on the determined
18 criteria using the MCDM methods for the treatment alternatives that are effective in removing
DEHP from the drinking water and wastewaters. In
this context, the CWM was utilized in weighting the
determined treatment alternatives according to each
criteria.
The alternative weight scores were calculated
according to each defined criteria. It was calculated
according to Eq. 1 which is given below. Besides,
Eq. 2 was used to calculate the total score of each
alternative according to the defined 18 criteria. Total
alternative scores were determined by using WSM.
Finally, the total scores of each alternative were
ranked and prioritized according to their total alternative scores using SRM. Thus, the best treatment
alternatives for removal of DEHP from drinking water and wastewater were determined.
             
Eq.1.
            
Eq.2.
Wi: weight of criteria,
Ci: weight of alternative,
n: number of alternatives,
i: number of criteria


DEHP concentration can cause sperm abnormalities
[13]. Even low DEHP concentrations in tap water
can exhibit toxic effects on thyroid hormones [9].
DEHP can react with the human nuclear receptor,
steroid and xenobiotic receptor. Thus, it can activate
the expression of the multidrug resistance gene
(MDR) in the human cell line [14].
DEHP is classified as a priority substance by
USEPA, Environment Canada, European Union
(Water Framework Directive), China National Environmental Monitoring (CNEM) [15, 16]. Moreover,
limit values for DEHP are identified in regulations
in order to protect of environmental and human
health in various countries and restricted the use of
DEHP in direct contact products with humans [4].
The permissible DEHP limit values for drinking water in the USA, Australia, Japan, China and New
Zealand are 6, 9, 100, 8 and 10 μg/L, respectively
[3]. According to USEPA and World Health Organization (WHO), permissible DEHP concentrations in
drinking water are 6 µg/L [3, 4] and 8 µg/L [8], respectively. Besides, permissible limit concentration
of DEHP in surface water is 1.3 μg/L according to
2008/105/EC Directive [17, 18].
The treatment of micro-pollutants in drinking
waters and wastewaters has become more important
in recent years. Prevention of human and environmental exposure of DEHP, one of the priority substances, is necessary. Unfortunately, conventional
drinking water and wastewater plants are insufficient
in terms of DEHP removal. Existing conventional
treatment plants need to be revised in order to meet
environmental quality standards (EQS) [18]. In this
study, the performances of treatment techniques,
used for the removal of DEHP from wastewater and
drinking waters, were evaluated in terms of qualitatively and quantitatively. The treatment alternatives
were examined by multi-criteria decision-making
methods (MCDM) according to 18 defined evaluation criteria. Thus, the best treatment alternatives
that can be used in the revision of conventional treatment plants have been identified. Such evaluations
of various DEHP treatment processes may be helpful
to decision makers, project engineers and plant operators during project preparations and plant operations.


! ! 
In the process of deciding on the best treatment
alternatives, only taking into account the removal
performance is not enough. Capital and operational
cost, metabolites and by-product formation, waste
generation, pre-treatment requirement, ease of construction and operation, availability of technology,
etc. should be also included to decision-making process. Thus, determination of the best treatment alternatives can be possible by using a method based on
multi-criteria decision-making methods (MCDM) in
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Application (site) specific

Moderately reliable/robust

Very complex
High maintenance
(≥4 weeks/year)

Moderately complex
Moderate maintenance
(2-4 weeks/year)

Ease of operation and
routine maintenance

Almost full manual
operation by shifting
operators

Partial automatic and
manual operation

Usage of various
chemicals

Requires specific
construction (high site
construction and integration)
Total of >5 different major
chemicals

Moderate level of
construction
requirements/activities
Total of 3-5 major chemicals

Major operational
consumables

Frequent (≤1 year) full
replacement/supply

Moderate (1-5 years) full
replacement/supply

Proven/established
technology

<5 years of experience,
<10 installations

5-10 years of experience,
10-50 installations

Generated wastes

>4 different waste streams
with high pollutant loadings

2-4 waste streams with
moderate pollutant
loadings


>90%
Very reliable/robust.
Good track record
Simple
Low maintenance
(≤2 weeks/year)
Full automatic
operation with
minimal manual
periodic checks
Routine/conventional
construction or offsite package plant
Total of <3 major
chemicals
Seldom (≥5 years)
full replacement/
supply
>10 years of
experience, >50
installations
≤2 waste streams with
low pollutant
loadings

Disposal alternatives are
available with acceptable
costs

No/limited waste
streams or easy
disposal

Average water production:
70-90%

Average water
production: >90%

Ease of construction

Treatment/management
requirements of
wastes/concentrates,
etc.
Water efficiency, water
losses


50-70%

6/8+6/'*+,/3/8/43'3*;+/-.87

70-90%

)46/3-)6/8+6/'
DEHP removal
Reliability and
durability
Complexity
Ease of planned
maintenance

Limited disposal alternatives, potentially high disposal cost, environmental/regulation concerns
Average water production
(treated water flowrate/
influent flowrate)
(e.g., recovery): <70%
Very dependent on influent
water quality

Moderately dependent on
influent water quality

Asset life
Availability of
technology, level of
design sophistication
Availability of
technology, level of
design sophistication

<10 years

10-20 years

Independent of
influent water quality
(except extreme
conditions)
>20 years

<10 years

10-20 years

>20 years

Single source or patented;
sophisticated design

Only couple suppliers

Pretreatment
requirement

High degree of pretreatment
requirement

Moderate level of
pretreatment requirement

By-products are formed and
unknowns/uncertainties are
present
At least 1 constraint and
limited local experience

By-product formation may
be a concern (limited info
available)
No constraint but limited
local experience

Security of Supply

By-product/metabolite
formation
Suitability of
application
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Widely available;
long-term design
experience
Mainly independent
of major pretreatment
requirements
No known by-product
formation, limited
risk
No constraint
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from water, these processes are not sufficient to
completely removal of DEHP from drinking water
and wastewater [25].

*74658/43 564)+77+7 Adsorption processes
are considered to be one of the preferred treatment
methods because of their high removal efficiency,
ease of operation and low costs in the removal of various pollutants from wastewaters [30]. DEHP removal efficiency of adsorption processes with various adsorbents (biosorbents, natural and novel) were
tested by several researchers. Choi et al. [21] evaluated removal efficiencies of 14 endocrine disruptor
chemicals in adsorption processes. They obtained
that DEHP could be completely removed due to high
hydrophobicity properties (Kow 7.6) in laboratory
and pilot scale tests at 7 mg/L initial DEHP concentration and 10 mg/L powdered activated carbon
(PAC) dose [21]. Hammad and Jung [31] recorded
that DEHP removal efficiency ranged between 6080% by granular activated carbon (GAC) adsorption
process. Hong et al. [24] noted that DEHP could be
completely removed from drinking water by GAC
adsorption process. Mailler et al. [32] investigated
removal performances of priority substances in full
and pilot-scale wastewater treatment plant. They
found removal efficiency of DEHP from wastewater
ranged between 30-70% by using PAC and GAC adsorption processes. Bui et al. [33] evaluated micropollutant removal performances of advanced
treatment processes by multi-criteria analysis. They
recorded that DEHP removal efficiency ranged between 40 and 70% by activated carbon adsorption
process [33]. Active sludge, chitosan and seaweed
biosorbents could be also used to remove of DEHP.
These adsorbents have the ability to adsorb DEHP
due to their high organic matter content and high porosity [34]. Qureshi et al. [35] tested DEHP removal
performance using new hydrogels based on chitosan,
polyvinyl alcohol and magnetic particles. They observed that the removal efficiency of DEHP by magnetic chitosan-based hydrogels varied between 80100% in tested conditions. Qureshi et al. [36] observed that almost all of the DEHP could be removed
from the aquatic environment by using polyaniline
and montmorillonite clay (PANI/MMT) as adsorbents in the removal of DEHP from aqueous solutions. According to literature surveys, adsorption
process could be considered as an effective process
for DEHP removal (due to its hydrophobic character) from drinking water and wastewater. Moreover,
GAC adsorption process was recommended by
USEPA as a best available technique (BAT) for
DEHP removal from drinking water and wastewater
[25].

 "!  " 

43:+38/43'1
*6/30/3-
;'8+6 '3*
;'78+;'8+686+'82+3851'387Many researchers investigated DEHP removal in different conventional
drinking water and wastewater treatment plants.
Choi et al. [21] indicated that removal efficiency was
approximately 50% due to adsorption of natural organic substances onto hydrophobic pollutants such
as DEHP. According to literature survey, DEHP removal efficiency varies from 30 to 50% in conventional drinking water treatment plants [8]. DEHP can
be relatively removed by coagulation-flocculation
process due to its hydrophobic character but it is not
sufficient. Therefore, modernization of conventional
drinking water plants has become a very important
issue in terms of the safe drinking water supply. The
removal efficiency of DEHP typically varies between 25-80% in conventional wastewater treatment
plants [22, 23]. Biodegradation of DEHP is very difficult due to the persistent and toxic properties. Biological degradation and biotransformation can increase if conventional wastewater treatment plants
combine with AOPs. Moreover, a significant amount
of DEHP can be removed in primary precipitation
process of conventional wastewater treatment plants
due to hydrophobic properties of DEHP and adsorption onto colloidal substances. In conventional
wastewater treatment plants, management and disposal of primary and secondary sewage sludge are
main concerns due to containing DEHP.

4'-91'8/43,14))91'8/43'3*7+*/2+38'8/43
564)+77+7Hong et al. [24] recorded DEHP removal
efficiency of coagulation process 29-76% and 3244% (at initial concentrations of 100 μg/L) in laboratory and real scale, respectively. Choi et al. [21]
found that DEHP removal efficiency was about 53%
by using coagulation-flocculation processes [25].
Thaveemaitree et al. [26] used aluminum ions as coagulant agent to remove about 60-72% of DEHP
from wastewater at different initial concentrations
(3.6, 7.2 and 14.4 mg/L). Barnabe et al. [27] investigated potential of coagulation-flocculation using
mixture coagulants such as ferric chloride and alum
at concentration of 3.2 and 7.8 mg/L. They obtained
approximately 20% DEHP removal from wastewater
samples at tested conditions. The performance of coagulation-flocculation processes depends on a wide
variety of factors such as wastewater character, coagulant species and concentrations, size and characteristics of suspended solid materials in wastewater
[28]. Daiem et al. [29] studied removal of PAEs from
water and sediments. They recorded that 30-50% of
DEHP could be removed from water by coagulationflocculation processes. DEHP removal efficiency of
coagulation and flocculation processes ranges between 20-50%. Although coagulation-flocculation
and sedimentation have been known as effective processes in terms of removal of natural organic matter

+2(6'3+ ,/186'8/43 564)+77+7 In the many
studies, DEHP removal efficiency of membrane filtration was higher than 90% depending on used
membrane types [4]. Bodzek et al. [37] studied the
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tant removal efficiency of chemical oxidation processes are not sufficient. Chen [47] tested DEHP removal performances of UV in laboratory studies.
They obtained maximum 73% removal of DEHP
from wastewater samples by UV process. Anandan
et al. [48] removed 30% of DEHP by only ozonation
at tested condition (5x10-4 M DEHP initial concentration, O3 40 mg/L ozone dose, T 25 oC and pH 7).
They noted that the removal efficiency could be increased to 50% when used a combination of ozonation and UV (225 nm) processes.
Photocatalytic oxidation is a promising method
for PAEs removal from the wastewater. Chung and
Chen [49] investigated the degradation of DEHP (75
µg/L) in water at 100 µg/L TiO2, UV 254 nm. They
observed that degradation efficiency decreased from
95.2% to 40% with increase of initial DEHP concentration. The degradation mechanism and metabolites
of DEHP can be varied based on processes [47].
More toxic metabolites such as MEHP and 2ethylheksanol can be occurred by degradation of
DEHP in photocatalytic oxidation process [48].
Therefore, photocatalytic oxidation processes are
not considered an effective treatment alternative to
remove of DEHP from water and wastewater. Chemical oxidation processes may be combined with other
treatment alternatives (advanced oxidation, biological treatment processes etc.) to provide more effective removal performances.

*:'3)+* 4</*'8/43 564)+77+7 The efficiency of advanced oxidation processes (AOPs) in
removal of DEHP were examined by many researchers. Yang and Lin [1] investigated the effectiveness
of chemical oxidation and AOPs to remove of
DEHP. Removal efficiencies were not sufficient in
oxidation by ozone or UV, but UV/O3 processes provided an increase removal of DEHP from the aquatic
environment up to 99%. Similarly, Zarean et al. [46]
reported that DEHP removal efficiency of UV/O3
process ranged 80-93%. Esmaeli et al. [50] examined the DEHP removal performance of Fenton processes from synthetic and actual petrochemical
wastewaters. Degradation of DEHP in an aqueous
solution using an oxidative Fenton reaction
(H2O2/Fe+2) was performed. They observed that
maximum DEHP removal efficiency of Fenton process was 85.6% at 90 mg/L H2O2, 5 mg/L Fe+2, 20
mg/L DEHP initial concentration, pH 3. He et al.
[51] investigated relationship between PAEs, BPA
and natural organic matter (NOM) removal from
leachate by Fenton process. They reported that
DEHP removal efficiency of Fenton process was approximately 27% and removal rates could be increased when Fenton process combined with flocculation. According to literature survey, AOPs are one
of the most effective in terms of DEHP removal performances. It can be provided an advantage to removal of difficult biodegradable persistent pollutants such as DEHP. In particular, the use of AOPs

removal of three different phthalates (diethyl
phthalate (DEP), di-n-butyl phthalate (DBP) and
DEHP) with ultrafiltration (UF), nanofiltration (NF)
and reverse osmosis (RO). All membranes (RO: 2
MPa, NF: 2 MPa, RO: 0.3 MPa) showed high removal of phthalate (over 97%) depending on increase in phthalate concentration of water (120-1400
µg/L). Choi et al. [38] tested polysulfone hollow fiber membranes functionalized with B-cyclodextrin
to remove of DEHP from drinking water. Wei et al.
[39] found that maximum DEHP removal efficiency
was 95% by NF hollow fiber membranes at tested
condition (0.4 MPa, pH 7 and 25 oC). Kiso et al. [40]
indicated that DEHP could be completely removed
from seawater by used NF membrane at tested condition (NF:1 MPa, Jv:1.27 m3/m2/d). The correlation
between molecular size, hydrophobicity, weight and
retention yield were also investigated by some researchers. Log Kow values were higher than 4.7, with
molecular weights higher than 194 g/mol and compounds greater than 1 nm had a higher rejection rate
than the NF process (99.4%) [40]. Flow rate, temperature and initial pollutant concentration can be effected membrane removal efficiency. Besides, the
amount of substance in the feed and the concentration of dissolved salt should be reasonable in membrane filtration [41].
Boonyaroj et al. [42] tested DEHP removal efficiency of MBR in three full-scale wastewater treatment plants. They reported that DEHP removal efficiency of MBR was average 85%. Gao and Wen [43]
found that anaerobic and MBR combination processes could be efficient (95-97%) to remove DEHP
from wastewater. Sakiti et al. [44] indicated that predominant removal mechanism in MBR process is adsorption rather than filtration and microbial degradation. Zolfaghari et al. [45] reported that DEHP removal efficiency of submerged MBR process ranged
between 91-98% and main removal mechanism was
adsorption. According to literature survey, membrane filtration process can be considered one of the
effective treatment alternatives to removal of DEHP
from drinking water and wastewater. Although
membrane filtration process has some disadvantages
such as high investment and operating costs, disposal and management of concentrates etc., it is
more effective than many treatment alternatives to
remove of permanent pollutants, such as DEHP.

.+2/)'14</*'8/43564)+77Zarean et al. [46]
reported that UV and ozonation processes could be
removed 43% and 50% of DEHP from drinking water, respectively. Hong et al. [24] observed that
DEHP removal efficiency ranged 8-22% by ozonation process in laboratory and pilot scale tests. Ozonation is one of the most widely used wastewater
treatment technologies due to its high treatment performance and oxidation sensitivity. However, energy requirements can be high [4] and micropollu-
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moval efficiencies of lamellar precipitation and biofiltration processes. They found that DEHP removal
efficiencies of lamellar precipitation and biofiltration processes were 69% and 82%, respectively.
Similarly, Gasperi et al. [62] indicated that DEHP
removal efficiencies of biofiltration and lamellar
precipitation processes were 20-50% and 50-80%,
respectively. Chen et al. [52] reported that DEHP removal performance of rotating biological contactor
(RBC) ranged between 50 and 58% in municipal
wastewater treatment. Xiaoyan et al. [63] studied removal of six PAEs from domestic wastewater by
constructed wetlands. They reported that removal efficiency of DEHP varied between 19-49%.

prior biological treatment can be increased biodegradation and removal capacity [3].
/414-/)'186+'82+38564)+77+7The removals
of pollutants using these processes are mainly attributed to biodegradation and adsorption on sludge.
Cheng et al. [52] studied removal of DEHP from municipal wastewater by activated sludge process. They
reported that DEHP removal efficiency of activated
sludge process ranged between 14 and 32%. Daiem
et al. [29] noted that only 20% of DEHP biodegraded
in active sludge process by pseudomonas fluorescence. Gani and Kazmi [53] investigated occurrence
and removal of micropollutants in three full-scale
wastewater treatment plant. They observed that
DEHP removal efficiency of nitrification based preaeration plants ranged between 71 and 84%. Clara et
al. [17] found that average removal rate was 56% in
their mass-balanced calculation based study in a
wastewater treatment plant. Gao and Wen [43] observed that DEHP removal efficiency range 60-65%
in anaerobic wastewater treatment plant, however removal efficiency increase to 95-97% when it combined with MBR process. Luo et al. [54] examined
the formation and fate of micropollutants in
wastewater treatment plants. They reported that the
recovery efficiencies of DEHP in anaerobic, anoxic
and aerobic processes were 15%, 19% and 62% respectively. Similarly, Marttinen et al. [55] found
DEHP removal efficiencies 32%, 29% and 62% in
anaerobic, biological nitrification-denitrification and
aerobic processes, respectively. They also stated that
65% and 6% of DEHP removal in primary and secondary precipitation processes, respectively. Zhang
et al. [56] indicated that active sludge process required high hydraulic retention time (HRT) and solid
retention time (SRT) to removal of DEHP from
wastewater. Huang et al. [57] observed that DEHP
removal efficiency increased average 8% when SRT
rises from 10 days to 15 days (HRT 8h) in a biological wastewater treatment plant. Chen et al. [58]
stated that the removal of DEHP in biological
wastewater treatment plants range 40-60% and the
recovery efficiency could be increased when combined with various advanced treatment processes
such as AOPs and membrane filtration.

8.+6 86+'82+38 564)+77+7 Yang et al. [59]
investigated removal of eight PAE (including
DEHP) and thirteen pharmaceutical compounds
from drinking water by using filtration processes.
DEHP removal efficiencies of tested conventional
cross-flow filtration, electrofiltration and combined
electrocoagulation/electrofiltration processes were
20%, 64-73% and 87-93%, respectively. Suzuki et
al. [60] tested the efficiency of flotation process in
the removal of DEHP from river water. They found
that DEHP removal efficiency of flotation process
was average 63%. Berge et al. [61] tested DEHP re-

=(6/* 86+'82+38 564)+77+7 Rosales et al.
[64] tested efficiencies of adsorption and biobarrier
processes in removing DEHP. They found that
DEHP removal rates of adsorption and biobarrier
processes varied between 60-70%. Yang et al. [59]
observed that maximum removal efficiency of
DEHP reached 88% by combination of tubular nanofiber/carbon/alumina
composite
membranes
(TCCACM), electrocoagulation and electrofiltration
processes. Li et al. [65] investigated DEHP removal
efficiency of GAC/O3-biological activated carbon
(BAC) processes. They reported that maximum removal efficiency of DEHP was 93% at tested conditions (3 mg/L O3 dose, 15 min. contact time). In another study, they found that 94% of DEHP could be
removed by TiO2/UV/O3-BAC process [66]. Yang et
al. [67] recorded that almost all of DEHP could be
removed by using graphene-containing ceramic
composite tubular membrane coupled with the simultaneous electrocoagulation and electrofiltration
process (TGCCM-EC/EF). Ahmed et al. [68] tested
the performance of some biological and chemical
treatment techniques in the removal of primary pollutants from wastewater. They reported that DEHP
removal rate was average 77% by using flocculation/active sludge/UF process at 10 µg/L initial
DEHP concentration.

+8+62/3'8/43 4, (+78 86+'82+38 '18+63'
8/:+7 Adsorption (PAC or GAC), advanced oxidation (UV/O3), membrane filtration (NF or RO), hybrid process (O3+GAC+BAC and TiO2+UV+O3BAC) were evaluated as a proven solution treatment
alternatives for DEHP removal. These treatment alternatives were evaluated by MCDM methods based
on defined 18 criteria. In this context, each treatment
alternatives were weighed according to literature
survey and experts recommendations. Besides, criteria weights were determined for each evaluation criteria over a total of 100 points. Because each criteria
have a different priority and weight in decision-making process. In other words, although a treatment alternative may have high recovery efficiency, it may
also have features such as high costs, toxic by-product formation and lack of full-scale applications etc.
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The weighting of the criteria ensured reflection of
the criteria priorities in the decision making process.
CWM was used to weight the criteria. Criteria scores
were calculated by multiplying the criteria weights
and the alternative weights. Criteria scores of each
alternative were summed using the WSM and the total scores of the alternatives were calculated. Ultimately, the total scores of the alternatives were
ranked using SRM and the best alternatives were decided (Table 2). According to MCDM results, adsorption with PAC/GAC and membrane filtration
processes were determined as the best treatment alternatives for DEHP removal. Adsorption with

PAC/GAC have significant advantages when compared with other treatment alternatives such as ease
of construction and operation, widely applicability,
no require auxiliary chemical, high DEHP removal
efficiency and no produce toxic by-product etc.
Moreover, adsorption with PAC/GAC was proposed
as a best available technique (BAT) for DEHP removal by USEPA and many researchers. It can be
considered as one of the best alternative in modernization of conventional drinking water and
wastewater treatment plants for removal of micropollutants such as DEHP. Thus, micropollutants
removal performance can be improved and costs can
be reduced.

!
:'19'8/4386+'82+38'18+63'8/:+7548+38/'18+).3/)'174198/437(=

Hybrid processes
(TiO2/UV/O3-BAC)

Criteria
score

Alternative
weight

Criteria
score

Alternative
weight

Criteria
score

Alternative
weight

Criteria
score

Alternative
weight

Criteria
score

Hybrid processes
(Ozonation with
GAC and BAC)

Advanced oxidation
processes (AOPs)
(UV/O3)

Alternative
weight

Adsorption
(PAC/GAC)
Criteria
weight

Evaluation
criteria
DEHP removal (%)
Reliability and durability
Complexity
Ease of planned
maintenance
Ease of operation and
routine maintenance
Easy of construction
Usage of various
chemicals
Major operational
consumables
Proven/established
technology
Generated wastes
Treatment/management
requirements of
wastes/concentrates, etc.
Water efficiency, water
losses
Security of Supply
Asset life
Availability of
technology, level of
design sophistication
Pretreatment requirement
By-product/metabolite
formation
Suitability of application
in worldwide
Total criteria weighting
Total scores
Ranking

Membrane processes
(NF or RO)

!6+'82+38564)+77+7548+38/'18+).3/)'174198/437

11
6
3

3
2
3

33
12
9

2
2
2

22
12
6

3
3
2

33
18
6

3
2
2

33
12
6

3
1
1

33
6
3

5

2

10

2

10

2

10

2

10

1

5

5

2

10

3

15

3

15

2

10

2

10

4

3

12

2

8

3

12

2

8

2

8

6

3

18

2

12

2

12

3

18

2

12

7

2

14

2

14

3

21

1

7

1

7

6

3

18

2

12

3

18

1

6

1

6

5

3

15

3

15

2

10

3

15

3

15

5

2

10

3

15

2

10

3

15

3

15

5

3

15

3

15

2

10

3

15

3

15

6
4

2
2

12
8

1
2

6
8

3
2

18
8

2
2

12
8

2
2

12
8

5

3

15

3

15

3

15

3

15

3

15

5

2

10

1

5

1

5

2

10

2

10

6

3

18

2

12

3

18

2

12

2

12

6

2

12

2

12

2

12

2

12

2

12

100
251
1

214
3
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processes can be feasible when the unit costs per micropollutant removal are taken into account. An integrated approach is needed to prevent the risks of
DEHP on human health and the environment. In this
context, using environmentally friendly counterparts
of DEHP may be preferred especially in plastic production processes. Thus, DEHP contamination
caused from industrial plants can be prevented at the
sources. It may also be possible for the public to become aware of products containing DEHP. In industrial production processes, wastewater containing at
high concentration DEHP can be reused and recovery on-site. The industrial process wastewater containing DEHP in high concentrations can be collected separately and treated with the best treatment
alternatives. Besides, pre-treatment of industrial
wastewaters by the best treatment alternatives can be
performed on-site before being discharged to receiving water bodies and sewerage system. It should be
ensured that wastewater containing DEHP is prevented from being discharged into drinking water
sources. These can help to reduce the transporting of
DEHP to the environment. Monitoring of DEHP
concentrations in landfill leachate, taking precautions to prevent contamination at the top level (better
sealing systems, etc.) or treating by the best treatment alternatives can be achieved to prevent pollution of water resources. Conventional treatment
plants are not adapted to remove DEHP. Conventional treatment plants can be modernized by using
the best treatment alternatives. Establishment of integrated watershed management plans, assessment
of DEHP as a quality parameter in monitoring the
water quality in basins, detection and prevention of
DEHP inputs to the basin and establishment of basinbased DEHP discharge limits are important to provide sustainable preservation of water resources
quality.


 

Membrane filtration processes have various advantages such as ease of construction, ease of operation and maintenance, durability, widely applicability, high removal performance, not very sensitive to
variations in water quality, provide high water quality, no produce toxic by-product. The major drawbacks in membrane filtration processes are pre-treatment requirement, management and disposal of
membrane concentrates. The high investment and
operational costs of membrane filtration processes
are another drawbacks. However, it may be feasible
if per unit DEHP removal costs considering. Because membrane filtration processes are one of the
best alternatives to cost reduction in the removal of
micropollutants that are difficult to remove with
other treatment alternatives such as DEHP. If conventional treatment plants are modernized by using
membrane filtration processes, very effective results
can be obtained for the removal of DEHP and other
micropollutants.


"  
In this study, removal techniques of DEHP
were investigated by conducting detailed literature
survey. The treatment alternatives were systematically evaluated according to defined 18 different criteria by using MCDM. Ultimately, adsorption with
PAC/GAC and membrane filtration processes were
determined as the best treatment alternatives for
DEHP removal from drinking water and
wastewaters. Adsorption with PAC/GAC has several
advantages in comparison with other potential treatment alternatives such as easy installation and operation, widely applicability, no require auxiliary
chemical, high removal efficiency and no produce
toxic by-product etc. Moreover, adsorption with
PAC/GAC was recommended as a best available
technique (BAT) for DEHP removal by USEPA.
Membrane filtration processes (NF or RO)
have several advantages compared to other treatment
alternatives such as easy installation, easy operation
and maintenance, durability, widely applicability,
high removal performance, not very sensitive to variations in water quality, provide high water quality,
no produce toxic by-product. Pre-treatment requirement, management and disposal of membrane concentrates are major concerns in membrane filtration
processes. However, it can be overcome this problem by using volume reduction techniques for membrane concentrates. In addition, membrane concentrates can be treated by using GAC adsorption process or AOPs. Another concern in membrane filtration processes is high investment and operational
costs. Although other purification alternatives do
not have adequate removal efficiency for the removal of persistent and toxic micropollutants such
as DEHP, membrane filtration processes have high
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ticulates [9-13]. In the present study, a laboratory experiment was conducted on samples of the Jarahi
River water and Musa Estuary water in the southern
coasts of Iran in the Persian Gulf. The Persian Gulf
(237,473 km2) is the third largest gulf in the world,
strategically located in the Middle East, and the largest and most important communication center between the three continents: Europe, Africa and Asia.
It is also an important energy source in the world [14,
15]. Musa Estuary is located at the northwestern tip
of the Persian Gulf, between 49.0542 and 30.2523
latitude. The depth of Musa Estuary is 20-50 m. This
waterway is one of the most important natural waterways and ships weighing up to 100 thousand tons
passes through it to Imam Khomeini port [16, 17].
The water salinity of Musa Estuary is between 38
and 47 ppt. Its acidity range varies from 6.65 to 8.7
[16, 18]. This study aims to investigate the removal
of Cd, Ni, Zn, Pb and Mn during mixing of Jarahi
River and Musa Estuary water considering physicochemical variables such as pH, salinity, EC, Eh, sulfate and chloride due to flocculation. This study was
carried out in the Persian Gulf region of Iran in 2017.

During estuarine mixing of fresh water with sea
water, colloidal metals undergo various processes to
form flocculants. In the present research, flocculation of dissolved Cd, Ni, Zn, Pb and Mn in a series
of mixtures with salinities ranging from 1 to 3% during mixing of Jarahi River water with the Musa Estuary (Persian Gulf) water was studied for the first
time. The final flocculation rates of metals are in the
following order: Cd (94.9%) > Zn (85.5%) >Pb
(58%) >Ni (19%) >Mn (11%). The highest flocculation of metals occurred between salinities of 1 to 2%.
Due to the flocculation of trace metals during the estuarine mixing, about 64.7, 65.8, 231.7, 52 and 61.4
ton/year of Cd, Ni, Zn, Pb and Mn, respectively,
were removed from the river water. Statistical analysis shows that the flocculation rates of Ni, Zn, Pb
and Mn are controlled by the same factor. Moreover,
it was found that all the investigated parameters
(electrical conductivity, salinity, potential reduction,
sulfate, chloride and pH) control the flocculation of
cadmium but do not play any role in the flocculation
of other studied metals (Ni, Zn, Pb and Mn), and reduce the flocculation of these metals.

#!"#"

Jarahi River is one of the longest rivers in
Khuzestan and Kohgiluyeh and Boyer-Ahmad provinces (Southwest of Iran) with the length of 438 km
which is important due to drinking, agricultural and
industrial purposes, as well as the construction of a
dam. The main branch of this river is called “AabZolal”, which is connected to the Maroun River in an
area called Kelat Sheikh and forms Jarahi River.
Sources of pollutants in Jarahi River include sanitary
wastewater, industrial waste water and agricultural
pollutants [19].
Jarahi River lies between longitudes 48°45′ and
51°10′ and latitudes 30°30′ and 31°40′. The area of
Jarahi River Basin is 24,300 km2 and the average annual discharge of this river is 56.9 m3/s.
River and sea water samples were obtained
from Jarahi River (salinity= 0.08‰) and the Musa
Estuary (salinity=58.5‰) on 17 December, 2016.

'&!"
Musa Estuary, Persian Gulf, flocculation, heavy metals,
estuarine mixing, Jarahi River
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Estuaries are one of the important coastal
points that act as a connection between fresh water
and saline water. Heavy metals which are carried by
rivers are discharged into the sea through estuaries
[1-4]. Therefore, these environments are at risk of
water pollution, specially due to heavy metals which
have long-lasting detrimental effects on the environment and are dangerous to living organisms[4-8].
Due to the flocculation process, a large portion of the
dissolved metals supplied by the river turn into par-
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These samples were kept for 24 h and stirred
slowly throughout the first hour. For each sample, a
2.5 cm diameter membrane filter (type CA, pore size
of 0.45 μm) was used to collect the flocculants of the
samples. Then, the membrane filters were transferred into beakers and digested by adding 5 mL concentrated nitric acid in each beaker. The concentrations of the elements (cadmium, nickel, zinc, lead
and manganese) were measured by ICP-OES (Varian, Vista MPX model). Three steps of the experiment, including sampling, conducting the experiment and analysis of the samples are shown in Figure
2. Methods and apparatus used in this experimental
work are presented in Table 2.
The obtained experimental data were analyzed
using cluster analysis in order to determine the correlation coefficient between physicochemical parameters and the flocculation process of the considered metals using the weighted pair group (WPG)
method, which is one of the existing clustering techniques [4, 20, 21]. Also, for cluster analysis, the multivariate statistical package (MVSP) was used.

Samples of saline and fresh waters were obtained
from points far from the estuary to ensure that the
sea water and fresh water were not mixed. After
transferring them to the laboratory and before using
them in the subsequent experiments, the specimens
were kept stable for 24 h in order to settle the suspended particles. Then, they were filtered using 0.45
membrane filters (type CA) and a vacuum pump. To
analyze the concentration of heavy metals in Jarahi
River by ICP-OES, 1000 cc of filtered freshwater
with a pH of about 2 was prepared (the pH was adjusted by adding concentrated HNO3 solution).
The locations of Jarahi River and Musa Estuary
for collection of freshwater and seawater specimens,
are shown in Figure 1.
In the laboratory, appropriate volumes of sea
and fresh waters were mixed together at room temperature in five proportions yielding salinities of 1–
3‰. The volume of the freshwater was constant in
all the samples (250 cc) (Table 1). Blended water
was conveyed to the aquariums which were constructed with glass and their volume was about 2 L.
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5*(:0545-:/,9(36204.6504:04(8(/0!0<,8(4+;9(9:;(8? ,890(4;2-
#
0>:;8,685658:054(20:?5-9(204,(4+-8,9/=(:,804:/, (7;(80;39
Aquarium
1
2
3
4
5

Volume of freshwater
(mL)
250
250
250
250
250

Volume of seawater
(mL)
2.5
3.75
5
6.25
7.5
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Volume of Aquarium
(mL)
252.5
253.75
255
256.25
257.5

Salinity
(‰)
1.0
1.5
2.0
2.5
3.0
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Parameters
pH/Eh
EC
Salinity
SO4 -²
Cl¯
Cd, Ni, Zn, Pb, Mn

Methods/apparatus of measurement
Eh/ pH meter (metrohm 744)
Conduct meter (CRISON GLP32)
Bante instruments
Turbid metric method (4500- SO4 -²)
Argentometric method (4500-Cl¯)
ICP-OES (Varian Vista MPX model)
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Salinity (‰)
0.8
58.5

Fresh water
Saline water

pH
8.16
8.17

SO4-2(mg/L)
32.24
5732.25

EC (μs/cm)
1980
8440

Cl¯(mg/L)
405
12624.7

Eh (mV)
-80.6
-81.6

# 
()58(:58?8,35<(2,--0*0,4*?5-3,:(29+;804.30>04.5-(8(/0!0<,8=(:,8=0:/
,890(4;2-;9(9:;(8?=(:,8
Sample
River Water
1
2
3
4
5

Cd
(μg/L)
38
8
(21)*
14
(36.8)
17
(44.7)
26
(68.4)
36
(94.7)

Ni
(μg/L)
193
16
(8.3)
25
(12.95)
32
(16.58)
34
(17.6)
37
(19.17)

Zn
(μg/L)
151
109
(72.18)
120
(79.47)
129
(85.4)
127
(84.10)
126
(83.44)

Pb
(μg/L)
50
21
(42)
22
(44)
26
(52)
23
(46)
29
(58)

Mn
(μg/L)
311
12
(3.85)
16
(5.14)
34
(10.93)
15
(4.82)
19
(6.10)

8.16

EC
(μs/cm)
1980

SO4-²
(mg/L)
32.24

Cl¯
(mg/L)
405

Eh
(mV)
-80.6

1

8.19

3420

705.6

775.44

-69.1

1.5

8.18

4470

1065.6

917.32

-68.9

2

8.18

4490

1156.8

849.87

-68.6

2.5

8.22

4980

1305.6

930.81

-70.9

3

8.25

5980

1430.5

1214.1

-72.4

S
(‰)
0.8

pH

*Values within parenthesis show removal efficiency of heavy metals.
# 
(:;8(28,35<(2,--0*0,4*?5-3,:(29+;804.30>04.5-(8(/0!0<,8(4+;9(9:;(8? ,890(4;2-
=(:,89
Sample
River Water
1
2
3
4
5
Total

Cd
(μg/L)
38
8
(21)*
6
(15.8)
3
(7.9)
9
(23.7)
10
(26.5)
36
(94.9)

Ni
(μg/L)
193
16
(8.3)
9
(4.6)
7
(3.6)
2
(1)
3
(1.5)
37
(19)

Zn
(μg/L)
151
109
(72.2)
11
(7.3)
9
(6)
0
(0)
0
(0)
129
(85.5)

Pb
(μg/L)
50
21
(42)
1
(2)
4
(8)
0
(0)
3
(6)
29
(58)

Mn
(μg/L)
311
12
(3.9)
4
(1.3)
18
(5.8)
0
(0)
0
(0)
34
(11)

S
(‰)
0.8
1
1.5
2
2.5
3

*Values within parenthesis show removal efficiency of heavy metals.
!"$#""$""

linities belongs to Mn (11%) and Cd (94.9%), respectively. The maximum removal of Ni, Zn and Pb
occurred at salinity=1‰. However, the maximum
removal of manganese was achieved at salinity=2‰.
Also, the maximum removal of cadmium was
achieved at salinity=3‰. It is also noteworthy that
the flocculation of the considered elements (Cd, Ni
and Zn) declined at salinity range of 1-2‰, then increased (Cd and Ni) at salinity range of 2-3‰, but at
salinity range of 2-3, flocculation of zinc did not occur. The flocculation of other studied metals (Pb and
Mn) declined at salinity range of 1-1.5‰ and increased at 2‰, then declined at the range of 2-3‰.

The freshwater sample was taken from Jarahi
River and the saline water was taken from Musa Estuary. The physicochemical parameters at the sampling point are summarized in Table 3. Due to the
entry of agricultural and livestock sewage into the
vicinity and upstream of the river, its salinity is high
(0.8‰).
Removal percentage and concentrations of the
investigated heavy metals (Cd, Ni, Zn, Pb and Mn)
are presented in Table 4. It is noteworthy that the
lowest and highest removal efficiency at various sa-
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However, Table 4 does not illustrate the actual
conditions during the mixing of fresh and saline waters. In fact, in every stage, when the flocculation
process occurs, some parts of the colloidal metals are
removed from the fresh water and the amount of
these metals in fresh water decreases [4, 22]. Thus,
in establishing the natural condition of estuarial mixture, the flocculates formed in each stage should be
deducted from that of the prior stage (Table 5). The
data in Table 5 is presented as natural conditions that
occur in an estuary.
According to the data shown in Table 5, Cd has
the highest removal efficiency and its flocculation
rate is 94.9% at different salinities. Mn and Pb have
the lowest removal efficiency and their flocculation
rates are 11 and 19% at different salinities, respectively. The removal efficiency of the considered elements in Jarahi River is as follows:
Cd(94.9%) > Zn(85.5%) >Pb(58%)>Ni (19%)
>Mn (11%)
The optimum removal efficiency of all the
studied metals (except for Cd) occurred mostly between the salinities of 1 and 2‰, and for cadmium,
the best result was between the salinities of 2 and
2.5‰ (primary mixing steps), which is similar to the
results of other investigations [23, 24].

Flocculation rates of heavy metals during estuarine mixing are shown in Figure 3. According to the
dendrogram of cluster analysis (Figure 4), manganese, lead, zinc and nickel are connected together at
relatively high similarity coefficients, which indicate
that the behavior of these four metals in the estuarine
environment is similar and their flocculation process
is controlled by the same factor. All the investigated
parameters (electrical conductivity, salinity, potential reduction, sulfate, chloride and pH) are related to
cadmium at relatively high and significant similarity
coefficients (Figure 4). Therefore, it can be concluded that all these parameters control the flocculation of cadmium and also, do not play any role in the
flocculation of other studied metals (Ni, Zn, Pb and
Mn), which is in accordance with the results obtained from other studies [25, 26].
Based on the results, these parameters have no
effect on the control of the concentration of the studied metals and reduce their flocculation, except for
cadmium. Therefore, all the studied parameters and
cadmium have an inverse effect on flocculation of
other metals in the estuary of Jarahi River. Thus, in
order to identify the factors affecting the removal of
these metals in this estuary, there is need for further
research.

$! 
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# 
5(+5-+09952<,+3,:(298,2,(9,+04:5:/, ,890(4;2-),-58,(4+(-:,8:/,-25**;2(:054685*,99
Element
Cd
Ni
Zn
Pb
Mn

Initial
concentration
in river (μg/L)
38
193
151
50
311

Mean annual discharge
before flocculation
(ton/yr)
68.21
346.50
271.00
90.00
558.30

$! 
2;9:,8(4(2?9095-:/,/,(<?3,:(29

Metal loads released into the
Persian Gulf after flocculation
(ton/yr).
3.51
280.70
39.30
38.00
496.90

Metal loads flocculated
during the flocculation
process (ton/yr).
64.7
65.8
231.7
52
61.4

the investigated parameters (electrical conductivity,
salinity, potential reduction, sulfate, chloride and
pH), according to the statistical analysis. Due to the
low correlation coefficient among all the investigated parameters and other studied heavy metals,
these parameters are not effective in flocculation
trend of Ni, Zn, Pb and Mn. The experimental results
indicated that without flocculation, the amount of
colloidal elements discharged into the Musa Estuary
is as follows: Cd (68.21 ton/yr), Ni (346.5 ton/yr),
Zn (271 ton/yr), Pb (90 ton/yr) and Mn (558.3
ton/yr). However, after the flocculation process, the
amount of these dissolved elements is dramatically
reduced to 3.51, 280.7, 39.3, 38 and 496.9 ton/yr for
Cd, Ni, Zn, Pb and Mn, respectively. It can be concluded that the natural flocculation process prevents
release of the whole dissolved metals into the sea and
metal pollution loads are reduced in a natural process. Therefore, it suggests the importance of flocculation process in natural self-purification of estuarine
zone.



The average discharge of Jarahi River is about
1.8 billion m3 per year and the initial concentrations
of colloidal metals in Jarahi River water are as follows: Cd (38 μg/L), Ni (193 μg/L), Zn (151 μg/L),
Pb (50 μg/L) and Mn (311 μg/L). Thus, the amounts
of dissolved cadmium, nickel, zinc, lead and manganese which are transferred into the Persian Gulf from
Jarahi River are 68.21, 346.5 t, 271 t, 90 and 558.3
ton per year, respectively. The outcomes of this investigation indicate that 94.9, 19, 85.5, 58 and 11%
of dissolved loads of Cd, Ni, Zn, Pb and Mn, respectively, enter the particulate phase during estuarine
mixing. Therefore, the total pollution load released
into the Persian Gulf reduces from 1334.01 to 858.41
ton per year (Table 6).

&#"
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ABSTRACT
Maize production in all over the world is influenced unusually due to continuous global climate
change. Considering the important issue, the present
study was designed to evaluate the response of maize
hybrids to drought tolerance in relation to grain
weight at grain filling sage. The experimental materials were comprised seven maize hybrids viz., µ6DQ
FLD¶µ,QGDFR¶¶0D\¶µ$DFFHO¶µ&DOJDU\¶¶
May ¶DQG¶0D\¶7KHVHK\EULGVZHUHHYDO
uated at grain filling stage under two moisture levels
(normal irrigation and water deficit condition). Different drought tolerance indices including stress susceptibility index (SSI), stress tolerance index (STI),
geometric mean productivity (GMP), tolerance index (TOL), mean production (MP), yield index (YI),
yield stability index (YSI), drought resistance index
(DI), yield stability index (YSI) and stress susceptibility percentage (SSP) were calculated to evaluate
the maize hybrids that are tolerance to drought stress
in relation to grain weight. Two years experimental
results revealed that yield traits of maize hybrids adversely affected by water stress (drought) conditions
due to the reduction in grain weight. However, for
increasing yield of maize hybrids under drought conditions can be achieved by selection of maize hybrids
according to grain weight. In case of stress tolerance
indices, genotypes with high values of STI, GMP,
YI, YSI, DI, HM and MP can be recognized as
drought tolerant genotypes. Among the tested maize
K\EULGV¶0D\¶µ$DFFHO¶DQGµ,QGDFR¶ZHUHVH
lected as drought tolerant genotypes on the basis of
STI, GMP, YI, YSI, DI, HM and MP. However,
lower value of SSI and TOL can be selected as tolerant genotypes to stress. While, genotypes, µ6DQFLD¶
¶0D\¶µ,QGDFR¶DQGµ&DOJDU\¶ZHUHLGHQWLILHG
as drought resistant genotypes and desirable for
stress condition on the basis of SSI and TOL. Interestingly, positive and strong relationship between
stress indices, SSI, TOL, STI, GMP, YI, YSI, DI,
HM, MP and SSP, and grain weight could be used as
selection criteria for maize hybrids responses to
drought stress.

INTRODUCTION
Maize (Zea mays L.) is one of the important cereal in the world after rice and wheat. While the demand of maize is increasing day by day, due to its
multi purpose uses [1, 2, 3]. It is grown for grain as
well as fodder in tropical, sub-tropical and temperate
regions of the World [4]. The arid and semi-arid regions like Turkey, it is one of the significant cereal
crops [5], where about 95% of maize consumed in
the country [6].
While, the scarcity of water resource (drought)
is the single most critical threat for reducing crop
productivity under arid and semi-arid environmental
condition in the World. The reduction of maize
productivity under drought stress conditions depends
on different factors such as plant development stage,
drought intensity and duration of water deficit, and
varietal sensitivity to drought stress [7]. Therefore,
to increase yield potential of maize under normal and
abnormal environments has been inevitable for solving the world hunger at this moment. Considering the
above issue, the aim of the crop breeding programs
should to improve yield potential and drought tolerance/resistance maize hybrids under changing climate.
Whereas several earlier research findings indicated that water deficit during reproductive stage
was more effective [8, 9, 10]. The reduction of yield
due to drought stress at reproductive stage was bigger than at vegetative and grain filling stages [11].
Water stress decreases relative water contents, water
potential, growth and yield of various crops [12].
Several indices have been proposed as useful for
drought tolerance identification in maize [13, 14].
Therefore, the aim of this study was to evaluate the
response of maize hybrids to drought tolerance in relation to grain weight by using different selection indices for identification of drought tolerant genotypes
that are compatible to grow with stressful and optimal conditions.
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TABLE 1
Amount of irrigation and climatic traits during 2014 and 2015 growing season
Max.Tem Min.Tem.
MeanSR
Factor
RH (%) RF (mm) FI (mm)
. (°C)
(°C)
Temp. (°C) (cal/cm²)
In the year 2014
Sowing-Anthesis
33.5
25.1
28.6
535
70.1
3.7
240
Anthesis-PM
32.5
22.6
27.0
428
64.9
293.6
287
33.1
24.1
27.9
491
67.9
99.1
531
Sowing-PM

DI
(mm)
240
191
435

In the year 2015
Sowing-Anthesis
32.9
23.5
27.7
578
68.8
1.1
Anthesis-PM
35.2
24.6
29.4
464
63.4
140.9
34.1
24.1
28.5
518
66.2
142.0
Sowing-PM
PM, physiological maturity; SR, solar radiation; RH, relative humidity; RF, rainfall; FI, full
Irrigation); DI, deficit irrigation (Rainfed).

337
477
814
Irigation

313
309
622
(Rain +

FIGURE 1
Effects of irrigation regimes on grain weight during grain growth stage at P<0.042, (Two years average)

was determined after separation of kernels and the
grain moisture was measured by grain moisture meter (Dicky John model).

MATERIALS AND METHODS
Plant material and growing conditions.The
experiment was carried out in consecutive two maize
growing seasons (2014 and 2015) in the agricultural
research area of Cukurova University, Adana, Turkey for evaluating the response of maize hybrids to
drought tolerance in relation to grain weight at grain
filling sage. The experimental materials were comprised seven maize hybrids viz., µ6DQFLD¶µ,QGDFR¶
¶0D\¶µ$DFFHO¶µ&DOJDU\¶¶0D\¶DQG
¶0D\¶7KHVHK\EULGVZHUHHYDOXDWHGDWJUDLQ
filling stage under two moisture levels (normal irrigation and water deficit/water stress). The experiment was laid out in strip-split design with four replications. All the maize hybrids in both the years
were sown on 28 June, 2014 and 12 June, 2015, respectively. The amount of water and its time of application and also climatic conditions during the experimentation were presented in Table 1. The methodologies have been followed as described previously by [15, 3, 10].

Calculation of drought tolerance indices. For
evaluation of maize hybrids that are tolerance to
drought stress, several drought tolerance indices including stress susceptibility index (SSI), stress tolerance index (STI), geometric mean productivity
(GMP), tolerance index (TOL), mean productivity
(MP), yield index (YI), yield stability index (YSI),
drought resistance index (DI) and stress susceptibility percentage (SSP) were calculated according to
the earlier studies [16, 17, 18, 19, 20, 21, 22].
Statistical analysis. The data were subjected to
statistical analysis according to [23]. The treatment
means were compared according to [24]. Correlation
between different stress tolerance indices in relation
to grain yield were performed using analysis of variance technique by MSTAT-C computer software
package.

Sampling, measurements of grain yield
traits. At the time of harvesting, the grain weight
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the reduction of activity of sucrose and starch synthesizing enzymes under water stress environments
[31]. Similarly, other researchers also indicated that
water stress conditions throughout the post-anthesis
phase caused the reduction in kernel weight [32].
Correlation coefficients between the studied
variables and grain weight has been presented in Fig.
3. It was observed that grain weight was negatively
correlated by the kernel row number (KRN) and kernel number per row (KNR). On the other hand, high
positive correlations was observed for grain weight
and grain yield. Furthermore, the results revealed
that under control conditions grain weight was adversely correlated with grain yield. Therefore, the
hybrids with larger grain weight should be selected
under irrigated condition to increase grain yield. This
finding of the present study related to the grain
weight that was negatively correlated with KRN and
KNR as well as high positive correlations with grain
weight and grain yield are in agreement with the results of [33].

RESULTS AND DISCUSSION
The combined analysis for grain weight under
water-stressed and non-stressed conditions over two
consecutive growing seasons are presented in the
Fig. 1 & 2. The results revealed that grain weight was
significantly affected by water stress and the highest
grain weight (275 mg) was observed under control
environment, whereas, the lowest (253 mg) grain
weight was found under water stress condition
(drought) (Fig. 1). Considering on tested hybrids,
significant differences among genotypes in respect
to grain weight were observed in both the growing
seasons (Fig. 2). Among the genotypes, the hybrids
µ 0D\ ¶ µ$DFFHO¶ DQG µ,QGDFR¶ SURGXFHG WKH
highest grain weight. Similar to the result of the present study, the adverse effects of drought stress on
growth, development and finally grain weight of
maize were also reported by earlier studies [25, 26,
27, 28, 29, 30]. The reduction in grain size is due to

FIGURE 2
Overall mean of grain weight of hybrids (two years average).
*, different letters, significant P0.05 probability level.
Deficit Irrigated

Irrigated

Kernels m-2
*
**

Kernel number row-1

**
Kernel rows ear-1

Grain yield
-1,20

-1,00

-0,80

-0,60

-0,40

-0,20

0,00

0,20

0,40

0,60

0,80

Coefficient of correlation
FIGURE 3
Pearson correlation coefficient between grain weight and agronomic traits (Two years average) of maize
hybrids under irrigation regimes.
*, **; significant P<0.05 and P<0.01 level respectively.
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FIGURE 4
Pearson correlation coefficients between based on stress indices and grain weight (Two years average)
under deficid irrigated conditions.
**; significant P<0.01 level. SSI, Stress susceptibility index; TOL, Tolerance index; YR, Yield reduction ratio;
DI, Drought Resistance Index; GMP, Geometric Mean Productivity; HM, Harmonic Mean; MP, Mean Productivity; STI, Stress tolerance index; YI, Yield Index; YSI, Yield Stability Index.

FIGURE 5
Principal component analysis of stress indices (A) and genotypes (B) its attributing traits (two years data).
 DQG  ORZDQGKLJKLQGH[YDOXHVVKRZHGPRUHWROHUDQWFXOWLYDUVIRUHDFKLQGLFHVUHVSHFWLYHO\ 66,6WUHVV
susceptibility index, TOL: Tolerance index, YR: Yield reduction ratio, DI: Drought Resistance Index, GMP: Geometric Mean Productivity, HM: Harmonic Mean, MP: Mean Productivity, STI: Stress tolerance index, YI: Yield
Index, YSI: Yield Stability Index).
However, the correlation between grain weight
and drought tolerance indices can be a good criteria
for screening the best genotypes that are tolerance to
stress (Fig. 4 & 5). In the study, stress tolerance indices were calculated based on grain weight for the
stressfull environment. Whereas, the high positive
correlation was observed between grain weight and
DRI, GMP, HM, MP, STI, YI; while, negative correlation was recorded between TOL, SSI, YR, YSI
and grain weight under drought condition (Fig. 4).
Genotypes with high values of stress tolerance
index (STI), geometric mean productivity (GMP),
yield index (YI), yield stability index (YSI), drought
resistance index (DI), harmonic mean (HM) and

mean productivity (MP) can be selected as tolerant
genotypes to stress. Among the tested maize hybrids,
¶0D\¶µ$DFFHO¶DQGµ,QGDFR¶ZHUHLGHQWLILHG
as drought tolerant genotypes on the basis of STI,
GMP, YI, YSI, DI, HM and MP. However, lower
value of SSI and TOL can be selected as tolerant genotypes to stress. Considering on SSI and TOL, genRW\SHVµ6DQFLD¶¶0D\¶µ,QGDFR¶DQGµ&DOJDU\¶
(Fig. 5) were identified as drought resistant genotypes and desirable to grow under stress condition.
[34]. STI and GMP were more suitable indices to select genotypes that perform well in both stress and
non-stress conditions [34]. Similar results were also
reported by [35, 36, 37].
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ABSTRACT

and genotoxic stress caused by environmental genotoxins [6]. Heavy metals induce a certain number of
cellular stress responses and leading excess production of reactive oxygen species (ROS), which promotes genotoxicity by damaging cellular components such as DNA, proteins and membranes [7].
Oxidative stress is capable of producing many modifications in DNA such as base and sugar lesions,
chain breaks, base-free sites and DNA-protein crosslinks [8]. With the use of DNA-based techniques developed in recent years, the effects of genotoxic
chemicals on DNA can be directly measured precisely in a short time [9]. One of such techniques is
the random amplified polymorphic DNA (RAPD) it
is possible to detect the nucleotide sequence polymorphisms that are randomly distributed to entire
genome, in coding and non-coding regions, as well
as in single copy or repetitive sequences [6, 10, 11].
Strawberry (Fragaria × ananassa) is the most
commonly consumed berry crop in the world. However, biomarkers are needed to assess the effects of
heavy metals on strawberry, cultivation area of
which is increasing all around the world [12]. To our
knowledge, this is the first study that investigates the
genotoxic effect of heavy metals in strawberry
plants. The aim of the present study is to screen genome-wide DNA alterations induced by different
heavy metals (zinc, chromium, and lead) in the
leaves of strawberry seedlings by using RAPD assay
and to analyze the correlation between changes in
RAPD profiles and total soluble protein content.

The aim of the present study is to assess DNA
damage in leaves of strawberry (Fragaria × ananassa Duch.) seedlings treated with different heavy
metals (zinc, chromium, lead) using random amplified polymorphic DNA (RAPD) assay and analysis
of total soluble protein content. For this purpose,
strawberry seedlings were treated with 400 and 800
μM Zn, Pb and Cr for 7 days. Thirty four RAPD primers produced 218 bands at molecular weight ranging from 183 bp to 5180 bp. Compared with control,
RAPD patterns of heavy metal exposed groups
showed differences in band loss, gain of new bands
and increase and decrease of band intensity. The
highest polymorphism rate (32.11%) was observed
in 800 μM Pb applied strawberry seedlings. To evaluate the alterations in RAPD profiles qualitatively,
genomic template stability (GTS) was performed
and the values were 75.08% and 69.59% for 400 and
800 μM Zn treatments, 74.52% and 68.60% for 400
and 800 μM Cr treatments, 70.11% and 63.78% for
400 and 800 μM Pb treatments, respectively. Total
soluble protein content in heavy metal-treated
groups also showed a similar correlation to GTS
values. RAPD analyses are useful biomarker assays
to determine the genotoxicity induced by
environmental pollutants such as heavy metals in
plant model systems.

KEYWORDS:
Biomarker, DNA damage, genomic template stability, total soluble protein

MATERIALS AND METHODS
In the present study, strawberry (Fragaria ×
ananassa Duch  FXOWLYDU ³6DQ $QGUHDV´ VHHGOLQJV
were used as plant material. Strawberry seedlings
obtained in 3-leaf stage were grown in plastic pots
containing peat and perlite (ratios 1:1). Strawberry
seedlings that reached up to 5-leaf stage at the end of
2 weeks were watered with half-strength Hoagland
solutions containing zinc sulfate [ZnSO4.7H2O], potassium dichromate (K2Cr2O7) and lead (II) nitrate
[Pb(NO3)2] at concentrations of 400 and 800 μM for
7 days. Concentrations were selected as similar to
the concentrations used in previous study [2]. The
seedlings were treated with heavy metal containing

INTRODUCTION
Heavy metal toxicity is a primary threat for environment and human health through bioaccumulation in plant products and the food chain [1]. In recent years, studies have focused on measuring levels
of contaminants in tissues and environmental samples, as well as on understanding the mechanism of
common contaminant toxicity [2, 3, 4]. Impact assessment of pollutants in eco-genotoxicology is critical important issue [5] and plants, as bioindicators,
offer a unique model for monitoring DNA damage
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½ Hoagland solutions for a total of three times as 20
ml at one-day intervals and samples were collected
at 48th h after the last treatment. Non-exposed seedlings (watered with metal-free half-strength Hoagland solution) were used as controls. The plastic
pots were incubated in a growth chamber for 16 hOLJKW ZLWKOLJKWLQWHQVLW\DSSUR[ȝ0P-2 s-1) and
8 h-dark photoperiod. During the growth period, the
temperature was 20/17°C day / night; humidity was
70±75%. At the end of the 7th day, the leaves of harYHVWHGVHHGOLQJVZHUHVHSDUDWHGDQGVWRUHGDWí&
until the total soluble protein and RAPD assays were
carried out. Each experiment was performed in triplicates and each replicate contained seedlings with
equal size and numbers (20 plants per replicate).
The total soluble proteins were extracted from
500 mg of frozen leaf samples and determined as described previously [13]. Experimental results from
triplicates were analyzed and expressed as the mean
± standard error (SE). Analysis of variance
$129$  ZDV SHUIRUPHG DQG 'XQFDQ¶V PXOWLSOH
range tests at 0.01 confidence level were applied to
compare significant differences between the control
and each treated group.
Genomic DNA was extracted from frozen leaf
tissues using cetyltrimethylammonium bromide
(CTAB) protocol [14]. DNA concentration and purity (OD260 / OD280) were measured with
NanoDrop (MaestroGen, USA). Following the
measurement, all DNA samples were diluted with
distilled H22WRQJȝ/-1. An initial screening of 50
10-mer random primers (Operon Technologies,
USA) was performed and among them, 38 primers
amplified clean and repeatable bands for RAPD assay. Sequences of 38 primers used in the study are
given in Table 1. RAPD-PCR was performed in 15
ȝ/ UHDFWLRQ PL[WXUH FRQWDLQLQJ  ȝ/ ; 7DT

buffer (100 mM Tris-HCl pH 8.8, 500 mM KCl,
 1RQLGHW    ȝ/ SULPHU  ȝ0   ȝ/
MgCI2 P0 ȝ/G173 P0 ȝ/7DT
DNA polymerase, and 25 ng of genomic DNA as
template. Amplifications were carried out in a thermocycler (BioRad T100, USA) programmed for initial denaturation step (1 min at 94°C); 45 three-step
cycles of denaturation (1 min at 94°C), annealing (1
min at 36°C), and extension (2 min at 72°C); followed by final extension step 10 min at 72°C. A negative control was run with each sample set. The amplified products were loaded in 2% (m/v) agarose gel
containing 1% (v/v) safe DNA gel stain (Invitrogen,
USA) and run at 80 V for 1.5 h. Gel images were
captured with imaging system Fusion FX7 (Vilber
Lourmat, Germany) under UV light and molecular
sizes of the amplicons were determined using Fusion-CAPT-Software 16.07. A 1.0-kilobase (kb)
DNA Ladder (Thermo Scientific, Germany) was
loaded as marker in each gel. Marker bands on all
gels were visualized from top to down as 10000,
8000, 6000, 5000, 4000, 3500, 3000, 2500, 2000,
1500, 1000, 750, 500, and 250 base-pair (bp). Reproducibility of RAPD patterns were confirmed by repeating all amplifications at least 3 times.
Changes in the RAPD profile were expressed
as Genomic Template Stability (GTS), which is a
qualitative measurement showing the obvious
changes in the number of RAPD profiles. GTS (%)
was calculated for each primer using the formula:
*76  ía / n îZKHUH³D´LVWKHQXPEHURI
polymorphic bands detected in each treated sample
DQG ³Q´ LV WKH WRWDO QXPEHU RI FRQWURO EDQGV
Changes in these values were calculated as a percentage of their control (set to 100%) to compare the sensitivity of parameters (GTS, total soluble protein).

Primer
no

Primer
name

Primer
sequence
 ĺ

Primer
no

Primer
Name

Primer
sequence
 ĺ

Primer
no

Primer
Name

Primer
sequence
 ĺ

TABLE 1
Sequences of 38 primers used in this study

1
2
3
4
5
6
7
8
9
10
11
12
13

OPA-01
OPA-02
OPA-11
OPB-01
OPB-04
OPB-05
OPB-06
OPB-07
OPB-08
OPB-10
OPB-11
OPB-15
OPB-17

CAGGCCCTTC
TGCCGAGCTG
CAATCGCCGT
GTTTCGCTCC
GGACTGGAGT
TGCGCCCTTC
TGCTCTGCCC
GGTGACGCAG
GTCCACACGG
CTGCTGGGAC
GTAGACCCGT
GGAGGGTGTT
AGGGAACGAG

14
15
16
17
18
19
20
21
22
23
24
25
26

OPB-18
OPB-20
OPC-04
OPC-05
OPD-08
OPH-18
OPM-01
OPM-02
OPM-03
OPM-04
OPM-05
OPM-06
OPM-07

CCACAGCAGT
GGACCCTTAC
CCGCATCTAC
GATGACCGCC
GTGTGCCCCA
GAATCGGCCA
GTTGGTGGCT
ACAACGCCTC
GGGGGATGAG
GGCGGTTGTC
GGGAACGTGT
CTG GGCAACT
CCGTGACTCA

15
16
17
18
19
14
33
34
35
36
37
38

OPM-09
OPM-10
OPM-11
OPM-12
OPM-13
OPM-15
OPM-16
OPM-17
OPM-18
OPM-19
OPW-01
OPW-05

GTCTTGCGGA
TCTGGCGCAC
GTCCACTGTG
GGGACGTTGG
GGTGGTCAAG
GACCTACCAC
GTAACCAGCC
TCAGTCCGGG
CACCATCCGT
CCTTCAGGCA
CTCAGTGTCC
GGCGGATAAG
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TABLE 2
Effects of heavy metals on total soluble protein content in strawberry leaves after 7 days of treatment
Heavy metal concentrations
Total soluble protein
(μM)
content (mg g-1 fresh weight)*
Control
28.17 ± 0.15 a
Zn 400
26.09 ± 1.17 b
Zn 800
24.88 ± 0.07 c
Cr 400
25.78 ± 0.08 b
Cr 800
24.39 ± 0.07 c
24.60 ± 0.11 c
Pb 400
Pb 800
20.91 ± 0.42 d
*Different letters present significant differences at P ޒDFFRUGLQJWR'XQFDQ¶VPXOWLSOHUDQJHWHVWV9DOXHV
are given as mean ± SE (n = 3).

FIGURE 1
Genomic DNA samples extracted from the leaves of heavy metal treated (Zn 1 : 400 μM Zn, Zn 2 : 800
μM Zn, Cr 1: 400 μM Cr, Cr 2 : 800 μM Cr, Pb 1 : 400 μM Pb, Pb 2 : 800 μM Pb) and untreated (C: control) seedlings using modified CTAB DNA extraction protocol. M : DNA molecular size marker (1.0-kb)

FIGURE 2
Reproducibility of RAPD profiles in DNA samples extracted from strawberry leaves. OPW-01 primer
generated the same band pattern in triplicates (a, b, c) of control and heavy metal treated samples:
C : control, Zn 1 : 400 μM Zn, Zn 2 : 800 μM Zn, Cr 1 : 400 μM Cr, Cr 2 : 800 μM Cr, Pb 1 : 400 μM Pb,
Pb 2 : 800 μM Pb. M : DNA molecular size marker (1.0-kb).

DNA samples. The purity indexes of the extracted
DNA samples were between 1.6±1.8 and DNA conFHQWUDWLRQVUDQJHGIURPWRȝJ-1 fresh weight,
approximately. The quality of the DNA was checked
by gel electrophoresis and single band was observed
in all extracted DNA samples (Figure 1). In the
present study, extracted genomic DNA always gave
same banding pattern with same primer, thus results
supported the consistency of the RAPD assay
(Figure 2).
Fifty 10-mer random primers were tested for
screening changes in the strawberry genome and
among them, 38 primers (76%) generated clear and

RESULTS
Total soluble protein content of strawberry
seedlings treated with Zn, Cr and Pb at different concentrations and control are given in Table 2. Total
soluble protein content of heavy metal-exposed
group, statistically decreased compared to control
samples (P   ޒ03EWUHDWPHQWDIIHFWHG
the total soluble protein content of the strawberry
leaves more than the other treatments (Table 2).
Suitability of modified CTAB method for genomic DNA extraction from strawberry leaves was
assessed based on the integrity and purity of genomic
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Total band changes in terms of band gain and
loss for 400 μM Zn, 800 μM Zn, 400 μM Cr, 800
μM Cr, 400 μM Pb and 800 μM Pb treatments are
51, 55, 55, 64, 57 and 70, respectively. Comparing
all the heavy metal-exposed groups with the control
group, the maximum band loss (35 bands) was
observed in 400 μM Cr treatment.
On the other hand, the highest number of extra
bands (42 bands) was observed in 800 μM Zn and Pb
treatments. Maximum number of new RAPD bands
was detected in OPA-11 primer (4 bands, 300±903
bp) for 400 and 800 μM Zn treatments; and OPM-17
primer (4 bands, 720±2200 bp) for 400 and 800 μM
Zn, Cr and Pb treatments (Table 3). In the present
study, some polymorphic bands were observed only
at low concentrations (400 μM) or only at high
concentrations (800 μM), while some polymorphic
bands were specific to heavy metal (Table 3).
In the RAPD profiles of seedlings, exposed to
400 and 800 μM Zn, Cr and Pb treatments, decreases
and increases in band intensities were observed in 38
primers (Table 4). Total band intensity changes
(increased and decreased band intensity) of 400 μM
Zn, 800 μM Zn, 400 μM Cr, 800 μM Cr, 400 μM Pb,
and 800 μM Pb treatments were recorded as 30, 44,
31, 38, 29, and 35, respectively (Table 4). Figure 3
shows the band intensity changes observed in the
RAPD profiles of OPM-06, OPM-07 and OPM-12
primers of heavy metal-treated seedlings.

reproducible results. Thirty four primers (89.47%)
out of mentioned 38 primers showed different RAPD
profiles in control and heavy metal exposed groups
while there were no differerences in the rest 4
primers (10.53%): OPM-02, OPM-16, OPW-01 and
OPW-05.
Thirty eight primers amplified a total of 218
DNA fragments between 183 bp (OPM-07) and
5180 bp (OPB-01). According to the results, RAPD
patterns of the control and heavy metal-exposed
samples showed differences in the size, number (loss
of normal bands and / or appearance of new bands),
and intensities of amplified DNA fragments. RAPD
profiles of four selected primers (OPB-15, OPM-06,
OPM-07 and OPM-12) are given in Figure 3. Tables
3 and 4 summarize the changes detected in RAPD
profiles of the leaves of strawberry seedlings
exposed to heavy metals. Each primer produced 212 bands and the average number of bands per
primer was 6.65. Amplified band sizes in control
samples ranged from 183 bp (OPM-07) to 5180 bp
(OPB-01). Among the primers used in the present
study, OPM-17 was the primer giving the highest
number of polymorphic bands (9 polymorphic
bands) ranging from 620 bp to 2500 bp, while OPB06, OPB-18, OPC-04, OPM-03 and OPM-10
primers gave only 1 polymorphic band ranging from
457 bp to 2380 bp.

FIGURE 3
RAPD profiles generated by OPB15, OPM-06, OPM-07 and OPM-12 primers with DNA samples
extracted from control and heavy metal treated leaves of strawberry seedlings. C: control, Zn 1 : 400 μM
Zn, Zn 2 : 800 μM Zn, Cr 1 : 400 μM Cr, Cr 2 : 800 μM Cr, Pb 1 : 400 μM Pb, Pb 2 : 800 μM Pb; appearance of new bands (a), disappearance of normal bands (b), decrease in band intensities (c) and increase in
band intensities (d). M : DNA molecular size marker (1.0-kb)
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TABLE 3
Changes in the RAPD profiles (molecular sizes ± bp) related to the selected concentrations of Zn, Cr and
Pb compared to control for all used primers in the leaves of stawberry seedlings
Primers



Zn (μM)
400
800
0
0
265
265
0
1200
0
0
903; 550; 410; 300
903;550; 410; 300
0
0
4250
4250
848
848
0
0
0
0
1250; 950
1250; 1000;950
0
0
0
0
0
0
2037
0
0
0
0
950
450
0
0
0
0
0
0
500
0
0
650;390; 275
650; 390; 275
0
0
1045
0
0
0
474
474
0
0
0
0
0
0
500
0
0
0
0
1055
1159; 945
0
0
0
1902; 1443; 1046; 405
1902; 1443; 1046

OPA01
OPA02
OPA11
OPB01
OPB04
OPB05
OPB06
OPB07
OPB08
OPB10
OPB11
OPB15
OPB17
OPB18
OPB20
OPC04
OPC05
OPD08

+
í
+
í
+
í
+
í
+
í
+
í
+
í
+
í
+
í
+
í
+
í
+
í
+
í
+
í
+
í
+
í
+
í
+
í

OPH18
OPM01
OPM03
OPM04

+
í
+
í
+
í
+
í

0
505
600
0
0
0
870
2020; 1900; 550

604
0
1460; 600; 550
0
0
0
870
0

OPM05
OPM06
OPM07
OPM09
OPM10
OPM11
OPM12
OPM13

+
í
+
í
+
í
+
í
+
í
+
í
+
í
+
í

0
759
1422,735; 643
0
0
2315
1065; 980
2730; 1562
0
0
0
3800;1440
0
0
525
1860; 420

0
2443; 759
1422, 735; 643
0
0
2315
3350; 980; 750
2730; 1562
820
0
1245; 1000
0
1150;570
0
0
0

OPM15
OPM17

+
í
+

0
0
2200; 870; 720;
620
2500; 1900
0
0
0
1060; 750

732; 375
0
2200; 1230; 870;
720
2500; 1900
3000; 803; 385
0
508
750

OPM18
OPM19

í
+
í
+
í

Cr (μM)
400
800
797
0
265
265
0
0
0
0
903;550; 300
903; 550; 300
0
0
4250
4250
848
848
0
0
0
0
950
1250; 950
0
0
0
1973
1245
0
0
0
0
0
0
950
450
450
0
569; 510
0
3315
0
500
0
0
390; 275
650; 390; 275
0
0
0
0
0
0
474
474
0
0
0
0
0
0
0
0
0
0
0
0
1159
1159
0
0
1902;1443; 1046;
1902; 1443; 1046;
405
405
0
0
505
0
1460; 600; 550
1460; 600; 550
0
2074
0
0
0
0
870
870
2020; 1900;
1900; 1700; 550
1700; 550; 430
568
568
759
2443; 2163; 759
735
735, 643
1245
0
0
885
2315; 1172; 760
2315; 1172
980
980;750
2730; 680; 590
2730; 1562
0
820
0
0
0
832; 446
1440; 550
0
0
1150; 570
1380
0
525
525
2350; 1860;
2350; 1860; 1025;
1025; 605; 420
605; 420
0
375
0
0
2200; 1230; 870
2200; 1230; 870;
720
1900; 1030
1030
0
0
1420
0
0
0
1060; 750
1060; 750

³´DSSHDUDQFHRIQHZ'1$EDQGVDQGRU³í´GLVDSSHDUDQFHRI'1$EDQGV
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Pb (μM)
400
800
1075
1075
265
265
0
1822
0
0
903; 550; 300
903; 550; 300
0
0
4250
4250
848
848
1968; 1035
1968; 1035
370
0
1250
0
0
0
0
1973
0
0
0
0
0
720; 620; 440
950
950
450
450
0
569; 510
673
673
2190; 500
2190; 500
0
0
390
390; 275
0
0
0
0
0
2846
474
474
0
0
1530; 1330; 835
1530; 1330; 835
0
0
0
0
0
0
0
1055
0
0
0
0
1902; 1443; 1046
1902; 1443; 1046
0
505
1460; 600; 550
0
2380
0
0
1900; 550

0
0
1460; 600
0
2380
0
0
1900; 550

1400
0
735, 643
0
0
2315; 1172; 760
980
2730; 1562
0
0
0
1640;1440; 550
570
0
2750; 525
1860; 420

1400
2443
735, 643
0
339
2315; 1172
3350; 980
2730; 590
0
0
0
1640; 1440; 550
1150; 570
0
2750; 525
1860; 420

375
0
2200; 1230; 870

1471; 375
0
2200; 1230; 870;
620
1900; 1030
3000
1420
2160
1060; 750

1900; 1030
3000
0
0
1060; 750
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TABLE 4
RAPD profile changes, average polymorphism (%) rates and genomic template stability (%) values as
detected with all used primers in the leaves of seedlings exposed to different heavy metals for 7 days.
Heavy metal treatments
(μM)
Control
Zn400
Zn800
Cr400
Cr800
Pb400
Pb800

a
26
42
20
36
32
42

RAPD profile changes*
b
c
25
19
13
5
35
16
28
7
25
15
28
18

d
11
39
15
31
14
17

Polymorphism
(%)
0
23.39
25.22
25.22
29.35
26.14
32.11

GTS
(%)
100
75.08
69.59
74.52
68.60
70.11
63.78

*a denotes appearance of new bands, b ± disappearance of normal bands, c ± decrease in band intensities,
d ± increase in band intensities.

FIGURE 4
Comparison of RAPD profiling (GTS) and the total soluble protein content in leaves of strawberry
seedlings exposed to heavy metal treatments at different concentrations for 7 days
DISCUSSION

Higher concentrations of metal treatments (800
μM Zn, Cr, and Pb) showed greater number of
changes in RAPD band intensities compared to
lower concentrations (400 μM Zn, Cr, and Pb).
Different polymorphic bands in different primers
were detected at certain concentrations of heavy
metal treatments. Polymorphism values for 400 μM
Zn, 800 μM Zn, 400 μM Cr, 800 μM Cr, 400 μM Pb,
and 800 μM Pb treatments were 23.39%, 25.22%,
25.22%, 29.35%, 26.14%, and 32.11%, respectively
(Table 4).
GTS values of treated samples compared to
control samples. The calculated GTS values are
given in Table 4. Comparing to the control samples
after 7 days of treatment, the mean GTS values were
75.08%, 69.59% for 400, and 800 μM Zn treatments;
74.52%, 68.60% for 400 and 800 μM Cr treatments;
70.11%, 63.78% for 400, and 800 μM Pb treatments,
respectively. While similar mean GTS values
(75.08%, 74.52% and 70.11%, respectively) were
obtained for 400 μM Zn, Cr and Pb treatments; the
lowest value (63.78%) resulted in 800 μM mg L-1 Pb
treatment (Table 4).
Comparison of GTS values and total soluble
protein contents are given in Figure 4. GTS values
and the total soluble protein contents in the leaves of
the strawberry seedlings exposed to heavy metals
were correlated.

Heavy metals can directly or indirectly affect
human health together with aquatic flora and fauna;
and cause harmful effects due to certain properties
such as high solubility, long half-life period, nonbiodegradable nature, and tendency of bioaccumulation and bio-magnification [15]. Structural similarity
of Cr to sulphates and phosphate ions allows the
molecule to easily enter the cell by mimicking these
ions [16]. It causes structural genetic lesions, breaks
in the DNA strand, unusual DNA-protein cross-links
and oxidation of the bases by reducing within the cell
[17]. Zou et al. [18], evaluated the effects of Cr (VI)
on root cell growth and cell division in Amaranthus
viridis root tips. Increased Cr (VI) concentration was
shown to reduce the mitotic index, as well as to increase the C-mitotic frequency, causing chromosomal morphology changes such as chromosomal
bridges, anaphase bridges and chromosomal adhesions. Zinc is an essential nutrient and is needed in
very small quantities for both plants and animals; on
the other hand, accumulation of zinc in the soil is
toxic to plants and microorganisms [19]. Truta et al.
[20] investigated the effects of Zn (II) on root meristems of Hordeum vulgare and found that zinc treatments led to formation high level chromosome aber-
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with greater loss of bands compared to lower concentrations [27]. However, in the present study,
high-concentration of Pb resulted in more band loss
(28 bands) than low-concentration of Pb treatment
(25 bands).
After 7-day treatment, heavy metals (Zn, Cr,
Pb) at different concentrations showed similar
polymorphism rates in the leaves of strawberry seedlings. However, dose-dependent effect of Pb
treatment on DNA was more prominent than that of
Cr and Zn. Cenkci et al. [25] determined
polymorphism rate in the leaves and root tissues of
Phaseolus vulgaris exposed to Cr and Zn as 30% and
25.3%, respectively.
The number of RAPD primers used for studies
of genotoxicity of heavy metals on different plant
systems using the RAPD assay generally ranged
from 1 to 20. For example, in order to investigate the
genotoxic effects of aluminum (Al) and nickel (Ni)
heavy metals in Phaseolus vulgaris plant, 10 primers
were used [28]. In another study, 20 primers were
used to determine cadmium (Cd)-induced DNA
damage in Cuminum cyminum [29]. One primer was
used in the study in which genotoxic effects of Boron
(B) on Triticum aestivum were investigated [30]. In
the current study, more primers (50 primers tested
and 38 primers gave reproducible results) than the
other studies were tested. In this way, the aim was to
evaluate heavy metal-induced genotoxicity in more
different locations of the genome comprehensively.
In the present study, higher concentrations of
heavy metal treatments (117 bands) caused more
changes in total band intensity (increase and decrease in band intensity) more than the treatments at
lower concentration (90 bands). Variations such as
mutations resulting from heavy metal exposure, genomic rearrangements and structural modifications
affect the polymerization of DNA in the PCR reaction. As a result, increase and decrease of RAPD
band intensity were observed [26, 31].
Changes observed in RAPD profile are reflected as modifications in genomic template stability (GTS) and GTS values can be directly compared
with changes in biochemical parameters (such as total soluble protein content). In the present study, similar GTS values (75.08%, 74.52% and 70.11%) were
observed for 400 μM Zn, Cr and Pb treatments while
the lowest GTS value (63.78%) was at 800 μM Pb
treatment. Results showed that strawberry seedlings
are more susceptible to genotoxic effects of Pb at
high concentrations, while Zn and Cr metals have
less effect on DNA integrity in terms of concentrations used in the study. Erturk et al. [32] investigated
the genotoxic effect of 5, 10, 20, 40 mM Zn treatments on Zea mays for 7 days using RAPD assay and
detected average GTS values as 67.5%, 58.8%,
56.8% and 52%, respectively. Pb treatment at a concentration of 800 μM reduced the total amount of
soluble protein in the strawberry leaves more than
other treatments (74.22%). Liu et al. [33] studied

rations. It is also thought that zinc inhibits DNA repair processes in mammals by inhibiting O6-alkylguanine-DNA-alkyl transferase and DNA ligase I
activities and indirectly enhances the genotoxic effects of heavy metals [21]. Lead is a common pollutant in the environment due to many industrial activities. Pb accumulation in the atmosphere and in the
soil can be dangerous for all organisms, including
plants [22]. It is known that nitrate or iodine salts of
Pb cause C-mitosis, inhibit root development, and
decrease mitotic activity. Studies in plants belonging
to the genus Allium have indicated that lead has various genotoxic and clastogenic effects such as formation of anaphase bridges and diplochromosomes,
as well as dissociation and fragmentation of chromosomes [23].
In the present study, the genotoxic effect of Zn,
Pb, and Cr treatments on strawberry seedlings at 400
and 800 μM concentrations were evaluated by
changes in RAPD band profile: band loss, new band
formation and increase and decrease of band intensity in comparison with the control group. RAPD assay has been used successfully to assess DNA damage induced by heavy metals [24]. The major advantages of the RAPD assay are its rapidity, lack of
radioactivity, lack of enzymatic degradation of PCR
products, application to any organism, and potential
detection of wide range of DNA damage [25].
DNA damage in the plant genome exposed to
the stress factor is reflected as differences in band
profiles [6]. In the present study, Cr, Zn and Pb
heavy metal treatments in the leaves of strawberry
seedlings introduced a total of 120 new bands at high
concentration (800 μM) and 78 new bands at low
concentration (400 μM). New RAPD amplicons
could originate from new annealing events caused by
mutations such as large deletions and/or homologous
recombination [26]. In a study by Gjorgieva et al.
[5], RAPD assay was used to investigate the genotoxic effects of different heavy metals in Phaseolus
vulgaris. As a result of the study, they reported that
the total number of new bands was higher in plants
exposed to high concentration of heavy metals compared to the low concentration. Similar results have
been reported in another study [25] and these results
have supported findings of the present study.
In the present study, high concentration (800
μM) of heavy metal treatment resulted in a total of
69 bands and a total of 85 bands loss at the low concentration (400 μM) treatment in the strawberry
seedlings. DNA damage such as modified or oxidized bases, single-strand breaks, double-strand
breaks, bulky adduct, point mutations and/or complex chromosomal rearrangements induced by genotoxic chemicals could lead to disappearance of normal bands [5]. In contrast to our work, previous studies in which the genotoxic effects of different heavy
metals on different plant systems have shown that
treatments at higher concentrations were associated
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cadmium (Cd)-induced DNA changes in Hordeum
vulgare by determining protein content and using
RAPD assay. The result of the study was similar to
the results of present study, and the application of Cd
resulted in significant decrease in protein levels of
barley plants.
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[5] Gjorgieva, D., Kadifkova-Panovska, T., Mitrev,
S., Kovacevik, B., Kostadinovska, E., Baceva,
K. and Stafilov, T. (2012) Assessment of the
genotoxicity of heavy metals in Phaseolus vulgaris L. as a model plant system by Random
Amplified Polymorphic DNA (RAPD) analysis.
Journal of Environmental Science and Health,
Part A. 47, 366-373.
[6] Ackova, D.G., Kadifkova-Panovska, T., Andonovska, K.B. and Stafilov, T. (2016) Evaluation of genotoxic variations in plant model systems in a case of metal stressors. Journal of Environmental Science and Health, Part B. 51(5),
340-349.
[7] Lin, A.J., Zhang, X.H., Chen, M.M. and Cao, Q.
(2007) Oxidative stress and DNA damages induced by cadmium accumulation. Journal of Environmental Science. 19, 596-602.
[8] Roldan-Arjona, T. and Ariza, R.R. (2009) Repair and tolerance of oxidative DNA damage in
plants. Mutation Research. 681, 169-179.
[9] Zhang, H.C., Shi, C.Y., Yang, H.H., Chen,
G.W. and Liu, D.Z. (2016) Genotoxicity evaluation of ionic liquid 1-octyl-3-methylimidazolium bromide in freshwater planarian Dugesia
japonica using RAPD assay. Ecotoxicology and
Environmental Safety. 134, 17-22.
[10] $UDV6%H\D]WDú7&DQVDUDQ-Duman D. and
Gökce-Gündüzer, E. (2011) Evaluation of genotoxicity of Pseudevernia furfuracea (L.) Zopf
by RAPD analysis. Genetics and Molecular Research. 10(4), 3760-3770.
[11] Nan, P., Xia, X., Du, Q., Chen, J., Wu, X. and
Chang, Z. (2013) Genotoxic effects of 8-hydroxylquinoline in loach (Misgurnus anguillicaudatus) assessed by the micronucleus test,
comet assay and RAPD analysis. Environmental
Toxicology and Pharmacology. 35, 434-443.
[12] Keutgen, A.J. and Pawelzik, E. (2008) Quality
and nutritional value of strawberry fruit under
long term salt stress. Food Chemistry. 107(4),
1413-1420.
[13] Bradford, M.M. (1976) A rapid and sensitive
method for the quantitation of microgram quantities of protein utilizing the principle of proteindye binding. Analytical Biochemistry. 72, 248254.
[14] Surgun, Y., Çöl, B. and Bürün, B. (2012) Genetic diversity and identification of some Turkish cotton genotypes (Gossypium hirsutum L.)
by RAPD-PCR analysis. Turkish Journal of Biology. 32, 143-150.
[15] Singh, P. (2015) Toxic effect of chromium on
genotoxicity and cytotoxicity by use of Allium
cepa L. International Journal of Research in Engineering and Applied Science. 5(10), 1-10.

CONCLUSIONS
Strawberry is an important part of our diet and
is a significant source of micronutrients such as antioxidant phenolics. Probable genotoxicity due to
metal contamination should not be neglected, especially for plants that are used as food and have medicinal properties. Random amplified polymorphic
DNA (RAPD) assay is a fast and inexpensive
method that allows for the first screening to assess
toxicity when conventional toxicology data is limited or insufficient.
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and the Caucasus to Turkey and Iran, through southern portions of the former Soviet Union into China
and the eastern Himalayas [3, 4].
The total world walnut production is 3.462.731
tons. Turkey is one of the important countries of the
world in terms of walnut production with 180.807
tons [5], which is mostly from spontaneously growing trees, but the cultivation of new walnut cultivars
from selective breeding programs will lead to commercially competitive walnut production [6]. Therefore, in Turkey the researches on walnut genotypes
and cultivars have been ongoing and their production
is being encouraged to increase its world market
share. Pomological chaacteristics of walnut as a
quality criteria were established by Turkish Standard
Institute [7]. The chemical compositions of walnut
ranged from 13.60-18.10% crude protein, from
62.60 to 70.30% crude oil [8] and from 682 to 728
kcal energy [9]. Simsek et al. [4] identified Botanical, phenological, pomological and chemical characteristics of promising walnut genotypes grown in
Southeastern Anatolia. Moreover, Ozkan and Koyuncu [10] reported the chemical compositions of 10
walnut genotypes as follows: crude protein; 15.1719.24%, total ash; 1.26 to 2.06%, crude oil; 61.9770.92%, moisture; 3.25-3.91%, and total carbohydrate; 8.05-13.23%.
Located in Eastern Turkey, Bingol province
presents microclimatic conditions for walnut genotypes and cultivars. This microclimatic zone results
from the mild effects of Suphan and the other Mountains. Bingol province is surrounded by high mountains and has the valley of river and the slope of hills.
Therefore, this province can be rich in native genotypes resource for walnut population.
Many studies have been carried out especially
dealing with the phenological, botanical, pomological and/or chemical characteristics of walnuts genotypes and cultivars grown in different areas of Turkey [4, 10-23]. However, there is no any reported
previous study conducted in this microclimate area
according to my information. The present study was
of significant importance in achieving high quality
walnut production for a sustainable and competitive

Some botanical, pomological and chemical
characteristics of promising walnut (    
L.) genotypes grown in Bingol province of Eastern
Turkey were studied. The pomological properties of
the walnut genotypes were attributed to the quality
criteria of nuts. Fruit weight, kernel weight, fruit
length, fruit width, fruit height, kerrnel ratio, shell
thickness and shape index were determined as 10.8815.35 g, 5.56-8.36 g, 33.72-42.79 mm, 30.88-37.49
mm, 30.90-35.79 mm, 48.12-54.51%, 1.07-1.42 mm
and 1.07-1.25, respectively. The kernel color and
fruit size were light yellow or dark yellow, and extra
of all the genotypes. The fruits were found to be rich
in crude protein and crude oil. The total ash, moisture, crude oil, crude protein total carbohydrate and
total energy contents were determined as 1.312.05%, 3.15-3.91%, 63.62-66.78%, 14.54-17.53%,
11.54-15.53% and 698.18-712.87 kcal, respectively.
Fruitful laterals ranged from 50 to 80% while harvest
date ranged from 1-30 October. The flowering habits
observed as 7 protandrous, 3 protogynous and 2 homogamous of the promising genotypes. The results
might contribute to breeding studies in order to identify better walnut genotypes, the commercial production for the farmers in both this region and the other
region of our country, and healthy diets in future.


(' "#
Walnut, pomologicals, chemicals, botanicals, Eastern Turkey


$" %$ 

Walnut is a long-lived species and it is not difficult to find trees that are 100–200 years old. Some
trees of this species over 1000 years old have been
identified in different parts of the world [1, 2]. The
Persian or English walnut (     L.) is native
to central Asia and grows as a wild or semi-cultivated tree in a wide area from southeastern Europe

2492

#"

  $  







  !




as the difference in weight of dried kernel sample before and after the extraction according to AOAC
[27]. Total carbohydrate was calculated by subtracting other nutrient contents from total weight. Total
energy values were calculated by multiplying the
amounts of Crude protein in and total carbohydrate
by the factor of 4 kcal/g and Crude oil by the factor
of 9 kcal/g.
Analyses of pomological and chemical characteristics were performed in triplicate on walnut genotypes for subsequent two years. All data were subjected to analysis of variance with the aid of SPSS
(ver. 22).


"#%$##%## 

market share. Therefore, it was aimed to determine
some phenological, botanical, pomological and
chemical properties of the walnut genotypes grown
in this region in human’s healthy diets.
$"#$ #
The study was conducted in the native walnut
population of Bingöl province located in Eeastern
Turkey. It has been estimated that the research region has around 800 walnut genotypes propagated
naturally by seed. In the present study, 12 promising
genotypes were purposively selected among the walnut trees and used as plant material. All walnuts genotypes were harvested in October of 2 consecutive
years. After harvest, walnut fruits were immediately
transported to the laboratory.
Botanical and phenological characteristics of
12 promising walnut genotypes were observed and
measured according to the method reported by [4,
11]. Botanical characteristics such as tree habit, density of branch, vigour, age (estimated year), trunk
circumference and brancing height were determined.
The fruitful laterals, the tolerance to diseases and
pests of all the genotypes were investigated. Phenological characteristics such as date of the first foliation, Flower habits, blooming date of male flowers,
blooming date of female flowers, date of the first
budding, date of full flowering and Harvest date observed. Walnut samples were collected from the selected 12 trees according to completely randomized
experimental design with 3 replications and 30 fruits
per tree for each year. The walnut trees received no
cultural practices such as fertilization, irrigation,
plant protection, etc.
Pomological measurements of fruits were carried out after drying in the shade. Features such as
fruit weight, kernel weight, kernel ratio, shell thickness, fruit length, fruit width, fruit height and other
characteristics were determined according to the
UPOV standards [24]. While weighing was performed with sensitive precision scales, measuring
was made with 0.01 mm precision digital caliper.
Walnut kernels of the genotypes were grinded
and Moisture was determined before chemical analysis. Samples were dried in shadow for one week
prior to determination of the moisture content, which
was calculated by subtracting the dry weight from
fresh weight [7]. Crude protein content (N×6.25)
was determined by using kjeldahl method [25]. Prior
to total ash calculation samples were kept at 105°C
for 24 h in an oven and then exposed to a muffle furnace [26]. The temperature was gradually raised to
600°C and the samples were ashed for 10-12 h to a
white colour. Crede oil content was determined by
extracting 8 g dried, grounded kernels per replicate
with petroleum ether using a soxhlet apparatus at 4550°C for 8-9 h. The Crude oil content was detected

Some pomological chacteristics of the promising genotypes were presented in Table 1. Fruit
weight, kernel weight, fruit length, fruit width, fruit
height, kerrnel ratio, shell thickness and shape index
were determined as 10.88 (BNG162)-15.35
(BNG146) g, 5.56 (BNG66)-8.36 (BNG146) g,
33.72 (BNG66)-45.52 (BNG146) mm, 30.88
(BNG94)-37.49 (BNG146) mm, 30.90 (BNG66)35.79 (BNG162) mm, 48.12 (BNG74)-54.51
(BNG146) %, 1.07 (BNG5)-1.42 (BNG162) mm and
1.07 (BNG52)-1.25 (BNG74), respectively. The kernel color and fruit size were light yellow or dark yellow, and extra of all the genotypes. Considering the
fruit characteristics, 12 walnut genotypes were evaluated to be promising among all genotypes in this
study. Gulsoy et al. [12] determined that the fruit
weight, kernl weight, kernel ratio, fruit width, fruit
height, fruit length and shell thickness of walnut genotypes in the villages located in the Tuzluca district
of the Igdir province changed from 10.12-13.22 g,
5.00-6.07 g, 40.01-52.63%, 30.67-34.75 mm, 29.7535.52 mm, 31.78-44.38 mm and 1.46-2.46 mm, respectively. Gulsoy et al. [13] determined that fruit
weight, kernl weight, kernel ratio and shell thickness
of the superior walnut genotypes from Iğdır central
district and its villages were changed from 10.0415.77g, 5.57-7.46 g, 42.87-59.62% and 1.25-3.10
mm, respectively. Simsek and Osmanoglu [21] determined that superior walnut genotypes in Mazidagi
district had fruit length 35.64-42.02 mm, fruit width
29.78-34.46 mm, fruit height 29.69-35.56 mm, extra
fruit size for all the genotypes studied according to
Turkish standards. Akca and Sen [28] determined
that the fruit weight, the kernel weight, the shell
thickness, the fruit width and the fruit length
changed from 13.93 to 7.49 g, from 5.73 to 2.61 g,
from 2.45 to 1.32 mm, from 32.26 to 22.30 mm and
from 49.25 to 32.90 mm, respectively. Kuden et al.
[29] determined the kernel ratio changed from 41.44
to 56.25%. The values obtained on pomological
characteristics in this study were in agreement with
the values found in similar studies conducted in Turkey [12-16, 18-22, 28-30].
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The fruitful laterals are the significant factor
that determines the potential yield in walnut species.
In this study, the fruitful laterals ranged from 50
(BNG52) to 90 (BNG146) % of the promising genotypes (Table 2). The fruit yield in lateral shoots were
also associated with precocity [31]. The percentage
of the fruitful laterals of Turkish walnut genotypes
and cultivars is very low than Californian and French
walnut cultivars. The average of percentage of the
fruitful laterals in Turkish walnut cultivars, ‘Şebin’,
‘Bilecik’, ‘Kaman 1’, ‘Şen 1’ Yalova 1’, ‘Yalova 3’,
‘Bursa 95’ and ‘Kaman’ were determined to be between 20 and 40% [32]. Simsek et al. [4] observed
as from 40 to 90% for the fruitful laterals of the
promising walnut genotypes in Mardin (Turkey)
province. Simsek [19] was determined that the fruitful laterals changed from 75 and 90% of the selected
types in Sanliurfa (Turkey) province. The fruitful laterals of walnut genotypes and cultivars can change
according to the genetic characteristics and the ecological conditions.
In this study, botanical characteristics and fruitful laterals of the promosing walnut genotypes were

presented in Table 1. The tree habit were determined
as Spreading, Semi-spreading, Semi-erect and Erect;
density of branch was determined as sparse, dense
and medium; vigour was determined as strong, medium and weak; trunk circumference ranged from 90
to 145 cm; brancing height ranged from 475 to 625
cm; Fullness ratio of kernel ranged from 80 to 90 and
tree’s age estimated ranged from 25 to 70 years of
the promising genotype (Table 1). Simsek et al. [4]
observed that the tree habits were determined as
sparse, very sparse, medium and dense; vigour was
determined as strong, weak and medium; trunk circumference ranged from 85 to 160 cm; branching
height ranged from 475 to 625 cm and tree’s ae (estimated year) ranged from 30 to 80 years of the
promising genotypes. Many studies have been carried out dealing with the botanical characteristics of
walnut genotypes and cultivars in different region of
Turkey [6, 13-15, 19-21, 33-35] The results of botanical characteristics of the walnut genotypes are in
agreement with most studies in the literatures.
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#64-764636/1+)3+0)8)+:-819:1+96.:0-78641915/=)35;:/-56:?7-9)<-8)/-

-56
:?7-
BNG5
BNG12
BNG37
BNG52
BNG66
BNG74
BNG94
BNG111
BNG135
BNG146
BNG162
BNG193
Mean
-56:?7-9
BNG5
BNG12
BNG37
BNG52
BNG66
BNG74
BNG94
BNG111
BNG135
BNG146
BNG162
BNG193

8;1:
=-1/0:
/
12.79±0.30
11.98±0.97
12.04±0.37
13.78±0.62
11.14±0.92
12.44±1.26
11.06±0.76
11.79±0.77
12.87±0.55
15.35±0.80
10.88±0.64
12.10±0.87
12.35±1.38

-85-3
=-1/0:
/
6.58±0.21
6.29±0.27
6.31±0.22
7.32±0.30
5.56±0.38
5.97±0.51
5.42±0.42
6.14±0.26
6.80±0.32
8.36±0.45
5.19±0.12
6.22±0.49
6.35±0.89

-85-3
8):16

51.49±2.36
52.61±1.99
52.46±2.95
53.13±0.90
49.95±1.49
48.12±1.41
49.03±2.43
52.16±1.52
52.87±1.36
54.51±2.12
47.75±1.63
51.38±0.75
51.29±2.57

8;1:
3-5/:0
44
38.64±2.04
36.52±1.10
38.43±0.97
39.00±1.49
33.72±1.14
42.79±2.61
39.04±2.30
37.22±1.55
40.68±2.33
45.52±2.46
38.87±1.63
37.98±1.67
39.03±3.28

8;1:
=1,:0
44
34.80±1.94
33.72±1.36
36.41±1.12
36.72±0.36
31.50±1.46
35.37±1.09
30.88±1.86
34.66±0.57
34.14±2.00
37.49±0.99
32.34±1.17
34.80±1.52
33.40±2.29



8;1:
0-1/0:
44
34.19±1.90
32.90±1.02
33.08±1.65
34.19±0.75
30.90±0.98
32.90±1.07
31.74±2.47
32.31±0.66
34.76±1.69
34.41±0.87
35.79±1.13
33.92±0.81
32.42±1.75

#0-33
:01+25-99

#0-33
86;/0
5-99

8;1:
#1@-

!--3+6368

-85-3
+6368

#0-33
),0-
9165

#0-33
8-
46<)3

#0)7-
5,->

Vt
Vt
T
T
Vt
T
Vt
T
T
T
T
T

M
S
S
M
S
M
R
M
S
M
S
S

E
E
E
E
E
E
E
E
E
E
E
E

D
L
B
D
D
L
L
D
D
B
L
D

Ly
Dy
Ly
Ly
Dy
Ly
Ly
Dy
Ly
Ly
Ly
Dy

St
W
St
W
St
W
St
W
W
W
W
W

M
E
E
E
E
M
E
E
E
E
E
M

1.12
1.10
1.11
1.07
1.08
1.25
1.22
1.11
1.18
1.23
1.14
1.11

*statistically significant at 0.05.
T: Thin, Vt: Very thin, M: Medium, S: Smooth, R: Roughness, E: Extra, L: Light, B: Brown, D: Dark,
Ly: Light yellow, Dy: Dark yellow, W: Weak, St: Strong, E: Easy,
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#0-33
:01+25-99
44
1.07±0.55
1.09±0.05
1.29±0.03
1.21±0.14
1.12±0.05
1.22±0.06
1.09±0.05
1.34±0.06
1.27±0.06
1.36±0.04
1.42±0.07
1.39±0.09
1.24±0.14
'063-5-99
8):16
6.2-85-3

80 -90
90 - 100
90 - 100
90 - 100
80 -90
90 - 100
90 - 100
80 -90
80 -90
90 - 100
80 -90
90 - 100
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-56:?7-9
BNG5
BNG12
BNG37
BNG52
BNG66
BNG74
BNG94
BNG111
BNG135
BNG146
BNG162
BNG193

$8--
0)*1:

-591:?6.
*8)5+0

&1/6;8

S
S
S
S
S
Ss
S
E
S
S
Se
Se

M
D
Sp
Sp
D
M
D
M
M
Sp
Sp
Sp

St
W
St
St
W
M
W
St
M
St
St
St

$8--A9)/-
-9:14):-,
?-)8
40
65
50
60
70
45
50
25
40
35
25
40

$8;52
+18+;4.-8-5+-
+4
120
130
100
140
145
115
110
95
95
95
90
100

8;1:.;3
3):-8)39

70
60
60
50
50
70
80
80
70
90
80
70

8)5+015/
0-1/0:
+4
950
950
1000
1200
1250
1100
1000
800
900
900
850
950

;335-998)
:166.2-85-3

90
80
80
80
80
90
90
80
80
90
80
90

S: Spreading, Ss: Semi-spreading, Se: Semi-erect, E: Erect, Sp: Sparse, D: Dense, M: Medium, St: Strong,
W: Weak,
$ 
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-56:?7-
BNG5
BNG12
BNG37
BNG52
BNG66
BNG74
BNG94
BNG111
BNG135
BNG146
BNG162
BNG193

):-6.:0-
.189:.631):165

36=-8
0)*1:

366415/,):-
6.4)3-.36=
-89

23-24A
29-30A
29-30A
1-2Ma
25-26A
24-25A
24-25A
20-21A
23-24A
24-25A
30-31A
29-30A

PT
PG
PG
HO
PG
PT
PT
PT
PT
PT
HO
PT

30A
9M
8M
12M
4M
31A
31A
30A
30 A
30A
10M
7M

366415/
,):-6.
.-4)3-
.36=-89
8M
6M
5M
12M
1M
8M
8M
6M
8M
8M
10M
15M

):-6.:0-
.189:*;,,15/

):-6.
.;33
.36=-815/

)8<-9:
,):-

4-5M
3-4M
2-3M
11-13M
5-6M
4-5M
4-5M
4-5M
4-5M
4-5M
9-11M
10-11M

13-14M
14-15M
13-14M
21-22M
10-11M
14-15M
14-15M
12-13M
11-12M
13-14M
19-20M
17-18M

1-5 O
5-10 O
25-30 O
25-30 O
15-20 O
10-15 O
10-15 O
10-15 O
5-10 O
1-5 O
5-10 O
15-20 O

A: April, M: May, PT: Protandrous, PG: Protogynous, HO: Homogamous, O: October.

Phenological characteristics were presented in
Table 3. In this contxt, the date of the first foliation,
blooming date of male flowers, blooming date of female flowers, date of the first budding, date of full
flowering, harvest date and flowering habit of the
genotypes ranged from 10 May to 22 May, from 30
April to 12 May, from 1 May to 15 May, from 2 May
to 13 May, from 20 April to 31 April and from 1 October to 30 October, and 7 protandrous, 3 protogynous and 2 homogamous of the promising genotypes. respectively (Table 3). Simsek et al. [4] observed that date of the first foliation, blooming date
of male flowers, blooming date of female flowers,
date of the first budding, date of full flowering and
harvest date of the genotypes ranged from 20 March
to 2 April, from 30 March to 10 April, from 30
March to 15 April, from 26 March to 13 April, from
3 April to 20 April and from 10 September to 10 October of phenological characteristics, respectively
(Table 3). In addition, Simsek et al. [4] was determined that the flower habits observed as 6 protandrous, 6 protogynous and 2 homogamous of the

promising genotypes. In ths study, the genotypes
with early foliation were eliminated (Table 3). Akca
and Ozongun [33] observed as from 15 April to 10
May for the bloom period (Bp) of the promising walnut genotypes in Ermenek district of Karaman province. Simsek [19] was determined that first foliation
time, blooming time of male and female flowers,
first bud breaking, time of full flowering and harvest
time of the selected types in Sanliurfa population
changed from 21 March to 28 March, from 30 March
to 6 April, from 29 March to 7 April, from 26 March
to 6 April, from 3 April to 12 April and from 5 September to 20 September, respectively. Oguz and
Askin [30] studied on first leafing time, the flower
habit, blooming time of the male and the female
flowers, the first bud breaking and the time of full
flowering and harvest time of the walnut types in Ermenek. Simsek [19] determined that the protandrous, protogynous and homogynous of 17 promising walnut genotypes in Cermik and Cungus populations in Southeast Anatolia observed as 6, 4 and 2,
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respectively. Gulsoy et al. [14] observed that the protandrous, protogynous and homogynous of 21 promising walnut genotypes in Iğdır central district and
its villages observed as 11, 9 and 1, respectively. The
phenological chaacteristics of walnut genotypes and
cultivars can vary with the year of harvest, environmental conditions, horticultural practices and genetic characteristics.
Some chemical characteristics of the promising
walnut genotypes were presented in Table 4. The
fruits were found to be rich in crude protein and
crude oil. It was determined that total ash, moisture,
crude oil, crude protein, total carbohydrate and total
energy contents were determined as 1.31 (BNG111)2.05 (BNG5) %, 3.15 (BNG193)-3.91 (BNG12) %,
63.62 (BNG193)-66.78 (BNG146) %, 14.54
(BNG5)-17.53 (BNG94) %, 11.54 (BNG146)-15.53
(BNG111) % and 698.18 (BNG94)-712.87
(BNG146) kcal of promising walnut genotypes, respectively. Pereira et al. [36] showed that six walnut
cultivars from Portugal contained 3.31-4.26% total
ash, 68.83-72.14% crude oil, 14.38-18.03% crude
protein and 3.85-4.50% moisture. Ali et al. [37] determined that promising walnut cultivars from Pakistan ranged from 63.54 to 69.25% crude oil, from
15.96 to 19.15% crude protein, from 8.04 to 1.14%
total carbohydrates, from 1.27 to 1.95% total ash and
from 2.76 to 4.20% moisture. Simsek [19] reported
that total ash, crude oil, crude protein and moisture
contents of the selected walnut genotypes in Turkey
ranged from 1.88 to 2.89%, 58.88 to 65.64%, 13.70
to 20.18% and 1.63 to 4.73%, respectively. Yerlikaya et al. [9] also found that total ash, crude oil,
crude protein and moisture contents of walnut genotypes in Western Anatolia of Turkey ranged from
1.53 to 1.99%, from 61.32 to 69.35%, from 10.58 to
18.19% and from 1.91 to 4.48%, respectively. Gulsoy et al. [15] determined that the crude oil, crude
protein, total ash and moisture content of selected
walnut genotypes from Iğdır province varied from
50.03 to 64.98%, 10.23 to 22.14%, 0.97 to 3.96%
and 3.05 to 4.48%, respectively. The results of the

total ash, crude oil, crude protein and moisture content of our selected walnut genotypes are mostly in
agreement with previous studies. The walnut genotypes and cultivars had as high crude protein levels
as some legumes such as peas, chickpeas and lentils.
The total carbohydrate values of walnut genotypes
and cultivars in previous studies were found in the
range of 7.04 – 23.80% [6], 8.05-13.23% [10] and
3.75–7.16% [36]. In addition, Simsek et al. [4] determined that the total energy values of the promising walnut genotypes ranged from 692.09 to 723.37
kcal. The total energy values of walnut genotypes
and cultivars are quite high. Total energy values of
walnut genotypes and cultivars in previous studies
were found in the range of 698.10-732.44 kcal [37]
and 686.2 to 710.0 kcal [22]. The values of chemical
characteristics of the walnut genotypes are in agreement with other studies.


 %# 

Walnut is a nut type that has a high nutritional
value. In this study, some phenological, pomological, botanical and chemical characteristics of the
promising walnut genotypes grown from seed in
Bingol province region of Eastern Turkey were investigated. The results obtained in this study were
consistent with the values reported by other researchers. Kernels of BNG12 and BNG94 genotypes
were determined to contain high crude protein content (>17%) while all the genotypes contain high carbohydrates content (>11%). The data reported in this
study confirm that walnuts are a rich source of a
number of significant nutrients. The results of the
present study are expected to contribute to breeding
studies and may help improve economically sustainable walnut production for the farmers of Eastern
Turkey in future. In addition, as in many standard
walnut cultivars, consumption of these walnut genotypes is quite useful with respect to human nutrition.
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-56:?7-9
BNG5
BNG12
BNG37
BNG52
BNG66
BNG74
BNG94
BNG111
BNG135
BNG146
BNG162
BNG193
Total

619:;8-

90

8;,-613

3.45±0.05
3.91±0.02
3.50±0.01
3.17±0.08
3.78±0.06
3.36±0.05
3.86±0.10
3.75±0.19
3.31±0.04
3.51±0.09
3.47±0.24
3.15±1,19
3.52±0.27

2.05±0.11
1.80±0.10
1.83±0.30
1.58±0.43
1.79±0.25
1.86±0.06
1.72±0.17
1.31±0.28
1.82±0.12
1.74±0.08
1.92±0.14
1.81±0,39
1.77±0.26

65.04±1.89
64.85±2.20
66.06±1.14
64.62±1.15
64.75±1.31
66.49±1.11
64.10±1.23
64.16±0.97
65.57±0.61
66.78±1.35
65.20±1.56
63.62±1.34
65.10±1.48

*statistically significant at 0.05.
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14.54±1.13
17.05±1.62
16.03±1.46
16.16±1.14
16.75±2.11
15.87±0.50
17.53±0.90
15.25±0.31
15.98±0.17
16.43±1.39
14.84±0.67
16.93±2.28
16.11±1.40
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14.92±1.37
12.39±1.07
12.59±1.27
14.47±1.64
12.92±1.68
12.42±0.84
12.80±0.46
15.53±1.49
13.32±0.57
11.54±1.19
14.56±1.08
14.50±1.90
13.50±1.61


5-8/?
+)3
703.18±9.69
701.38±11.06
708.96±4.56
704.13±7.54
701.49±7.02
711.55±5.59
698.18±6.80
700.57±3.89
707.36±3.48
712.87±6.18
704.46±7.68
698.30±7.61
704.37±7.55
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solvent and their different effects.
Turkey has several different types of non-wood
forest products, which are often used in traditional
and alternative medicine. These include juniper (Juniperus oxycedrus), a shrub or small tree native to
the Mediterranean region, which is well-known to
provide the raw material for cade oil, used in the
treatment of skin diseases, eczema, and for antidandruff shampoos [1]. Buxus (Buxus sempervirens)
is another shrub or small tree, which is well-known
for its antimalarial effect [2, 3]. Another plant, flaxseed (Linum usitatissimum), has high potential for
use as a food source and its utility as an anti-inflammatory substance was examined in many studies [4].
Finally, coriander (Coriandrum sativum) is a very
well-known spice that is used as a stomatic, carminative, and antispasmodic in alternative medicine [1,
5, 6]. These species are important for the cosmetics
sector, as well as alternative medicine. For this reason, their antimicrobial activities are important, as
they are the main factor determining the end prodXFWV¶VKHOIOLIH
In this study, the antimicrobial activities of
methanol extracts of J. oxycedrus seed, L. usitatissimum seed, C. sativum seed, and B. sempervirens leaf,
which are considered to have high potential for use
as raw materials in the cosmetics industry and in
medicine, against 15 different microorganisms were
examined using the disk diffusion method, minimum
inhibitory concentration (MIC), minimum bactericidal concentration (MBC), and minimal fungicidal
concentration (MFC) tests; in addition, the composition of the methanol extracts was analyzed by highperformance liquid chromatography (HPLC).

ABSTRACT
Juniperus oxycedrus, Linum usitatissimum, Coriandrum sativum, and Buxus sempervirens plants
were extracted using 65% ethanol to isolate their active components. The antimicrobial activities of
these extracts against 15 microorganisms were investigated using the disk diffusion method, minimum inhibitory concentration (MIC), minimum bactericidal concentration, and minimal fungicidal concentration tests. The presence of eight flavonoids
was also analyzed using high-performance liquid
chromatography. It was found that J. oxycedrus is
active against Enterococcus faecalis, Klebsiella
pneumoniae, and Salmonella enteritidis with MIC
values of 52.03, 104.06, and 13.01 μg/mL, whereas
L. usitatissimum and C. sativum were observed to be
active against only S. enteritidis with MIC values of
3.33 mg/mL and 13.01 μg/mL, and B. sempervirens
was active against Candida albicans and E. faecium
with MIC values of 416.25 and 26.02 μg/mL, respectively. The extracts of J. oxycedrus, L. usitatissimum,
C. sativum, and B. sempervirens showed antibacterial activity against the tested microorganisms at different levels. However, notable activities against C.
albicans and S. enteritidis were identified. Finally,
different levels of flavonoids were identified in the
extracts.

KEYWORDS:
J. oxycedrus, L. usitatissimum, C. sativum, B. sempervirens, antimicrobial activity, flavonoids

INTRODUCTION
MATERIALS AND METHODS
Non-wood forest products, especially medical
aromatic plants, have been important throughout human history. However, recent studies on the extract
composition and pharmaceutical properties, such as
antioxidant, antimicrobial, and anticancer effects, of
these products have been inadequate. In addition, the
extract compositions vary depending on the type of

Materials. Juniperus oxycedrus (seed), L. usitatissimum (seed), C. sativum (seed), and B. sempervirens OHDI  ZHUH REWDLQHG IURP g]úHQ /RNPDQ
Hekim Company located in Gimat Ankara, Turkey.
First, the plant samples were washed thoroughly two
to three times with distilled water, and then were
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Tests of antimicrobial activities. Preparation
of extract stock. Extract stocks to test the antimicrobial activity were prepared by dissolving 1 mg of
each extract in 3 mL of ethanol for the disk diffusion
test, while the solvent was distilled water for the MIC
test. The extract stock prepared for the MIC test was
sterilized through a 0.45-μm filter (Millipore).

dried at room temperature for 3 weeks. All of the
plants were identified by Asst. Prof. Dr. Kerim
Güney, Department of Forest Engineering, Faculty
of Forestry, Kastamonu University.
Extract preparation. The dried samples were
ground in a mixer. After that, the ground plant samples weighing about 10±30 g were mixed with 250
mL of ethanol (65%) in a Soxhlet apparatus and the
active compounds were extracted by continuous heat
extraction for 24 h. All extract solutions were filtered
through Whatman No. 1 paper. Then, filtrates were
evaporated with a rotary evaporator. The filtrates
were freeze-dried and stored in a refrigerator at about
4°C after sealing with paraffin for further studies.

Test organisms. To analyze the antimicrobial
activity of plant extracts, 15 microorganisms,
namely, Bacillus subtilis DSMZ 1971, Candida albicans DSMZ 1386, Enterobacter aerogenes ATCC
13048, Enterococcus faecalis ATCC 29212, Enterococcus faecium, Escherichia coli ATCC 25922,
Klebsiella pneumoniae, Pseudomonas aeruginosa
DSMZ 50071, Pseudomonas fluorescens P1, Salmonella enteritidis ATCC 13075, Salmonella infantis,
Salmonella kentucky, Salmonella typhimurium SL
1344, Staphylococcus aureus ATCC 25923, and
Staphylococcus epidermidis DSMZ 20044, were
used.

HPLC analysis. HPLC analysis was carried
RXWE\XVLQJDQ$JLOHQW(FOLSVH;'%&ȝPZLWK
a 4.6 × 250 mm column and studied at a column temperature of 30°C. Flavonoid measurements were performed at 280 nm with an injection volume of 20 μL.
Standard solvents were prepared in the ethanol-disWLOOHGZDWHU í PL[WXUH)RU+3/&DQDO\
VLVPRELOHSKDVH$>FRQWDLQLQJ ZDWHUíIRUPLF
DFLG í @DQGPRELOHSKDVH%>FRQWDLQLQJDF
HWRQLWULOHíIRUPLFDFLG í95)] were used. Mobile phases were flowed for 39 min.
Identification of the flavonoids was carried out
by comparing their retention times to those of standards. The retention times of flavonoid standards were
determined at 5.736 (catechin), 8.149 (epicatechin),
12.128 (rutin), 14.093 (naringin), 14.958 (myricetin), 19.608 (luteolin), 21.443 (naringenin), and
23.049 (apigenin) under HPLC analysis conditions,
as described above.

Preparation of inocula. All strains were incubated according to their requirements, as previously
PHQWLRQHGE\$OWXQHUDQG&DQOÕ[7] DQG&DQOÕHWDO
[8]. For the inocula, morphologically similar colonies of each organism were transferred to physiological saline [9-11]; to adjust to equal numbers of the
colonies in the solution, 0.5 McFarland standard was
used [12-14]. Thus, standard inocula were adjusted
to contain approximately 108 cfu/mL for bacteria and
107 cfu/mL for C. albicans [15, 16].
Disk diffusion test. The disk diffusion test was
applied as mentioned in previous reports [17, 18].
Petri dishes containing Mueller Hinton Agar were
used for the disk diffusion test [19, 20]. Extracts of
20, 50, and 100 μL were loaded on empty sterile antibiotic disks (SAD). Disks were kept at 40°C for 24
h in aseptic conditions [21]. Microorganism suspensions were inoculated on the surfaces of the Mueller
Hinton plates and left in aseptic conditions for 2±3
min before applying disks as described in previous
reports [22]. Inhibition zones were defined in millimeters by the method described by Altuner et al.
[23].

Preparation of extract stock. Extract stocks to
test the antimicrobial activity were prepared by dissolving each 1 mg of extract in 3 mL of ethanol for
disk diffusion test, where the solvent was distilled
water for MIC tests. The extract stock prepared for
MIC test was sterilised through 0.45 μm filter (Millipore).
Test organisms. In order to analyse the antimicrobial activity of plants extracts, 15 microorganisms
namely, Bacillus subtilis DSMZ 1971, Candida albicans DSMZ 1386, Enterobacter aerogenes ATCC
13048, Enterococcus faecalis ATCC 29212, Enterococcus faecium, Escherichia coli ATCC 25922,
Klebsiella pneumoniae, Pseudomonas aeruginosa
DSMZ 50071, Pseudomonas fluorescens P1, Salmonella enteritidis ATCC 13075, Salmonella infantis,
Salmonella kentucky, Salmonella typhimurium SL
1344, Staphylococcus aureus ATCC 25923 and
Staphylococcus epidermidis DSMZ 20044 were
used.

Minimum inhibitory concentration (MIC)
test. A broth microdilution MIC test was applied as
described by Balouiri et al. [24] with slight modification. Sterilized were used in the MIC test and twofold dilutions of the extracts were prepared, ranging
from 33 mg/mL to 6.50 μg/mL, by using 96-well microtitration plates. Each well was inoculated with an
inoculum prepared as mentioned before. The microtitration plates were incubated at 37°C for 24 h for
bacterial strains, but at 27°C for 48 h for C. albicans.
The MIC value was defined as the lowest concentration of extract that completely inhibited visible
growth of the organism.
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Minimum bactericidal/fungicidal concentration (MBC/MFC) test. The wells from the MIC test
in which visible growth was inhibited were used for
further analyses, namely, MBC and MFC tests.
These tests were applied to draw conclusions about
whether the activity indicated by MIC values involves bactericidal/fungicidal activity, reflecting the
killing of microorganisms, or bacteriostatic/fungistatic activity, reflecting cessation of the reproduction of microorganisms. The wells in which no
growth was observed were transferred onto Nutrient
Agar plates and these plates were incubated at 37°C
for 24 h for bacterial strains, but at 27°C for 48 h for
C. albicans [25].

RESULTS AND DISCUSSION
The HPLC results for the extracts are presented
in Table 1, and the antimicrobial activity test results
are presented in Tables 2±4. The extracts of L. usitatissimum, C. sativum, and B. sempervirens were
found to contain different amounts of rutin, myricetin, and naringenin. In addition, the extracts of C. sativum and B. sempervirens contained different
amounts of epicatechin, naringin, and luteolin. While
catechin was identified in the extracts of J. oxycedrus
and C. sativum, apigenin was found in the extracts of
L. usitatissimum and B. sempervirens. However, all
flavonoids studied were observed only in the extract
of C. sativum (Table 1).
Disk diffusion test results showed that J. oxycedrus is active against E. faecalis and S. enteritidis
with inhibition zones between 7 and 9 mm, whereas
L. usitatissimum is active against C. albicans and S.
enteritidis with inhibition zones between 7 and 8
mm, and C. sativum is active against only S. enteritidis with inhibition zones between 7 and 8 mm. On
the other hand, B. sempervirens was observed to be
active against C. albicans, E. faecium, and S. aureus
with inhibition zones between 7 and 23 mm, depending on the amount of extract loaded on disks (Table
2).

Controls. Empty SAD was used as a negative
control for the disk diffusion test and sterilized broth
medium was used for the MIC test, where broth medium inoculated with each microorganism was used
to control microorganisms.
Statistical analysis. All tests were performed
in triplicate. All of the results are given as the mean
values for these three parallel studies. The statistical
analysis was performed using a non-parametric
method, namely, Kruskal±Wallis one-way analysis
of variance. A value of p < 0.05 was considered statistically significant [26].

TABLE 1
HPLC analyses results from fODYRQRLGV ȝJJ-1 plant)

J. oxycedrus
L. usitatissimum
C. sativum
B. sempervirens

Catechin
(μg/g)

Epicatechin
(μg/g)

Rutin
(μg/g)

Naringin
(μg/g)

Myricetin
(μg/g)

Luteolin
(μg/g)

Naringenin
(μg/g)

68.47
11.95
-

4.80
218.05

0.11
3.04
18.26

1.97
1.81

7.72
30.13
1321.05

0.17
21.50

0.59
1.18
29.19

Apigenin
(μg/g)
0.49
5.03

TABLE 2
Disk diffusion test results of extracts
J. oxycedrus

B. subtilis
C. albicans
E. aerogenes
E. faecalis
E. faecium
E. coli
K. pneumoniae
P. aeruginosa
P. fluorescence
S. enteritidis
S. infantis
S. kentucky
S. typhimurium
S. aureus
S. epidermidis

L. usitatissimum

C. sativum

B. sempervirens

20
μL

50
μL

100
μL

20
μL

50
μL

100
μL

20
μL

50
μL

100
μL

20
μL

50
μL

100
μL

-

7
8
-

8
6.5
9
-

7
-

7
7
-

7
8
-

-

8
-

7
-

13
7
-

20
8
7
-

23
7
7
-
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TABLE 3
MIC Values
B. subtilis
C. albicans
E. aerogenes
E. faecalis
E. faecium
E. coli
K. pneumoniae
P. aeruginosa
P. fluorescence
S. enteritidis
S. infantis
S. Kentucky
S. typhimurium
S. aureus
S. epidermidis

J. oxycedrus
52.03 μg/mL
104.06 μg/mL
13.01 μg/mL
-

L. usitatissimum
MIC>3.33 mg/mL
3.33 mg/mL
-

C. sativum
13.01 μg/mL
-

B. sempervirens
416.25 μg/mL
26.02 μg/mL
MIC>3.33 mg/mL
-

TABLE 4
MBC and MFC results
B. subtilis
C. albicans
E. aerogenes
E. faecalis
E. faecium
E. coli
K. pneumoniae
P. aeruginosa
P. fluorescence
S. enteritidis
S. infantis
S. kentucky
S. typhimurium
S. aureus
S. epidermidis

J. oxycedrus
208.12 μg/mL
MBC>3.33 mg/mL
MBC>3.33 mg/mL
-

L. usitatissimum
MBC>3.33 mg/mL
-

C. sativum
MBC>3.33 mg/mL
-

B. sempervirens
MFC>3.33 mg/mL
MFC>3.33 mg/mL
3.33 mg/mL
-

The MBC/MFC test showed that all of the MIC
values observed were bacteriostatic/fungistatic concentrations, which means that they only inhibit the
UHSURGXFWLRQ RI PLFURRUJDQLVPV 7KH ³FLGDO´ FRQ
centrations, which kill microorganisms, were observed to be 208.12 μg/mL for J. oxycedrus against
E. faecalis and 3.33 mg/mL for B. sempervirens
against S. enteritidis. It was not possible to identify
WKH³FLGDO´FRQFHQWUDWLRQVIRURWKHUSODQWH[WUDFWDQG
microorganism combinations that presented activity
in the MIC test, so they were assigned MBC/MFC
values of >3.33 mg/mL.

The extract and microorganism combinations
that presented antimicrobial activity were chosen for
MIC value determination. MIC results showed that
J. oxycedrus is active against E. faecalis, K. pneumonia, and S. enteritidis with MIC values of 52.03,
104.06, and 13.01 μg/mL, respectively. Moreover,
the MIC value for L. usitatissimum against only S.
enteritidis could be determined, which was 3.33
mg/mL, and although L. usitatissimum was observed
to have antifungal activity against C. albicans in the
disk diffusion test, the MIC test showed that the concentration range tested was inactive against C. albicans, which means that the MIC value is higher than
3.33 mg/mL for L. usitatissimum against C. albicans.
On the other hand, C. sativum is active against only
S. enteritidis with an MIC value of 13.01 μg/mL,
where B. sempervirens was active against C. albicans and E. faecium with MIC values of 416.25 and
26.02 μg/mL, respectively. In contrast, although B.
sempervirens was observed to have activity against
S. aureus in the disk diffusion test, the MIC test
showed that the concentration range tested was inactive against S. aureus, which means that the MIC
value is higher than 3.33 mg/mL.

CONCLUSIONS
When the results of HPLC analysis were examined, it was found that, in J. oxycedrus extract,
among the flavonoid compounds examined, only the
presence of catechin was observed. In terms of the
presence of flavonoids studied, L. usitatissimum extract was determined to be poorer in flavonoids than
the other extracts. The C. sativum and B. sempervirens extracts were found to be rich in the flavonoid
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[12] Hammer, K.A., Carson, C.F. and Riley, T.V.
(1999) Antimicrobial activity of essential oils
and other plant extracts. Journal of Applied Microbiology. 86, 985-990.
[13] Altuner, E.M., Akata, I. and &DQOÕ, K. (2012a)
In vitro antimicrobial screening of Bovista nigrescens (Pers.). Kastamonu U.J. For. Fac. 12,
90-96.
[14] Altuner, E.M., Akata, I. and &DQOÕ, K. (2012b)
In vitro antimicrobial screening of Cerena unicolor (Bull.) Murrill (Polyporaceae Fr. Ex
Corda). Fresen. Environ. Bull. 21, 3704-3710.
[15] &DQOÕ . Akata, I. and Altuner, E.M. (2016c)
In vitro antimicrobial activity screening of
Xylaria hypoxylon. African Journal of Traditional. Complementary and Alternative Medicines. 13(4), 42-46.
[16] &DQOÕ . Yetgin, A., Akata, I. and Altuner,
E.M. (2016d) In vitro antimicrobial screening of
Aquilaria agallocha roots. African Journal of
Traditional, Complementary and Alternative
Medicines. 13(5), 178-181.
[17] Andrews, J.M. (2003) BSAC standardized disc
susceptibility testing method (version 6). Journal of Antimicrobial Chemotherapy. 60, 20-41
[18] &DQOÕ . Çetin, B., Altuner, E.M., Türkmen,
Y., Üzek, U. and Dursun, H. (2014) In vitro antimicrobial screening of Hedwigia ciliata var.
leucophaea and determination of the ethanol extract composition by gas chromatography/mass
spectrometry (GC/MS). Journal of Pure and Applied Microbiology. 8(4), 2987-2998.
[19] Ilhan, S., 6DYDUR÷OX, F., Çolak, F., Iscen, C.F.
and Erdemgil, F.Z. (2006) Antimicrobial activity of Palustriella commutata (Hedw.) Ochyra
extracts (Bryophyta). Turk. J. Biol. 30, 149-152.
[20] &DQOÕ . Yetgin, A., Akata, I. and Altuner,
E.M. (2016e) In vitro antimicrobial activity
screening of Rheum rhabarbarum roots. International Journal of Pharmaceutical Sciences Invention. 5(2), 1-4.
[21] Altuner, E.M., Cetin, B. and Cökmüs, C.
(2010a) Antimicrobial activity of Tortella tortulosa (Hedw.) Limpr. extracts, Kastamonu Üniversitesi Orman Fakültesi Dergisi. 10(2), 111116.
[22] Altuner, E.M. and Akata, I. (2010) Antimicrobial activity of some macrofungi extracts. Sakarya Üniversitesi Fen Bilimleri Enstitüsü
Dergisi. 14(1), 45-49.
[23] Altuner, E.M., &DQOÕ, K. and Akata, I. (2014)
Antimicrobial screening of Calliergonella cuspidata, Dicranum polysetum and Hypnum cupressiforme. Journal of Pure and Applied Microbiology. 8(1), 539-545.
[24] Balouiri, M., Sadiki, M. and Ibnsouda, S.K.
(2016) Methods for in vitro evaluating antimicrobial activity: A review. Journal of Pharmaceutical Analysis. 6(2), 71-79.

species examined.
In terms of antimicrobial activity, it was observed that the extracts were effective only for a few
of the tested species. Consequently, these extracts require an antimicrobial agent for use in the cosmetics
sector.
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Ibar with phenols, it is undoubtedly found that
RMHK "Trepca" is the largest pollutant of the Ibar
River with heavy metals [4]. A very significant fact
is pollution originating from factories that are not in
operation (chemical industry, zinc metallurgy, battery factory), but their tailings are in the alluvial of
the river [5]. The particular problem of Ibar pollution
is its tributaries. The best example is the Raska
River, which has been converted into a sewage and
waste collector of various industrial plants, and the
most serious polluters are the city sewerage and the
Golo Brdo landfill, which was established by previous analyses [6]. The middle flow of the Ibar River,
between the mouth of Sitnica in Ibar near Kosovska
Mitrovica and the mouth of the Raska river near
Raska, is characterized by the largest number of pollutants with heavy metals - there are nine lead and
zinc mines, three flotations, two metallurgies, a
chemical industry and a battery factory. There are
also nine huge industrial dumps that are located next
to the Ibar River itself, and with their chemical composition make primary pollutants of the Ibar with
heavy metals [7]. The Ibar from the area of the northern part of Kosovo and Metohija is polluted with a
number of different pollutants. Permanent contaminants are tailings in Zvecan, Zitkovac and Leposavic, which directly burden the Ibar River with
complex chemical pollution [8].

The characterization of water quality is based
on data from five hydrological measuring stations
along the Ibar River flow through Serbia for the period from 2007 to 2013.The paper presents a new approach to surface water quality research using SWQI
index assessment (Serbian Water Quality Index).
The SWQI indicator is based on the original WQI
(Water Quality Index) method. The environmental
indicator for the area of waters SWQI shows that the
calculated values of the index number are in the
range of 77 to 82, the water quality of the Ibar River,
which corresponds to the descriptive indicator of
"good water" i.e. II class of watercourse rating. A
significant correlation exists between the values of
the BPK5 and SWQI parameters.
)'"#
Water quality, quality of index, the river Ibar

$"%$
When it comes to the Ibar water system, there
are relatively few papers and official reports dealing
with the Ibar ecosystem as a whole. Most reports
deal with various incidental situations, mainly with
increasing the concentration of phenols and heavy
metals [1, 2]. Only Ocokoljic and his associates
pointed out that the Ibar is one of the most polluted
rivers of Serbia [3]. If the Ibar flow is considered, the
first fact that comes to mind is that it passes through
a part of the country where there are a large number
of small, but also large industrial plants that, without
a controlled system, discharge wastewater into the
Ibar. A large number of small workshops in Raska
area for the production of clothes from jeans discharge waste water into the Raska and Josanica rivers, which are being pumped into the Ibar River. Due
to the technological properties of the jeans processing in the bleaching process, the content of chromium in the water increases. According to literature
[4], the Ibar is burdened with continuous pollution
by heavy metals originating from the mine waters of
the Kopaonik mine "Belo Brdo". In addition to the
already mentioned extreme contamination of the

( "$
The subject of the research is the analysis of the
water quality of the Ibar River on the watercourse
from the leaving of the Gazivode Lake to the flowing
into the West Morava.The observation was made
from the aspect of flowing water bodies and pollutants as permanent actors of changes in the observed
aquatic ecosystem. As a qualitative indicator of the
weather and spatial variation of the ecosystem of the
river, the water quality of the Ibar on a 230 km long
waterway was analysed. The assessment of the state
of the environment was made on the basis of the
change in the value of the indicators that directly
point to the improvement or deterioration of the state
of the environment. By long-term monitoring of the
selected parameters, water quality indicators of the
Ibar, in five observed locations, changes in the value
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of the indices of the state of the environment of the
river basin were followed. The research was carried
out using the data of the RHMZ of Serbia (Republic
Hydrometeorological Institute of Serbia), for the period from 2007 to 2012, at five hydrological measuring stations of the Ibar waterway through Serbia. The
state of the environment was assessed on the completed complex analysis of existing pollutants, qualitatively defined in the form of a "pollution tree". A
new approach to the research of surface water quality has been applied with the criteria: using indexes
of the Serbian Water Quality Index (SWQI). Water
quality evaluation was performed using the water
quality index WQI (Water Quality Index) and SWQI
(Serbian Water Quality Index).


$)

the compatibility of the existing classification
according to their purpose and degree of purity:
• Excellent - waters that are in a natural state
with filtration and disinfection, can be used for
supplying settlements with water and in the food
industry, and surface waters also for cultivating
precious fish species;
• Very good and good - waters that can be used
in the natural state for bathing and recreation of
citizens, for water sports, for cultivation of other fish
species, or which, with modern methods of
purification, can be used for the supply of drinking
water and food industry;
• Bad - waters that can be used for irrigation,
and after using modern methods of purification in
industry as well, other than food industry;
• Very bad - waters that adversely affect the
environment with their properties, and can only be
used after the application of special purification
methods.
The adopted classification criteria of the
descriptive water quality indicator based on the
calculated values of the SWQI index number are
shown in Table 2.

The SWQI indicator is based on the original
WQI (Water Quality Index) (Development of a Water Quality Index, 1976). According to this method,
the ten selected parameters (saturation with oxygen,
coliform bacteria, BPK5, pH value, nitrogen oxides,
phosphates, suspended matter, ammonium ion, temperature and conductivity) represent the surface water properties by narrowing them to a single index
number by their quality (qi).The share of each of the
ten selected parameters on the total water quality
does not have the same relative importance, therefore each of them has received its weight (wi) and
the number of points according to the share in the
endangering of quality. By summarizing the product
(qi x wi), the index 100 is obtained as the ideal sum
of the weight of all parameters. How many index
points in the range from 0 to 100 will belong to some
water depends on the points won by individual parameters. In the case where the quality data for some
parameter is missing, the value of the arithmetically
measured WQI is corrected by multiplying the index
with a value of 1/x, where x is the sum of arithmetically measured weights of available parameters.
SWQI as a composite indicator of water quality follows nine selected physical and chemical parameters
and one parameter of the microbiological quality of
water summarizing them in the index number that
shows the measure of the state of surface water. The
adopted classification criteria of the descriptive
quality indicator and the determination of the surface
water class based on the calculated value of the
SWQI index number are shown in Table 1.
Correlation with the Decree on the
Classification of Waters ("Official Gazette SRS",
no.5/68), where water is divided into I, II, IIa, IIb, III
and IV classes based on indicators and their limit
values, the Serbian Water Quality Index (SWQI) has
been defined with five descriptive quality categories
(excellent, very good, good, bad and very bad).The
surface water quality indicators are classified with

$ 
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WQI-MDKI class
85-84
100-90
89-84
excellent
very good

WQIMDK- II
class
74-69

WQI-MDKIII class

WQI-MDKIV class

56-44

51-35

83-72

71-39

38-0

good

bad

very bad

Serbian Water Quality Index (SWQI)

$ 
4*;;2/2,*<276,:2<.:2*7/<1.-.;,:2+.-26-2,*<7:
#'!

Serbian
Water
Quality
Index

Index
(range)
100-90
84-89
72-83
39-71
0-38

Descriptive
indicator
excellent
very good
good
bad
very bad
No data

Color

The numerical value of the water quality index
is calculated using the software package "Calculate
Your SWQI" of the Environmental Protection
Agency of the Ministry of Environment and Spatial
Planning
of
the
Republic
of
Serbia
(http://www.sepa.gov.rs). The Rulebook on the National List of Environmental Indicators highlights
the significance of the SWQI indicator as easily understandable, since changes in indicators can easily
be associated with deterioration or improvement of
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the observed phenomenon in the environment. Regarding the legal framework for the control of surface water quality according comparative to our
Regulation from the point of view of the suitability
of use for water supply is the Council Directive
75/440/EEC which refers to the required quality of
surface water intended for catching drinking water in
the Member States. With this Directive, surface waters are classified in relation to the limit values of the
quality indicators in three categories:
A1 - simple physical treatment and disinfection, e.g. rapid filtration and disinfection;
A2 - normal physical treatment and disinfection, eg. previous oxidation/disinfection, coagulation, flocculation, filtration, disinfection;
A3 - intensive physical and chemical treatment,
extended treatment and disinfection, e.g. contact
chlorination, coagulation, flocculation, adsorption,
disinfection.
These groups correspond to three different surface water qualities according to their physical,
chemical and microbiological characteristics established in Table of Annex II of the Council Directive
75/440/EEC. Surface waters whose physical, chemical and microbiological characteristics deviate from
the mandatory limit values that correspond to type
A3 treatment cannot be used to catch drinking water

(European Union Water Directive, 2005). Table 3
shows the correlation of the original WQI method
with Council Directive 75/440/EEC.
"#%$##%##
The environmental indicator for the area of
waters SWQI shows that the calculated values of the
index number are in the range of 77 to 82, the water
quality of the Ibar River, which corresponds to the
descriptive indicator of "good water" i.e. II class of
watercourse rating (Table 4).
The long-term trend of change in the index
number is insignificant, i.e. the water quality of the
Ibar River is practically unchanged over the
observed period (Figure 1). The mean values of the
time series of the observed parameters of the water
quality indicators were within the limit values for the
required watercourse quality. Descriptive water
quality indicator of the Ibar watercourse "Good
Water" classifies surface water according to the
degree of purity and its purpose in waters which, in
their natural state, with modern methods of
purification, can be used to supply the settlement
with drinking water and in the food industry.

$ 
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Parameters
(Unit of measure)
Oxygen saturation (%)
BPK5,(ml/l)
Ammonium (mg/l)
pH value
Total nitrogen oxides (mg/l)
Orthophosphates (mg/l)
Suspended substances (mg/l)
Temperature (oC)
Electroconductivity (μS/cm)
E.coli(MPN u 1000 ml)
Σ(qixwi)=WQI



WQImax

A1

WQIAl

A2

WQIA2

A3

WQIA3

18
15
12
9
8
8
7
5
6
12
100

>70
<3
0,05
6,5-8,5
1
0,4
25
22
1000
20

11
11
12
9-7
7
4
4
2
0
12
70

>50
<5
1
5,5-9
2
0,7
25
22
1000
2000

6
7
3
5
6
1
4
2
0
10
44

>30
<7
2
5,5-9
3
0,7
25
22
1000
20000

2
4
2
5
5
1
4
2
0
7
32

$ 
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Parameters
(Unit of measure)
Temperature (oC)
pH value
Electroconductivity (μS/cm)
Oxygen saturation (%)
BPK5 (mg/l)
Suspended substances (mg/l)
Total nitrogen oxides (mg/l)
Orthophosphates (mg/l)
Ammonium (mg/l)
Coliform bacteria (in 100ml)
SWQI





2007

2008

2009

2010

2011

2012

2013

12,78
8,43
416,20
99,14
3,03
21,05
1,73
0,11
0,02
13483,33
78

12,47
8,42
448,62
93,49
2,76
25,78
2,10
0,14
0,01
15274,33
77

11,00
8,36
428,73
94,22
2,30
24,24
1,42
0,11
0,03
15150,00
81

11,31
8,24
433,33
99,63
2,37
21,45
0,93
0,10
0,25
14703,33
78

11,46
8,47
447,08
95,50
2,12
26,95
1,21
0,11
0,14
7714,60
81

11,79
8,48
432,50
95,43
2,02
27,41
0,86
0,09
0,24
174,65
82

10,44
8,46
392,90
95,94
1,90
22,50
0,94
0,11
0,22
/
81
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0

T( C)
pH
Electro.
Sat.Acid
BPK5
Susp.
Subst.
Total N
Ortof.
Ammo
Coliform
bacteria
3SWQI

T(0C)

pH

Electro.

1.00

0,42
1.00

-0,18
0,16
1.00

Sat.
Acid
0,14
-0,48
-0,59
1.00

BPK5
0,78
-0,09
-0,37
0,29
1.00

Susp.
Subst.
-0,18
0,68
0,67
-0,79
-0,64

Total
N
0,65
0,20
0,10
-0,33
0,79

1.00

-0,13
1.00

Ortho.

Ammoni

0,43
0,08
0,47
-0,47
0,58

-0,44
-0,23
0,10
0,37
-0,68

Coliform
bacteria
0,07
-0,63
-0,09
0,14
0,65

0,05

0,15

-0,66

0,60

0,91
1.00

-0,91
-0,75
1.00

0,60
0,61
-0,59

-0,63
-0,63
0,37

1.00

-0,73

SWQI
-0,58
0,42
-0,01
-0,33
-0,82

1.00

The results shown in Table 5, obtained by the
correlation analysis, show that there is no correlation
between the parameter values and the calculated
SWQI index number for the period from 2007 to
2012.The only significant correlation exists between
the values of the BPK5 and SWQI parameters
although the index number of the water quality of the
Ibar is algorithmically calculated on the basis of all
parameter values. The explanation is in the fact that
there are changes between the measuring points in
the observed time that are uncontrolled, or caused by
different influences, or, with higher probability,
different pollutants located along the Ibar flow. Also,
it should be emphasized that each parameter is
calculated with the appropriate weight which
disturbs the correlation. The normalized mean
annual values of BPK5 and SWQI along the Ibar
River watercourse were analyzed (Figure 2).
From Figure 2 it can be seen that there is no
correlation of the observed parameters, which
implies that the change in the SWQI value does not
follow the change in the value of the BPK5
parameter [9]. The degree of water contamination
with organic compounds is defined by the amount of
oxygen required for the oxidation of the present
biologically degradable water components by
aerobic microorganisms. From the aspect of self-

purification of watercourses aeration and reaeration
are key processes. Reaeration and BPK5 as two basic
reactions during the process of self-purification of
the aquatic environment are the basis for
determining the spatial and temporal distribution of
dissolved oxygen, that is, the balance of oxygen. The
resultant of these two processes is the real content of
the dissolved oxygen along the watercourse. The
summarized SWQI index number clearly illustrates
the water quality of the Ibar River as a reliable
indicator of the state of the environment, but, like all
integral criteria, it does not indicate the processes of
the observed aquatic ecosystem [10].
%#
The characterization of water quality in the
function of environmental assessment is based on
data from five hydrological measuring stations along
the course of the Ibar River through Serbia for the
period from 2007 to 2013. Based on the results of the
analyses carried out, the following conclusions can
be made: the environmental indicator for the area of
waters, SWQI (Serbian Water Quality Index) shows
that the calculated values of the index number are in
the range of 77 to 82, the water quality of the Ibar
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River, which corresponds to the descriptive indicator
of "good water" i.e. II class of watercourse rating.
The ecological status of the water quality of the river
Ibar at the Raška monitoring station is classified as
moderate (class III) and deviates from the required
water quality in 2013.
Using the comparative analysis the overrun of
the concentration of the parameters BPK5, TOC,
NH4-N and PO4-P was determined in relation to the
reference values. When assessing the chemical
status, the environmental quality standards (EQS) of
the first and second group are considered, so the EQS
implies the concentration of a single priority
substance or group of priority substances in surface
waters, which cannot be exceeded for the purpose of
protecting the environment and human health. The
conclusion is that the concentration of values of a
large number of observed parameters deviates from
the reference values of the target I class of water
quality of the Ibar River. The ecosystem approach
clearly indicates the need to take measures to prevent
the disturbance and urgent improvement of water
quality as an integral part of the environment. The
improvement of the quality of the water of the Ibar
River must be given special attention, as it has been
found to be at significant ecological risk. The
operational monitoring of this water body is
proposed, which implies periodic one-year
assessment of the change in the ecological status of
water quality as a result of the program of protection
measures. In this way, the control and prevention of
pollution of the recipient would be realized and the
principle of sustainable management of the water
quality of the Ibar River as the most important part
of the environment would be respected.
""#
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Terrestrial ecosystems have an important role
on the global carbon budget. About 24% of global
greenhouse gas emissions are caused by agriculture,
forestry and other land use. Agriculture is an emission source and a storage area for the carbon in terrestrial ecosystems [1].
Due to the increased use of plastics in agriculture, especially in recent years, and the fact that these
plastics are not properly disposed of, their environmental impacts continue to increase more day by day
and continue to be an emission source. The use of
plastic materials in many different agricultural applications (low tunnel and high tunnel and greenhouse
cover materials, mulches, irrigation pipes) leads to
an increase in plastic wastes [2].
Today, although the usage of plastic materials
in agriculture is increasing productivity significantly, it still has an increasing negative impact on
the environment of agriculture ecosystem. Agriculture is responsible not only for the inputs of energy
and water and the use of chemical fertilizers and pesticides, but also the use of a large portion of plastic
materials. In addition to the pollution that occurs
during the plastic production, the plastics used for
cover material, mulching, irrigation and drainage
pipes for greenhouses, high tunnels, low tunnel tunnels, may become pollution sources when left in
open areas or burned at the end of their life. Instead,
agricultural plastic wastes (APW) can be used as a
new secondary raw material or an energy source if
they are collected properly. An adequate APW management may prevent economic losses and environmental damage [3].
The agricultural plastics produced with fossil
raw materials are subject to degradation due to the
exposure to atmospheric substances such as solar radiation, wind, rain, hail, air temperature and humidity, pesticides used during the planting season, the
conditions of installation and usage. Plastic degradation produces plastic waste in large and increasing
quantities when plastic is removed [2, 4]. The degradation of plastic films is mainly due to the destruction of polymeric chains under the influence of ultraviolet solar radiation. Most of the wastes generated

This study was conducted to determine the utilization status of pollutant factors that are effective
on the environment (plastic materials, chemical fertilizers and pesticide boxes, post-harvest wastes and
drip irrigation laterals etc.) at the end of their lifetime
resulting from the greenhouse and high tunnel cultivation, which has begun to develop in Kırşehir province. For this purpose, a survey was conducted in 10
greenhouses and 15 high tunnel cultivation enterprises. With the help of the information obtained
through the survey, it was attempted to determine the
possible effects of the agricultural wastes originating
from the enterprises on the environment. In the research area, it was determined that some enterprises
discarded some of the plant wastes that resulted from
cover material, chemical fertilizer boxes, pesticide
boxes and pruning away from the greenhouse and
high tunnel environment by burning or leaving them
in the field. On the other hand, it was observed that
there is one enterprise which leaves the plastic cover
material to the point of recycling and that only one
enterprise utilizes the plant wastes possessing compostability feature. In the province where the greenhouse and high-tunnel cultivation is increasing day
by day, it is necessary to set up appropriate collection
areas in rural areas in which these enterprises are intensive, so that agricultural wastes, which constitute
environmental and economic problems if not well
managed, do not create a bigger environmental problem in the following years. Through providing necessary information and incentives on recycling the
plastics and on the composting of plant wastes obtained from the wastes to be collected in these areas,
the damages that agricultural wastes will pose on nature, soil and water resources will be minimized. In
addition, the utilization of these wastes as an energy
source and a secondary raw material is also very important in terms of the country's economy.
%$ 
Agricultural waste, Waste management, Waste disposal,
Environmental effect



2510

#"

  $    





  !




of the 10 greenhouses and 15 high tunnel enterprises
surveyed, their the period of farming and greenhouse
operation, the cover material used and its disposal,
the disposal of the used fertilizer and of the fertilizer
and chemical boxes, how the plant waste is utilized,
the destruction of fossil wastes resulting from heating of the greenhouses were determined using prepared surveys.


 "! " 

1+250&7.21 &'287 7-* 52)8(*56 In the
study area, it was determined that 30% of greenhouse producers and 73.33% of high tunnel producers were primary school graduates (Table 1). It attracted attention that the proportion of primary
school graduates is high. It was determined that 70%
of greenhouse producers and 73.33% of high-tunnel
producers have been farming for more than 15 years.
It was observed that the farming history of farmers
who produce in greenhouses and high tunnels is
long. In addition, it is possible to say that the history
of the greenhouses and high tunnel are not very old
in the region, since 60% of the farmers' history of
greenhouses is between 0-5 years, 33.33% of high
tunnel histories is 6-10 years.
[9, 10] found that the majority of producers in
their study were at the primary level of education and
the level of environmental awareness and mindfulness was low. In the study carried out by [11] , it can
be said that over 40.8% of the surveyed greenhouse
owners are primary school graduates while 39.5%
are university graduates, and the potential of dissemination of conscious agriculture practices over time
since 39.5% of greenhouse enterprise owners are
university graduates. [12] In their studies in Antalya
province, it was determined that the producers had
an old greenhouse history and 88.9% of the producers had performed greenhouse cultivation for more
than 15 years and continued traditionally. It can be
said that, the majority of the producers in the province of Antalya which started in the south of Turkey
and the cultivation of the under protective cover is
extensive, while they are rather new in terms of aquaculture in the greenhouse and high tunnel in
Kırşehir province where the greenhouse has begun
to develop.

from agricultural plastic come from the greenhouses,
low tunnels, mulching and covering and silage films
[5, 6]. According to the study carried out by [7], The
estimated amount of agricultural plastic waste
(APW) in Italy is about 200,000 t/year, 55% of
which comes from greenhouse coverings, low tunnels, soil mulches and nets. In Turkey, as of the end
of March 2017, the plastics produced from agriculture are about 140,000 t/year in the total plastic production of 2.3 million tons and constitute a rate of
6% on the sectoral basis [8].
Agricultural plastics waste is both an environmental and economical problem. However, a good
agricultural plastic waste (APW) management may
prevent economic losses and environmental damage
[3]. Because, if the waste management is not implemented properly and if these wastes are thrown into
the rivers and rural areas and burned uncontrollably,
they may cause serious and widespread damage to
the landscaping, environment, agricultural land, air
and shallow and deep waters. The hazardous substances, such as CO2, CO, H2S, SO2, NH3 and dioxin
that are relesed during burning, pollute the air. Due
to the inefficiency of the burning in open areas, uncontrolled burning emits more emissions and particle matter than controlled burning. In addition, the
burning of the plastics produces large amounts of
CO2 emissions (3.0 Kg CO2 per Polyethylene Kg),
and if this burning is not controlled, the resulting
CO2 and heat production are transmitted directly to
the atmosphere and cause known negative consequences [5].
In this study, the utilization status of pollutant
factors that are effective on the environment (plastic
materials, chemical fertilizers and pesticide boxes,
post-harvest wastes and drip irrigation laterals etc.)
at the end of their lifetime resulting from the greenhouse and high tunnel cultivation that has begun to
develop in Kırşehir province was demonstrated. Furthermore, the necessary precautions to be taken to
reduce the damage caused by these wastes on the environment and on the nature were evaluated.
! ! 

As the material of the study, greenhouse and
high tunnel enterprises in the center and districts of
Kırşehir province were selected. Wastes generated
during the production phase in selected greenhouse
and high tunnel enterprises for this purpose, the current situation of these wastes, the evaluation and
storage conditions of wastes and the environmental
effects were attempted to be determined.
The field studies of the research were carried
out in July, August, and September, 2017. The required data about the enterprises identified as research material were provided by the surveys and observation studies conducted by greenhouse enterprises. The Information about the educational status

1+250&7.21&'2877-**17*535.6*6&1)7-*.5
6758(785*It was determined that 80% of greenhouse
enterprises consist of large enterprises, while 80% of
high tunnel producers are family owned enterprises
(Table 2).Plastic, Polycarbonate and plastic + Polycarbonate combinations were used as cover material
in greenhouses, while all of the high tunnels were
used plastic. It was determined that up to (50%) of
Polycarbonate is used as the side wall covering material used in the side wall , while the maximum
(40%) of UV + IR added polyethylene is used in the
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roof. After using cover material in greenhouse enterprises, it was determined that it was burned 20% in
addition to throwing in 50% trash can in general. It
was determined that 93.33% of the producers who

cultivated in high tunnels leave their cover material
in the trash can, while 6.67% of them leaves them in
the field (Table 2).

!
1+250&7.21&'2877-*52)8(*56

1+250&7.21&'287
52)8(*56

16:*5/&66
Primary school
High school
Associate
Undergraduate
!27&/
0-5
6-10
11-15
more than 15
!27&/
0-5
6-10
11-15
more than 15
!27&/

Education status

Time spent on Farming

Time spent on Greenhouse
and high tunnel cultivation

5**1-286*
.,-7811*/
80'*52+
80'*52+


352)8(*56
352)8(*56
3
30
11
73.33
3
30
3
20.00
1
10
3
30
1
6.67


 

2
20
1
6.67
1
10
2
13.33
1
6.67
7
70
11
73.33


 

6
60
3
20.00
3
30
5
33.33
4
26.67
1
10
3
20.00


 


! 
17*535.6*&1)'8./).1,.1+250&7.212+7-*352)8(*56

17*535.6*.1+250&7.21

Type of enterprise

Greenhouse type in the enterprise

Covering material used in side
walls

Cover material used on the roof

What are you doing after using
cover material

5**1-286*
.,-7811*/
80'*52+352
80'*52+352


)8(*56
)8(*56
Family enterprise
2
20
12
80.00
Big enterprise
8
80
3
20.00
!27&/


 

Plastic Greenhouse
5
50
15
100.00
Polycarbonate
2
20
Polycarbonate+Plastic Greenhouse
3
30
!27&/


 

Polyethylene (normal)
2
20
Polyethylene UV
13
86.67
Polyethylene UV (yellow plastic)
1
10
2
13.33
Polyethylene UV+IR
2
20
Polycarbonate
5
50
!27&/


 

Polyethylene (normal)
2
20
Polyethylene UV
13
86.67
Polyethylene UV (yellow plastic)
1
10
2
13.33
Polyethylene UV+IR
4
40
Polycarbonate
3
30
!27&/


 

Leaving it to the field
0
1
6.67
Throwing it in the trash can
5
50
14
93.33
Burning
2
20
Giving to the waste collectors
2
20
Using them for agricultural purposes
1
10
!27&/


 

16:*5/&66
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1+250&7.21&'287+*57./.<*53*67.(.)*6&1)3581.1,86*).1352)8(7.21
1+250&7.21&'287
+*57./.<*5
3*67.(.)*6&1)3581.1,
Which type of fertilizer do you
use in your greenhouse

How do you utilize the used
chemical fertilizer bags

How do you dispose of pesticide boxes

How do you utilize plant wastes

How do you utilize the remaining plant waste after harvesting?

16:*5/&66
Organic
Chemical
Organic+ Chemical
Not using (organic farming)
!27&/
Leaving it to the field
Throwing it in the trash can
Leaving it to recycling point
Burning
Trash can + burning
!27&/
Throwing it in the trash can
Burning
Trash can + leaving it to the field
Trash can + burning
Trash can + leaving it to the field
Trash can + burning
Not using ( organic farming)
!27&/
Making compost
Burning
Throwing it in the trash can
Leaving it to the field
Making compost+ Leaving out the greenhouse
Trash can + leaving it to the field
Trash can + burning
Trash can + burning+ leaving it to the field
!27&/
Making compost
Burning
Throwing it in the trash can
Leaving it to the field
Trash can + leaving it to the field
Trash can + burning
Making compost+ Leaving out the greenhouse
!27&/

5**1-286*
.,-7811*/
80'*52+
80'*52+


352)8(*56
352)8(*56
4
40
11
73.33
4
40
4
26.67
1
10
1
10


 

1
25.00
2
40
1
25.00
1
20
1
20
2
50.00
1
20




6
60
10
66.67
1
10
1
6.67
2
13.33
2
13.33
1
10
1
10
1
10


 

1
10
1
10
1
6.67
1
10
10
66.67
3
30
2
13.33
1
10
2
13.33
2
20
1
10


 

1
10
2
20
1
6.67
1
10
11
73.33
2
20
1
10
2
13.33
2
20
1
6.67
1
10


 


1.3% to the river or stream, 3.3% to 6.8% of the others) that can pose danger on the environment and human health. In the study conducted by [10], in which
the plastic cover materials were evaluated in terms
of their utilization level after used, it was reported
that 64% of the modified cover materials were
properly disposed of, while 36 % (leaving in the field
by 21% and burning by 15%) attempted to be discarded in such a way that can pose danger on the environment and human health. In the study conducted,
it was determined that 80% of greenhouse producers,
while and 93.33% of high tunnel producers dispose
of the plastic appropriately. It was determined that
20% of the greenhouse producers burned the plastic
and 6.67% of the high tunnel producers left the cover
material in the field.
The plastic materials used in agricultural applications, especially plastic films, are degraded by the
gradual deterioration of their mechanical properties

Among the greenhouse cover materials, plastic
material has been used more widely in recent years.
This prevalence is mainly due to its characteristics,
such as, it is easy to use and its initial cost is inexpensive, it is more suitable for temporary use and its
light transmittance is suitable for plant development
[13]. In their studies, [14] reported that, PE plastic at
a rate of 98% was used as cover material and 70% of
them were made of reinforced plastic material, while
[15] reported that reinforced plastic material at a rate
of 81.7% was used as cover material. The current
study also showed similar characteristics with that of
these researchers. It was determined that 80% of
greenhouse producers and 100% of high tunnel producers use reinforced plastic materials [9] reported
that 61% of the cover materials were properly disposed of, while 39% of them attempted to be discarded in such a way (leaving 27.3% to the field,

2513

#"

  $    





  !




or stream and 19.3% self-extinction). In their studies, [10] suggested that 24% of the enterprises
burned fertilizer waste materials that they used, and
mostly preferred burning (42%) as the method of disposal of pesticide wastes. They also suggested that
33% of the surveyed greenhouse enterprises threw
the used pesticide boxes into the trash, 3% of them
left at recycling points, 13% of them threw out of the
greenhouse randomly, while 3% of the enterprises
threw them into the river, 12% of them threw plant
wastes resulting from pruning into the greenhouse
and 15% of them threw out of the greenhouse randomly, 37% of them disposed of them by burning
and 22% of them by throwing them into the trash
[17]. It brings along a serious environmental pollution and causes an economic loss to destroy the residual plant wastes as a result of agricultural production (disposal by burning or throwing into the trash)
instead of utilizing them in some way. It is primarily
necessary to evaluate such wastes and bring them to
the national economy. The amount of greenhouse
wastes located in the majority of greenhouses are located in the districts of Sultanhisar, Nazilli and Söke
of Aydın province is 686 tons and the energy potential corresponds to 10 938 GJ. In case that wastes are
used as a biomass energy without harming the environment, they will contribute to the economy of the
country as an energy source besides reducing pollution. Through utilizing greenhouse plant wastes by
making them composted, it will be ensured that both
the amount of chemical fertilizer used will be decreased due to bringing in considerable amount of
plant nutrients to the soil and the pollution caused by
the burning will be prevented [18].
Similar to studies conducted by researchers, it
was determined that wastes originating from enterprises are left in nature uncontrolledly (burning, randomly leaving in the field). In addition to the fact
that enterprises are not careful enough about this issue, the factors such as the fact that enterprises are
away from recycling points are found to be very important. In the research area, it was considered very
important that one of the enterprises performed composting of plant wastes by and it was thought that
producers should be encouraged in order to disseminate it.

due to their thickness, exposure to sunlight and pesticides, changes in temperature and relative humidity, wind and rain [4]. The use of new plastics by frequent replacement produces a large amount of postconsumer material that should be managed properly
[6]. At the end of its lifetime, plastic wastes are usually burned in the open area, left in fields or waterways, buried in the land, placed in regular storage
areas. Improper disposal of agricultural plastic
wastes leads to soil and water pollution, release of
hazardous substances and air pollutants, food contamination, deterioration of soil quality as well as
aesthetic pollution and landscaping and agriculturalecosystem deterioration [16]. Similar to the studies
conducted by researchers, it was determined that the
cover material was burned and left in the field attempted to be discarded in such a way that can pose
a danger on the environment and human health. In
addition, it is thought that this problem will get
worse in the future in the region where the greenhouse and high tunnel cultivation just began to develop.
1+250&7.21 &'287 +*57./.<*5 3*67.(.)*6&1)
3581.1, 86*) .1 352)8(7.21 While 40% of the
greenhouse producers use organic fertilizers,
73.33% of the producers who cultivate in high tunnels use organic fertilizers. In addition, it was determined that 40% of greenhouse producers use chemical fertilizers, while 26.67% of high tunnel producers use chemical fertilizers. It was determined that
no fertilizer application was made because one
greenhouse enterprise was included in the organic
farming enterprise. While 40% of the chemical fertilizer bags used in greenhouses are left in the trash,
this ratio is 25% in high tunnels. Furthermore, the
ratio of the ones that burning chemical fertilizer bags
within greenhouse enterprises is 20%, while this ratio is 50% in high tunnels. In addition, It was also
determined that pesticide boxes were thrown into the
trash in the greenhouse and high tunnel enterprises
by 40% and 25%, respectively. The plant wastes
originating from pruning and the remaining plant
wastes after the harvest were utilized in the form of
leaving in the field, burning, throwing into the trash
and burning+trowing into the trash in the greenhouse
and high tunnel enterprises, while in 1 greenhouse
enterprise they were used as compost.
It was determined by [9] that 50% of the fertilizer wastes used for agricultural production (26%
burning, 22% leaving in the field and %2 throwing
to river or stream) is left in nature uncontrolledly and
that enterprises are not careful enough about this issue, that they disposed 52% of the used agricultural
wastes improperly (25.3% burning, 24% leaving in
the field, 2.7% throwing to river or stream), while
8.7% of plant wastes are used for composting
wheareas they were disposed of in a way that can
pose danger on the environment at the rate of %91.3
(63.3% leaving in the field, 8.7% throwing to river

!-*87./.<&7.21:&;2+7-*+266./+8*/65*68/7
.1,+520*17*535.6*6Considering the status of carrying out the heating in the greenhouse and high tunnel enterprises, the percentage of the number of enterprises heating in both was found to be 40%. While
the fossil fuel types used in these enterprises are coal,
wood, diesel and LPG, it was determined that one
enterprise carries out heating with geothermal which
is a renewable energy source. It was determined that
this geothermal water was also reinjected into the
well and does not cause environmental pollution. It
was determined that 75% of the fossil fuels were
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waste was throwing into the trash, the percentage of
the number of the producers burning these laterals
was found 12.5% and that of the ones throwing to the
field+to the trash was found %28.57.
Today, drip irrigation laterals are manufactured
using polyethylene materials. PE, which is a synthetic polymer obtained from petroleum, causes environmental pollution and accumulation of toxic
substances when it is left as plastic waste in the soil
because it cannot be degraded for a long time. When
they are destroyed by burning, they release toxic
substances into the environment and the air. In addition, since they are used in agricultural lands, the extent of their damage exerted on the environment is
further increased [19]. Although high number of enterprises using drip irrigation method in the research
area is good in terms of productivity in irrigation,
burning these laterals in greenhouse and high tunnel
operations and leaving them in nature uncontrolledly
is not considered environmentally appropriate.

used in greenhouses after being used, while 25% of
them were thrown away from the greenhouse.
In their study, [10] suggested that fossil fuels
are used as fuel and that these fuels are thrown into
the trash and to open fields. Furthermore, they reported that 9 out of the 18 enterprises using geothermal left them to the rivers or streams, while the rest
carried out reinjection into wells. Similar to the study
conducted by the researcher, it was determined that
the 1 enterprise using geothermal energy source in
the research area reinjected into a well, while those
using fossil fuels threw them into the trash can or
threw to a remote location.

9&/8&7.212+.55.,&7.216;67*06&1)6;67*0
*48.30*176 2+ 7-* *17*535.6*6. While 70% of
greenhouse producers prefer drip irrigation method,
46.67% of the high tunnel producers prefer drip irrigation method. Although the most preferred utilization method of the used drip irrigation laterals as


! 
!-*:&;2+87./.<&7.212+7-*+266./+8*/65*68/7.1,+5207-**17*535.6*6
The heating system and the
utilization of waste

16:*5/&66

Yes
No
!27&/
Geothermal
Coal
Wood +charcoal
Type of fuel used in heating
Coal + diesel
LPG
!27&/
How is geothermal water utilized after Sent to recycling points
it is used?
!27&/
Throwing it in the trash can
How do you utilize fossil fuel wastes Leaving it to the field
!27&/
Are your greenhouses heated?

5**1-286*
80'*52+352
)8(*56
4
6

1
1
1
1

1

3
1



40
60

25
25
25
25

100

75
25


.,-!811*/
80'*52+352

)8(*56
5
40.00
10
60.00
 

1
20.00
4
80.00




1
100.00



! 
!-*:&;2+87./.<&7.212+7-*.55.,&7.216;67*06&1)2+7-*6;67*0*48.30*17.17-**17*535.6*6
Irrigation systems
and utilization
method
Which irrigation
system do you
use?

How do you dispose of drip irrigation laterals

16:*5/&66
Drip
Drip + sprinkler
Furrow
Flood
Hose
!27&/
Leaving it to the field
Throwing it in the trash can
Sent to recycling points
Burning
Selling
Leaving it to the field+Throwing it in the
trash can
!27&/
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5**1-286*
80'*52+352

)8(*56
7
70
1
10
2
20


4
50
1
12.5
1
12.5
2
25
-

-





.,-7811*/
80'*52+

352)8(*56
7
46.67
2
13.33
2
13.33
4
26.67
 

4
57.14
1
14.29
2

28.57
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In the study, in which the way of utilization of
the cover materials, pruning waste, fertilizer boxes
and drip irrigation laterals used in the greenhouse
and high tunnel cultivation were evaluated after
completion of their lifetime, it was determined that
the plastic covering materials degraded by environmental conditions were left in the field and burned at
the end of their service life.
When these plastic wastes causing environmental problems are collected under appropriate
conditions, it is possible to make them a new secondary raw material or use as an energy source. In addition, it was determined that pruning and harvest
wastes which possess composting feature, were left
on the fields that they were burned and cause environmental pollution. However, on the one hand, the
amount of chemical fertilizer used will be reduced
and on the other hand the pollution resulting from the
burning will be prevented since it is possible to produce a considerable amount of plant nutrients by
composting this material.
As a result of the study, some of the measures
to be taken in order to reduce the adverse environmental effects of plastics and plant wastes originating from greenhouse and high tunnel production in
agriculture are: 1) Extending the life of plastic materials by increasing the amount of additives added to
plastic materials, 2) Establishing appropriate collection areas for agricultural plastic wastes that completed its lifetime, such as plastic covering materials,
drip irrigation laterals in agricultural areas and taking necessary measures for the recycling of these
plastics by the authorities, 3) Supporting scientific
research activities for producing biodegradable plastic materials, 4) Making plant wastes composted and
making them useful for soil today ,in which chemical harvesting has become more widespread by creating a collection center for plant wastes, 5) Supporting producers with state incentives for facilities to be
built in order to turn plant wastes into biomass energy. These and similar measures to be taken will
create an environmentally friendly solution for agricultural areas.
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size that causing losses 20-50% yield significantly
[11, 12]. Controlling different plant traits under
drought stress requires understanding the genetic
mechanisms for adopting different breeding approaches [2]. Many studies expanded genetic models
for the estimation of different genetic effects [1, 11].
However, the most of genetic models are basically
additive–dominance models or simply additive models. The epistatic or non-allelic interactions are
mostly relinquished, so they have a simplified interpretation of genetic variation, but it has been established inter-allelic interaction which frequently
occurs to control or continuous expression of genes
in maize plant [8, 9, 11]. Generation mean analyses
provides information on the relative importance of
average effects of the genes (additive effects), dominance deviations and effects due to no allelic genetic
interactions in determining genotypic values of the
individuals and consequently, mean genotypic values of generations. Generation mean analysis is a
simple but useful technique for estimating gene effects for a polygenic trait, its greatest merit lies in the
ability to estimate epistatic gene effects such as additive × additive, dominance × dominance, and additive × dominance effects [12]. This study was carried
out to diagnose the potential of morphological traits
for drought tolerance in terms of heritability, genetic
advance and type of gene action prevailing in maize
using six generation models (P1, P2, F1, F2, BC1, and
BC2) in B73 and MO17 maize line crosses.


#!"#"

In order to evaluate drought stress on maize genetic structure and gene action, a field trial on the
basis of randomized complete block design was carried out under field conditions during two appropriate growing seasons (2014-2015) at the Research
Station of University of Tabriz. Two maize inbred
lines which were B73 and MO17 used to develop six
basic generations (P1, P2, F1, F2, BC1 and BC2).
Drought stress reduced grain yield, 100-weight, ear
height, plant height, relative water content (RWC)
and chlorophyll content about 28.5, 22.63, 3.2, 11.3,
25.1 and 7.2 percent, respectively. Maize generation
effects showed a highly significant difference for
grain yield, 100-seed weight, plant height and RWC
( ≤ 0.01). Generation means analysis showed that
both dominance gene action and epistatic interaction
played a major role on grain yield, plant height and
RWC, but additive and dominance gene action
played a major role on 100-seed weight in this study.
Estimates of heritability, the degree of dominance
and percentage of heterosis were acceptable and significant for most of the traits. For breeding droughtresistance in maize, we can use the recombinant
breeding strategy to benefit desirable genes.
'&!"
Drought stress, Genetic effects, Maize, Relative water
content.

#!$#

Maize (   L.) is the third most important
cereal crop after wheat and rice in the world. Water
deficit stress can pose adverse effects on growth and
yield of several crops, and it is known to be the most
damaging to crops compared to other abiotic stresses
[11]. Maize is the most productive under proper environmental and better management conditions,
among cereals. Drought stress reduces grain yield in
maize plant. However, these yield declines depend
on stress intensity, term, and incidence at the crop
stage. Drought occurring two weeks before and during silking phase decreases seed setting and kernel

3)5: 4):-81)39 )5, .1-3, ->7-814-5:9 The
experimental material included the six generations
(P1, P2, F1, F2, BC1, and BC2) derived from two
crosses between the two maize lines, B73 and MO17
which are characterized as drought tolerant and
drought sensitive, respectively [3, 8, 9]. Two separate experiments in randomized complete block designs (RCBD) were carried out, during two growing
seasons (2014-2015) at the Research Station of University of Tabriz, Iran. One experiment was performed at normal irrigation condition, as control and
the other with interrupted irrigation during 21 days
just before flowering. Three replications were used

2518

#"

  $    





  !




         

         

       
Where:
D: Additive genetic variance, H: Dominance
variance, E: Environmental component of variance
and F: Correlation between D and H.

in each experiment in both years. The experimental
plots included two rows of 3 m long and 0.75 m
wide.

#8)1:9 4-)9;8-4-5: Agronomic traits including grain yield per plant, 100-grain weight, ear
height and plant height were evaluated. The relative
water content (RWC) was estimated following the
gravimetric method as described by [4]. The chlorophyll content of the second and third leaf was measured with a SPAD-502 Chlorophyll Meter (Minolta
Corporations, Ramsey, NJ, USA).

":):19:1+)3 )5)3?919 Analysis of variance and
mean comparison of the characters were done using
SAS Software. Generation means analysis was performed using Mather and Jinks method [7]. In this
method the mean of each character is indicated as
follows:
Y= m + α[d] + β[h] + α2[i] + 2αβ[j] + β2[l]
Where:
Y = observed mean for generation; m = the
mean effect; d = average additive effects; h = average dominance effects; i = average interactions between additive effects; j = average interactions between additive and dominance effects; l = average
interactions between dominance effects. The genetic
parameters (m, [d], [h], [i], [j] and [l]) were tested by
using   to significance. To estimate the parameters and to select the most suitable model the least
squares method and the joint scaling test of Mather
and Jinks [7] were employed.
Broad-sense ( ) and narrow-sense ( ) heritability was estimated by Warner [13] formulas:
        
 

       
 

The components of variation in six populations
were calculated by the formulae of F2 variance were
obtained by the following formula of Mather and
Jinks [7] as:

        

!"$#""$""
Combined analyses of variance which assessed
the effect of drought stress on six maize generations
grain yield, 100-seed weight, plant height, relative
water content (RWC) and chlorophyll content
(SPAD) showed a highly significant difference for it
( ≤ 0.01). Effect of maize generations for grain
yield, 100-seed weight, plant height and RWC
showed a highly significant difference for them ( ≤
0.01). Then we did not do generation means analysis
for ear height and chlorophyll content, because they
were not significant to it. The drought stress × maize
generations interaction was significant for grain
yield and RWC ( ≤ 0.01). The year × maize generations interaction was not also significant in cross
B73 and MO17 (not given). Drought stress reduced
grain yield, 100-weight, ear height, plant height,
RWC and chlorophyll content about 28.5, 22.63, 3.2,
11.3, 25.1 and 7.2 percent, respectively (Fig. 1). The
applied drought stress reduced grain yield and its
components in maize [14]. RWC may accurately define the demand and supply of water. Plants, for their
survival under drought stress, tend to retain a
reasonable amount of water so as to ensure the normal functioning of all cellular metabolic processes.
It is generally believed that RWC decreases in maize
to response drought stress [3, 9]. Chlorophyll concentration is known to be one of the major factors
affecting photosynthetic capacity [15]. Some studies
carried out to investigate chlorophyll content under
drought stress have reported reductions in maize [8,
11]. These results are concordant with our results.


# 
-5-:1+-..-+:9.68/8)15?1-3, 9--,=-1/0:73)5:0-1/0:)5,!&6.4)1@-;5,-8+65:863)5,
,86;/0:9:8-99-,+65,1:1659.
Traits
Control
Grain yield
Drought
100-seed
Control
weight
Drought
Control
Plant height
Drought
Control
RWC
Drought

[m]
64.73
45.93
32.24
24.65
112.35
107.05
66.71
47.88

[d]
-6.24
5.45
-6.24
-2.3
6.31
8.36
-10.36
-6.21

[h]
16.37
28.12
8.26
4.73
39.40
37.01
-1.04
21.23

[i]
6.44
8.21
-7.86
-2.30
23.84

[j]
-4.41
-5.71

[l]
-17.62
26.61
-21.42

χ2
0.01
0.21
0.91
0.94
1.13
0.95
3.21
1.74

[m]: Mean effect. [d]: Average additive effects. [h]: Average dominance effects. [i]: Average interactions between
additive effects. [j]: Average interactions between additive and dominance effects. [l]: Average interactions between dominance effects.
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8)15 ?1-3, Six-parameter models were
enough to describe the heredity pattern of grain yield
since χ2 estimates were found a highly significant
(Table 1). The gene interactions additive × additive
and additive × dominance were predominated in operating the inheritance of grain yield per plant under
control conditions, whereas these components along
with dominance gene interaction played a major role
in the inheritance of this trait under control conditions (Table 1). The gene interactions additive × ad-

ditive were predominated in operating the inheritance of grain yield per plant under drought stress
(Table 1). The degree of dominance, broad-sense
and narrow-sense heritabilities and percentage of
heterosis (H %) were about -2.2, 0.6, 0.3 and 42.1%,
respectively under control conditions whereas the
degree of dominance, broad-sense and narrow-sense
heritabilities and percentage of heterosis (H %) were
about -2.8, 0.4, 0.2 and 20.1%, respectively under
drought stress for grain yield (Table 2). The comparatively lower heritability for grain yield of the maize,

$!
-)56./8)15?1-3, 9--,=-1/0:-)80-1/0:73)5:0-1/0:!&)5,+0368670?33+65:-5:;5,-8
+65:863)5,,86;/0:9:8-99-9#0-,):))8-:0-)<-8)/-96.<)3;-9A" 6*9-8<-,,;815/:0-:=6.1-3,
->7-814-5:915  )5,  

# 
-5-:1+7)8)4-:-896./8)15?1-3, 9--,=-1/0:73)5:0-1/0:)5,!&;5,-8+65:863)5,,86;/0:
9:8-99+65,1:1659

0.57
0.42
0.25
0.22
0.77
0.58
0.76
0.71

Traits
Grain yield
100-seed weight
Plant height
RWC

Control
Drought
Control
Drought
Control
Drought
Control
Drought


0.33
0.25
0.15
0.12
0.51
0.42
0.51
0.47

h/d
-2.24
2.83
-1.15
-1.43
2.92
1.88
0.29
-1.59

H (%)
42.10
20.20
45.00
54.36
33.32
21.68
-7.03
-3.01

 : Broad-sense heritability.  : Narrow-sense heritability. h/d: Degree of dominance. H (%): Percentage of heterosis.
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!-3):1<- =):-8 +65:-5: !& Sixparameter models were enough to describe the heredity pattern of RWC since χ2 estimates were found
a highly significant (Table 1). The gene interactions
dominance × dominance were predominated in operating the inheritance of RWC under control conditions, whereas the gene interactions additive × additive and additive × dominance were predominated in
operating the inheritance of RWC under drought
stress (Table 1). The degree of dominance, broadsense and narrow-sense heritabilities and percentage
of heterosis (H %) were about 0.3, 0.8, 0.5 and 7.03%, respectively under control conditions
whereas the degree of dominance, broad-sense and
narrow-sense heritabilities and percentage of heterosis (H %) were about -1.59, 0.7, 0.4 and 2.9%, respectively under drought stress for RWC (Table 2).
Generation means analysis in wheat under drought
stress conditions showed that the gene interactions
dominance × dominance were predominated in operating the inheritance of RWC under control conditions, whereas the gene interactions additive × additive and dominance × dominance were predominated
in operating the inheritance of RWC under drought
stress [12]. The degree of dominance, broad-sense
and narrow-sense heritabilities and percentage of
heterosis (H %) in wheat were about -6, 0.76, 0.52
and -15.1%, respectively under control conditions
whereas the degree of dominance, broad-sense and
narrow-sense heritabilities and percentage of heterosis (H %) were about -1.71, 0.71, 0.47 and 18.9%,
respectively under drought stress for RWC [10, 12].


!!"

in this study, may be due to the fact that yield is a
low heritable character which that is controlled by
many genes. The development of any plant breeding
program is dependent upon the existence of genetic
variability. The efficiency of selection and expression of heterosis also largely depend upon the magnitude of genetic variability present in the plant population [12]. Epistatic dominance × dominance interaction was predominant under non-stressed conditions in comparison to epistatic additive × additive
interaction under the drought-stressed environments
in maize [5, 6]. These findings are similar to the one
reported by Adebayo et al[1]. These results are concordant with our results.

9--, =-1/0: Three parameter models
were enough to describe the heredity pattern of 100seed weight since χ2 estimates were found a highly
significant under both the environments (Table 1).
The degree of dominance, broad-sense and narrowsense heritabilities and percentage of heterosis (H %)
were -1.15, 0.25, 0.15 and 45%, respectively under
control conditions whereas the degree of dominance,
broad-sense and narrow-sense heritabilities and percentage of heterosis (H %) were -1.43, 0.22, 0.12 and
36%, respectively under drought stress for 100-seed
weight (Table 2). The epistatic additive × additive
interaction was predominant under the non-stressed
conditions in comparison to additive genetic effects
under the drought-stressed environments for 100seed weight in maize [6].

3)5: 0-1/0: Six-parameter models were
enough to describe the heredity pattern of plant
height since χ2 estimates were found a highly significant under control conditions, but three-parameter
models were enough to describe the heredity pattern
of plant height since χ2 estimates were found a highly
significant under drought stress (Table 1). Generation means analysis for plant height showed the
involvement of dominance genetic effects in its inheritance under drought stress, but the gene interactions additive × additive were predominated in operating the inheritance of plant height under control
conditions (Table 1). The degree of dominance,
broad-sense and narrow-sense heritabilities and percentage of heterosis (H %) were about 2.9, 0.8, 0.5
and 33.3%, respectively under control conditions
whereas the degree of dominance, broad-sense and
narrow-sense heritabilities and percentage of heterosis (H %) were about 1.9, 0.6, 0.4 and 21.7%, respectively under drought stress for plant height (Table 2).
Generation means analysis for plant height revealed
the involvement of dominance genetic effects in its
inheritance under both the environments [6]. Ogunniyan and Olakojo [10] reported that heritability of
plant height was 0.9 in maize inbred lines.
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ERSITY IN SEED YIELD AND YIELD COMPONENTS OF
NARBON VETCH (VICIA NARBONENSIS L.) GENOTYPES
Bilal Aydinoglu*
Department of Field Crops, Faculty of Agriculture, Akdeniz University, Antalya, Turkey

protein sources for livestock among feed legume
species. When the global climate changes, water
shortage, rising drought threat and production inputs are taken into consideration, narbon vetch
(Vicia narbonensis L.), an annual cool season legume belongs to Fabaceae family, is one of the most
promising feed/forage crops for the arid and semiarid regions such as Central and West Asia, North
Africa and Southern Australia [3, 4, 5, 6, 7, 8, 9].
Narbon vetch has gained importance in recent
years due to its drought and cold tolerance, pest and
fungal disease resistance, low input requirement
and high seed and straw yields. Also, it has erect
growth habit and reduced pod shattering that facilitates the mechanical harvesting. High crude protein
contents of narbon vetch seeds and straw indicate
the potential of this crop as a complementary animal feed source in dry areas. Narbon vetch maintains remarkable yield potential in environments
that are normally extreme for other cool season
legumes such as common vetch, lentil and chickpea. It is a highly productive in areas that are not
suitable for other legumes, receiving 250-300 mm
annual rainfall. Narbon vetch could be sown deeper
than other Vicia spp. because of its large seeds.
Deeper sowing allows them to be closer to soil
moisture. This helps narbon vetch survive in scarcity of water at the sowing time [10].
The purpose of breeders is to develop narbon
vetch genotypes of both high seed and straw yield.
Examination of the relationships between yield and
yield components are necessary in selecting superior genotypes for the target environment. Correlation measures are used to determine the mutual
relationship between the two variables in breeding
studies for yield. But, when more than two variables are included, correlation measurements are
insufficient to explain whole relationships among
the variables and are not enough to identify the
causal relationship among the characteristics. Path
coefficient analysis is useful for examining causeeffect relationships because this analysis simultaneously considers several variables in the data set to
obtain the coefficients and enables the separation of
the correlation into components of direct and indirect effects [11].
Principal component analysis (PCA) is used to
find the factors that explain the highest variation in
the data set over dependent variable. The resulting
principal components (PCs) may decrease the dimension of the revealing variables and break the

ABSTRACT
The present investigation was undertaken to
evaluate yield criteria in narbon vetch (Vicia narbonensis L.), one of the most promising feed/forage
crops for the arid and semi-arid regions, using correlation, path and principal component analyses
(PCA) in true Mediterranean climate conditions.
The trials were conducted under rainfed conditions
in trial fields at Faculty of Agriculture, Akdeniz
University in Antalya-Turkey (approximately 30o
(މoމ1PDEove the sea level) for two
growing seasons. The experiment design was a
Randomized Complete Block Design with three
replications. The correlation analysis results revealed that seed yield was positively and significantly correlated with biological yield, number of
pods per plant, plant height, harvest index and
number of seeds per plant. The PCA showed that
first five components explained 79% of the existing
variation in genotypes and demonstrated especially
the roles of biological yield and number of main
braches per plant as strong determining traits controlling the overall variation. Path analysis showed
that biological yield, harvest index and number of
seeds per plant had strong positive direct effects on
the enhancement of seed yield of narbon vetch. The
overall results in this study suggested that narbon
vetch breeding studies should focus on biological
yield, number of pods per plant, plant height, harvest index and number of seeds per plant, number
of main branches per plant, 1000-seed weight and
pod length for high seed yield.

KEYWORDS:
Correlation analysis, Narbon vetch, Path analysis, PCA,
Selection, Seed Yield

INTRODUCTION
Demand for animal products in developing
countries is expected to rise rapidly to double by
2030 due to increase in population and incomes,
urbanization and changes of lifestyles and dietary
habits. Increased production can be achieved by
increasing both the animal numbers and/or the
productivity [1, 2]. These changes will also lead to
increase in feed demand, especially for cheap protein sources. Vetches are recognized as important
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possible dependency among revealing variables. PC
analysis essentially restructures data sets containing
many correlated variables into smaller sets of components of the original variables. Each set is uncorrelated with any other, but components within sets
are related [12, 13].
This study was conducted: (i) to evaluate relationships between seed yield and yield components
and, (ii) to determine direct and indirect effects of
seed yield components on seed yield of narbon
vetch in the true Mediterranean climate conditions.

consisted of 50 seeds. Fertilizer was applied at a
rate of 40 kg ha-1 N and 102 kg ha-1 P2O5 as Di
Ammonium Phosphate (DAP) during preparation of
seed bed. The plants were grown in rain-fed conditions. Average temperature, rainfall and relative
humidity of the growing seasons are shown in Table 1. Weeds were controlled by hand. Some phenological and agro-morphological traits were evaluated from ten randomly selected plants from each
plot. These included plant height (PH), number of
main branches per plant (MB/Pl), days to flowering
(DF), number of pods per node (P/N), number of
pods per plant (P/Pl), pod length (PL), pod width
(PW), number of seeds per pod (S/P), number of
seeds per plant (S/Pl), biological yield (BY), seed
yield (SY), 1000-seed weight (TSW), harvest index
(HI). Data for biological and seed yields (kg ha-1)
for each genotype were recorded on the basis of
seed yield per plot at the end of growing season.
Thousand seed weight in gram was calculated by
weighing of 2 x 200 seeds. Path and principal component analyses (PCA) were performed according
to Dewey and Lu (11) and Isebrands and Crow
[14], respectively. Statistical analyses were performed by using MINITAB statistical package
programs [15].

MATERIALS AND METHODS
In this study, fourteen narbon vetch genotypes
provided from ICARDA and one local variety
(Tarman) were used as genetic material. Field experiments were conducted in trial fields at Faculty
of Agriculture, Akdeniz University in AntalyaTurkey (approximately 30o  ( މo މ1 1 m
above the sea level) during 2000-2001 and 20032004 growing seasons. Seeds of each genotype
were sown on 13 December 2000 for first year and
on 11 December 2003 for second year in a Randomized Complete Block Design with three replications. Each plot consisted of four rows of 4 m
length with 30 cm row distance and each rows

TABLE 1
Monthly temperature, relative humidity and rainfall values in the growing seasons of
2000-2001 and 2003-2004*
Average Temperature (oC)
2000
January
February
Marc
h
April
May
June
July
August
September
October
Novem
ber
Decem
ber

11.8

Rainfall (mm)

Relative Humidity (%)

2004

19611
1997

11.4

8.9

9.7

217.7

556.9

238.9

67.5

68.9

66.2

11.5

10.4

10.1

96.2

65.6

165.0

59.8

59.5

66.9

11.1

13.8

12.5

9.5

12.6

99.0

66.6

54.7

67.8

16.8
21.7
25.6

16.3
20.5
25.5

15.9
20.2
25.2
28.0

97.3
62.0
0.0

261.3
23.5
1.0

44.0
30.2
9.2
2.2

67.8
61.0
63.4

61.5
62.6
58.8

68.6
67.7
59.9
57.0

2001

2003

11.5

2000

2001

2003

2004

19291
1997

2000

2001

2003

2004

19711
1997

27.7

2.4

59.7

24.4

12.1

59.9

19.6

68.3

62.1

14.6

127.9

64.9

11.2

154.0

577.6

258.8

59.4

64.9

1 Long term averages. * Turkish State Meteorological Service, Antalya Meteorology Station, Turkey.
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TABLE 2
The mean, standard error, minimum and maximum values and F ratios of 13 characters in narbon vetch
Characters

Mean

±SE

Minimum

Plant Height (cm)
Main Branches per Plant
Pods per Plant
Seeds per Pod
Pods per Node
Seeds per Plant
Pod Length (cm)
Pod Width (cm)
Days to Flowering (Days)
Biological Yield (kg ha-1)
Seed Yield (kg ha-1)
Harvest Index (%)
1000-Seed Weight (g)

83.1
3.0
17.9
4.9
1.6
73.6
5.9
1.2
101.1
6037.0
2642.3
44.6
202.4

±1.26
±0.09
±0.54
±0.06
±0.03
±2.75
±0.05
±0.02
±1.81
±125.00
±53.00
±0.78
±3.99

54.2
1.6
9.2
3.6
1.2
35.6
4.5
0.9
77.0
2880.0
1450.0
25.3
104.0

Maximum
115.4
5.0
37.2
6.4
2.0
174.6
6.8
1.6
120.0
8813.0
3855.0
58.2
262.7

F Value for
Genotypes
1.81
1.20
1.72
1.34
3.04**
2.04*
4.13**
2.23*
9.25**
2.89**
2.56**
3.60**
110.24**

*: P<0.05, **: P<0.01
TABLE 3
Correlation coefficient between the evaluated traits of narbon vetch

SY

PH

MB/P

P/Pl

S/P

P/N

S/Pl

PL

PW

DF

0.361*
*

0.182

0.397*
*

0.001

0.102

0.218*

0.194

-0.111

0.120

0.188

-0.069

-0.234*

PH
MB
/Pl
P/Pl
S/P
P/N
S/Pl

0.035

0.131

-0.171

-0.017

0.204

0.293*
*

0.457*
*

0.307*
*

0.060

0.042

0.030

0.028

0.200

0.513**

-0.113

0.091

-0.057

0.172

0.035

-0.007
0.069

PL
PW

-0.216*
0.409*
*
0.016
0.037
0.354*
*

0.388*
*
0.290*
*
0.457*
*
-0.017
0.132
-0.134
0.101

DF

BY

BY

HI

TSW

0.607*
*
0.434*
*

0.317*
*

0.125

-0.112

0.101

0.321*
*
0.308*
*
0.310*
*
0.101
0.116

0.298*
*

0.414*
*
0.092
0.249*
0.027
0.086
0.270*
*

-0.091

-0.164
0.293*
*
-0.246*
0.052
0.355*
*
0.392*
*

-0.098

0.024

0.564*
*

0.807*
*

0.300*
*

0.550*
*

-0.116

0.305*
*
SY: Seed Yield, PH: Plant Height, MB/Pl: Main Branches per Plant, P/Pl: Pods per Plant, S/P: Seeds per Pod, P/N: Pods per Node, S/Pl:
Seeds per Plant, PL: Pod Length, PW: Pod Width, DF: Days to Flowering, BY: Biological Yield, HI: Harvest Index, TSW: 1000-Seed
Weight. *: P<0.05, **: P<0.01
HI

RESULTS

not significantly associated with number of main
branch per plant (r=0.182), seed number per plant
(r=0.001), pod number per node (r=0.102), pod
length (r=0.194), pod width (r=-0.111), days to
flowering (r=0.120) and 1000-seed weight
(r=0.125).
Biological yield was positively correlated with
plant height (r=0.434**) and number of main
branches per plant (r=0.414**) and negatively correlated with days to flowering (r= -0.564**) and
harvest index (r=-0.550**). Pod number per plant
was positively correlated with seed number per
plant (r=0.513**), number of main branches per
plant (r=0.457**), harvest index (r=0.308**), days

Considerable diversity was found among genotypes for all studied characteristics. Variance
analysis results showed that these differences were
statistically significant for all characters except
plant height, main branches per plant, pods per
plant and seeds per pod (Table 2).
Correlation coefficient analysis revealed that
seed yield was significantly and positively correlated with biological yield (r=0.607**), number of
pods per plant (r=0.397**), plant height (r=0.361**),
harvest index (r=0.317**) and number of seeds per
plant (r=0.218*). On the other hand, seed yield was
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to flowering (r=0.290**) and it was negatively
correlated with pod width (r=-0.216*). The harvest
index was positively correlated to days to flowering
(r=0.807**). On the other hand, positive correlations between 1000-seed weight and pod length
(r=0.355**) and pod width (r=0.392**) were noted.
In addition, the number of seeds per plant, which
was a significant positive relationship with seed
yield, was also positively related to the number of
pods per plant (r=0.513**).
In our study, five principal components (PCs)
extracted had Eigenvalue >1. These five PCs contributed 80.0% of the total variability amongst narbon vetch genotypes assessed for seed yield and
related traits. The remaining components contributed only 20.0% towards the total diversity for this
set of narbon vetch genotypes. The PC I contributed
maximum variability (24%) followed by PC II
(22%), PC III (17%), PC IV (8%) and PC V (8%).
Biological yield and number of main branches
showed considerable positive factor loadings on PC
I. The PC II related to diversity among narbon
vetch genotypes due to number of pods per plant
and number of seeds per plant, harvest index and
days to flowering with their negative loadings. The
PC III was explained by variation among genotypes
due to plant height, 1000-seeds weight and seed
yield with their positive loadings. The PC IV was
elucidated by diversity among the genotypes for
pod width and number of pods per node with negative loadings. The PC V related to dissimilarity
among the genotypes due to number of seeds per
pod and pods length with their considerable positive loadings (Table 4).
Path analysis showed that only the biological
yield (1.139 and 66.44%) and harvest index (0.965
and 58.54%) had strong positive direct effects on
seed yield, followed by seed number per plant
(0.032 and 11.76%) and pods number per node had
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negative direct effect (-0.031 and 17.37%) on seed
yield while other traits had negligible direct effects.
We observed that there were strong and positive
indirect effects of all characters examined trough
biological yield and harvest index on seed yield
(Table 5).

DISCUSSION
Correlation and path coefficient analyses have
been widely used in many crop species to understand or clarify the nature of complex interrelationships among traits and to identify sources of
yield variation, which can be utilized to evaluate
yield criteria for indirect selection. The purpose of
the principal components analysis is to obtain a
small number of linear combinations, which account for most of the variability in used data.
Correlation study suggests that seed yield
mainly depends on biological yield, number of pods
per plant, plant height and harvest index. Previous
studies also reported significant effects of biological yield, number of pods per plant, plant height
and harvest index on seed yield in narbon vetch [16,
17], common vetch [18, 19, 20, 21] and bitter vetch
[22]. Berger et al. [7] also reported a strong positive
correlation between above ground biomass and seed
yield seems to be common among Vicia species,
including var. narbonensis. On the other hand, the
biological yield depends on plant height, number of
branches and days to flowering. There is also a
significant positive correlation between the number
of pods per plant and the number of branches.
Therefore, days to flowering and number of
branches could be evaluated as related to seed
yield.

TABLE 4
The eigenvalues, proportion and cumulative proportion of variation and eigen vectors loadings of the first
five most principal of 13 traits of narbon vetch genotypes

Eigenvalue
Proportion of Variation
Cumulative
Proportion
Variation
Variables
Plant Height (cm)
Main Branches per Plant
Pods per Plant
Seeds per Pod
Pods per Node
Seeds per Plant
Pod Length (cm)
Pod Width (cm)
Days to Flowering (Days)
Biological Yield (kg ha-1)
Seed Yield (kg ha-1)
Harvest Index (%)
1000-Seed Weight (g)

of

PC I
3.16
0.24

PC II
2.81
0.22

PC III
2.17
0.17

PC IV
1.05
0.08

PC V
1.03
0.08

0.24

0.46

0.63

0.71

0.79

0.119
0.415
0.207
0.341
0.098
0.230
0.050
-0.241
-0.366
0.425
0.193
-0.314
-0.284

-0.040
-0.083
-0.501
0.086
-0.140
-0.486
0.106
0.123
-0.399
0.089
-0.310
-0.433
-0.015

0.016
0.038
-0.026
-0.046
-0.849
-0.017
-0.221
-0.391
0.057
0.115
0.153
-0.005
0.183

-0.393
0.020
-0.047
0.603
-0.087
0.117
0.530
-0.086
0.017
-0.149
-0.018
0.163
0.346
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Eigen Vectors
0.466
-0.038
-0.015
-0.178
-0.069
-0.038
0.458
0.359
0.003
0.340
0.376
0.010
0.385
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TABLE 5
The direct and indirect contribution of characters to seed yield in narbon vetch

PH
MB/Pl
P/Pl
S/P
P/N
S/Pl
PL
PW
Flw
BY
HI
TSW

PH

MB/P
l

PC

0.018

-0.001

-0.002

0.003

0.000

-0.004

-0.005

-0.003

0.001

-0.008

0.002

-0.002

%

2.8

0.07

0.48

0.49

0.17

1.34

1.21

1.89

0.08

0.46

0.12

0.36

PC

0.001

0.031

0.014

0.009

0.002

0.001

0.001

-0.007

-0.012

0.013

-0.010

-0.009
1.82

P/Pl

S/P

P/N

S/Pl

PL

PW

DF

BY

HI

TSW

%

0.17

3.59

2.85

1.51

1.02

0.47

0.21

4.00

0.81

0.74

0.60

PC

-0.005

-0.018

-0.039

-0.001

-0.008

-0.020

0.004

0.008

-0.011

-0.004

-0.012

0.006

%

0.79

2.07

7.87

0.17

4.29

7.26

1.00

4.65

0.76

0.21

0.72

1.27

PC

-0.001

0.002

0.000

0.005

0.001

0.000

0.001

-0.002

-0.002

0.001

-0.002

-0.002

%

0.13

0.18

0.03

0.81

0.26

0.11

0.20

1.16

0.16

0.07

0.10

0.30

PC

0.001

-0.002

-0.006

-0.003

-0.031

-0.001

0.000

-0.001

0.001

-0.001

-0.003

0.008

%

0.08

0.22

1.28

0.45

17.37

0.40

0.05

0.29

0.04

0.05

0.19

1.53

PC

0.007

0.001

0.017

-0.002

0.001

0.032

0.002

0.001

0.004

0.003

0.004

0.002

%

1.02

0.16

3.35

0.29

0.62

11.76

0.51

0.67

0.29

0.16

0.23

0.34

PC

-0.003

0.000

0.001

-0.002

0.000

-0.001

-0.012

-0.004

0.002

-0.003

0.001

-0.004

%

0.53

0.04

0.26

0.32

0.05

0.29

2.64

2.27

0.10

0.18

0.06

0.81

PC

0.000

0.000

0.000

0.001

0.000

0.000

0.000

-0.001

0.000

0.000

0.000

0.000

%

0.03

0.03

0.05

0.07

0.01

0.02

0.09

0.62

0.01

0.01

0.00

0.09

PC

-0.001

-0.005

0.004

-0.006

0.000

0.002

-0.002

0.001

0.014

-0.008

0.011

0.004

%

0.15

0.62

0.81

1.00

0.13

0.66

0.42

0.78

0.93

0.45

0.67

0.82

PC

0.494

0.472

0.104

0.284

0.030

0.098

0.307

-0.111

-0.643

1.139

-0.627

-0.132

%

76.83

55.29

21.24

45.32

16.72

35.88

70.28

62.02

43.40

66.44

38.02

26.25

PC

-0.108

-0.310

0.297

-0.299

0.098

0.112

-0.088

0.023

0.779

-0.531

0.965

0.294

%

16.84

36.32

60.42

47.69

53.91

41.04

20.13

12.91

52.61

30.96

58.54

58.44

PC

-0.004

0.012

0.007

0.012

0.010

-0.002

-0.014

-0.016

-0.012

0.005

-0.012

-0.040

%

0.63

1.40

1.34

1.88

5.45

0.77

3.26

8.76

0.82

0.27

0.74

7.98

Bold and italic numbers are the direct effects.
SY: Seed Yield, PH: Plant Height, MB/Pl: Main Branches per Plant, P/Pl: Pods per Plant, S/P: Seeds per Pod, P/N: Pods per Node, S/Pl:
Seeds per Plant, PL: Pod Length, PW: Pod Width, DF: Days to Flowering, BY: Biological Yield, HI: Harvest Index, TSW: 1000-Seed
Weight.

seed yield of narbon vetch, in that order, while it
was considerable negative for number of pods per
node and number of pods per plant. Veghela et al.
[29] reported that the highest direct and positive
effect on seed yield was exhibited by biological
yield per plant followed by harvest index in chickpea. We observed that there were strong positive
indirect effects of all of the traits examined in this
study via biological yield and harvest index on seed
yield. Plant height, pod length, number of main
branches, number of seeds per pod and number of
seeds per plant had strong positive indirect effect
via biological yield on seed yield, in order that,
while pod width, days to flowering, harvest index
and 1000-seed weight had negative in direct effect.
On the other hand, number of pods per plant, 1000seed weight, number of pods per node and days to
flowering had high positive indirect effect via harvest index on seed yield. Whereas, number of seeds
per pod, number of main branches, biological yield,
pod length and plant height had considerable negative indirect effect via harvest index on seed yield.
This suggested that increasing in either biological
yield and/or harvest index would have a positive
effect on the seed yield while increase in either

In this experiment, PCA partitioned the total
variance into 5 PCs with Eigen values greater or
equal to 1. Five PCs accounted for 79% of the total
variation. The first PC positively related to biological yield and number of main branches per plant.
The second PC negatively associated with number
of pods per plant, number of seeds per plant, harvest index and days to flowering, respectively.
Plant height, 1000 seeds weight and seed yield
contributed to the third component. The fourth PC
negatively related to number of pods per node and
pod width. The fifth PC related to number of seeds
per pod and pod length. These results are confirmed
by various legume studies [23, 24, 25, 26, 27, 28].
In these studies noted that some characters as biological yield, harvest index, 1000-seed weight,
number of seeds per pod and days to flowering
contributed to most of the variability. Our findings
also concerning the number of main branches,
number of pods per node and the pod length-width
indicate that these properties could be important
selection criteria in narbon vetch improvement.
Path analysis showed that biological yield,
harvest index and number of seeds per plant had
strong positive direct effects on the enhancement of
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[3] Saxena, N.P., Johansen, C., Saxena, M.C.,
Silim, S.N. (1993) In: Singh, K.B., Saxena,
M.C. (Eds.) Breeding for Stress Tolerance in
Cool Season Food Legumes. John Wiley &
Sons. Chichester, U.K. 245-270
[4] Enneking, D. and Maxted, N. (1995) Narbon
bean: Vicia narbonensis L. (leguminosae).
Evolution of crop plants. 2nd ed. Longman
Group, Harlow Essex. 316-321.
[5] Siddique, K.H.M., Loss, S.P., Regan, K.L. and
Jettner, R.L. (1999) Adaptation and seed yield
of cool season grain legumes in Mediterranean
environments of south-western Australia. Australian Journal of Agricultural Research. 50(3),
375-388.
[6] Jones, M.J. and Singh, M. (2000) Long-term
yield patterns in barley-based cropping systems
in northern Syria. 2. The role of feed legumes.
The Journal of Agricultural Science. 135(3),
237-249.
[7] Berger, J.D., Robertson, L.D. and Cocks, P.S.
(2002) Agricultural potential of Mediterranean
grain and forage legumes: Key differences between and within Vicia species in terms of
phenology, yield, and agronomy give insight
into plant adaptation to semi-arid environments. Genetic Resources and Crop Evolution.
49(3), 313-325.
[8] ICARDA, (1996). In: Germplasm program
legumes annual report for 1996. 194±200.
ICARDA, Aleppo, Syria
[9] $WHú(   Determining drought tolerance
of new fodder pea and Persian clover genotypes at the germination and early seedling
stages. Fresen. Environ. Bull. 25, 6020-6029
[10] Abd El Moneim, A.M. (1992) Narbon vetch
(Vicia narbonensis L.): a potential feed legume
crop for dry areas in West Asia. Journal of
Agronomy and Crop Science. 169(5), 347-353.
[11] Dewey, D.R., Lu, K. (1959) A correlation and
path-coefficient analysis of components of
crested wheatgrass seed production. Agronomy
journal. 51(9), 515-518.
[12] Iezzoni, A.F., Pritts, M.P. (1991) Applications
of principal component analysis to horticultural
research. HortScience. 26(4), 334-338.
[13] Ghaedi, A.M. and Vafaei A. (2016) Principal
component analysis-artificial neural network
and multiple linear regression for the removal
of basic blue dye by alumina nanoparticle
loaded on activated carbon prepared from palm
kernel. Fresen. Environ. Bull. 25, 6215-6217.
[14] Isebrands, J.G., Crow, T.R. (1975) Introduction
to uses and interpretation of principal component analyses in forest biology. USDA Forest
Service. General Technical Report NC-17.
[15] Minitab, Inc. (2009) Minitab statistical
software, release 16 for Windows. MINITAB
Inc, State College.

plant height, pod length, number of main branches,
number of seeds per pod, number of seeds per
plant, number of pods per plant, 1000-seed weight,
number of pods per node and days to flowering.
Our results are in agreement with the findings published before [30, 31, 32].

CONCLUSIONS
The results from this study indicated that agromorphological traits significantly differed in the
investigated narbon vetch genotypes. The correlation analysis results revealed that seed yield was
positively and significantly correlated with biological yield, number of pods per plant, plant height,
harvest index and number of seeds per plant. Biological yield was highly positively correlated with
plant height and number of main branches per plant
and highly negatively correlated with days to flowering and harvest index. The PCA showed that first
five components explained 79 percent of the existing variation in genotypes and demonstrated especially the roles of biological yield and number of
main braches per plant as strong determining traits
controlling the overall variation in narbon vetch.
Additionally, the path analysis results revealed that
biological yield followed by harvest index and
number of seed per plant, had the greatest direct
positive effect on seed yield. The considerable
positive indirect effect on seed yield was exhibited
by plant height via biological yield, pod length and
number of main branches. The other hand, number
of pods per plant and 1000-seed weight had notable
indirect positive effect on seed yield via harvest
index. Our overall results suggested that narbon
vetch breeding studies should focus on biological
yield, number of pods per plant, plant height, harvest index and number of seeds per plant, number
of main branches per plant, 1000-seed weight and
pod length for high seed yielding narbon vetch
varieties.
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Ikizcetepeler Dam Lake is 21 km far away from
Balıkesir city center. It was built on Kille Stream. It
is mainly fed by Kille Stream and is also fed by
Akçaköy, Taşköy and Bağırsak Streams. It was built
in 1992 for the purposes of irrigation. The maximum
water capacity is 164.56 hm3, surface area 9.60 km2
and maximum depth of 45 m [7].
Zooplankton samples were collected from three
different stations with a standard plankton net (Hydrobios Kiel, 25 cm in diameter 55 μm in mesh size)
between winter 2013- autumn 2014 from Ikizcetepeler Dam Lake (Figure 1). At three stations whose
coordinates were 39°29′22.41′′N 27°56′26.20′′E,
39°28'51.06′′N 27°55'47.20′′E and 39°29′06.28′′N
27°56′18.86′′E for stations no. 1, 2 and 3 respectively. Samples were preserved in 4 % formaldehyde
solution in 250 ml bottles. For taxonomical identification of Rotifera, Kolisko [8], Koste [9] and Segers
[10] has been used; Negrea [11] and Smirnov [12]
were used for Cladocera; Kiefer and Fryer [13] and
Einsle [14] were used for Copepoda.
Statistical cluster test was conducted using
MVSP 3.22 demo version. Margalef, Pielou, Shannon Weaver and Simpson index [15] were used for
determining species diversity and richness and
measuring biodiversity.
Shannon’s Diversity index () was calculated

using  ' =  ln  formula. Where pi is the pro-

#$"$
In this study, zooplankton community, assessment with index analysis and cluster analysis were
studied seasonally, between winter 2013- autumn
2014. Zooplankton samples were collected from
three different stations with plankton net, both horizontally and vertically. In the dam lake 26 zooplankton species were identified. Zooplankton samples
were consisted of 17 Rotifera, six Cladocera, and
three Copepoda, respectively. Rotifera was the dominant group of zooplankton with regard to species
numbers and densities.
('"#
Rotifera, Cladocera, Copepoda, index analysis
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In fresh water ecosystems, three groups of zooplankton, namely Rotifera, Cladocera, Copeoda,
have been reported [1]. The presence of zooplankton
is dependent on primary and secondary consumers
that feed on phytoplankton and zooplankton, respectively [2]. Zooplankton are free floating animals
which play a vital role in aquatic ecosystem. They
are choice food of fishes in general and juveniles in
particular. They graze heavily on algae, bacteria and
minute invertebrates. Zooplankters are highly sensitive to environmental variation, as a result change in
their abundance, species diversity or community
composition can provide important indication of environmental change or disturbance. Due to their
short life cycle, these communities often respond
quickly to environmental changes [3]. Alper et al.
[4], have been identified Cladocera and Copepoda at
Ikizcetepeler Dam Lake. Then, in next studies, fish
fauna and algal flora in 2008 and 2011 have been investigated, respectively [5, 6]. This study was conducted to determine zooplankton species, their seasonal variations and evaluation of zooplankton community numerically and the trophic level of dam lake
with some index analysis.



∑
 =1





portion of individuals found in the species i.
Margalef index was calculated S-1/lnN by formula. Where S is the number of species and N is the
total number of individuals.
Simpson index was calculated by D = Σn(n 1)/N(N-1) formula. Where N is the total number of
organisms of all species and n is the total number of
organisms of a particular species.
Pielou index was calculated using J'=
H'/H'max=H'/logS by formula. Where H' max is the
maximum possible value of Shannon diversity and S
is the number of species [15].
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Totally 26 zooplankton species were identified.
17 species from Rotifera (65%), six species from
Cladocera (23%) and three species from Copepoda
(12%) were recorded. Seasonal distribution of zooplankton according to stations was given in Table 1.

From Rotifera; +"(# #"+"(
$("( and # +&(& # #$(& were observed in all seasons. From Cladocera; #'!"
#"&#'(&' was found in all seasons. In this study
the highest index values were found at the 2nd station
in spring (=2.17; M=1.09; D=6.94; J=0.95) and
the lowest values were observed at the 1st station in
winter (=0.45; M=0.14; D=1.38; J=0.65) (Table
2).
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#.*965*315-.=6/?6673*52:65*,,68-150:69:*:16591521?,.:.7.3.8*4*2.
Seasons
Index
Shannon()
Margalef(M)
Simpson (D)
Pielou 
Total
ind./m3

1
0.45
0.14
1.38
0.65

Winter
2
1.72
0.76
4.57
0.78

3
1.50
0.68
3.46
0.72

1
1.76
0.97
3.82
0.73

Spring
2
2.17
1.09
6.94
0.95

3
1.70
0.02
4.47
0.87

1
1.84
0.77
5.72
0.83

Summer
2
2.08
0.88
6.90
0.90

3
1.38
0.40
3.37
0.86

1
1.74
0.86
4.48
0.75

Autumn
2
1.92
0.85
5.12
0.84

3
1.89
0.74
5.94
0.91

1529

33123

29047

27262

55032

15797

30828

25479

20382

36179

40254

13503


$ 
#.*965*315-1<1-;*35;4+.815- 4 6/?6673*52:6597.,1.9*5-8.3*:1<.-.591:>1521?,.:.7.3.8
*4*2.
Seasons
Winter
Spring
Summer
Autumn
Average

Rotifera
ind./m3
%
15882
74
25818
83.70
10446
40.86
13673
45.61
16.455

Cladocera
ind./m3
%
3058
14
4944
16.03
12909
50.50
12569
41.93
8.370

Copepoda
ind/m3
%
2293
10
85
0.27
2208
8.64
3737
12.46
2.081

Total Zooplankton
Ind./m3
22168
30847
25563
29979
27.140

%" 
#.*965*3<*81*:1659*5-,3;9:.8*5*3>9196/?6673*52:6597.,1.95;4+.8:*=65
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tion [20]. These species are usually found in freshwater at temperate zone. From this species, ")
&'  # &'  %)&(, '%)!) , 
#"&#'(&', &(") , &#)'()' and *
")'were found in the study area.
Cluster analysis is used for to determine the
changes between the seasons for zooplankton biomass and zooplankton densities [21]. The highest
similarities between the species have been recorded
in summer and spring. $&##"( # &'
$("(, # #", # #$(& and $)
" from Rotifera,  #&#'(&' and &+)&)!
from Cladocera and *&'from Copepoda which
contributed the high densities of zooplankton were
found in the both seasons. Throughout the study,
&(")  from Cladocera was observed only in
winter '$&)'and  #"'$" from Cladocera were recorded only in autumn, $)" from
Rotifera was found summer and spring (Table 1).
All the recorded rotifer species in the present
study are widely distributed around the world [22].
The most abundant group was Rotifera accounting
83.70 % in spring, followed by was Cladocera accounting 50.50% in summer and Copepoda with
12.46 % in autumn (Table 3). Apaydın Yağcı and
Ustaoğlu [18], showed that Rotifera was found in
spring and Copepoda was found in autumn in Iznik
Lake. Özdemir Mis and Ustaoğlu [23] mentioned
that Cladocera was abundant in summer. These findings were supported this study’s data.
Annual fluctuations occur in zooplankton
abundance, as well as two increases, in spring and
autumn, and decreases in summer and winter [24].
Individual numbers of total zooplankton species indicated increases in spring and autumn, decreases in
summer and winter [25-30]. In Ikizcetepeler Dam
Lake increases in individual numbers and number of
species in spring and autumn were also recorded.
Alper et al. [4] reported #'!" #"&#'(&'
throughout the sampling period in this dam lake.
Similarly to this data,  #"&#'(&' was identified
in all seasons and stations in our study.
Diversity indexes were important statistical
measure used to characterize richness (the number of
species) and evenness (how uniform abundant species are in a sample) of the species in the community
[31] and is used as a tool for determining the health
and pollution of an ecosystem [32-34]. The highest
value of Shannon Wiever index was calculated as
2.17. This value shows a low trophic state. Evenness
indices indicate whether all species in a sample are
equally abundant. We found that species evenness
increased with increasing numbers of zooplankton
population. Thus evenness was relatively high at the
second station during spring (J= 0.95) with highest
number of individuals (55032 ind./m3). The present
study will be useful as a baseline for forthcoming
studies in freshwaters and contributions to the
knowledge of Turkey’s biodiversity.


The highest total zooplankton community was
recorded at spring (30847 ind/m3) and least during
winter (22168 ind/m3) (Table 3). The highest numbers of zooplankton taxa were recorded in spring and
at least number of taxa in winter. The greatest similarity of species between the seasons was found between summer and spring seasons with 97.62 %. The
lowest similarity was observed with 45.84% in winter (Fig 2).
#%##

In this study, totally 26 species were recorded.
The family Brachionidae belonged to Rotifera, ( 
") &'
$ ( '
# &'
and
'%)!) ) has most abundant group as the number
of species. Six species of Cladocera were found at
the study area. Most of the cladoceran species were
from family of Chydoridae and Daphnidae. Three
species of Copepoda belonging to Cyclopoidae were
recorded.
In previous study of Ikizcetepeler Dam Lake,
Alper et al., [4] reported  #")((( #'!" #&
")( #'!" #"&#'(&', &#$"%)&"
) , +#&)''$&)' $" #"'$", 
$"#'#! &+)&)!, !#$ )' *() )'
from Cladocera and "(#+ #$' &#)'()' +
 #$' *")' )+ #$' '&&) ()' &#$#+ #$'
$&'")'. From these species,  #" )((( #'
!" #&")(, !#$ )'*() )', )+ #$''&
&) ()'&#$#+ #$'$&'")' from Copepoda were
not found in this investigation.
Rotifers were most abundant than other zooplankton groups at the freshwater ecosystems. They
created a great portion of the food chain. An increase
number of zooplankton species may effect fish populations [16]. Bulut and Saler [17], In Cip Reservoir
totally 23 zooplankton species (19 Rotifera species,
3 Cladocera species, 1 Copepoda species) were identified. At this dam lake, Rotifera species were found
more abundant than Cladocera and Copepoda species in all seasons (Figure 2).
Apaydın Yağcı and Ustaoğlu [18] calculated
the average seasonal density (ind./m3) of zooplankton species; as Cladocera (42.523 ind/m3), Copepoda
(27.697 ind/m3) and Rotifera (19.436 ind/m3) in Iznik Lake. In Ikizcetepeler Dam Lake, average seasonal densities were calculated as Rotifera (16.455
ind/m3), Cladocera (8.370 ind/m3) and Copepoda
(2.081 ind/m3).
Saksena [19] reported rotifers as the dominant
zooplankton group in freshwaters. Rotifera was
found as dominant group with regard to species numbers and densities in this study.
") &', %)&"(()', # &',
 %)&(,  '%)!) ,  $( ,  ) , 
#"'(,  #"&#'(&', &(") , &#)'()',
*")'are known to be indicator of eutrophica-
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day [1]. This natural source cannot be substituted and
it is also difficult to consider an improvement in consumer consciousness. It is unfortunately expected
that water will become increasingly exhausted due to
rising population and environmental factors. Therefore, it is not a surprising prediction that it will be
hard to achieve safe potable water in the close future.
It is estimated that the humanity will face a severe
universal water crisis by the year 2030 [2, 3]. Furthermore, climatic change, urbanization and the negative reliability of tap water are the factors that affect
consumer preferences and direct consumers towards
packaged water consumption [4].
Turkish market encountered with the packaged
water in the 1980s and it has become prevalent especially in the metropolitan cities. This resulted in a
rapid development in the sector as large population
groups started to get used to consumption of packed
water [5]. The volume of the packed water market
had reached nearly 9.3 billion litres in Turkey in
2010 and rose to 11 billion litres in 2015. 4.75 billion
litres of this amount referred to PET bottled water
sales. There appeared a total growth rate of 126 %
from 2007 to 2015, with an average annual growth
rate of 11 % [6]. Turkey’s average annual per capita
consumption of packaged water was 81 litres in 2003
which rose to 128 litres in 2010 and to 139 litres in
2015 [6]. By 2011, consumption amount of some
countries can be noted as 243 litres in Mexico, 187
litres in Italy, 107 litres in the United States and 91
litres in Austria [7]. These figures appeared as 173
litres for Germany and 115 litres for Spain for 2014
[6]. On the other hand, the world’s largest packaged
water markets are in Asia (China and Japan), Europe
and North America. Southern European, Spanish and
Turkish markets were estimated to grow above the
world average in the forthcoming years [8]. However, the average consumption in Turkey had passed
some of the European countries considering the figures above.
Turkey’s packaged water market potential requires development of new marketing and promotion
strategies. The consumption preferences of individuals differ among and between societies. Therefore,
purchasing behaviours of individuals are under the
influence of social, psychological and personal factors as well as economic factors. Moreover, households do not perceive water just as a basic consumer

The purpose of the research study was to state
varying preferences of PET bottled water consumption and to find the most appropriate product mix in
Turkey referring to a field research conducted in the
Mediterranean Region of Turkey. The data retrieved
from 965 PET bottled water consumers via face to
face survey was analysed by utilisation of conjoint
analysis, which is based on the theory of total utility
and described as a function of price and quality benefits (Ness 2002). The correspondents had valued
lowest price, existence of food safety (HACCP) certification and production modes being natural spring
water, having soft taste and existence of process
quality (ISO) certification in a consecutive order.
Even though there seems to exist a negative perception on plastic package with rising environmental
consciousness, consumers find bottled water more
trustworthy than tap water in terms of quality and accept the high cost. The acceptance ratio differs
among countries due to income level and access to
water. It was considered as essential to watch over
the market challenges departing from these findings
and whether the market referred to the preferences of
consumers efficiently. Yet, the challenges occurred
within 2010s were compared with the findings of this
research in order to set forward a sound marketing
strategy for rapidly developing PET bottled water
market. It was understood that price and income sensitivity of consumers for bottled water market maintain their validity.


 
Consumer preferences, Conjoint analysis, PET bottled water demand, Turkey.


The rising demand of water consumption and
changing preferences of consumers created the
packed water market in addition to tap water use in
Turkey as well as in the world. Water being one of
the most important natural resources for life, must be
consumed daily because approximately 75 % of the
human body constitutes of water. It is known that an
adult’s water demand is minimum 1.5-2 litres per
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good in developed countries. There are relations between water consumption attitudes and life perceptions of households accordingly [9]. Even brands and
package designs affect consumers towards various
purchasing behaviours. For example, with the uprising health consciousness, German consumers chose
out of 500 water brands that have different taste and
origin properties, watching up their own utility [8].
Recently, new product development has been
receiving attention by the producers in order to meet
diverse consumer needs and receive larger shares in
the packed water market. Within this new conceptual
framework, existing products are being replaced by
new ones or needs for introducing new brands/products are expressed [10, 11]. Consumer ideas and attitudes towards new products and information on
consumption preferences can be obtained through
marketing studies and optimum product properties
can be determined accordingly. In this study, it was
aimed to determine the consumers’ preferences on
PET bottled water consumption in order to determine
the optimum product design for the market with reference to the Mediterranean Region of Turkey. Also,
it was aimed to contribute in the marketing and new
product development studies in the field of agri-food
marketing through comparison of outputs of the field
survey conducted in 2009 with recent findings in the
literature.

per capita consumption and with 46 % share worldwide [15]. Another study mentioned the packaged
water sector and per capita water consumption for
the leading countries in the age of branding [16].
Consumers prefer packed water both in developed
and developing countries even though tap water appears at lower-costs due to this study. This was attributed to declining trust on tap water with respect
to health standards.
Consumer research on determination of new
product ideas is considered to be essential [17]. On
the other hand, the importance of an effective organisation was emphasized with regards to new product
development [18]. In addition, measurement of consumer reactions was expressed as a factor of success
in the early stages of new product development or
market penetration phase [19]. Accordingly, there is
a need to determine consumer needs to understand
the importance of product specific characteristics
and economic factors in developing and executing
marketing strategies. This is the reason why the previous region specific study was conducted taking reference of consumers in the Mediterranean Region of
Turkey and why the findings of this field survey are
important to assess the contemporary development
in the Turkish PET bottled water market, which is on
the edge of saturation.
   

   


!3%1)!,. The consumer data was retrieved
from a face to face survey conducted in Antalya,
Adana and Hatay provinces of the Mediterranean
Region of Turkey in 2009 with a sample constructed
out of population data retrieved from Turkish Statistical Institute. In marketing research studies, different sampling methods can be used by assuming specific confidence intervals and population variances
for different population sizes. When the population
is divided into groups (like in this study: packaged
water consumers and non-consumers), the alternative sample sizes were described as 321 for locations
with more than 100.000 inhabitants and as 322 for
locations with more than 500.000 inhabitants respecting 95 % confidence interval and 0.21 (0.3 x
0.7) variance [20]. The sample size for the study was
965 (322 for Antalya, 322 for Adana and 321 for
Hatay) by assuming the packaged water consumption rate of the households as 70 %.

(%%3(/$/,/'7Conjoint analysis, which is
suitable for determination of consumer preferences
respecting to guide market strategies, was used for
the current study. The name of this methodology was
derived from a combination of the words “considered” and “jointly” which means “taken together”
[21, 22]. So, this analysis includes the data which is
measurable jointly rather than individually and it is
commonly used for measuring consumer perceptions

The potable water studies so forth had mostly
focused on chemical features, healthcare consciousness or industrial analyses. However, research with
more economic and social emphasis on water consumption has been increasing due to afore mentioned
changing situations of water supplies in the world. In
a study conducted in Turkey, PET bottled water
share in packaged water industry and the total share
of some global and local brands in Turkey was portrayed and water economics was identified specifically referring development of private packed water
market [12]. The information regarding the production and certification systems and pros and cons of
the sector was detailed in this study. Another study
had provided information on the effective use of water and water-saving attitudes. In addition to determination of the consumer requirements, the need for
an effective water resource management was emphasized in the mentioned study [13]. The amount of water used in urban and rural areas was investigated and
it was found out that approximately 2 billion people
living in 80 countries all over the world are unable to
reach 2-3 litres of daily water supply in rainless seasons [14].
In a study, the PET bottled market trends, new
packaging and products were assessed and it was emphasized that the Western Europe was the leader of
PET bottled water consumption with 85 litres annual
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and suggesting the optimum product design accordingly.
Conjoint analysis differs from other multivariate statistical analyses. While, all of the choices are
combined in discriminant analysis and regression
analysis, the consumer preferences can be divided
into components here. Besides, separate estimation
procedures are implemented in conjoint analysis in
order to measure the effect of different independent
variables [22, 23].
When we consider conjoint analyses implemented specifically on the water market, we face a
number of studies. As an instance, 1.800 households
were interviewed in Sri Lanka to understand the
piped water service quality differences due to socioeconomic situations of the households [24]. The service standards were evaluated by different groups of
consumers. The results indicated that health perceptions, water quality and institutional acts affect poor
and non-poor consumers and therefore income constraints affect the assessment on services. Another
study was on the environmental modelling of water
supply options among 294 Australian consumers
[25]. The environmental cost of water consumption
was estimated dependent on the consumer perceptions in the study. Additionally, with a survey on
fresh fruit and vegetables consumption with 600
Scottish consumers, the concepts such as price, quality and accessibility were classified. The ideal vegetable and fruit set was determined as low-priced,
loose and unpacked, which is provided in the supermarket [26].
Conjoint analysis relies on three basic processes in determination of the optimum product set
that provides maximum benefit or satisfaction to the
consumer. Determination of the relationship between the product combinations and satisfaction on
the choices is the first phase of the analysis. This is
followed by profitability and segmentation analyses.
This analysis is based on the theory of total utility
and described as a function of price and quality benefits [26].
"'('', #%!'$(',!'
In the model, the part-worths are independent
and aggregation of the property levels constitutes the
total utility. The contributions of each property are
determined by part-worths. The theoretical description of this additive part-worth model is as follows
[27];
Prefijk1 = ai + bj + ck + d1
Prefijk1 = Consumer preference or total utility
ai = the part-worth of product A in i level
bj = the part-worth of product B in j level
ck = the part-worth of product C in k level
d1 = the part-worth of product D in l level
Two different calculation methods are used to
determine the levels of importance for product properties. The first one is the determination of the difference between part-worth values of each property.

The second is the calculation of relative importance
levels of the combinations. The change between the
part-worth values of the properties states the difference between two properties that have the lowest and
highest part-worth levels. Also this value shows the
importance of each combination levels [27, 28, 29,
30].
In the measurement of relative importance of
combinations, part-worths for each combination is
summarised within total part-worth.
!   &' #%'*"%' . "*&' #%'
*"%'
') #"%'! !+ 
 

-!
In this study, the basic property set ("%! "
*'% #%"('"! " '&' #%  $(',
! !'%''"! ""&', !
 !'%''"!) was established. The conjoint
plan cards were created by using SPSS 13.0 software.
In addition to demonstration of the survey to
guide development of marketing strategies for PET
bottled water market, the market is re-examined considering the recent challenges in the final section of
this study. The objective was to assess whether the
market had watched the consumer preferences on the
appropriate product mix composition or whether
there exists a better development path for the sector.
   

(%/#)/%-/'1!0()#1/&),%/&3(%/.
24-%12. The socio-demographic characteristics are
important for examination of consumer preferences
and purchasing behaviours. It was understood that
53.3 % of the respondents were female and 46.7 %
were male representing the society. The age distribution was novel considering the average features of
consumers. More than 75 % of the participants were
either graduated from secondary or tertiary schools.
Almost 70 % was married and household population
was found out as 3 or more among more than 75 %
of the participants. The share of families with nonworking mothers was around 70 %. In terms of economic status, it was observed that 21.4 % of the respondents were from low income group (≤ € 323),
while 11.4 % were from high income group (+ €
1.292) considering average monthly income in Turkey.

%3%1-).!3)/. /& 3(% 03)-4- 1/$4#3
/-0/.%.32&/1 /33,%$!3%1"7/.*/).3
.!,72)2. In the study, the optimum PET bottled water product pattern, which provides maximum benefits to consumers, was determined by conjoint analysis. The factor levels were demonstrated in Table 1.
The main factors effective on consumers’ PET bottled water preferences were determined as origin (national or regional brand sensitivity), production
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mode, taste, price, ISO (Quality Management System) certification and HACCP (Food Safety Management System) certification.
The factor levels for these factors were created
as one national two regional brands for origin, natural spring water, natural mineral water and processed
water for product mode, soft and hard for taste, lowmoderate-high levels for price, existence and lack of
ISO and also of HACCP certificates as demonstrated
in Table 1.

 
1%!3%$1/$4#31/0%137%3&/1 /33,%$
!3%1
!#3/1
1. Origin
2. Product
Type
3. Taste
4. Price

as natural spring water with 0.117. Also the partworths of natural mineral water and processed water
were valued as -0.058. Consumer’s taste preferences
were towards soft taste and the ISO certified products/brands were preferable for the consumers.
 
/.*/).3 .!,72)2%24,32&/1%6 /33,%$
!3%1
%!#%!#
'

National brand
Regional brand-1
Regional brand-2
 
Natural Spring
Water
Natural Mineral
Water
Processed Water
 
Soft
Hard

0.17 € * (low)
0.30 € * (moderate)
0.43 € * (high)

!#3/1%5%,2
1. National brand; 2. Regional brand1; 3. Regional brand-2
1.Natural spring water; 2.Natural
mineral water; 3.Processed water
1.Soft water; 2.Hard water
1. 0.17 € * (low); 2. 0.30 € * (moderate); 3. 0.43 € * (high)

The conjoint plan cards (orthogonal design)
were created by considering the factor and factor levels in SPSS 13.0. Sixteen plan cards listed combinations of product specifications enlisted in Table 1.
The respondent reflections were scaled from 1 to 10
and the highest score was given to the most preferable option.
Based on our analysis, the model’s conformity
rates for consumer preferences were determined as
0.890 for Pearson R statistic and 0.718 for Kendall’s
Tau statistic. These values represent the effect of observed results with the help of the established model.
According to the conjoint analysis results, the most
important factor was found as acceptance of the price
with 40.01 %. This referred to the situation that consumers preferred the PET water brand with minimum price. The second important factor was found
out as the existence of HACCP certification with
15.25 % reflecting safety expectations. Origin was
the third important factor (12.42 %) followed by production mode (11.70 %), taste (10.42 %) and finally
ISO certification (10.20 %).
The factor level which has the highest partworth rate described the most preferred option by
consumers and represents the effect of each factor
level on consumer preferences. This most preferable
option set is demonstrated in Table 2 with the statistically inferred figures mentioned above.
As seen in the Table 2, the factor level with the
highest part-worth rate was found as per unit price of
€ 0.17 (the lowest level) with the value of 1.742. In
other words, consumers used to prefer the most affordable (economic) price. Another factor was found
as HACCP certification with the 0.944 part-worth.
On the other hand, nationally branded water source’s
part-worth was the highest (0.592) and regional
brand-1 had the lowest score (-0.496). In terms of
product type, the highest part-worth was determined

%%)$%%
#%(!#%'&

"!#% 
&


  
-0.496
-0.096

12.42


-0.058

11.70

-0.058
 
-0.669


10.42



1.117

40.01

-2.858
 
Yes
 
10.20
No
-0.369
  
Yes


15.25
No
-0.944
! $% %!%


Pearson’s R=
Significance = 0.0000
0.890
Kendall’s tau=
Significance= 0.0000
0.718

The total benefit value of the plan cards is the
sum of the factor level scores. This combination is
the product properties that would provide the optimum benefit to customers. According to the results,
this was determined as the 4th card with the total benefit value of 4.433. Therefore, consumers demonstrated a choice towards national brand of natural
spring water providing soft taste, with minimum
price and having HACCP and ISO certificates.

It is intended to cross compare the recent research and findings of our survey in order to check
whether cost and quality sensitivity of consumers
continue to be effective in packed water market.
Most water consumption and product differentiating
studies are focused on the use of tap water and plastic
bottled water purchases. The significance of affordability in accordance with environmental and health
consciousness has been increasing all over the world
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in terms of bottled water consumption. There appears little variance between high and low income
level countries on price sensitivity among the consumers.
From the view point of Italian consumers, there
appeared two significant market share improvement
strategies for bottled water suppliers. The mostly
emphasized one was cost reduction as the consumers
watch out prices prior to any factors due to the data
retrieved from sales stores in 2015. The reason was
the high variation in prices between 0.08 and 3.52
Euros per litre. The second suggestion for the market
was appeared to be product differentiation regarding
shifting to natural spring water, which was also not
surprising due to the consumer trends [31].
A combined quantitative and qualitative research setting applied to 192 Australian and New
Zealander consumers in 2013 indicated significant
inferences for packed water market [32]. 77 % of the
target group seemed to take health and quality considerations into account in tap water consumption.
64 % indicated they are used to consume bottled water, even while 72 % of the consumers indicated they
had no fair of drinking tap water. This reliability on
tap water leaded consumers to perceive bottled water
as an unnecessary product. So, high level of packed
water consumption can be attributed both to lifestyle
or the pace of daily of life because bottled water was
considered as convenient and granted quality via certification for the target audience.
The price-sensitivity was confirmed with studies conducted in developing countries as well. As an
instance, a household survey of 500 people from rural Guatemala conducted in 2012 revealed that only
27 % of the target group were used to purchase
packed water compatible with the level of trust on
tap water quality, which is 29 %. Probit estimation
was conducted to portray the factors affecting consumption of bottled water. The results indicated that
health risk perceptions, household income, access to
markets, education and household size are important
determinants of bottled water consumption. Yet income elasticity of consumption and price sensitivity
of people living under poverty conditions were confirmed as well in contrast to studies conducted in urban areas [33, 34].
Haiti appeared to be another example of limited
packed water consumption with 4.4 % accompanied
with limited reach to safe water supplies with 27 %.
The Haitian indicated that they prefer to collect water and they can afford neither the cost of privately
operated supplies nor the price of bottled water and
they have very limited health considerations regarding this limited access [35].
On the other hand, level of income becomes
prominent when consumption preferences of consumers in the United Arab Emirates were considered
departing from the public survey of 891 households
[36]. The findings of the survey, which was conducted between 2011 and 2014, indicated that 78 %

prefers bottled water even if they consider tap water
as a reliable source with 68 %. The level of price was
negligible for these consumers, as they were used to
prefer convenient consumption.
Besides, the environmental consciousness has
been improving in countries with rising plastic dispensers for water consumption. Accordingly, publicly operated water stations had become prevalent in
the last few years. Thus besides having certificated,
people started to prefer meeting their water demand
from water stations rather than using plastic bottles
with rising education and awareness level [37].
However, results of a public ethics study conducted
in the United States indicated that even though the
consumers are aware of environmental cost of plastic
bottled water consumption, they perceive tap water
and water pipe systems as unhealthy and accept the
price and environmental cost accordingly [38]. Following attributes after price efficiency and quality
standards are indicated as ‘health and environmental
consciousness’, taste and package styling appeared
as effective factors [39, 40].

PET bottled water is a preferential product in
terms of ease of use and accessibility among the
packaged water products of ready water market. It
began to replace the tap water with rising health consciousness since 1980s. This demand change concerns both producers and retailers in determination
of their product mix and promotional strategies.
According to the survey results, the interviewed
consumers from the target cities of Western Mediterranean of Turkey were careful about the price firstly
and they generally preferred low-priced products.
Also, it was observed that the income level is not significant in PET water consumption perceptions. The
high income level group members were also pricesensitive. However, it seems that having the HACCP
certification was important and consumers gradually
began to be more conscious and attribute importance
to food safety. According to the study, having a national brand is a priority when compared with regional brands. These indicated that consumers were
more familiar with the national brands and prefer national resources rather than local resources. Additionally, natural spring water was more preferable
than natural mineral water or processed water as expected from rising awareness level and average education level of the correspondents. Moreover, consumers seemed to prefer soft tasted water. The separation between soft water and hard water comes from
the level of calcium and magnesium content per the
unit amount of water. Although it does not make an
important impact to human health, soft water was
preferred more among the participants and this perception can easily be generalised to the society. As
an impact of the communication era, the opportunity
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to reach more information used to direct consumers
towards consumption of ISO certificated PET bottled water. This is also related with the rising health
consciousness and can be evaluated as a positive improvement for PET bottled water consumption.
New product development is also on the agenda
of PET bottled water suppliers in order to receive a
significant share in the competitive water market
However, there are so many new products without
any success in the industry as the market penetration
strategies do not comply with expectations of the
consumers. Considering the outputs retrieved from
contemporary research, price sensitivity of consumers can be identified as the most effective factor regardless of income level. In addition, product and
process qualities of brands are watched up as people
prefer packed water in exchange of less-trusted tap
water. Therefore, the results obtained from this field
research with a sample of around 1.000 people, representing diversities of the society, are considered to
be a guiding document for stakeholders and to shape
marketing strategies and new product development
process and the consumer preferences of the survey
maintain its validity for contemporary marketing of
packed water.
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the residual atrazine in the soil. Currently, the technologies to remove atrazine at home and abroad include adsorption, photocatalytic degradation, catalytic hydrolysis, microbial degradation and oxidation [2-5]. Of these, adsorption is the method that is
most widely used.
Biochar is a carbon-rich product of biomass
produced by thermal decomposition under limited
oxygen (O2) supply [6], which is effective and cheap.
With excellent physical and chemical properties, a
wide range of material sources and broad prospects
for industrialized development, it has become a major focus of research in recent years. Biomass charcoal has a distinct pore structure and surface characteristics and is an excellent adsorbent for toxic contaminants that is now widely used to remove environmental pollutants from soil and water [7-12]. And
the sorption ability of biochar was mainly depend on
its physicochemical properties, such as surface area,
bulk or surface polarity, and mineral content [13,
14]. Biochar is a stable carbon-rich product that is
formed by thermal cracking of agricultural and forestry wastes and other biomass in the absence of oxygen [15, 16]. This product consists of aromatic hydrocarbons and simple substance carbon (or carbon
with a graphite-like structure) and typically contains
more than 60% carbon, as well as hydrogen, oxygen,
nitrogen, sulfur and other elements [17, 18]. Biochar
is used as a soil additive that increases the soil carbon
sink, improves physical and chemical properties and
fertility [19], and decreases heavy metals and organic pollutant contamination in soil [20-22]. It is
conducive to improving crop yields, ensuring food
security and environmental safety, and driving the
sustainability of agricultural production [7, 23-26].
Domestic and foreign scholars have used corn
stalks, wheat straw, rice straw, bagasse residue, cassava residue, pine and animal feces as raw materials
for the preparation of biochar and found that the
product has the ability to adsorb atrazine in soil [2730]. As an agricultural waste that is easy to obtain,
corn cob is an excellent biochar raw material. Some
scholars have indicated that corn cob biochar can be
used as an in situ repair agent to absorb the herbicide
2,4-D in the soil, thereby reducing the migration and
bioavailability of organic pollutants in soil [31].
However, there are few studies examining whether

Biochar is a stable carbon-rich product which
can decrease organic pollutant contaminations in
soil. In this study, corn cob carbonized at 400°C
(C400) and 700°C (C700) were taken as materials to
study the effect of biochar on atrazine adsorption in
soil using a batch equilibrium method. The kinetics
of atrazine in soils was completed in two steps: a fast
adsorption and a slow adsorption, and equilibrium
were reached after 24 h of adsorption. The Freundlich model was well fitted to the adsorption process
in the biomass carbon in the soil, and the correlation
coefficient value was between 0.986–0.999. With
addition of 1.0% C400 biochar, the adsorption constant (log  ) was 1.30 times that of no-biochar soil,
and addition of 1.0% C700 biochar produced an adsorption constant (log  ) that was 6.28 times that of
no-biochar soil. At the same addition ratio (1.0%),
the adsorption coefficient ( ) of C700 was 828
mL/g, 229 times that of C400 (3.62 mL/g). Corn cob
biochar therefore has a clear ability to adsorb atrazine from trazine-contaminated soil and the adsorption capacity of C700 was significantly higher than
C400. C700 was the best sorbent for atrazine removal because of its extremely high specific surface
area.
*("$%
Biochar, atrazine, adsorption capability, soil
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Atrazine has been widely used in the world for
more than 40 years, and was the first herbicide used
in cornfields in China, now having been used in
China for more than 20 years. It is an environmental
hormone pollutant, and has been classified as a persistent organic pollutant. Atrazine is mainly used as
a soil treatment agent. Its long-term use is known to
contaminate the soil because of its chemical stability, and it is absorbed by crops in the removal of
weeds, thus affecting human health [1]. Therefore, it
is necessary to generate a green technology to reduce
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samples at 550 °C for 4 h. The carbon(C), hydrogen(H) and nitrogen(N) elementals were determined
by Elemental Analyzer (Vario Macro, Germany)
through complete combustion. The specific surface
area and microporosity were analyzed by asorptiometer (Quantachrome NOVA2000, USA). The surface
area and pore volume were calculated with the
Brunauer, Emmett and Teller (BET) method. The
average pore size was calculated with the BarrettJoiner-Halenda (BJH) method using the data of the
sorption isotherm. The surface structure and morphological features of the biochars were investigated
by scanning electron microscope (SEM) imaging
analysis (FEI Quanta 450, USA). Crystal type of the
biochar was analyzed by X-ray diffractometer (Shimadzu XRD-7000, Japan). Fourier transform infrared (FT-IR) spectra were recorded by Nicolet 6700
FTIR spectrometer (Thermo Fisher, USA) was used
to determine the types of functional groups on the
biohcar surface. The structure of the biochar was analyzed by Raman spectrometer (Thermo Scientific™
DXR, USA).

biochar prepared with corn cob, an agricultural
waste, can effectively adsorb atrazine in soil. In this
study, we assessed the use of corn cob as the raw
material to prepare biochar, and studied its impact on
atrazine adsorption in soil. Through batch equilibrium experiments, the adsorption capacity to atrazine
of the corn cob biochar prepared at different temperatures and additive amounts were studied to determine the appropriate additive amount and preparation temperature, and provide a theoretical basis for
the remediation of atrazine-contaminated soil.
&$%! &"%
,>0<4,6=,8/$0,208>=Reagents used in this
study were methanol and acetonitrile (HPLC grade,
Fisher, USA), sodium azide (analytically pure), and
calcium chloride (analytically pure). The background solution contained 0.01 mol/L CaCl2 aqueous solution to which 200 mg/L sodium azide was
added to simulate a constant ionic strength in environmental water and inhibit microbial activity. The
1000 μg/mL atrazine standard solution (with purity
greater than 98%, Agro-Environmental Protection
Institute, Ministry of Agriculture) was formulated
with methanol to 100 mg/L of stock solution, and
stored in a refrigerator at 4°C. Before each adsorption test, the background solution was used to dilute
it into a standard working solution and test solution
at different concentrations as needed.
The tested soil used in this study was collected
from 0–20 cm horizon in a vegetable planting base
in Shunyi District, Beijing, China, without atrazine
residue detected. The collected soil samples were
air-dried at room temperature, removed impurities
and ground to pass 2-mm sieves prior to the adsorption test.

/=9<:>498&0=> 0>39/=The batch equilibrium method was used for the adsorption test [11]. A
certain amount of soil was weighed and placed into
a 20-mL glass centrifuge tube, and 10 mL of atrazine
test solution at different concentrations was added to
each tube. To avoid cosolvent effects, methanol concentrations (methanol/water, /) were controlled at
less than 0.1%. All of the tubes were sealed with a
polytetrafluoroethylene sealing plug and shaken at
180 rpm on an air bath oscillator (Harbin Dongming
Medical Instrument Factory, China) (22 ± 0.5°C)
and then centrifuged at 4000 rpm for 15 min by 3K30
high speed freezing centrifuge (Sigma Corporation,
Germany). The concentration of atrazine in the supernatant was subsequently measured. There were
three replicates per treatment. The amount of adsorption was calculated according to Equation (1).
 
 
(1)
Where  is the concentration of atrazine adsorbed in soil (mg/kg);  and  are the pesticide
concentrations in the solution before and after the
test (mg/L), respectively; and is the total volume
of solution (L).
Soil adsorption coefficient ( , mL/g) was calculated according to Equation (2).

(2)
  

#<0:,<,>498 91 -49.3,<= The corn cobs collected from suburbs of Beijing, China, were used as
the raw material. They were cleaned with tap water
to remove dust and dried at 65°C for 12 h. After
grounded to powder, corn cobs were carbonized in a
ceramic pot for 2h, at 400°C or 700°Cunder oxygenlimited conditions in a muffle furnace. After cooling,
it was taken out and mixed and ground to pass a60mesh sieve, washed with HCl (0.1 mol/L) to remove
inorganic compounds on the biochar surface, followed with deionized water until pH of the aqueous
phase was nearly neutral, and then dried at 80 °C.
The prepared biochars were put in a brown jar and
stored in a dryer for further use. The pure biochars
produced at 400 °C and 700 °C were referred asC400
and C700 respectively.



When the adsorption test reached equilibrium,
the contribution rate of biochar to atrazine adsorption was calculated according to Equation (3).
  
=    
(3)


Where t is a mass concentration (mg/kg) at
which atrazine is adsorbed in soil with biochar, and
 is the mass concentration (mg/kg) at which atrazine is adsorbed in natural soil.
Both adsorption tests were carried out under
sealed conditions, and the non-adsorbent and non-

49.3,<=3,<,.>0<4B,>498The yield of biochar was calculated by the ratio of carbonized biochar weight without washing and biomass weight before pyrolysis. Ash content was analyzed by heating
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pesticide blank controls were set in parallel. The pesticide loss rate in the non-adsorbent blank test should
be less than 2% during the entire adsorption test, otherwise the test was redone.

C/N ratio of C700 was 1.5 times higher than C400,
and C/H ratio of C700 was 2.5 times higher than
C400.This indicated that the increasing of aromaticity and hydrophobicity groups and the reduction of
polar groups as the temperature increasing. Biochars
have higher percentages of C but much lower N and
H contents, as removing volatile compounds at the
higher pyrolysis temperatures. The biochar yields of
C400 and C700 were34.58% and 15.46%, and the
ash content were 5.86% and 11.4% for C400 and
C700, respectively. As the pyrolysis temperature increasing, the yield of biochar was decreasing, and the
ash content was increasing. 
The BET surface area of C700 (483m²/g) was
more than 90 times that of C400 (5.35m²/g), and the
specific area would provide more interfaces for the
pollutant sorption. Surface area is mainly a function
of pyrolysis temperature. Meanwhile, the total pore
volume was increased as the pyrolysis temperature
increasing. The average pore size of C700 was
smaller than C400, which meant that the increase of
the mesoporesin of C700, and this was favorable for
the contaminants diffusion into the inner pore system
of the biochar [10]. The BET surface area and the
total pore volume increased with the increasing pyrolysis temperature.
The SEM images of the sorbents were shown
in Figure 1. Pyrolysis temperature had a great influence on the surface morphology of biochar. As the
pyrolysis temperature increasing from 400 to
700, the surface of the frame was thinner, the hole
was more obvious, micropore was increasing, which
agreed with the specific surface area increasing.
With the increase of pyrolysis temperature, the original structure of the biomass was destroyed greater,
lamellar structure was opened more and obvious.
The XRD spectrums of the sorbents were
shown in Figure 2. There was not obvious peak in
226.56 (=3.35Å), which suggested that there were
not obviousSiO2exists. It showed that acid washing
could achieve good effect of removing ash. The
hemicellulose of the biomass decomposed with the
increase of pyrolysis temperature, the diffraction
peaks of cellulose graphite crystallites were enhanced, the crystallinity was increased, and the carbon compounds are transformed into more stable
carbon compounds, thus playing the role of carbon
fixation and sink enhancement.

#98/4>498=Atrazine contents were determined by high-performance liquid chromatography (HPLC) (Waters Corporation, USA) [27]. The
analytical conditions were as follows: chromatographic column: Waters C18 column (150 × 4.6 mm,
3.5 μm); mobile phase, methanol: water (70:30), isocratic elution, flow rate: 1.0 mL/min; column temperature: 40°C. The detection wavelength was 225
nm. An external standard method was used for quantification.
,>, 8,6A=4= The adsorption isotherm was
drawn according to the adsorption test data, with the
pesticide concentration in solution as the abscissa
and the pesticide concentration adsorbed by adsorbent as the vertical axis. The isothermal adsorption
model is an important method to quantitatively analyze the migration of organic pollutants from liquid
phase to solid phase (soil). In this study, the Freundlich adsorption model was used to fit the experimental data. The logarithmic formula of the Freundlich adsorption model is shown in Equation (4).
Log = log  +  log (4)
Where  is a concentration of pesticide adsorbed in soil upon the adsorption equilibrium
(mg/kg),  is a concentration of pesticide in solution
after adsorption test(mg/L),  is a constant relating
to the adsorption capacity and intensity in the Freundlich model, and  is a constant that indicates the
magnitude of non-linearity for the adsorption isotherm. In general,  = 1represents a linear distribution isotherm and < 1 represents a non-linear distribution isotherm.

$%'&%

3,<,.>0<4B,>4989149.3,<=Biochar yield,
ash content, elemental composition and surface area
of the biochar samples were shown in Table 1. The
contents of these elements were different with different pyrolysis temperature. Carbon content was increased, while nitrogen and hydrogen contents were
decreasing as the pyrolysis temperature increasing.
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Name

Ash content
(%)

Yield
(%)

N
(%)

C
(%)

H
(%)

C/N

C/H

C400
C700

5.86
11.4

34.58
15.46

0.72
0.51

71.66
77.34

3.45
1.52

99.7
153.0

20.8
51.1
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BET
Surface
Area
(m²/g)
5.35
483

Total
pore
volume
(cm³/g)
0.00597
0.244

Average
pore
size(nm)
4.46
2.02
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number of 3516-3398cm-1was considered to be generated by the stretching vibration of O-H, and it may
be the stretching vibration peak produced by C-O at
about 1107 cm-1in cellulose and hemicellulose. With
the increase of pyrolysis temperature, the number of
functional groups of biochar decreased gradually,
and the aromaticity increased gradually.
Raman spectra of the sorbents were shown in
Figure 4. The main features in the Raman spectra of

FTIR spectra of the sorbents were shown in
Figure 3.The carbon chemical functional groups in
FTIR spectra were as follows: O-H (3600-3200 cm1
), C-H (2950-2850 cm-1), C=O(1740-1700 cm-1),
C=C (1630-1600 cm-1) and C-O-C (1110-1030 cm-1)
[32]. Carbon chemical functional groups were assigned to wave numbers from FTIR spectra as follows: the absorption peak of the biochar at the wave
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7:,.>=914110<08>%96?>498=946$,>49=98
/=9<:>498 110.> As biomass charcoal has a
strong ability to adsorb hydrophilic organic matter,
the previous research results were combined with
pre-experimental results to enable the amount of atrazine adsorbed on the biomass charcoal soil to be
30–80% of the quantity added [34]. A total of 0.5,
1.0, 2.0, 5.0 and 10.0 g of soil were weighed and
10mL of 1.0 mg/L atrazine solution was added to
each soil sample. Each mixture was then shaken at
180 rpm for 24 h, and then measured by HPLC. As
shown in Table 2, the adsorption efficiency increased with decrease of the solution/soil ratios.
When the solution/soil ratio was between 10:1 and
1:1, the adsorption rate of soil to atrazine ranged
from 30.2% to 63.3%, which can meet the requirement of 30-80%. As the adsorption rate of soil to atrazine 30.2% was nearly to 30.0%, the error was relatively large. Meanwhile, considering the reagent
and material saving and the stability, finally 2.0 g
was selected as the sample weight.

carbons are the so-called  and  peaks, which lie
at around 1590 and1360 cm−1. respectively for visible excitation [33].  peak on behalf of polycyclic
aromatic hydrocarbons in carbon materials turbulent
structure and not less than six aromatic rings, and 
peak was on behalf of fused aromatic ring structure
and graphite like micro crystal. The peaks of D and
G both appeared in C400 and C700 biochar, indicating the existence of microcrystalline structure of
condensed aromatic hydrocarbons and graphite like
compounds. These substances constitute the carbon
component of biochar, which makes the chemical
stability of carbon elements higher.
#<0:,<,>49891(9<5482?<@0The atrazine
stock solution was diluted with background solution
into seven different concentrations (0.05, 0.1, 0.5,
1.0, 2.0, 5.0 and 10.0 mg/L). The standard curve was
prepared with peak area as the vertical axis and the
concentration as the abscissa. The linearity formula
was  = 92718−1945.6 and the correlation coefficient was 0.9999, which meets the analysis requirements (Figure 5).
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110.>= 91 4110<08> ;?464-<4?7 &470= 98
/=9<:>498 114.408.A Atrazine at the concentration of 1.0 mg/L was added to the soil, and the adsorption test was carried out as described above. The
atrazine contents were measured at different equilibrium times (0, 0.5,1, 2,3, 6, 12, 24, 36, 48, 72 and
96h). As shown in Figure 6, the adsorption capacity
of atrazine increased over time from 0.5 hto12 h. After 24 h, the adsorption process gradually reached
equilibrium; the concentration of equilibrium solution was not changing, and the adsorption rate was
reducing. Because the adsorption process mainly occurred on the surface of soil organic matter, as the
surface adsorption sites gradually reached saturation, the adsorption rate decreased, until the adsorption capacity gradually reached equilibrium with the
increase of time. In the early stage, adsorption occurred as a rapid reaction, showing a sharp drop in
solution concentration, but at 24 h, the concentration
increased slightly into balance. Therefore, it was apparent that the equilibrium time was approximately

24 h. To improve efficiency of experiment, the equilibrium time of 24 h was selected as the optimum
equilibrium time. This results was consistent with
the studies of Zhelezova et al., which conducted two
herbicides sorption experiments using biochar [35]. 
/=9<:>498=9>30<7=As a control, 2.0 g of
soil without biochar was taken, to which 10 mL of
atrazine pesticide background solution was added
with different concentrations of 0, 0.1, 0.5, 1.0, 2.0,
5.0 and 10.0 mg/L. In the treatment samples, 1.0%
of biochar was added to the soil, and then 10 mL of
atrazine pesticide background solution was added at
the same concentrations (0,0.1,0.5,1.0,2.0,5.0 and
10.0 mg/L) to carry out the adsorption test.
The pore structure of biochar is mainly mesoporous. As the pyrolysis temperature increases, the
surface area and total pore volume increases, and the
adsorption capacity correspondingly increases with
temperature increase [36]. Effects of pyrolysis temperature on the adsorption capacity of atrazine were
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compared in this test, and we found that there was a
of atrazine by biochar increases with the increase of
significant difference in the atrazine adsorption cabiochar pyrolysis temperature. The specific surface
pacity between C400 and C700, with C700 having a
area of biochar plays an important role in adsorption
stronger adsorption capacity for atrazine (Figure 7).
of pollutants with a larger specific surface area havThe Freundlich models was a common expresing stronger pollutant adsorption capacity [45]. Studsions used to describe atrazine adsorption [37, 38].
ies have shown that the pyrolysis temperature in carThe Freundlich formula fitting parameters log and
bon production is closely related to the elements of
 represent the adsorption intensity and linearity of
biochar, and carbon content increases and hydrogen
atrazine in biochar soil, respectively. Generally, =1
and oxygen contents decrease with increase of the
was expressed as a linear distribution isotherm. <1
pyrolysis temperature [46]. The adsorption of orwas a nonlinear isotherm, and the nonlinearity of the
ganic pollutions by biochar was mainly carried out
isotherm was greater with the decrease of the 
on the surface of biochar, and the abundant pore
value. The isotherm parameters of the Freundlich
structure and larger specific surface area had signifmodels were listed in Table 3, and Freundlich isoicant influence on the adsorption capacity [47].
therm was used mainly for adsorption surfaces with
In the current experiment, the corncob biochar
nonuniform energy distribution. The Freundlich
was prepared under high temperature pyrolysis. In
model can be fitted well to the adsorption process of
addition to larger specific surface area and carbon
atrazine in soil, with correlation coefficient values
content, it includes carboxyl groups, phenolic hy() of between 0.986 and 0.999. The Freundlich sorpdroxyl groups, acid anhydride and other groups, and
tion coefficient (log  ) reflected the adsorption caorganic matter or ions may form stable chemical
pacity of soils for atrazine. The adsorption constant
bonds with these functional groups, resulting in irre(log  ) value of the soil with 1.0% C400 biochar
versible adsorption. The main reason could be due to
and 1.0% C700 biochar was 1.30 times and 6.28
the higher BET surface area, the higher aromatic and
times that of the soil without adding biochar, respecporous structures with the pyrolysis temperature intively.
creasing, which favor both hydrophobic effect and
The total pore volume, specific surface area,
specific interaction. The BET surface area of C700
pH value and fixed carbon content of carbonized
was more than that of C400, which was accordance
corn cob are increased relative to the original form,
with the adsorption capacity of C700 was better than
and it has rich microporous structures and elemental
C400. C700 was the best sorbent for atrazine retypes that can fix contaminants [39-41]. The highly
moval due to its extremely high BET surface area.
aromatic structure of biochar enables it to have good
thermal stability [42], which in turn results in long110.>=914110<08>49.3,<//4>49898/
term impact on the environmental behavior of or=9<:>498114.408.ATo assess the effect of biochar
ganic pollutants such as pesticides in soil. The
amounts on adsorption efficiency, 2.0 g of soil was
Freundlich model was used in this experiment and
taken, with different addition amounts of C400 (0,
0.1%, 0.5%, 1.0%, 2.0%, 5% and 10%) or C700
found to fit well with the adsorption process of atra(0,0.01%, 0.05%, 0.10%, 0.5%, 0.8% and 1.0%). Afzine in soil, which assumed that atrazine sorption octer adding biochar into the soil, the soil was shaken
curs on a heterogeneous surface with the possibility
on a constant temperature oscillator for 48 h to mix
of sorption being multi-layered. After adding biothe soil and biochar thoroughly. After adding 10 mL
char to soil, the adsorption capacity of atrazine was
of atrazine background solution at concentration of
higher than that of natural soil, with a soil adsorption
1.0 mg/L, the adsorption test was carried out under
constant (log  ) decreasing as follows: C700 >
the above conditions. In pre-experimental trials, we
C400 > natural soil (Table 3). In this study, the valfound that atrazine could not be detected in the equiues of (0.544-0.765) were less than 1, indicating
librium solution when C700 biochar addition ratio
that atrazine had a good adsorption on the adsorbent
was 2.0%; theoretically the atrazine was fully adand sorption by heterogeneous media first occupied
sorbed and thus the addition amount was reduced.
by high-energy sites are, then by lower-energy sites
The higher the proportion of C400 and C700 in soil,
[43, 44]. The atrazine adsorption capacity of C700
the higher soil adsorption coefficient (d).
was 4.85 times that of C400, and 6.28 times of that
of natural soil, indicating a stronger adsorption capacity by C700 than C400. The adsorption capacity


& 
<0?8/64.3:,<,70>0<=692,8/,8/.9<<06,>498.90114.408>=19<,/=9<:>4984=9>30<7=91,><,B480
Name
Natural soil
C400
C700

log 
0.307
0.398
1.93


0.765
0.737
0.544

2550


0.999
0.988
0.986
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110.>=91/4110<08>-49.3,<.98>08>=98,/=9<:>49891,><,B48048=946,//4>49891-49.3,<
=946,//4>49891-49.3,< 48=946
110.>=91/4110<08>.98>08>=91-49.3,<
Treatment
Soil (CK)
Soil+0.1% C400
Soil+0.5% C400
Soil+1.0% C400
Soil+2.0% C400
Soil+5.0% C400
Soil+10.0% C400

48

& 
98>30,><,B480,/=9<:>498<,>49<06,>4@0>989-49.3,<=946

d (mL/g)
1.71
2.00
2.89
3.62
6.11
16.83
47.08

Multiple
1.17
1.69
2.12
3.57
9.84
27.5

Contribution rate (%)
10.8
30.3
39.3
53.6
66.9
71.8

&
110.>=91/4110<08>.98>08>91-49.3,< 98>30,><,B480,/=9<:>498<,>49<06,>4@0>989-49.3,<=946
Treatment
Soil (CK)
Soil+0.01% C700
Soil+0.05% C700
Soil+0.10% C700
Soil+0.50% C700
Soil+0.80% C700
Soil+1.00% C700

 (mL/g)
1.38
2.05
3.35
5.25
167
380
828

Multiple
1.49
2.43
3.80
121
275
600


As shown in Figure 8, the d value increased
slowly when the addition amount of C400 was less
than 2.0%, and increased rapidly when the addition
amount of C400 was higher than 2.0%., and the d
value increased slowly when the addition amount of
C700 was less than 0.5%, and increased rapidly
when the addition amount of C700 was higher than
0.5%. The adsorption capacity of C700 was much
higher than that of C400. When the addition amount
of C400 was 0.1–5.0%, the adsorption ratio was
1.17–27.5 times that of no-biochar soil. When the
addition amount of C700 was 0.1–1.0%, the adsorption ratio was 1.5–600 times that of no-biochar soil
(Table 4 and Table 5).
With the increase of addition amounts of corn
cob biochar, the adsorption of organic matter in soil
is more expressed in accumulation on the surface of

Contribution rate (%)
25.8
46.1
57.8
77.8
78.1
78.3

biochar; that is, the adsorption of organic matter becomes dominated by biochar, and the chemical adsorption intensity also increases along with biochar
increase [31].We found that the contribution rate of
biochar to atrazine adsorption was 10.8–71.8% when
the addition amount of C400 was 0.1–5.0%; and the
contribution rate of biochar to atrazine adsorption
was 25.8–78.3% when the addition amount of C700
was 0.1–1.0%. This shows that the proportion of biochar in adsorbing atrazine increased with the increased amount of corn cob biochar addition. In a
study of effect of black carbon on adsorption of pyrimethanil and diuron in soil, Yu et al. [34] found
that the effect of black carbon carbonized at 850°C
was more obvious than that of black carbon carbonized at 450°C.Our results are in line with these previous research results. When the addition rate was
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1.0%, the adsorption coefficient  of C700 was 828
mL/g and the adsorption coefficient  of C400 was
3.62 mL/g. Thus, the adsorption coefficient of C700
to atrazine in soil was 229 times of that of C400, representing a significant increase in adsorption capacity.


"!'%"!%

This study shows that the corn cob biochar is
effective in the adsorption of atrazine from atrazinecontaminated soil. The pyrolysis temperature had a
clear effect on adsorption. Higher pyrolysis temperatures resulted in lower biochar yield, greater surface
areas, and higher ash contents. The carbonation capacity of C700 was significantly higher than C400.
Under an addition rate of 1.0% biochar to soils the
adsorption coefficient of C700 was 229 times that of
C400. The adsorption capacity of atrazine by biochar
increases with the increase of the proportion of biochar addition. C700 was the best sorbent for atrazine
removal due to its extremely high BET surface area,
aromatic and porous structures. Corn cob biochar
would be helpful to stabilize the soil contaminated
with atrazine, which could provide a theoretical basis for the remediation of atrazine-contaminated soil
and the appropriate utilization of corncob resources.
In this experiment, the corncob waste was pyrolysised into biochar, which turns waste into a product that can adsorb atrazine from contaminated soil.
This material could alleviate the increasing demand
for energy saving and emission reduction pressures
and promote the comprehensive, coordinated and
sustainable economic and environmental developments. It also represents an effective way to achieve
green, recycling and low-carbon developments for
agriculture, helping to promote sustainable agricultural development.
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horizontal and vertical sampling, and are more cost
effective than other methods.
In coastal management research, monitoring is
essential to ensure the distribution and health of vegetation attached to the bottom along shallow coasts,
rivers, and estuaries. The monitoring and mapping of
aquatic vegetation has been conducted in many international projects, such as the submerged vegetation monitoring program (SVMP), and the importance of obtaining data on the distribution and
condition of seagrasses that are declining due to increasing anthropogenic pressures has increased over
time. The mapping of macrophytes can be accomplished with a set of scientific echosounders used for
mapping fisheries, a differential global positioning
system (DGPS), and computer programs tailored for
the vegetation attached to the sea floor, such as those
based on algorithms developed by Dr. Bruce Sabol
at the US Army Corps of Engineers Waterways Experiment Station. Example include the EcoSAV
(Echo Submerged Aquatic Vegetation) and Visual
Habitat programs produced by the BioSonics Company.
Although the most effective frequency for these
techniques is 420 kHz, it has been concluded that
200 kHz is also effective for vegetation acoustics
[37]. Methods of vegetation acoustics were developed based on algorithms to classify bottom types [1,
3, 5, 30], namely, OTCView, Echoplus, BioSonics
VBT, and EchoView [6, 21, 24, 33]. While the
acoustic reflectivity of aquatic vegetation is known
and used for the detection of submerged aquatic vegetation (SAV) [15], the basis of this phenomenon has
not yet been established. Generally, vegetation
acoustics are used to determine and map the density
and amounts of seagrass in meadows in lakes and
marine environments [25].
Recently, research has begun to identify and
explore important species in the aquatic environment, one of which is Posidonia oceanica. This species is endemic to the Mediterranean, and is under
protection as it is known to be a bio-indicator organism. Recent studies have explored the relationship
between the occurrence of P. oceanica and the type
and structures of the bottom [2, 9, 19, 31, 32].
Acoustic data by itself is inherently ambiguous

The presence of life on the sea bed causes significant problems during acoustic post-processing,
including spurious targets, background noise, artificially generated noise, reverberations, dead zones,
interference, ³lost´ bottoms, and spurious strong and
wHDNVFDWWHUHUV,QSDUWLFXODUWKHSUREOHPRI³ORVW´
bottoms in stock assessments creates challenges
when attempting to recover bottom echoes. In some
cases, commercial software and computer scripts are
required to manually recover ³lost´ bottoms; however, this can be time-consuming due the sheer volume of acoustic data involved. In this paper, we propose three new algorithms to estimate the biomass of
Posidonia oceanica seagrass. The first algorithm inFOXGHVDXWRQRPRXV³ORVW´ERWWRPDQGGHDG]RQHGH
tection (referred to as ABDEZD) and autonomous
real bottom estimation (referred to as ARBE). The
second algorithm removes spurious targets as well as
artificial and background noise. By considering the
noise sources, we developed an algorithm to remove
spurious noise and echoes, and estimate the absolute
biomass of the seagrass without interference from
other acoustic scatters. The third algorithm consists
of an acoustic biomass estimator of macro seagrass
UHIHUUHGWRDV$%(06, DQGDVFULSWFDOOHG³6KHDW
)LQGHU´ which acoustically detects sheats, which are
the vertical rhizomes of Posidonia seagrass.


.(<:25'6
3RVLGRQLDRFHDQLFDLQQRYDWLRQVDFRXVWLFDOJRULWKPVEL
RPDVVKDELWDWPDSSLQJ

,1752'8&7,21
Acoustic methods are more flexible than other
sampling methods, such as video cameras, SCUBA
dives, trawls, nets, etc., for revealing the spatial distribution of sound-scattering layers in the ocean because their quick implementation can cover large areas without requiring a large team. In addition,
acoustic methods are preferred because they avoid
causing damage to protected seagrasses during sampling, are more accurate, can provide continuous
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cruises (July 2011, November/December 2011, January 2012, March 2012, April 2012, May and August 2012) in the Antalya Gulf (Antalya Centrum Manavgat).

with regard to the identities of scatters. Many commercial post-processing software packages have
been developed to resolve these difficulties, such as
algorithms to remove noise and improve the signal
to noise ratio (SNR) [7, 29]; however, several problems remain, and manual intervention is required to
interpret the acoustic data and identify limited species. In addition, several important post-processing
steps are required in general acoustics applications
to address problems that are not handled by commercial software packages, or that cannot be addressed
by manual intervention. These problems include bottom echo, abduction of the bottom echo, no consideration of the dead zone due to the bottom angle, reverberations, or interference from acoustic data, spurious targets, background noise, artificially generated noise, interferences, lost bottom detection and
recovery, and undesirable strong and weak scatters
above and among the seagrass. In this context, algorithms like the SNR [7, 29] have been successfully
applied to remove background noise, but no software
is available for lost backgrounds, reverberations, or
interference. In addition, commercially available
vegetation software is limited to estimating the distribution, leaf height, and coverage, but does not provide information on the biomass.
When the subject is sea meadows, the calculaWLRQ RI WKH ULJKW ERWWRP GHSWK DQG GHWHFWLQJ ³ORVW´
bottoms is extremely important. The main reasons
IRU ³ORVW´ ERWWRPV PD\ EH GXH WR WKH GHVFULSWLYH
threshold used for the bottom, sudden changes in the
bottom depth, acoustic structures similar to bottom
echoes, background noise, reverberations, the rock
and roll of the research vessels, and variations in the
near-field depth. In the case of Posidonia, it was determined that this only grows on rocky ground in the
study area, which indicates that the bottom in that
area is quite rough. This situation must be considered
when evaluating the data gathered from isolated
seagrasses. However, these problems are not only
specific to seagrasses, but are also related to studies
of the abundance of fish (e.g., demersal and semidemersal fishes) that live near the bottom.
The present study intends to provide solutions
for general acoustic post-processing problems, and
to develop specific algorithms to aid in the identification, density assessment, and biomass estimate of
seagrass. To this end, three autonomous acoustic algorithms, namely ABDEZDE, ABEMSI, and SheatFinder, were developed to detect seagrass and remove undesirable acoustic information.

Data Acquisition. Acoustic data was collected
with a Biosonics DT-X digital scientific echosounder operating with a 200-kHz split beam transducer. The transducer had a beam angle of 6° (full
beam angle) and a working frequency of 206 kHz
VRXUFHOHYHOG%UHȝ3DDWP The transducer was mounted on the side of the R/V Akdeniz
Su and the array faces were orientated to point vertically downward. During data collection, the speed of
the ship was about 9.3±11.1 km/h.
Survey Design and Ground-truthing Sample
Collection. Acoustic track lines were composed of
224 transects, and each was located at 420 m intervals between bottom depths of 5 and 70 m. After
each cruise, the transects were shifted 80 m to east
so that the interval became 80 m at the end of the
field study. Fourteen transects were sampled by
SCUBA dives at 5, 10, 15, 20, and 30 m intervals for
sea-truthing the seagrass in a quadrant of 40 x 40 cm
three times for each cruise. The transects were located perpendicular to the coast at intervals of 5.6
km. Two types of calibration were performed for regressing the absolute and relative densities (acoustical energy) of the biomass. The first involved diluting the leaves six times by ripping off a pinch of
leaves in a quadrant of size 1 x 1 m and then by tethering different sizes of leaves on nylon string under
the transducer.
According to our acoustic intensity calibration
planning, which we call "1e1 calibration", is to calculate the area acoustic backscattering intensity
(NASC), which will convert the relative acoustic energy to absolute value, to be used in predicting the
biomass by using correlation and regression relations
between the seagrass biomass in the unit area and the
acoustic energy measured from the unit area. In the
other calibration, acoustical measurements were
made by tethering the different longitudinal leaves
(with and without sheat) to the nylon string in order
to calculate the acoustic volumetric energy Sv (dB,
the volume backscattering strength, is linear value of
SV).
Acoustic Data Analysis. The acoustic data was
digitized using the BioSonics software package (Visual Analyzer 4.1.2.42) and employed the ping-toping method horizontally and the count-to-count
method vertically. The following algorithms were
developed in MATLAB [17]. The "autonomous lost
bottom and dead zone detection, original bottom
(ABDEZDE)" algorithm was developed for the reFRYHU\ RI ³ORVW´ ERWWRPV 7KH acoustical biomass
estimator of macro seagrass identified (ABEMSI)"
algorithm was developed to remove background

MATERIALS AND METHODS
Study Area. The study was carried out on the
east coast of Turkey (Antalya Gulf, East Mediterranean Sea) (N 36°50'13.20"-E 30°44'50.37"; N
36°45'49.71"-E 31°23'2.33") over the course of six
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bottoms. Finally, the ARBE script corrects the bottom and the depths (Figure 1b), and then plots the
uncorrected and corrected bottom depths to calculate
statistical information regarding the recovery of lost
bottoms for use in the ABEMSI script.

noise (ambient noise and artificial noise), reverberaWLRQDQGLQWHUIHUHQFH)LQDOO\WKH³6KHDW)LQGHU´DO
gorithm was developed to remove spurious targets,
fix the vertical rhizome (sheat) of the seagrass, and
to convert the relative density to an absolute density.
To the best of our knowledge, the present study
is the first time that autonomous lost bottom recovery, removal of the background noise, and identification and biomass estimation of the seagrass has
been attempted.

RESULTS
Post-processing and Evaluation of Acoustic
Data. The acoustic frequency was 206 kHz when detecting the seagrass, and the minimum pulse duration
of 0.1 ms was used to remove undesirable targets and
spurious acoustic events. The acoustic data was precisely collected to ensure a high vertical (1.8 cm) and
horizontal resolution (5 pings/s) was obtained, and
then was digitized ping-to-ping in space and countto-count vertically using commercial software, e.g.,
Visual Analyzer (BioSonics Inc.).

FIGURE 2
a) ABEMSI algorithm: structures of the natural
background noises, b) interferences of the vessel
echosounder (blue line denotes TVG effect, red
line ones without TVG and green line best-fit
line).

FIGURE 3
a) Estimates of the noise in the acoustic
field data, b) the signal with the noise removed.

FIGURE 1
Case study from July 2011 in the Gulf of
Antalya: a) ABDEZDE, b) ARBE.

Acoustical Biomass Estimator of Macro
Seagrass Identified (ABEMSI). The ABEMSI
script is used to remove unnecessary background
noise, sound interference, and reverberations. The
sources of this undesirable acoustic data may be natural or artificial, living or non-living, or caused by
the use of the echosounder itself [29]. The structures
of such acoustic cases vary in both time and space
(Figure 3a and Figure 4a). The natural sources are
structured and stable, whereas artificial sources are
variable and involve unstable structures. The commonly used methods to correct and remove ambient
or background noise involve reducing the SNR [7,
29], although this is not so effective for artificial
noise, reverberations, and interference generated by
a variety of sources, including air bubbles, marine
mammals, sound emitting organisms, and other
acoustic instruments. Consequently, the SNR algorithm was modified by taking into account the structures and patterns of the background noise (Figure
2b) (Figure 2a, listening mode).

Autonomous Lost Bottom and Dead Zone
Detection, Original Bottom (ABDEZDE). The recovery of lost bottoms is necessary in acoustic fish
stock assessment and other purposes. To reduce the
time required, it is desirable to develop an autonomous system to process the necessary data. The ABDEZDE algorithm (Figure 1) performs these functions by executing a series of scripts: root algorithm,
bottom angle and depth (RABAD), lost bottom detection (LOBOD), algorithm of bottom tracking
method, and autonomous real bottom estimation
(ARBE). The process starts with the RABAD script,
which identifies the bottom that was lost by referring
to the bottom angle and bottom depths of neighbouring pings. Then, the processing switches to the LOBOD script to estimate and recover the actual lost
bottoms using a successive set of three methods,
namely, the Sv chirping method, running average,
and fill gap methods. This process continues until
there is no lost bottom. This script then estimates the
dead zone or blanking distance above flat and angled
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and ABEMSI scripts. It then scans the vertical rhizomes vertically by counting and horizontally by
ping-to-ping thresholding the weak and then strong
scatters of the water column to mark the sheaths on
the bottom outside of the dead zones (Figure 5b).
The acoustic data was cleansed from all noise, reverberations, and spurious targets in the seagrass area
near the bottom (Figure 5b). The marked sheaths
were resolved to estimate the leaf height of the
seagrass. The relative volume backscattering
strength (Sv, dB) of the acoustic energy belonging
only to leaves of the seagrass was calculated as the
acoustic energy in a square area after removing the
weak scatters among the leaves of the seagrass (Figure 5c).

Background Noises and Interferences. The
background noise was measured for both natural and
artificial sources, an example of which is shown in
Figure 2a. The SNR procedure [7, 29] was applied to
the acoustic data with a modification that accounted
for the measured noise (Figure 3a), while being sure
to avoid the time-varying gain (TVG) effect. Note
that the artificial noise or spurious targets did not exhibit acoustically stable characteristics, but varied
depending on the depth of the water, length of the
signal, and signal transmission rate. The algorithm
ABEMSI produced an echogram of the acoustic data
based on the estimates of the natural and artificial
SNRs. The noise was removed from the original
acoustic data to ensure that the SheatFinder algorithm would only identify seagrass (Figure 3b).



FIGURE 5
a) ³6KHDW)LQGHU´$FRXVWLFDOGDWDSURFHVVHGE\
ABEMSI, b) ABDEZDE and c) identified and
isolated leaves of Posidonia oceanica seagrass
with relative volume backscattering strength
(Sv, in dB).

FIGURE 4
a) Examples of the reverberations removed by
the ABEMSI script: reverberations caused by
the SCUBA divers, and the calibration ball of
the acoustic device, b) removal of reverberations
during calibration of the seagrass leaves under
the calibration ball, and recovery of the lost bottom despite volume reverberations.

The SheatFinder script converts the relative
acoustic energy to the absolute biomass of the Posidonia, and then maps the distribution based on the
biomass (g/m2) (Figure 6a) and leaf height (m) (Figure 6c). The conversion between the relative and absolute amounts was based on the regressions conducted in the calibration studies described by author
Mutlu et al. [19]. An essentially consistent distribution was found between the leaf height distributions
obtained from EcoSAVTM and those obtained from
the acoustic data of this work, but there were errors
in the spatial distribution (Figure 6b). Therefore, the
results that indicated the presence of species in the
open water section that extended parallel to the
shore. In addition, when the results obtained from the
SCUBA dives (Figure 6d) and those of the SheatFinder algorithm were compared (Figure 6c), the leaf
height data was similar to the temporal and spatial
distribution. The only difference is that the Scuba
measurement results are reflected on the map as the
mean leaf height. However, when the study of Mutlu
et al. [19] are examined, it is stated that the acoustic
estimate of the mean leaf height is distributed about
35-40 cm. Therefore, it is seen that there is a similarity between the two maps in terms of the calculated
measurements.

Reverberations. The ABEMSI script also resolves the surface, bottom, and volume reverberations generated by both natural and artificial sources
(Figure 4). The resolution of the ABEMSI script
along with an example of the surface and volume reverberations generated by SCUBA divers is shown
in Figures 4a and 4b. The occurrence of such dense
reverberations indicates that the acoustic data was
not reliable and therefore could not be used in stock
studies. The observed phenomena are similar to the
reflections caused by very crowded fish schools.
These problems were eliminated by adding the dead
zone and ABDEZDE algorithm.
SheatFinder. The name of this algorithm,
SheatFinder, was inspired from the acoustic detection of sheat, which is the vertical rhizome of Posidonia seagrass. The vertical rhizome is generally
higher than the bottom dead zone and provides
stronger acoustic scattering than that of the seagrass
leaves [19]. This algorithm uses the vertically and
horizontally resolved and collected acoustic data
(Figure 5a) processed by means of the ABDEZDE
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a backward step. If such a method performs well
with vertical echo sounders and reasonably flat sea
beds, then the increased incidence angle may lead to
inadequate perception [4]. In addition, the sharpness
of the leading edge can also be affected by the type
of seabed and its reflection characteristics [13, 16].
This effect requires control by the user to manually
perform some post-processing to define a new baseline containing the relevant biomass [11, 20]. Many
existing algorithms fail completely under these conditions, or exhibit significantly reduced performance. Therefore, designing a robust procedure to
automatically correct fake sub-detections can to reduce the number of troublesome manual sub-fixes
required. In addition, algorithms suitable for the optimal setting of tools and sub-recognition are also
important. In particular, commercial software, e.g.,
EcoSAV, operates incorrectly in the presence of an
irregular base or sudden changes in the depth of the
bottom. To address this, some researchers have developed novel software [8, 31].
Monitoring sudden changes in the depth and
angle of the bottom is important in acoustic studies
of seagrass (e.g. a ship speed of 5.6±22.2 km/h and
bottom angle lower than 5±8°) [28, 35]. Seagrasses
and meadows were recently investigated to estimate
their density, leaf length, volume, shadow, or effective area (canopies) using acoustic data [22] and to
compare the advantages of acoustic studies with the
limitations of other techniques (video mapping /
photographing) [10, 12]. The authors in [23] reported on the comparisons. The software used for
vegetation acoustics understands the need for
ground-truthing the data, and the associated limitations [8, 27, 34]. Note that if the correct bottom depth
has not been defined, this will cause the complete dataset to be misinterpreted.
Based on the results of this study, the developed
algorithms for determining the biomass and leaf
height of Posidonia oceanica achieved by eliminating acoustic problems that could not be removed using commercially available software.

FIGURE 6
a) Acoustic absolute biomass distribution (g/m2)
of Posidonia oceanica from the data collected in
the Antalya Gulf in July 2011, b) the leaf height
(m) distribution of the vegetation estimated by
the commercial software package EcoSAV for
the data from July 2011 (the normal measurement line spacing was 300 m interpolated using
the normal horizontal resolution), c) spatial distribution of leaf lengths obtained by the SheatFinder algorithm, and d) the spatial distribution
of leaf height (cm) obtained by SCUBA dives.

DISCUSSION
The biomass distribution of seagrass was studied acoustically in the Antalya Gulf using an algorithm designed to recover lost bottoms, remove
noise, and identify vertical seagrass rhizomes. Until
now, the main problems encountered in acoustic
studies have been lost bottoms and artificial and/or
natural noise. It has been shown by Ona and Mitson
[20] that the effective sampling volume can be estimated in order to compensate for the dead zone, if
the sea bottom has been correctly detected.
Seagrass meadows are not as strong as fish, but
are still strong enough to be detected as much as
other acoustical scatters [36], especially during the
photosynthesis release and gas transport activities of
the seagrass [14, 18]. Consequently, there are many
undesirable sources of noise, reverberations, dead
zones, acoustic signal conflicts, and other non-target
species, such as water columns, weak or dominant
acoustic scattering elements, and living organisms
inside or above seagrass that may be encountered
during the post-processing of acoustic data. For these
reasons, these must be considered when obtaining
data regarding sea meadows.
The first step is to ensure the bottom definition
is accurate before defining the exact boundaries of
the dead zone in the outer beams. The dead zone
forms in the echo section covered by the bottom reverberation in the main lobe of the beam [20]. The
highest level of reverberation is generally perceived
at a depth above a certain threshold of the reverberant depth of echoes originating from the sea bottom.
If contributions below the echo integrals are to be removed, a useful part of the water-column echo can
be defined for biomass integration that may include

&21&/86,216
Based on recent research and emerging technologies, new acoustic theories have made it possible to define and classify vegetation and substrates
in aquatic environments. However, until now, these
studies have primarily focused on identification and
distribution. In this project, we developed a new series of signal processing algorithms based on the use
of a split beam echo sounder. When the proposed
classification method was applied to acoustic data
for fish and vegetation, it was found to be simple,
fast, and intuitive relative to the complexity of other
mapping techniques. These methods were tested by
using them to detect a variety of underwater objects,
such as coral reefs, fish, seagrass, and mud and/or
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background noise. ICES Journal of Marine Science: Journal du Conseil. 64(6), 1282-1291.
[8] Depew, D.C., Stevens, A.W., Smith, R.E. and
Hecky, R.E. (2009) Detection and characterization of benthic filamentous algal stands (Cladophora sp.) on rocky substrata using a high-frequency echosounder. Limnology and Oceanography: Methods. 7(10), 693-705.
[9] Di Maida, G., Tomasello, A., Luzzu, F.,
Scannavino, A., Pirrotta, M., Orestano, C. and
Calvo, S. (2011) Discriminating between Posidonia oceanica meadows and sand substratum
using multibeam sonar. ICES Journal of Marine
Science. 68(1), 12-19.
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1033-1038.
[11] Foote, K. and Stanton, T. (2000) Acoustical
methods. In: Harris, R., Wiebe, P.H., Lenz, J.,
Skojodal, H.-R., Huntley, M. (eds.) ICES zooplankton methodology manual. London. Academic Press. 223-258.
[12] Fornes, A., Basterretxea, G., Orfila, A., Jordi,
A., Alvarez, A. and Tintoré, J. (2006) Mapping
Posidonia oceanica from IKONOS. ISPRS
Journal of Photogrammetry and Remote Sensing. 60(5), 315-322.
[13] Lurton, X. and Pouliquen, E. (1994) Identification de la nature du fond de la mer a O¶aide de
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[14] Lyons, A.P. and Abraham, D.A. (1999) Statistical characterization of high-frequency shallowwater seafloor backscatter. The Journal of the
Acoustical Society of America. 106(3), 13071315.
[15] Maceina, M.J. and Shireman, J.V. (1980) The
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of Aquatic Plant Management. 18, 34-39.
[16] MacLennan, D., Copland, P., Armstrong, E.,
and Simmonds, E. (2004) Experiments on the
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Journal of Marine Science. 61(2), 201-210.
[17] Matlab, U.S.G. (1998) The mathworks. In Inc.,
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[18] McCarthy, E.M. and Sabol, B. (2000) Acoustic
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sandy bottoms. In this study, we validated the proposed estimation methods on the species identification and acoustical calibration of the relative and absolute densities of the most common seagrasses (Posidonia oceanica) in the Gulf of Antalya using data
collected during field studies, and by new using
commercial software and algorithms containing the
existing acoustical theories on the sea floor classification and vegetation. Based on our results, the proposed methods were demonstrated to be useful in determining the distribution of macrophytes in the sea.
In the future, we plan to adapt the proposed method
for use in lakes and rivers.
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its poorest ensiling characteristics [3]. To overcome
this limitation, many practices have been applied to
alfalfa silage production [4, 5], and additives have
been shown to be essential to ensuring the fermentation of silage feed from silage plants that are rich in
protein and minerals, as is alfalfa [3, 6, 7]. Some fruit
wastes that contain high levels of sugar have been
used to increase the carbohydrate matter in silage.
Some fruits are rich in antioxidants, carotenoids, anthocyanins, pectins, fatty acids, flavonoids, and phenolic acids, in addition to vitamins and minerals.
Thus, their wastes are considered not only as forage
but also as having important implications for silage
quality [8, 9, 10, 11].
Pear (  L.) from the  
family is a very good source of fiber; vitamins B, C,
E, and K; and copper (Cu), potassium (K), sodium
(Na), and magnesium (Mg). In its fruit, 9‒11% of the
DM is formed by sugars, and the ratio of sugar increases with maturity. The amount of organic acid in
the fruits, including malic acid and citric acid, ranges
from 0.13‒0.58%. In addition, 100 g of this pear fruit
has been reported to contain 116 mg of K, 10 mg of
calcium (Ca), 7.1 mg of Mg, 12 mg of Phosphorus
(P), 2.1 mg of Na, and 3.27 g of fiber, in addition to
Sulphur (S) and iron (Fe), and a significant portion
of the fiber is composed of pectin [12, 13, 14].
The aim of this research was to determine some
of the physical and quality characteristics of alfalfa
silage and the effects on its mineral contents of adding pear fruit as a carbohydrate source at various ratios (5%, 10%, and 15%).


  

Alfalfa (    L.) has low carbohydrate content but high buffering capacity. Given
these characteristics, it is inadvisable to ensile alfalfa
alone as silage. In this study, pear fruit waste was
added to alfalfa as a carbohydrate source at various
rates (5%, 10%, and 15%), and physical and quality
features and the mineral content of silage samples
were determined under laboratory conditions.
The results showed that adding pear waste to
alfalfa silage significantly lowered the alfalfa’s pH
level. In addition, the silages digestibility increased
and its contents of potassium (K), sodium (Na), calcium (Ca), and magnesium (Mg) increased as its ratio of pear waste increased. Therefore, adding pear
fruit waste to alfalfa silage increases both silage digestibility and the content of some minerals.


$#
Alfalfa, Mineral content, Pear waste, Silage
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One of the most important requirements for
achieving optimum livestock production is sufficient
high-quality forage. In particular, silage is important
to feeding animals in winter conditions, and for livestock, silage obtained by fermenting green feeds under airless conditions is preferred. It is possible to
improve the taste, digestibility, and nutritional quality of silage using some additives, and various additives are commonly used in legume silages.
Legumes have a high nutritive value but are
known to be difficult to ensile and often yield poorly
fermented silage. This is usually due to their high
buffering capacity and low sugar concentration [1].
The silage of alfalfa, a legume, forms a substantial
part of the diets of farm animals. However, the
preservation of alfalfa as silage is limited by its high
buffering capacity and low content of water-soluble
carbohydrates (WSCs). Higher residual WSC content is related to less loss of dry matter (DM) during
fermentation and produces higher-quality silage [2].
Thus, when alfalfa is in its best-growing stage, it has

Alfalfa material was provided from our faculty
experimental management, and pear wastes were
supplied from the Diyarbakir Wholesale Market
Hall. Plastic jars of 5-kg capacity were used to contain the silage samples. The study was conducted in
Diyarbakir, Turkey. The alfalfa was harvested at the
10% flowering period. First, both the alfalfa and the
pear wastes were chopped into 1‒2 cm lengths.
Then, each jar was filled with alfalfa and weighed.
Next, volumes of pear waste were calculated that
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and Mg. In a microwave oven, two types of digestion
procedures were applied to the silage samples: wet
digestion (with HNO3-HCl) and microwave digestion (with HNO3-hydrogen peroxide (H2O2)). The
precision was calculated using three replicates of
each digestion procedure.

4%4,34,&%- /%-73,3 Statistical analysis was
conducted using version 5.1 of the JUMP software
program. The various results were further analyzed
statistically using the least significant difference
(LSD) multiple range test. Statistical significance
was set at  < 0.05.

would make up 5%, 10%, and 15% of a sample. The
study conducted three replications and used four applications: 100% alfalfa (the control), and 5%, 10%,
and 15%, respectively, of pure pear additive. All
samples were stored in a laboratory at temperatures
of 25 ± 4 °C during the 45 d test period. At the end
of this period, we measured the physical properties
(color, odor, and structure), pH level, protein, acid
detergent fiber (ADF), neutral detergent fiber
(NDF), dry matter digestibility (DMD), dry matter
intake (DMI), relative feed value (RFV), crude ash
ratios, and quantities of the minerals K, Na, Ca, and
Mg.

+73,&%-201(24,(3At the end of 45 d of silage, the jars were opened, and the color, odor, and
structure statuses of the samples were physically examined and subjectively graded by three subject experts using the Deutsche Landwirtschafts-Gesellschaft (DLG) silage evaluation key, which included
14 points for color, 4 points for structure, and 2
points for odor. Each sample was examined by all
three subject experts, and the three scores for each
sample were averaged [15].

! !

+73,&%-201(24,(3Table 1 shows the physical properties of the silage samples and their odor,
structure, and color scores, the sums of which determined the quality of the physical properties. Adding
5% pear waste increased the initially moderate quality of the silage to good quality, which was further
increased by adding 10% and 15% pear waste. The
highest score was obtained using both 10% and 15%
pear waste.
While the quality of the control alfalfa silage
was determined to be moderate, after the pear waste
was added, the silage’s quality increased in direct
proportion to its percentage of pear waste. This is explained by the fact that alfalfa’s WSC content is
lower than that of pear waste. Increasing the silage’s
WSC content created an improved medium for the
fermentation of lactic acid bacteria. As the micro-organisms multiply rapidly, the silage’s pH decreases
and degradation of the protein falls to its lowest level
[4].

+(.,&%-/%-73,3First, silage samples were
taken from each jar and dried at 70 °C for 48 h. Then,
the samples were ground using a hand-mill and a 1mm sieve. The Kjeldahl method was used to determine the nitrogen (N) and crude ash contents [16].
The NDF [17] and ADF [18] contents were analyzed
using an ANKOM 200 fiber analyzer (ANKOM
Technology Corp.; Fairport, NY, USA). The DMD,
DMI, and RFV values were calculated using the following equations [19]. First, the DMD was calculated from the ADF value using the following equation: DM% = 88.9 – (0.779 × ADF%). Then, the
DMI, based on animal live weight, was calculated
from the NDF value using the following equation:
DMI% of BW = 120/ NDF%. Next, the RFV was
calculated from the DMD and DMI using the following equation: RFV = DDM% × DMI% × 1.29 [20].
To determine the mineral content of the samples, 0.5-g samples were dissolved in a mixture of
nitric acid (HNO3) and hydrochloric acid (HCl) (1
volume of HNO3 + 3 volumes of HCl) in a microwave oven. Analyses were conducted using the ICP
OES Perkin Elmer Optima™ 2100 DV. All samples
were analyzed for their concentrations of K, Na, Ca,



5%-,47 201(24,(3 Tables 2 and 3 show results regarding the pH levels and contents of protein;
ADF; NDF; DMD; DMI; RFV; crude ash; and the
mineral elements K, Na, Ca, and Mg. As Table 2
shows, pH values were at their highest (4.33) in the
control alfalfa silage. However, pH values decreased
rapidly as the ratio of added pear waste increased.
The lowest pH level (3.79) was obtained by adding
15% pear waste to the silage.


+73,&%-1201(24,(30)3,-%*(3
Criteria (Score)
Odor (0-14)
Structure (0-4)
Color (0-2)
Total
Quality (DLG)

100% Alfalfa
6
2
1
10
Moderate

5% Pear additive
10
4
2
16
Good
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10% Pear additive
12
4
2
18
Best

15% Pear additive
12
4
2
18
Best
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5%-,471%2%.(4(230)3,-%*(3
Applications
100% Alfalfa
5% Pear additive
10% Pear additive
15% Pear additive
Mean
CV
LSD

pH
4.33 a
4.24 a
4.06 b
3.79 c
4.11
1.71
0.34

Protein
12.28
13.06
13.73
13.27
13.09
4.20
NS

Ash
7.73 c
8.00 b
8.03 b
8.27 a
8.01
1.25
0.51

ADF
28.04 a
27.61 a
26.40 b
26.39 b
27.11
1.44
1.90

NDF
39.30 a
37.79 b
37.42 b
36.06 c
37.64
1.22
2.24

DMD
67.06 b
67.39 b
68.33 a
68.33 a
67.78
0.44
1.49

DMI
3.05 c
3.18 b
3.21 b
3.33 a
3.19
0.94
0.17

RFV
158.71 d
165.84 c
169.84 b
176.27 a
167.67
1.03
8.39

Means followed by the same letters are not significantly different at the 5% level of significance. NS=Not significant
 
,/(2%-(-(.(/4&0/4(/430)3,-%*(3
Applications
K (%)
Na (%)
Ca (%)
Mg (%)
100% Alfalfa
3.69 e
0.81 d
2.00 e
0.29 e
100% Pear waste
9.05 a
2.28 a
6.65 a
7.72 a
5% Pear additive
3.99 d
0.85 d
2.20 d
0.49 d
10% Pear additive
4.15 c
0.93 c
2.40 c
0.79 c
15% Pear additive
4.32 b
0.99 b
2.71 b
0.93 b
Mean
5.04
1.17
3.19
2.05
CV
0.96
1.62
0.7
1.08
LSD
0.09
0.01
0.051
0.042
Means followed by the same letters are not significantly different at the 5% level of significance.
added pear waste increased the protein values in
these samples compared to that in the control samples.
ADF and NDF values, which are very important to the consumption and digestibility of livestock feeds, were decreased when pear waste was
added to the silage. However, remarkable increases
were observed in the silage’s DMD, DMI, and RFV,
indicating a significant increase in silage quality.
This observation agrees with the findings of previous
research [3, 8, 24].

Crude ash values showed that ash in the alfalfa
also increased as the ratio of added pear waste increased. While the lowest value (7.7%) was obtained
from the control alfalfa silage, the highest value
(8.3%) was obtained from the silage that had 15%
pear waste added.
In contrast, the highest ADF (28.0%) and NDF
(39.3%) values were observed in the control alfalfa
silage, and the lowest value (36.06 %) was obtained
from the silage that had 15 % pear waste added.
To increase the quality of silage, its pH level
must lowered, as a low pH level inhibits the growth
of many detrimental micro-organisms and helps reduce plant enzyme activity. In general, it is undesirable for these types of legume silages to have pH levels exceeding 4.2, as research has shown that silages
that have pH values of between 3.9 and 4.1 have lactic acid levels of from 11.0‒11.8% and butyric acid
levels of 0%. However, when the pH value increased
to 4.5, the lactic acid ratio decreased to 6.3%, and the
ratio of butyric acid, which is undesirable, increased
to 1.6% [21]. In addition, it has been reported the
suppression of the amino acids and plant protease activities of fermenting micro-organisms depends on
decreased pH levels, which results in the preservation of some of the actual proteins and the reduction
of the silage’s ammonia-nitrogen concentration [22].
In the present study, the protein content of the
control alfalfa silage was 12.3%, and it increased to
13.7% when the ratio of added pear waste reached
10%. One of the most important problems with alfalfa silage is that proteins decompose into amino acids and ammonia during the ensiling process [23].
This explains why the present study found that the
normally high protein content of the alfalfa silage
was decreased when pear waste was added: the

,/(2%--(.(/43As Table 3 shows, the control alfalfa silage samples comprised 3.69% K,
0.81% Na, 2.00% Ca, and 0.29% Mg. The content of
these mineral elements increased significantly as the
ratio of added pear waste increased. When samples
containing sole pear waste were analyzed, these values were the highest: 9.05% K, 2.28% Na, 6.65% Ca,
and 7.72% Mg.
Many elements provide the conditions essential
for the normal growth of living organisms and
plants. All living things need minerals to maintain
health and conduct vital activities. In fact, mineral
elements are known to i) play a role in the structure
of organic compounds, including protein and fat,
which help form muscles, organs, blood cells, and
other soft tissues; ii) make up bones and hence the
skeletal system; iii) regulate acid and base balance in
organisms; iv) lead muscle and nerve stimulation; v)
support the immune system; vi) set up osmotic pressure in the body; and vii) play key roles in important
metabolic functions by entering the structures of hormones [25].
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High-quality silage is achieved when the fermentation process is well completed, and fermentation occurs when lactic acid is the predominant acid
produced, rapidly decreasing the silage’s pH. The
more rapidly the fermentation is completed, the more
nutrients the silage will retain [2].
!

In the present study, all the nutrients and mineral elements tested for were increased by the addition of pear waste at all three of the ratios tested. Although all three of the ratios tested increased the silage’s quality, these increases in nutrients and mineral elements were positively correlated with the addition of higher ratios of pear waste to the silage.
Therefore, results of the present study support
that such applications increase the quality of legume
silages and also enrich their content of some mineral
elements. Adding fruit wastes to silage can help not
only to achieve optimum livestock production but
also to prevent environmental pollution.
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for agricultural irrigation. Even though irrigation has
vital importance for cultural plants that require water
throughout growth periods, the increase of the water
use efficiency during irrigation, the use of alternative
irrigation application techniques that will contribute
to sustainable agriculture and the enhancement of irrigation efficiency are becoming much more important. The use of drip irrigation especially for the
irrigation of dwarf apple trees has increased rapidly
in recent years due to high water use efficiency, less
water use, positive effects on yield and quality, ease
of fertigation applications and less adverse effects on
the environment [1-3].
The objectives of deficit irrigation in which a
portion of the plant water requirement is met, used
as one of the alternative irrigation strategy against
the problem of the decrease of natural water sources
can be stated as increasing the effectiveness of irrigation water, generating water stress without causing
excessive yield loss in the cultivation period and to
increase the water use efficiency (WUE) defined as
acquiring the highest yield for unit water [4, 5]. Since
the appropriate irrigation program should be carefully determined in order to gain sufficient benefit
from irrigation, deficit irrigation programs should be
generated by taking into consideration the relationships between water-yield. Hence, the relationship
between the relative evapotranspiration deficit and
the relative yield decrease which is defined as yield
response factor (ky) should be determined in order to
determine the evapotranspiration and yield values
under sufficient and deficit water conditions [6].
However, sufficient researches should be carried out
for each plant and region in order to acquire these
data.
Turkey has an important place in global apple
production with a share of about 3.6% due to the ecological characteristics and is ranked in the top five
with China, USA, Poland and India with an apple
production of 2.48 million tons according to 2014
data [7]. Isparta province meets about 22% of the total apple production in Turkey and in recent years,
new apple varieties grafted on dwarf (M9) and semidwarf (MM106) rootstocks along with high density
orchards are gaining popularity. Appropriate irrigation schedules should be developed and possible decreases in especially fruit yield and quality should be

ABSTRACT
This study was carried out during 2009 and
2010 years for determining the effects of different irrigation water levels on the fruit yield and quality parameters and the water-\LHOG IXQFWLRQV RI µ-HUVH\
0DF¶DSSOHYDULHW\JUDIWHGRQ0URRWVWRFN,UULJD
tion treatments were control (CI) and deficit irrigations in which 75% (DI-0.75), 50% (DI-0.50) and
25% (DI-0.25) of the irrigation water applied to the
CI. All treatments were irrigated twice weekly by
drip irrigation method. The irrigation water amount
applied to the treatments varied between 107.6 (DI0.25) and 437.4 mm (CI). The highest and the lowest
seasonal evapotranspiration values were determined
as 532.6 mm in CI and 245.7 mm in DI-0.25, respectively. The effects of different irrigation levels on
yield were significant (p<0.01). Whereas the highest
yield was obtained in CI, this was followed by DI0.75 and DI-0.50 and the lowest yield was obtained
in DI-0.25. The highest water use efficiency (WUE)
and irrigation water use efficiency (IWUE) were
3.76 and 8.20 kg m-3 in DI-0.50 and DI-0.25, respectively. The average yield response factor (ky) value
for both years was 0.89. This study concluded that
DI-0.50 with high water use efficiency and acceptable yield and quality loss under limited water conditions could be used for the irrigation of dwarf apple
trees. However, it can be stated that CI treatment, the
plant water requirement is fully met, will be more
appropriate under conditions where higher yield is
aimed and the water is sufficient.
KEYWORDS:
Deficit irrigation, Dwarf apple tree, Evapotranspiration,
Water use efficiency, Yield response factor

INTRODUCTION
Global warming and rapid population increase
result in both adverse effects on the water sources as
well as the increase of urban and industrial water requirement. It is inevitable to reduce the percentage
in arid and semi-arid countries such as Turkey where
about 73% of the current water consumption is used
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Experimental design and treatments. Each
plot area was 45 m2 and was consisted of fifteen trees
with a plant spacing of 3 m x 1 m and five central
trees considered as harvest plot to collect yield data
and other trees as guard. The experiment was carried
out according to a randomized complete plot design
with three replications.
Irrigation treatments were comprised of a control irrigation (CI) in which the required water
amount to replenish the available soil moisture to the
field capacity in the 120 cm soil depth was applied
and deficit irrigation treatments in which 75% (DI0.75), 50% (DI-0.50) and 25% (DI-0.25) of the water
applied to CI treatment was applied during each irrigation event.

determined against water deficit in order to do efficient production for an important plant as apple in a
region with a semi-arid climate.
The objective of the study was to determine the
effects of deficit irrigation treatments with different
irrigation water levels on the fruit yield, some quality
parameters and water-yield functions of Jersey Mac
apple variety grafted on M9 dwarf rootstock.

MATERIALS AND METHODS
Experimental site and plant material. The
experiment was carried out during the 2009 and 2010
vegetation period at the orchard cultivated four years
ROGµ-HUVH\0DF¶DSSOHYDULHW\JUDIWHGRQ0FORQDO
dwarf rootstock at Agricultural Research and Application Center of Suleyman Demirel University,
Isparta, Turkey located between the 37o 50Õ 23ÕÕ N latitude and 30° 32Õ 02ÕÕ E longitude with an elevation
from sea level of 1020 m.

Irrigation and evapotranspiration. Irrigation
water was provided via the hydrant with a flow rate
of 7 L s-1 along the pressurized pipeline near the research area. Irrigation water is C3S1 class. The engineering properties and operating principle of the drip
irrigation system used in irrigation applications were
determined in accordance with the principles given
by Kanber [8]. In-line type drippers with pressure
regulator and a discharge of 4 L h-1 along with 16
mm diameter PE laterals with a dripper spacing of 50
cm were used. Double laterals were laid on each tree
row and the wetted area percentage was determined
as 33 %. Irrigation was maintained identically within
the period of last frost and the first frost. All plots
were irrigated to replenish the available soil water up
to the field capacity in the 120 cm soil depth prior to
scheduled irrigation. Volumetric soil water content
(m3 m-3) at the plant root zone (0-120 cm) was determined using a Profil Probe 1 (Profile Probe1, Delta
T Co. Inc. UK) with a calibration equation of  ܸܣൌ
ͳǡͳʹʹοܶ  ͲǡͲͲͶǻ7EHIRUHHDFKLUULJDWLRQHYHQW

Climatic and soil properties. The long-term
average annual temperature, relative humidity and
total precipitation of the research area has a transition characteristic between Mediterranean climate
and Central Anatolia continental climate are 12 oC,
61% and 520.1 mm, respectively. Some average
monthly climate data for the irrigation period from
May to October in the experiment years were given
in Table 1.
Soils in the experimental area were clay-loam
texture class, a stable infiltration rate was 12 mm h-1
and available water holding capacity was 270.81 mm
at 120 cm soil depth (Table 2).

TABLE 1
Some average monthly climate data for the experiment years.
Months

May
June
July
August
September
October

Maximum temperature
(oC)
2009
2010
21.4
23.8
28.3
25.6
30.5
31.6
31.0
34.7
25.2
28.3
22.3
18.8

Minimum
temperature
(oC)
2009
2010
8.0
9.5
12.9
12.5
16.4
16.8
14.7
17.8
10.9
12.6
8.6
7.4

Maximum humidity
(%)
2009
2010
89
88
78
91
74
82
67
70
85
87
88
94

Minimum
humidity
(%)
2009
36
24
25
19
31
36

2010
29
36
27
19
26
46

Duration
of sunshine
(h)
2009
2010
8.7
8.3
9.6
7.6
10.2
10.3
10.4
13.5
8.4
9.6
6.7
5.6

Precipitation
(mm)
2009
66.2
26.8
18.0
0.2
26.2
18.1

2010
32.4
34.7
9.4
0.0
9.1
77.0

TABLE 2
Soil characteristics in the experimental area
Soil depth

Structure

cm
0-30
CL
30-60
CL
60-90
CL
90-120
CL
Total (0-120 cm)

Bulk density
g cm-3
1.46
1.41
1.39
1.36

Field capacity
(FC)
%
29.70
31.81
27.46
27.37

mm
130.09
134.56
114.51
111.67
490.82
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Permanent wilting point
(PWP)
%
mm
13.57
59.44
15.48
65.48
11.70
48.79
11.35
46.31
220.01

Available
water
holding capacity
%
mm
16.13
70.65
16.33
69.08
15.76
65.72
16.02
65.36
270.81

© by PSP

Volume 27 ± No. 4/2018 pages 2567-2573

where; Y is the yield (T ha-1), ET is the evapotranspiration (mm) and I is the irrigation water (mm)
[12].
The yield response factor (ky), representing the
decrease in the yield which occurred as a result of
the decrease in the unit evapotranspiration, was determined in accordance with the principles given by
Doorenbos and Kassam [6] (Equation 5):

ா்
ቁ ൌ ݇௬ ሺͳ െ
ሻ
(5)
ቀͳ െ 

Probes were inserted between the tree trunks through
the row in each plot. Irrigation water was applied
twice weekly and calculated by Equation 1:
ܸ ൌ ሺ ܥܨെ ܹܣሻܣݔܲݔ
(1)
where; V is volumetric irrigation water amount
(L), FC is the field capacity (mm), AW is the available soil water (mm), P is the percentage of wetted
area and A is the plot area (m2).
Evapotranspiration for the treatments was calculated based on the soil water balance using Equation 2:
(2)
 ܶܧൌ  ܫ ܲ  ܥ െ ܦ േ   േ ο
where; ET is the evapotranspiration (mm), I is
the irrigation water (mm), P is the precipitation
(mm), Cp is the capillary rise (mm), Dp is the deep
percolation (mm), Rf LVWKHUXQRII PP DQG ǻ6LV
the change in soil water content (mm) [9].

Statistical analysis. In order to determine the
effects of the irrigation treatments on the some yield
and fruit quality parameters of apple, data were subjected to the variance analysis using minitab® 16.2.4
FRPSXWHUVWDWLVWLFDOVRIWZDUH SDFNDJHDQG7XNH\¶V
comparison test was used to determine the significant differences between the all treatment means and
the differences of the treatments were indicated with
the Latin letters.

RESULTS AND DISCUSSION
Irrigation water and evapotranspiration.
Whereas irrigation applications were done 33 times
in 2009 and 32 times in 2010, I amount varying between 107.6 (DI-0.25) and 437.4 mm (CI) were applied to the treatments during the experimental years
(Table 3). While ET values did not vary widely between the years, ET increased with I amount increased in parallel to the different irrigation water
amounts applied for the treatments. The highest ET
values were obtained in both years as 532.6 mm
(2009) and 526.3 mm (2010) in CI, followed by DI0.75 and DI-0.50 whereas the lowest ET values were
measured as 249.4 mm (2009) and 245.7 mm (2010)
in DI-0.25 with the least amount of water applied
(Table 3). I and ET amounts were similar with the
findings of [12-16] Orta et al. [13], Nasr and Ben
Mechlia [14], Fallahi et al. [15], Emre et al. [16],
Ucar et al. [17], certain partial differences and results
that are lower in comparison with those of Leib et al.
>@DQG*HQFRJODQDQG.ÕUDF>@PLJKWEHGXHWR
climate conditions, different methods used for determining the irrigation water (A pan evaporation), irrigation method and rootstock.

Plant harvesting. 6LQFH ³-HUVH\ 0DF´ DSSOH
variety is a summer variety, fruits were harvested at
the end of July in the both years. Yield per unit area
(T ha-1), number of fruits per tree (number) along
with fruit quality parameters such as fruit weight (g),
diameter (mm), length (mm), fruit firmness (libre)
and total soluble solid (%) were determined. Fruit
weight was determined by precision scale, fruit diameter and length were also measured using a digital
calliper. Fruit firmness was determined using a manual pressure tester mounting penetrometer with an
11.1 mm head and fruit juice total soluble solids
were determined using a digital refractometer [10,
11].
Water use efficiencies and yield response
factor. Equations 3 and 4 were used to calculate the
water use efficiency (WUE) and irrigation water use
efficiency (IWUE):

ܹܷ ܧൌ ͳͲͲሺ ሻ
(3)
ா்


ா்ೌೣ

ೌೣ

where; Ymax is the maximum yield without water stress (T ha-1) and ETmax is the maximum evapotranspiration without water stress (mm).

Fertilization and cultural practices. Plant nutrients as 50 kg ha-1 pure phosphorous (P2O5), 150 kg
ha-1 pure potassium (K2O) and 100 kg ha-1 pure nitrogen (N) were distributed evenly to all treatments
as fertigation by venturi. In addition, the micro nutrients required by the plant other than basic fertilizers were applied as leaf fertilizer at different periods.
Except for the irrigation and fertilization, the orchard
was received standard cultural practices according to
the local commercial including pest management,
weed control and winter pruning.

 ܧܷܹܫൌ ͳͲͲሺ ሻ
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(4)

ூ

TABLE 3
Number of irrigation, irrigation water amount and evapotranspiration.
Treatments

Number of irrigation

CI
DI-0.75
DI-0.50
DI-0.25

2009
33
33
33
33

2010
32
32
32
32

I
(mm)
2009
437.4
328.1
218.7
109.4
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2010
430.5
322.9
215.3
107.6

ET
(mm)
2009
532.6
447.6
322.7
249.4

2010
526.3
441.2
309.4
245.7
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TABLE 4
Yield and quality parameters.
CI
17.1 a
53.7 a
139.4 a
67.4
59.1 a
15.7
13.3 b

Yield (T ha-1)**
Fruit number (number tree-1)*
Mean fruit weight (g)**
Fruit diameter (mm)ns
Fruit lenght (mm)**
Fruit firmness (libre)ns
Total Soluble Solid (%)*
ns

 

DI-0.50
11.9 b
37.9 bc
137.5 a
68.7
57.1 b
16.4
13.4 b

DI-0.25
8.9 c
33.7 c
127.4 b
67.6
56.4 b
16.0
14.2 a

: no significant; *: significant at 0.05 level; **: significant at 0.01 level
amount. It was also reported by Ucar et al. [17], GenFRJODQDQG.ÕUDF>@1DRU>@DQG*LURQD HWDO
[21] that the water stress generated by deficit irrigation resulted in yield loss. The fact that the obtained
yield values in the research were greater in comparison with the values obtained by Ucar et al. [17] and
*HQFRJODQDQG.ÕUDF>@PLJKWEHGXHWRWKHWUHHV
had not yet reached the economical yield age in the
mentioned studies despite the similar rootstocks
(M9) were used. However, the reason why the higher
yield amounts of 41.8 and 35.7 T ha-1 obtained by
Girona et al. [21] and Prasak and Jansta [22] than our
yield values can be put forth as different climate and
different rootstock.
Quality parameters such as number of fruits
(p<0.05), fruit weight (p<0.01) and length (p<0.01)
were significantly affected by different irrigation
water levels and increases in these parameters were
observed with increasing irrigation water amount
(Table 4). The highest number of fruits (p<0.05) and
fruit length (p<0.01) were obtained in CI, whereas
CI, DI-0.75 and DI-0.50 treatments consist of statistically the same highest group with regard to fruit
weight (p<0.01). Even though the lowest numerical
values for these three parameters were obtained from
DI-0.25, the fruit length values were included in the
same statistical group together with the other deficit
irrigation treatments (DI-0.75, DI-0.50). The results
support the result obtained from previous studies
which put forth that low soil water content is an important factor that limits both the transfer of the nutrients to the roots and decreases fruit size via decreasing nutrient intake as a result of limited root development [17, 23, 24].
Contrary to the mentioned quality parameters,
the highest total soluble solids value was obtained
from DI-0.25, whereas no statistically significant
difference was determined between the values obtained from CI, DI-0.75 and DI-0.50 (p<0.05). Total
Soluble Solids increase in apple is due to the increase
of dry substance amount as a result of the water loss
in the fruit. Similar to the research results, many
studies found that deficit irrigation increased total
soluble solids in apple [25, 26, 27, 28].
In addition, no statistically significant difference was determined between the treatments with regard to fruit diameter and fruit firmness. These results were similar with the result given by Ucar et al.
[17] that different irrigation water amounts have no

Changes of soil water contents. Soil water
content was close to the field capacity (FC) at 167 th
day of the year (2009) and 152nd day of the year
(2010) in all treatments. Then, soil water contents
showed a tendency to decrease in all treatments except CI (Fig. 1). A dramatic decrease was observed
in the soil water content values in the DI-0.25 and
DI-0.50 treatments and the values of DI-0.25 were
lower than permanent wilting point (PWP).

    

Treatments
DI-0.75
13.1 b
44.0 b
134.7 a
69.5
57.4 b
16.1
13.6 b

























 





  

FIGURE 1
Soil water contents in 120 cm soil depth before
each irrigation.
Yield and quality parameters. The effect of
different irrigation water levels on fruit yield was determined to be statistically significant (p<0.01). As
the obtained yield and quality parameters values
were similar and there were no statistically significant differences between the 2009 and 2010 years,
the average values of both years were given in Table
4.
Accordingly, the highest average yield was obtained as 17.1 T ha-1 in CI, followed by DI-0.75 (13.1
T ha-1) and DI-0.50 (11.9 T ha-1) in the same statistical group and the lowest yield was obtained in DI0.25 (8.9 T ha-1). The obtained yield amount from the
treatments increased with increasing irrigation water
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amount. The fact that under deficit irrigation conditions, water use efficiencies increased despite the
generally decreasing values of I was in accordance
with the findings of previous studies [24, 21].

net effect on fruit firmness and the results given by
2¶&RQQHOODQG*RRGZLQ>@DQGOrta et.al. [13] that
there was no statistically significant difference between the different water levels and fruit diameter
even though it has been reported by various researchers [20, 18, 24] that deficit irrigation increases fruit
firmness.

2009

Water-Yield Functions. Graphical water±
yield relationships. Linear relationships were obtained both between irrigation water amount and
yield (R2=0.943) and between evapotranspiration
and yield (R2=0.907) at 0.1% significance level since
excessive irrigation water was not applied. In parallel with increased I and ET, an increase in the yield
was observed as well. Whereas the lowest yield was
obtained from DI-0.25 to which the lowest amount
of irrigation water was applied, yield increased linearly with increasing irrigation water applied (Fig. 2).

FIGURE 3
WUE and IWUE values related to treatments in
2009 and 2010.

Yield response factor. Whereas yield response
factor was determined as 0.87 and 0.90 in 2009 and
2010, respectively, the average of both years was determined as 0.89 (Fig. 4). No significant difference
was observed between the years and average values
and the yield response factor was obtained as lower
than 1. According to these results, when the average
of both years was considered, the yield would decrease by only 0.89 units as a result of one unit deficit in the ET, it indicates that 4 to 5 years old Jersey
Mac dwarf apple trees is resistant to water deficit [6].
It might be suggested that deficit irrigation should be
applied in regions with limited water resources in order to save water and increase the planting area of
apple trees. Ucar et al [17] carried out a study in the
same region in which it was determined that the avHUDJHN\YDOXHIRU³*DOD*DOD[\´GZDUIDSSOHYDUL
ety was 1.22. The reason why this result was different from the result obtained in the study might be due
to the fact that the apple trees used in the mentioned
study had not yet reached their economic yield age.

FIGURE 2
The relationships between yield and irrigation
water; yield and evapotranspiration.

Water use efficiencies. When the average of
both years was considered, the highest WUE was obtained as 3.76 kg m-3 in DI-0.50, followed by DI-0.25
(3.59 kg m-3) where in the lowest ET was determined
(Fig. 3). The lowest WUE was determined in DI0.75 as 2.95 kg m-3. IWUE values varied between
3.94 and 8.20 kg m-3, whereas it increased in reverse
proportion with the applied I amount. The highest
IWUE value was found in DI-0.25 where in the lowest I amount was applied, whereas the lowest IWUE
value was found in CI which applied the highest I
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Paper 33. Rome.
[7] FAO (2016) Food and Agriculture Organization
of the United Nations. http://www.fao.org (Accessed: 10 September 2016).
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[11] Zegbe, J.A., Serna-Pérez, A. (2011) Partial root]RQHGU\LQJPDLQWDLQVIUXLWTXDOLW\RI³*ROGHQ
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entia Horticulturae. 127, 455-459.
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Howell, T.A., Solomon K.H. (eds.) Management of Farm Irrigation Systems, ASAE, Washington.
[13] Orta, A.H., Yüksel, A.N. and Erdem, T. (2000)
The effect of different irrigation methods on
evapotranspiration of apple trees in Tekirdag
conditions. Journal of Agriculture Science. 6(3),
109±115.
[14] Nasr, Z. and Ben Mechlia, N. (2002) Deficit irrigation to reduce salinization in an apple orchard. Acta Horticulturae. 573, 283-287.
[15] Fallahi, E., Fallahi, B. and Shafii, B. (2008) Effects of irrigation systems and rootstocks on water use, tree growth, fruit quality and mineral nutrients in apples during the third and fourth year
after planting. Acta Horticulturae. 772, 33-39.
[16] Emre, M., Kucukyumuk, C., Kacali, E. and
Yildiz, H. (2016) Effect of regulated deficit irrigation practices on income in apple production.
Derim. 33(1), 77-92 (in Turkish).
[17] 8FDU<.DGD\LIFL$$VNÕQ0$.DQND\D
A. 6HQ\LJLW 8 DQG <ÕOGÕUÕP F. (2016) Yield
DQG4XDOLW\5HVSRQVHRI<RXQJµ*DOD*DOD[\¶
Trees under Diơerent Irrigation Regimes.
Erwerbs-Obstbau. 58, 159±167.
[18] Leib, B.G., Caspari, H.W., Redulla, C.A., Andrews, P.K. and Jabro, J.J. (2006) Partial root]RQHGU\LQJDQGGHILFLWLUULJDWLRQRI³)XML´DS
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24, 85-99.

FIGURE 4
The relationships between relative yield decrease
and relative evapotranspiration deficit for
Jersey Mac apple trees.

CONCLUSION
According to these results, it was determined
that 4 and \HDUVROGµ-HUVH\0DF¶GZDUIDSSOHWUHHV
have resistance against water deficit and it can be
suggested to use of deficit irrigation that will not exceed 50% of full irrigation in the irrigation schedules
especially in regions with limited water sources.
However, it should be taken into consideration that
perennial apple trees will result in possible yield decreases in future years as a result of the water stress
caused by deficit irrigation applications. Hence, CI
treatment in which all of plant water requirement are
met, could be recommended as the irrigation scheduling under conditions where the water is sufficient
and higher yield per unit area is aimed.
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lead to many important diseases [11-13]. Several
studies suggested that tomatoes contain high levels
of phytochemicals, and according to a variety of
studies, these phytochemicals exhibited a positive
effect on reducing various chronic conditions such as
cardiovascular disorders, some cancer types, particularly prostate cancer, and lowering serum lipid levels and inhibiting low-density lipoprotein oxidation
[14-16].
The traits that affect fruit quality of tomato include color, size, shape, hardness, dry matter, taste
and smell and beneficial compounds with antioxidant properties such as carotenoids, vitamins, minerals and phenolic compounds, which have positive
contributions to human health [17-19].
The functional quality and composition of the
beneficial compounds found in tomatoes are significantly influenced by both genetic and environmental
factors. These include plant genotype, ripening
stage, growth season, agricultural practices, post harvest conditions and environmental conditions such
as soil, light and temperature, etc. [13]. Soil is an important component of an ecosystem, affecting biological processes in the plant, forming a sub-layer for
growth and development, and providing various nutrients [20]. The diversity of fertilizers applied to the
soil can have a significant effect on the macro nutrient content, taste and antioxidant components of tomatoes [21]. Woese et al. [22] examined the nutritional quality of organic and traditionally grown
plants, mainly macro nutrients, vitamins and minerals (more than 150 results) and found that there were
differences in nutritional quality of these products.
Several customers consider that naturally created organic products are more advantageous, with
higher health benefits, and preferable in quality over
traditionally produced natural products. Thus, natural or diminished agrochemical application frameworks are advised throughout the world [23-25].
However, solitary use of natural sources cannot keep
up and synchronize the required supplement supply
to the developing plant due to the presence of lesser
mineral supplement content or time required for their
mineralization to discharge supplements for plant
uptake [26].

The present study investigated the macro-micro
nutrient, sugar and vitamin C content and some yield
parameters in 3 miniature tomato cultivars (Black
Zebra Cherry, Window Box Yellow and Sweet Pea
Currant) grown with three different fertilizer applications: Application 1 (App. 1): Base fertilization
with DAP; Application 2 (App. 2): Base fertilization
with DAP + chemical fertilizer; Application 3 (App.
3): Base fertilization with DAP + organic fertilizer +
biochemical fertilizer on a farmer's field. The study
was conducted with a factorial design comprised of
9 treatments, with 4 replications of 40 plants per
treatment. Study findings demonstrated that there
were significant differences among the cultivar
yields and fertilizer applications, where applications
2 and 3 led to significant increases in yield parameters. Furthermore, especially the fertilizer applications 2 and 3 provided the best results in most studied
parameters.
)(!#$
Fertilizer, miniature tomato, nutrient content, sugar, vitamin C

 %#!&%! 

Tomato is one of the vegetables that are mostly
consumed in fresh or processed form [1-4]. Turkey
ranks 4th among the countries producing vegetables
after China, USA and India in the world [5-7]. It is
an important component of various processed food
products due to its excellent taste, attractive color
and high levels of several macro and micro-nutrient
content [8, 9]. In literature, several benefits of fresh
and processed tomatoes with micro-nutrients and
beneficial antioxidant content have been demonstrated for human health [9-11]. These beneficial
compounds might play an important role in the prevention of reactive oxygen species, which causes
free radical scavenging, metal chelation, inhibition
of cellular proliferation and modulation of enzymatic
activity and signal transduction pathways, which
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536+=/.+=+.>;371=2/9;8.>-=387</+<87
Climate Elements
Highest temperature (oC)
Lowest temperature (oC)
Average relative humidity (%)
Precipitation (mm)
Atmospheric pressure(mb)

May
17.0
0
65.0
73.3
827.3

June
23.4
2.6
56.0
26.8
825.9

July
28.2
2.7
50.0
6.7
825.2

August
28.3
7.0
49.0
3.6
826.3

September
23.9
11.2
51.0
7.8
828.6


% 
$835+7+5B<3<.+=+80=2//A9/;36/7=+503/5.
Water saturated soil
Electrical Conductivity,
(mmho cm-1)
504

Total
salt
(%)
0.02

Saturation in water saturated soil (%)

Water saturated
soil pH

CaCO3
(kg da-1)

P2O5
(kg da-1)

54.12-sandy-loam

7.81

2.19

1.91

K2 O
(kg da-1)
236.66

Organic
matter
(%)
1.71


m above sea level). Some climatic data during the
production season and soil analysis data for the experiment field are provided in Table 1 and 2.
Three commercial varieties of miniature
(cherry) tomatoes (/,".4- ,6$/0&12*$4- L.) with
different fruit colours (Black Zebra, Window Box
Yellow and Sweet Pea Currant) were scrutinized in
the study (Figure 1). Tomato seeds were sown in
April in a 2:1 sterile peat:perlite mixture and the
seedlings were maintained in a greenhouse until
planting on June 3rd of 2014. The experiment was
conducted with a factorial design of 3 replications
with 18 plants each and inter and intra-row spacing
of 100 cm and 60 cm, respectively. Water was supplied with a drip irrigation system during the growing season, and standard procedures for maintenance
and disease and pest control were carried out regularly.
Three different fertilizer applications were used
in the study. Application 1 (App. 1): Base fertilization with DAP (Diammonium phosphate, 18% N,
46% P); Application 2 (App. 2): Base fertilization
with DAP + chemical fertilizer; Application 3 (App.
3): Base fertilization with DAP + organic fertilizer +
biochemical fertilizer. Detailed information on fertilizer treatments is provided in Table 3.

2/63-+5<Sugar standards (glucose, fructose,
and sucrose), and vitamin C standard (L-ascorbic
acid) were procured from Sigma–Aldrich (St. Louis,
MO, 71 USA). Other chemicals were obtained from
Merck (Darmstadt, Germany).

Similarly, chemical fertilizers, albeit used in a
balanced manner, are unable to maintain a high level
of efficiency over the years due to degradation of
physical and biological soil environments due to low
organic matter content in the soil [27]. Thus, the
combined use of organic and inorganic fertilizers became prominent during recent years [28].
Miniature vegetables are small versions of full
size products and several belong to standard varieties. Fruit quality and flavor of these varieties are
higher than normal types. Miniature (or cherry) types
of tomatoes, which are important vegetables for human nutrition, production and consumption, have recently become very popular [29]. The global demand
for miniature tomatoes have increased rapidly due to
the changes in consumption approaches of individuals, their taste, the convenience of using these products in salads and meals, the ability to preserve the
integrity of such products due to the lack of the need
to chop them, and their beautiful display.
There is limited information on the combined
effect of different types of fertilizers on miniature tomatoes. Thus, the aim of the present study was to investigate the differences among the nutrient, sugar
and vitamin C content and certain yield parameters
in three different colored miniature tomato cultivars
grown by different fertilizer applications.


%#$ %!$

"5+7=->5=3?+=387This study was conducted in
a farmer’s field in Lake Van Basin, Turkey (38°43′
north longitude, 43°00′ east latitude; altitude: 1,741
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% 
/;=353C/;=B9/<:>+7=3=3/<12+ +7.+9953-+=387=36/<.>;371=2/9;8.>-=387</+<87
00 "2&&13*,*7"3*/.5*3)  +()"   
00 "2&&13*,*7"3*/.5*3)  +()"   0,423)&'/,,/5*.(
..3=387+5
/?/5896/7="/;38.
"8=+<<3>6
3=;81/7 12+ 668
.+B<
3=;+=/ ! 
12+ 
73>6 3=;+=/
Transplanting-21
5000
400
21-45
7000
900
46-70
7100
1500
71-110
3000
2000
111-End of harvest
1100
1000
00 "2&&13*,*7"3*/.5*3)  +()"   0,423)&'/,,/5*.(
"5+7=//./;   
/?/5896/7="/;38.
+<85
12+ 
.+B<
$6+;=12+ 

Transplanting-21
21-45
46-70
71-110
111-End of harvest

2000
5000
5900
3100
1100

1000
2700
3000
2650
1000

&;/+
12+ 

" !
12+ 

800
2000
2400
1300
1000

700
700
700
600
0

"5+7=
//./;
  
12+ 
1050
3500
3500
2300
1000

>5?3485
652+ 

700
650
600
600
0

"28<928;3-
-3.
652+ 
700
650
600
600
0

-

*Dasol Smart K (izagro®): 40 % K2O chelated with tricarboxylic acid
Plant Feeder 25.0.0 (izagro®):25 % urea, organomineral liquid fertilizer suspension
Plant Feeder 8.15.12 (izagro®):5 % urea, 3 % ammonium, 15 % P2O5, , %12 K2O, organomineral liquid fertilizer suspension
Fulvicol (izagro®):20 % organic matter, 20 % Humic + Fulvic acids, 1 % organic nitrogen, 1 % K2O

>=;3/7=-87=/7=+7+5B<3<Fruit samples were
dried at 65 ºC for 48 hours and ashed at 550 ºC. The
obtained ash was dissolved in 3.3% HCl and K, Ca,
Cu, Fe, Mg, Mn, Na, Zn readings were made in the
atomic absorption devicebelonging to the laboratory
of the research center of the University of Van
Yüzüncü Yıl (ICE-3000 SERIES) [30]. Phosphorus
readings were made on a spectrophotometer-Thermo
G10S UV-Vis [31].

$>1+;-87=/7=+7+5B<3<The modified Melgarejo et al. [32] method was used for sugar analyses.
After adding 10 ml of acetonitrile, 1 g of tomato fruit
was crushed in homogenizer and centrifuged for 4
minutes at 12000 rpm. Supernatants were passed to
SEP-PAK C-18 cartridge. The resulting filtrate was
stored at -20 C° until analysis. HPLC readings were
made with μbondapak-NH2 column using 85% acetonitrile as liquid phase with refractive index detector (IR). Concentrations were calculated according
to external standards.

'3=+637 -87=/7= +7+5B<3< Vitamin C content was detected with a modified HPLC procedure
by Cemeroglu [33]. 1 g of the extracts were supplemented with 2.5% (w/v) metaphosphoric acid
(Sigma, M6285, 33.5%) and then centrifuged at
6500 rpm for 10 min at 4 ° C. 0.5 ml mixture was
brought to 10 ml final volume with 2.5% (w/v) metaphosphoric acid. Supernatants were filtered with
0.45 μm PTFE syringe filter (Phenomenex, UK).
C18 column (Phenomenex Luna C18, 250 x 4.60
mm, 5 μ) was used for the identification of ascorbic
acid at 25 ° C. Ultra distilled water with 1 ml / min
flow rate and pH of 2.2 (acidified with H2SO4) was
used as the mobile phase. Spectral measurements
were conducted at 254 nm wavelength using DAD

detector. Different standards of L-ascorbic acid
(Sigma A5960) (50, 100, 500, 1000, and 2000 ppm)
were used for the quantification of ascorbic acid
readings.

/=/;637+=387 80 0;>3= -2+;+-=/;3<=3-< The
average fruit weight (g) was obtained by weighing
the matured fruits. The average number of fruits per
plant (# plant-1) was calculated by counting the number of ripe fruits per plant. Fruit weight per plant (g
plant-1) was obtained by weighing matured fruits per
plant. Yield (ton ha-1) was calculated based on the
fruit productivity.

$=+=3<=3-+5 +7+5B<3< Statistical analysis was
performed using the SAS 9.1.4 statistical software.
Data was analyzed using one-way analysis of variance, and significant differences between cultivars
and fertilizer applications were identified using Duncan’s Multiple Comparison Test.


#$&%$ $&$$! 

>=;3/7=-87=/7=Tomato is rich in macronutrients, especially in K [34-36], P, Mg and Ca [37]
and contains high amounts of trace elements such as
Fe, Mn, Zn, and Cu [36]. Convincing evidence in the
literature suggest that mineral nutrients can affect
overall tomato fruit quality [36]. 
The mineral content in agricultural products is
affected by soil composition, geographical region,
seasons, water supply, fertilizer and pesticide use.
Minerals taken with food play an important role in
various physiological and biochemical reactions in
the body. Their deficiency or high-dose-uptake
causes a variety of disadvantages [38, 39].
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were obtained between fertilizer applications.
The nutritional quality of organically and conIn the present study, the values obtained for poventionally grown plants has been compared mainly
tassium were the highest, consistent with the previin terms of macronutrients, vitamins, and minerals.
ous studies in the literature [37, 41, 42]. Erba et al.
The results of over 150 studies were reviewed by
[42] examined the low and standard nitrogen (N)
Woese et al. [22] and very inconsistent differences
doses in three tomato cultivars and detected the most
in the nutritional quality of these products were
abundant elements as potassium 2304 mg kg-1 fw,
found [21]. In the tomato, potassium and phosphorus
are the prevalent elements. Minerals are also effecphosphorus 134 mg kg-1 fw and magnesium 101 mg
tive on the taste as they affect pH and titratable acidkg-1 fw, respectively. Furthermore, the same authors
ity [40].
indicated that the standard N dose increases the minIn the present study, examined macro elements
eral content in tomatoes when compared to low N
were K˃Ca˃P˃Na˃Mg and potassium demonstrated
doses. In a study conducted on eight tomato cultithe highest value among the macro elements (Table
vars, the macro nutrients were detected as K (2494). In macro nutrients, significant differences were
319 mg 100 g-1), Na (17.4-4.0 mg 100 g-1), Ca (20.1found between the App. 1 and App. 2 cultivars espe10.8 mg 100 g-1) and P (27.3-7.8 mg 100 g-1) [41].
cially for potassium; the Sweet Pea Currant cultivar
The values obtained by the researchers were considhad the lowest potassium content when compared to
erably lower when compared to the findings of the
other cultivars (Table 4). Differences among applipresent study.
cations and varieties based on the calcium content
In a study conducted with different types of ferwere significant (Table 4). The highest calcium contilizer applications, Toor et al. [21] found the Ca
tent was obtained in cv. Black Zebra with App. 2
value as 0.9-1.1 g kg-1 DM, the K content as 35.6(0.60%) and the lowest calcium content was ob39.8 g kg-1 DM, the Mg content as 1.2-1.5 g kg-1 DM
tained in cv. Sweet Pea Currant with App. 1 (0.31%).
and the P content as 3.3 -4.2 g kg-1 DM. The findings
There were significant differences in phosphorous
on K obtained by these researchers were higher than
especially between App. 2 and App. 3 cultivars. The
the K values obtained in the present study, while the
Black Zebra cultivar had the lowest phosphorous
said researchers found higher NO3 and NH4+ and Clcontent when compared to other cultivars (Table 4).
values.
For sodium, only the values obtained with the App.
In the present study, the findings with App. 2
3 exhibited significant differences; the Black Zebra
and App. 3 were comparatively higher when comcultivar had the highest sodium content when compared to the base fertilizer application. Furthermore,
pared to other cultivars (Table 4). There were signifalthough there were certain macro nutrient upicant differences in magnesium especially between
takedifferences, organic and inorganic fertilizers
App. 1 and App. 3 cultivars; cv.Sweet Pea Currant
generally did not demonstrate any significant effect
had the lowest magnesium content when compared
on nutrient intake when compared to chemical fertito other cultivars (Table 4). In phosphorus, sodium
lizer [21, 43, 44].
and magnesium elements, no significant differences

% 
+-;87>=;3/7=-87=/7=37=86+=8->5=3?+;<0/;=353C/.@3=2.300/;/7=0/;=353C/;<
"Fertilizer Applications
Cultivars
App. 
App. 
Black Zebra
0.57±0.03a-AB
0.60±0.04a-A
Window Box Yellow
0.40±0.02b-B
0.47±0.03b-AB
Sweet Pea Currant
0.31±0.01c-C
0.37±0.02b-B

Black Zebra
2.06±0.19a-A
2.16±0.16a-A
aWindow Box Yellow
2.08±0.23 A
1.93±0.18a-A
Sweet Pea Currant
1.50±0.06b-B
1.39±0.14b-B
(00-
Black Zebra
1643.83±128.73ab-A
1713.04±126.71a-A
aWindow Box Yellow
1770.05±86.08 A
1710.36±22.35a-A
Sweet Pea Currant
1434.88±70.56b-A
1428.37±82.45a-A
"00-
Black Zebra
2764.80±74.51a-A
3018.73±184.75a-A
Window Box Yellow
3058.63±230.11a-A
3027.56±248.37a-A
Sweet Pea Currant
2862.75±214.15a-A
2866.74±200.17a-A

Black Zebra
0.38±0.10a-A
0.28±0.03b-A
Window Box Yellow
0.40±0.07a-A
0.44±0.06a-A
Sweet Pea Currant
0.34±0.05a-A
0.38±0.04ab-A

App. 
0.50±0.02ab-B
0.56±0.04a-A
0.44±0.02b-A
1.92±0.25a-A
2.47±0.11a-A
1.95±0.10a-A
1632.67±69.61a-A
1748.72±70.56a-A
1381.20±67.14b-A
3666.49±566.58a-A
2586.92±86.86b-A
2288.10±103.72b-A
0.25±0.03b-A
0.31±0.02ab-A
0.32±0.00a-A

Mean values with different lower-case letters among columns are significantly different at 0  .
Mean values with different capital letters among rows are significantly different at 0  level.
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%
3-;87>=;3/7=-87=/7=37=86+=8->5=3?+;<0/;=353C/.@3=2.300/;/7=0/;=353C/;<

400-Fertilizer Applications
Cultivars
App 1
App 2
Black Zebra
10.05±0.32a-A
18.09±6.93a-A
Window Box Yellow
19.57±8.75a-A
16.58±3.81a-A
Sweet Pea Currant
19.46±4.27a-A
24.96±6.40a-A
&00-
Black Zebra
77.13±5.13b-A
77.03±6.47b-A
Window Box Yellow
117.97±12.59a-A
113.30±11.71a-AB
Sweet Pea Currant
86.96±8.52b-A
81.99±3.86b-A
.00-
Black Zebra
13.12±0.78b-A
14.51±1.66b-A
aWindow Box Yellow
21.41±1.40 A
21.30±0.71a-A
Sweet Pea Currant
16.66±1.67b-A
17.30±1.74ab-A
!.00-
Black Zebra
53.36±20.26a-A
42.48±10.02ab-A
aWindow Box Yellow
24.59±1.94 A
91.47±31.69a-A
Sweet Pea Currant
24.76±1.72a-A
25.00±2.97b-A
Mean values with different lower-case letters among columns are significantly different at 0  .
Mean values with different capital letters among rows are significantly different at 0  level.

App 3
18.12±7.60a-A
15.74±2.32a-A
11.02±1.04a-A
86.18±8.54a-A
82.72±3.28a-B
68.38±3.88a-A
18.07±3.80a-A
17.91±0.41a-B
15.98±0.55a-A
42.41±16.61a-A
46.26±23.27a-A
32.18±7.40ba-A

tained by Demir et al. [39] and the differences between the different fertilizer applications were also
insignificant; however there were significant differences between the tomato cultivars based on macro
and micro nutrient content.

$>1+;+7.?3=+637-87=/7=Sugars are the
major components in the soluble solids found in tomato juice and the sweetness of tomato juice is dependent on the sugar composition [48-50]. Tomato
organic product sugar content is the result of natural
product’s physiological, metabolic and hereditary
procedures that are under formative control [49, 51,
52]. Flavor results from the complex interaction between taste and aroma. Sugars, acids, phenols and
minerals are the main constituents of tomato taste,
where sugars, making the largest contribution quantitatively. Fruits with identical total sugar content but
with relatively more fructose or sucrose will taste
sweeter. Modern tomatoes store little sucrose and accumulate glucose and fructose in an approximate 1:1
ratio and increasing fructose levels is a significant
breeding target (48, 53). The main sugars in the
cherry tomato are fructose and glucose, where fructose is prevalent. Sucrose is present at very low concentrations [11, 45, 49]. 
In the present study, the results of free sugar
analyses were similar to those provided by previous
studies in the literature [11, 45, 49] with the following order: fructose> glucose> sucrose (Table 6).
When the sugar analysis results were examined, significant differences were found between all cultivars
in each fertilizer application based on fructose and
glucose content. When statistical data for fertilizer
applications are examined separately for each cultivar, significant differences were determined between
these cultivars for all free sugars. Only in sucrose
content, App. 1 did not lead to any significant difference between tomato cultivars.

In the present study, examined micro elements
were Fe˃ Zn˃Mn˃Cu and iron exhibited the highest
value among micro elements (Table 5). Guil-Guerro
and Rebolloso-Fuentes [41] and Erba et al. [42] also
found that Fe and Zn were the main micro elements
in tomato cultivars in studies they conducted. The
values obtained in the present study were generally
higher than those obtained by most researchers in the
literature [37, 41, 42, 45, 46].
There were no significant differences among
the fertilizer applications and tomato cultivars based
on copper (Table 5). For iron content, the differences
between the tomato cultivars with App. 1 and App.
2 were significant; cv. Windows Box Yellow had the
highest iron content when compared to others. However, App. 3 had the lowest iron content among the
fertilizer applications in cv. Window Box Yellow
(Table 5). On the other hand, for manganese content,
the differences between the tomato cultivars with
App. 1 and App. 2 were also significant; the cv.
Black Zebra had the lowest manganese content when
compared to others. Furthermore, App. 3 had the
lowest manganese content among the fertilizer applications in cv. Window Box Yellow (Table 5). Only
a few tomato cultivars demonstrated significant differences with App. 2 based on zinc content; the cultivar Window Box Yellow exhibited the highest zinc
content and the cv. Sweet Pea Currant exhibited the
lowest zinc content (Table 5).
In a study where N, P, and K fertilizers were
applied, it was noted that there were significant differences between Fe, Zn, Cu and Mn content based
on the N dose increase, however the highest figures
were observed in the control plots [47]. Demir et al.
[39] studied the mineral content in tomatoes cultivated either organically or conventionally and found
that the differences were insignificant. In the present
study, the higher values were obtained than those ob-
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The highest fructose content (26.99 g kg FW-1)
was obtained with the App. 1 in cv.Window Box
Yellow and the lowest value (23.54 g kg FW-1) was
obtained with App. 2 in cv. Black Zebra. The highest
glucose content (25.11 g kg FW-1) was obtained with
App. 2 in cv. Black Zebra and the lowest value
(21.55 g kg FW-1) was obtained with App. 1 in cv.
Window Box Yellow. The highest sucrose content
(1.39 g kg FW-1) was obtained in cv. Black Zebra
with App. 3 and the lowest value (1.02 g kg FW-1)
was obtained in cv. Window Box Yellow with App.
3 (Table 6).
Pinela et al. [11] found the fructose content as
2.71-3.42 g 100 g FW-1; the glucose content as 1.743.18 g 100 g FW-1and the sucrose content as 0.010.02 g 100 g FW-1 in their study conducted with four
tomato cultivars. Furthemore, the authors identified
the highest sugar content in a yellow tomato cultivar.
When the findings of the abovementioned study
were compared with the present study findings, it
was observed that fructose and glucose contents
were higher, but sucrose content was lower. The
Window box yellow variety demonstrated the lowest
sugar content, contrary to what Pinela et al. [11] reported. Selli et al. [49] studied cherry tomatoes and
found that glucose content was 9.15 g kg FW-1, fructose content was 11.60 g kg FW-1 and sucrose content was 1.89 g kg FW-1.
Tomato fruit sugar content is the outcome of
the physiological, metabolic and genetic processes
that are under developmental control in the fruit [48].
Some cultivars have the genetic background to potentially realize high TSS, but pre and post-harvest
factors severely influence the extent to which this is
achieved. The pre-harvest environment, including
solar radiation, temperature, length of the day, water

availability, soil mineral content, irrigation, fertilization regime and pruning techniques, can all influence
fruit sugar levels [54].
In the vitamin C analyzes conducted in the
study, there were significant differences between the
cultivars in each application (Table 6). While cv.
Black Zebra demonstrated the highest Vitamin C
content, cv. Window Box Yellow had the lowest.
Based on the fertilizer application, there were significant differences between the different applications
of cv. Window Box Yellow, where App. 2 exhibited
the highest value. Overall, the highest vitamin C content (70.50 mg 100 g FW-1) was obtained with cv. the
Black Zebra variety with the App. 3, while the lowest figure (27.19 mg 100 g FW-1) was obtained with
cv. Window Box Yellow with App. 1. George et al.
[18] reported that vitamin C content of yellow and
red tomato varieties were 17.1 mg 100 g FW-1 and
15.8 mg 100 g FW-1, respectively.
Based on the present study findings, however,
the yellow colored fruit cv. Window Box Yellow exhibited the lowest vitamin-C content when compared
to the other two cultivars. Tilahun et al. [55] determined that vitamin-C content in tomato varieties varied between 20.35 and 29.09 mg 100 g FW-1. Sharma
et al. [56] determined between 11.21 and 53.29 mg
100 g FW-1, George et al. [57] determined between
8.55 and 56 mg 100 g FW-1, and Opara et al. [9] determined the same figures between 31.98 and 53.10
mg 100 g FW-1. On the other hand, in the present
study, Vitamin-C in Black Zebra and Sweet Pea Currant cultivars, except Window Box Yellow, were determined higher than those of the findings reported
in abovementioned studies.


%
$>1+;'3=+637-87=/7=37=86+=8->5=3?+;<0/;=353C/.@3=2.300/;/7=0/;=353C/;<
14$3/2&(+( 
Fertilizer Applications
Cultivars
App 1
App 2
Black Zebra
26.10±0.41b-A
23.54±0.43c-B
Window Box Yellow
26.99±0.22a-A
25.29±0.27b-C
Sweet Pea Currant
26.81±0.09ab-A
26.40±0.14a-B
,4$/2&(+( 
Black Zebra
22.35±0.44b-B
25.11±0.11a-A
bWindow Box Yellow
21.55±0.28 C
23.52±0.05b-A
Sweet Pea Currant
24.36±0.09a-A
23.21±0.08c-B
4$1/2&(+( )
Black Zebra
1.19±0.07a-AB
1.03±0.03b-B
Window Box Yellow
1.29±0.01a-A
1.30±0.02a-A
aSweet Pea Currant
1.27±0.01 B
1.27±0.01a-B
*3"-*.-( ( 
Black Zebra
66.94±4.36a-A
61.78±8.56a-A
Window Box Yellow
27.19±0.88c-B
38.77±3.15b-A
bSweet Pea Currant
49.94±3.94 A
51.73±2.7.9ab-A
Mean values with different lower-case letters among columns are significantly different at 0  .
Mean values with different capital letters among rows are significantly different at 0  level.
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App 3
24.05±0.14b-B
26.15±0.30a-B
26.20±0.07a-B
22.99±0.16b-B
22.78±0.16b-B
23.39±0.07a-B
1.39±0.13a-A
1.02±0.04b-B
1.33±0.01a-A
70.50±4.62a-A
32.25±1.40c-B
49.94±3.16b-A
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&".'14*35&*()3(g)
Fertilizer Applications
Cultivars
App 1
App 2
Black Zebra
20.75±0.48a-B
26.00±1.08a-A
Window Box Yellow
13.25±0.75b-B
16.25±0.48b-A
Sweet Pea Currant
6.50±0.65c-B
9.00±0.58c-A
14*3.4-#&10&10,".3
Black Zebra
127.63±2.07b-B
143.13±2.23b-A
Window Box Yellow
65.25±2.63c-B
74.06±2.12c-A
Sweet Pea Currant
277.31±6.44a-B
311.88±9.77a-A
14*35&*()30&10,".3(g)
Black Zebra
2469.10±84.00a-B
3714.60±101.23a-A
cWindow Box Yellow
865.40±62.72 B
1203.80±52.31c-A
Sweet Pea Currant
1796.70±166.63b-B
2800.00±167.46b-A
*&,%(ton ha-1)
Black Zebra
44.15±1.40a-B
61.91.±1.69a-A
cWindow Box Yellow
14.42 ±1.04 B
20.06±8.72c-A
Sweet Pea Currant
29.94.±2.78b-B
46.67.±2.79b-A
Mean values with different lower-case letters among columns are significantly different at 0  .
Mean values with different capital letters among rows are significantly different at 0  level.

App 3
26.75±1.65a-A
16.75±0.63b-A
9.25±0.48c-A
145.31±3.54b-A
72.88±1.55c-A
322.56±12.45a-A
3882.10±231.72a-A
1217.80±22.59c-A
2971.30±113.14b-A
64.70±3.86a-A
20.30±3.77c-A
49.52±1.89b-A
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A

A
1

B




B
C
D
E
F
G

1

C
0.141
0.135
1

D
0.127
0.102
0.037
1

E
0.251

F
-0.004


  
-0.260


0.033

1

-0.188




-0.151
1

G

 
0.064

H
-0.110

I

 
0.072

-0.057
-0.043


 
-0.304
0.555

-0.148
-0.118

-0.104
  

0.481
0.080

  
0.461

1

H

 
1

I
J
K
L
M

J
0.176

K
-0.039

0.084
0.037
0.288

-0.350









0.693

0.496

0.357

0.237

 

1

0.111

0.536

1

0.160
1

M
0.282



-0.446



0.000
-0.245

0.415
0.176
0.239

L
-0.027









-0.088




-0.074
0.014

-0.017




0.064
-0.072

0.397


 
-0.170





0.221
 
0.079
1





0.084



0.052
1

A- glucose, B- fructose, C- sucrose, D- potassium, E-calsium, F- copper, G- iron, H- magnesium, I- manganese,
J- zinc, K- sodium, L- phosphorous M- vitamin-C. *:0<0.05, **:0<0.01

mar and Sharma [59] also reported that the applica/=/;637+=387 80 B3/5. 9+;+6/=/;< There
tion of chemical N P K fertilizer with organic fertiwere significant differences among cultivars and ferlizers resulted in higher yield and available macro
tilizer applications based on fruit parameters and
nutrient content in both tomatoes and carrots.
yield values for three tomato cultivars (Table 7). For
Mengistu et al. [60] studied different fertilizer
all parameters, App. 2 and App. 3 demonstrated
applications on cv. Roman VF tomato, and found
higher values when compared to App. 1 cv. Black
that fruit diameter, fruit length, fruit weight and avZebra exhibited the highest average fruit weight,
erage yield increased with fertilizer application when
while cv. Sweet Pea Currant had the lowest. On the
compared to the control and the highest values were
other hand, cv. Sweet Pea Currant exhibited the
obtained with NP fertilizer and vermicomposting
highest number of fruits per plant, while cv. Window
Box Yellow had the lowest. Overall, cv. Black Zebra
combinations. Youssef and Eissa [61] reported the
demonstrated the highest average fruit yield, while
yield increased with organic and inorganic fertilizer
cv. Sweet Pea Currant had the lowest.
combinations by 30% to 58% when compared to the
Kumar et al. [58] obtained similar results, indichemical fertilizer control application, containing N,
cating that organic fertilizers adequately blended
P, and K. The present study findings were similar to
with chemical fertilizers supported crop growth. Kuthose of other researchers, demonstrating that the effect of different fertilizer combinations (organic and
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Examination of the results obtained with different fertilizer applications on tomato cultivars demonstrated that there were significant differences between fertilizer applications especially based on potassium and calcium content. Furthermore, there
were certain significant differences between tomato
cultivars and cv. Sweet Pea Currant had the lowest
potassium and magnesium content and cv. Black
Zebra had the lowest phosphorous content and the
highest sodium content when compared to other cultivars. There were also significant differences between fertilizer applications especially in certain tomato cultivars based on iron, manganese, and zinc
content. Furthermore, there were certain significant
differences between tomato cultivars and cv. Windows Box Yellow exhibited the highest iron content
and cv. Black Zebra exhibited the lowest manganese
content when compared to others.
There were significant differences between
miniature tomato cultivars in each fertilizer application based on fructose and glucose content. When the
data were examined separately for each cultivar, it
was determined that there were significant differences based on all free sugars. Furthermore, there
were certain significant differences between tomato
cultivars based on vitamin C. While cv. Black Zebra
demonstrated the highest Vitamin C content, cv.
Window Box Yellow had the lowest.
Overall, there were significant differences between miniature tomato cultivars cultivated with different fertilizer applications based on most studied
parameters. These results could shed light on miniature tomato production and improvement studies.
Furthermore, the combined use of organic, chemical
and biochemical fertilizers could be more beneficial
for production and fruit quality parameters in miniature tomatoes.


 !( %$
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inorganic) on yield parameters is significant.
8;;/5+=387 +6871=2/ <=>.3/. 9+;+6/=/;<
The correlation data presented in Table 8 demonstrate that there was either a positive or negative correlation between macro and micro nutrients. Significant correlations between macro-nutrients were
found: K-Ca (r = 0.677, p <0.01), K-P (r = -0.123, p
<0.01), Ca-Na (r= 0.033, p<0.01), Mg-Na(r=0.253,
p <0.01) and Mg-P (r = -0.042, p <0.01). For micronutrients, the only significant correlation (r = 0.383,
p <0.05) was observed between Cu and Fe.
The results of the present study contain similarities and differences based on the correlations reported in previous studies. Erba et al. [42] found significant correlations between P and K (r = 0.578, p
<0.001) and between P and Mg (r = 0.458, p <0.001)
based on macro-nutrients, and between Cu and Fe (r
= 0.456, p <0.001), between Fe and Zn (r = 0.514, p
<0.001) and between Cu and Zn (r = 0.420, p <0.001)
based on micro-nutrients. Suarez et al. [37] reported
that most correlations between macro and micro elements were positive, however there were significant
negative correlations between Na and P; Ca, Cu, Zn
and Mn in a study conducted on 5 tomato cultivars.
The authors also noted that there was a significant
correlation between Zn and Mn based on micronutrient elements (Fe, Cu, Zn and Mn) and there were
high correlations between Zn and Mn and between
Zn and Cu. In the present study, there were also significant correlations between macro and micro nutrients such as K-Cu (r = -0.430, p <0.01), Ca- Mn (r =
-0.198, p <0.05), Cu- Na (r = 0.544, p <0.01), Fe-Mg
(r = 0.366, p <0.05), and P-Zn (r = 0.266, p <0.05).
The correlation analysis conducted between the
sugar content demonstrated that only between glucose and fructose, there was a negative and significant correlation (r = - 0.336, p <0.01). Porretta [62]
reported that there was a positive correlation between glucose and fructose (r = 0.88, p <0.05) in
contrast to our findings in purees (five traditional and
five organic products). Furthermore, in the present
study, there were correlations among sugars and nutrients such as glucose and iron (r = - 0.359, p <0.05),
fructose and manganese (r = - 0.349, p <0.01); fructose and calcium (r= - 0.351, p<0.05), fructose and
magnesium (r = - 0.097, p <0.01), and fructose and
phosphorus (r = 0.333, p<0.05).
Muzof-Panek et al. [63] stated that the increase
in manganese content led to a decrease in vitamin C
content. Based on the results of the present study,
there was also a negative correlation between vitamin C and manganese content. Furthermore, there
were negative correlations between vitamin C and
potassium (r = - 0.240, p <0.01), iron (r = - 0.279, p
<0.05) and manganese (r = - 0.413, p <0.01) and a
positive correlation between Vitamin C and sodium
(r = 0.100, p <0.01).
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 !!

A new species, !    is described in Adıyaman province in the south part of
Turkey. It is morphologically similar to ! 
   (Bornm.) Holub. Diagnostic
morphological characters from closely similar taxa
are tabulated. Distribution, habitat and ecology of
the new species are also presented. In addition, the
geographical distribution of the new species and
other related species are presented and mapped.



been increased 18 in Turkey. There are eleven endemic species of !  in Turkey, therefore, approximately 61 % of this group known from Turkey
are endemic taxa.
! ! 

During the field excursions in Turkey, the collected some specimens belonging to the genus from
South of Turkey and then we identified according
to Wagenitz [4]. The collected plants represent
similarity with !    
(Bornm.) Holub, however some important morphological differences allow us to treat them as a new
distinctive species from Turkey.

$# 
Asteraceae, ! , new species, Taxonomy, Turkey



!"!

!  Mill., traditionally treated as a section
in   L. [1, 2, 3, 4], is widely accepted at
the generic level [5-17]. !  is naturally distributed in central and southern Europe, North Africa,
Asia Minor, and the Caucasus, with some species
appearing as far east as Iran and Afghanistan [4, 18,
19, 20, 21]. The genus is located within the monophyletic tribe Cardueae which comprises five subtribes, namely Carduinae Cass., Centaureinae
(Cass.) Dumort., Carlininae (Cass.) Dumort.,
Cardopatiinae Less., and Echinopinae (Cass.) Dumort. [22, 23, 24]. !  is a genus situated within the subtribe Centaureinae [8].
The genus !  includes unarmed annual or
perennial herbs. This genus is characterized by
often blue or purplish-blue florets (with few exceptions of cream or pale pink florets taxa), pectinateciliate and spineless appendages that are decurrent
nearly to the base of phyllaries, peripheral sterile
florets without staminodes and smooth pollen
grains associated with a reaction pollen presentation
mechanism [1, 3, 4, 18, 19, 25].
In the flora of Turkey, 15 species of ! 
(as   sect. !  (Mill.) DC.) were included by Wagenitz [4]. In addition to these, two
new species has been identified by Kaya and
Bancheva [13] and Kaya and Özel [26] from Turkey. In this research, a new !  specie is describe. Thus, the number of Cyanus species has

 "!  " 

     Kaya, Negaresh, Ateş
and Özel   (Fig.1 and Fig. 2).
!<4* Adıyaman-Turkey (C7): Çelikhan, Petelik locality, 06.07. 2014 by researchers (holo.
ISTE, ISTO, herb. Negaresh).
.&,236.6!  is close to 
  , but differs from it by stems
ascending or prostrate, branched from median to
upper parts (not erect, almost simple); basal and
lower cauline leaves elliptic or elliptic-oblong, 3.5–
5 × 1–1.8 cm (not lanceolate, 6–8 × ca. 1 cm); capitula (4–) 6–8-cephalous, subsessile or with 3–7
mm long peduncle (not usually monocephalus,
peduncle 10–28 mm long); involucres 8–13 × 3–5
mm (not 15–16 × ca. 7(–8) mm); appendages without brownish border (not with extremely narrow
brownish border); peripheral florets not radiant, 7–
10 mm longer than involucres (not radiant, ca. 15
mm longer than involucres); achenes ca. 5.5 mm
(not 4.5–4.8 mm) long.
Perennial herbs, usually pale green, 16–24 cm
tall, rootstock creeping, with a long woody rhizome
bearing string-like roots, wiry appearance up to 20
cm; lowering stem terminal out of central of rosette
and never arising at their base. Stems ascending or
prostrate, branched from median to upper parts,
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sometimes with several branches as long as stem,
densely covered with appressed white-tomentosearachnoid hairs. Branches up to 15 cm long, unequal in length, rigid, striate, densely leafy throughout, ca. 2 mm in diam. at the base. Leaves coriaceous, loosely covered with appressed whitetomentose-arachnoid hairs, midrib whitish, margins
entire. Basal and lower cauline leaves simple, subsessile, elliptic or elliptic-oblong, 3.5–5 × 1–1.8
cm, subacute to obtuse at apex. Median cauline
leaves sessile, lanceolate-oblong, 2–4 × 0.6–1.4 cm,
very slightly decurrent, subacute to obtuse at apex.
Upper cauline leaves successively smaller, sessile,
lanceolate-oblong or narrowly lanceolate, 1.6–3.2 ×
0.4–0.9 cm, not decurrent, subacute at apex. Capitula (4–)6–8-cephalous, solitary at end of branches,
subsessile or with 3–7 mm long peduncle. Involucres narrowly conical, 8–13 × 3–5 mm. Phyllaries
multiseriate, few, coriaceous, imbricate, greenish,
loosely appressed-arachnoid hairs. Outer phyllaries
triangular, 3.5–6.5 × 2–2.5 mm. Median phyllaries
lanceolate, lanceolate-oblong, 9–12 × 1.5–2 mm,
margin membranous. Inner phyllaries oblong to
narrowly oblong, margin membranous, 12–13 × 1–
1.5 mm. Appendages concealing a minor part of
phyllaries, very small, without brownish border,
sometimes brownish at above; cilia numerous,
narrowly triangular, 9–14 on each side, 0.5–1 mm
long, whitish, rarely brownish or blackish. Flowers
purple or blue; central florets hermaphroditic, 11–
13 mm long, 7–10 central florets in each capitulum;
peripheral florets sterile, not radiant, 7–10 mm
longer than involucres, 13–15 mm long, 4–5-lobed,
limb lobe linear or filiform, 3–4 mm long, ca. 4
peripheral florets in each capitulum. Achenes oblong, ca. 5.5 mm long, ca. 1.8 mm wide, solar


" 
3037<4*3+    &<&
*,&5*6-7*C&2)>=*0'&5 (1

bronze to brownish, smooth; inserion areole lateral,
densely hairy, yellowish, ca. 1 mm long, apically
rounded. Pappus double, persistent, barbellate,
brown or brownish, ca. 2 mm long, the bristles of
the inner rows shorter than the others.

7<1303,< The specific epithet refers to
Çelikhan district, where the new species is collected.

-*2303,< The flowering of this specie occurs between May and June while fruit formation
occurs between June and July.

.675.'87.32 -&'.7&7 &2) 2&785&0 *29.532
1*27&0 ,53:7- (32).7.326 !   
is a rare endemic to Adıyaman province, S Turkey
(Fig. 3). It is an Irano-Turanian element and grows
on rocky slopes, dry banks, limestone cliffs or
gravel slopes. The flowers of    are
pollinated by some Formicidae (Fig. 2c). Other
plants that occurred with the new species were
     Lam. subsp.   (Boiss.)
Gugler,     Soland., 
  L.,   L.,     L.,
and species of !L.,   L., 
L., and   L. At the same time ! 
  has a mean altitude is 1380m in natural distribution area and mean temperature is
17.8°C, mean precipitation is 509.6mm, mean
vegetation is 6-8 months and mean moisture is
58.9%. Furthermore this specie is natural distribution in the coppice of oak (  sp.) as ground
vegetation, edge and bare rocky areas near of the
coppice stands.


" 
    &(036*843+(&4.780*'.2)81*2
7813+67*1&2)844*5(&80.2*0*&9*6(-&'.7&2)-&'.
7&7'&56&@ 11(@ 11
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354-303,.(&0(314&5.6323+        &2) 

354-303,.(&0
-&5&(7*56
Plant height (cm)
Stem shape
Stem ramification

   

    

16 – 24
ascending or prostrate
branched from median to upper
parts, sometimes with several
branches as long as stem

 

12 – 14
erect

10–60
erect

almost simple

simple or with few
branched
broadly lanceolate,
sometimes
lanceolate-linear

Basal and lower
cauline leaves shape

elliptic or elliptic-oblong

lanceolate

Basal and lower cauline leaves size (cm)

3.5 – 5 × 1 – 1.8

6 – 8 × ca. 1

Involucres shape

(4–) 6 – 8-cephalous, sub-sessile
or with 3 – 7 mm long peduncle
narrowly conical

usually monocephalic,
peduncle 10 – 28 mm long
nearly cylindrical

Involucres size (mm)

8 – 13 × 3 – 5

15 – 16 × ca. 7 (–8)

Appendages

without brownish border

Cilia length (mm)

0.5 – 1

with extremely narrow
brownish border
1.3 – 1.5

Peripheral florets

not radiant, 7 – 10 mm longer
than involucres

radiant, ca. 15 mm longer
than involucres

linear or filiform

lanceolate

lanceolate

7 – 10

10 – 15

15 – 20

ca. 5.5

4.5 – 4.8

4–6

Synflorescence

Peripheral florets
lobe shape
Central florets in
each capitulum
Achenes length (mm)

!&;3231.( 5*1&5/6 !   
belong to !  section !  (Dobrocz.)
Olšavská, which includes the perennial species of
genus [15]. The new species resembles  
  in some characters such as indumentum

1–4- cephalous,
with long peduncle
Cupuliform to ovoid
15 – 22 × 9 – 15(–
20)
with 0.5–1.5 mm
dark brown border
1.5–3.5(–4)
radiant, 10–15 mm
longer than involucres

of habit, color of flowers and length of pappus (Fig.
4). The latter species is a Irano-Turanian element
and endemic to Turkey (Fig. 3) [4, 27]. However,
 differs from it by several important
characters (Table 1).
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EVALUATION SOME AGRONOMIC AND QUALITY TRAITS
OF SOME SOYBEAN VARIETIES GROWN AS A DOUBLE
CROP IN MEDITERRANEAN ENVIRONMENT IN TURKEY
Bihter Onat*
Cukurova University, Vocational School of Kozan, Adana, Turkey

tons and 60.8% of the total oil seeds production was
contributed by the soybean seeds in the world in
2016. Soybean oil accounted for 27.8% of the
ZRUOG¶V YHJHWDEOH RLO SURGXFWLRQ LQ  In the
same period the soybean seeds and vegetable oil production was 165.000 tons (5.7%) and 27.000 tons
(13.3%), respectively in Turkey [3].
Yield potential is primarily determined by genetics in soybean. It is very important to obtain high
yield in soybean farming. It depends on variety selection, using cultural practices and environmental
factors. Selecting the best variety is as good as the
level of other management to control yield-limiting
factors. The effect of variety selection on soybean
yield was found about 32% in South Dakota state
university trials [4].
According to Pederson [5], who was recorded
that, soybean varieties have genetically determined
maximum yield potential. This genetic yield potential is obtained only rarely existing perfect environmental conditions. The actual yield potential for soybean varies considerably according to environment
and management decisions. In order to improve production level, ability to breed and select improved,
adaptable, disease resistance and high yielding varieties for the study area cannot be over emphasized.
50% and 29% yield increase in USA and Canada respectively was due to improvement in varietal development [6].
Several experiments conducted to determine on
yield and some agronomic and quality characteristics of soybean varieties under different soil and climatic conditions by some researchers such as [7, 8,
9, 10, 11, 12, 13, 14, 15 and 16]. Yield potential is
primarily determined by genotypic background of
soybean varieties. Variety selection, using cultural
practices and environmental factors are very important to obtain high yield in soybean farming. Otherwise, these factors effect on some agronomic and
quality characteristics of soybean varieties. Therefore, the aims of this study was to determine the seed
yield, some agronomic and quality characteristics of
some soybean varieties grown as a double crop in
Mediterranean Region in Turkey.

ABSTRACT
This study was carried out at the Experimental
Field of Cukurova University in 2015 and 2016 as a
double crop growing season. The objective of this
study was to determine the seed yield, some agronomic and quality characteristics of some soybean
varieties grown as a double crop in Mediterranean
Region in Turkey. The experimental design was arranged in a Randomized Complete Block with three
UHSOLFDWLRQV 7KH $UÕVR\ $WDNLVL $WDHP-7, Umut2002, Turksoy, Adasoy, Cinsoy, Ilksoy, Bravo, Sa88, S.4240, Blaze, Nova, May-5312, Cetinbey, May5414 and 34A7 varieties (belonging to maturity
groups II, III, IV and V) were used as a plant material
in this study. Plant and the lowest pod height, pod
number per plant, seed yield, 100-seed weight, the
oil and protein percentage characteristics were investigated. The seed yield was varied between
3661.2 kg ha-1 (Cetinbey) and 4430.5 kg ha-1 (Ilksoy)
in a two year average. The differences between the
investigated characteristics were found significant
except branch number per plant in 2015, 2016 and
two years average.

KEYWORDS:
Agronomic traits, Double Crop, Quality properties, Soybean Varieties.

INTRODUCTION
Soybean is an important oil seeds crop in the
world. Soybean seeds contain 18-24% oil, 36-40%
protein, 26-34% carbohydrates, 5-8% minerals and
vitamins [1]. That is why it is an important source of
digestible vegetable oil and high quality vegetable
protein for human nutrition and animal feeding in the
world. Soybean is legume crops and it improves soil
fertility by fixing atmospheric nitrogen. Also, it is an
important for the industrial as a raw material. The
soybean seed use many different purposes. The use
of soybean products in feed and food industry has
increased steadily over the past decade [2]. For this
reason it is called as a wonder crop of the century
[1]. The world oil seed production was 554 million
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TABLE 1
The climate data during the 2015-2016 growing period in experimental area [17]

Months
June
July
August
September

Min. temp.
(oC)
2015
2016
17.8
20.5
22.3
23.2
22.9
23.7
20.0
19.8

Max. temp.
(oC)
2015
2016
29.5
33.3
33.0
35.7
35.9
37.5
34.1
34.7

Average temp.
(oC)
2015
2016
24.1
26.9
27.6
29.5
29.4
30.6
27.8
27.4

Relative humidity
(%)
2015
2016
69.1
63.8
69.8
67.5
62.3
67.4
54
59.9

Precipitation
(mm)
2015
2016
4.8
45.6
0.4
0.2
10.9
8.2
130
39.8

form of Ammonium nitrate (33%N) before first irrigation (R1 stage). The plot size was 14.0 m2 (2.8 m
x 5.0 m) consisting of four rows, five meter long and
70 cm apart. The soybean seeds were planted as a
high density at planting and then plant distance
(plant density) was regulated (4 cm) by pulling out
plants (thinning) at the V2 growth stage. Before
planting, all seeds were inoculated with Rhizobium
bradyrhijaponicum bacteria. The planting and harvesting dates were June 15 and October 10 in 2015
and June 15 and October 5 in 2016. In order to control insects and diseases, recommended pesticides
and fungicides were applied during the growing period. Also, other standard cultural practices were applied at proper time intervals. The plants harvested
by hand when the pods and plants are matured in
both years.

MATERIALS AND METHODS
Experimental site and materials. The trials
were conducted during the 2015 and 2016 two consecutive cropping seasons as a double crop at the experimental area of Cukurova University in Adana,
Turkey (Southern Turkey, 36o59l N, 35o181 E; 23 elevation). 17 different soybean varieties such as
$UÕVR\ $WDNLVL $WDHP  8PXW-2002, Turksoy,
$GDVR\ &LQVR\ øONVR\ %UDYR 6D 6
Blaze, Nova, May 53 12, Cetinbey May 54 14 and
34A7 (belonging to maturity groups III, IV and V)
were used a plant material in this research. Growing
period of the soybean varieties varied between 105125 days in 2015 and 100-120 days in 2016. Soybean
varieties were matured five days earlier in 2016 than
in 2015 due to high temperature. The flowering and
pod formation periods of soybean varieties were in
July and in August, respectively in both years.
The soil in the experimental site is classified as
clay loam texture. The soil tests in both years indicated a pH of 7.6 with high concentrations of K2O
and low concentrations of P2O5. Additionally, the organic matter and nitrogen content of the soil was
very low. The content of the lime was 20.5% in the
upper layers of the soil. The climate data during the
2015-2016 growing period in experimental area
were given in Table 1.
Adana has typical Mediterranean climate condition where winters are warm and rainy, summers
are dry, and hot. The differences between the 2015
and 2016 years were significant for the air temperature. The air temperature was higher in 2016 than in
2015 during the growing period. The total rainfall
was 146 mm and 93.8 mm during the growing periods in 2015 and 2016, respectively. The average relative humidity was ranged from 54.0% to 69.8% in
2015 and 59.9% to 67.5% in 2016 (Table 1).

Measurement and data collection. Plant
height (cm), the lowest pod height (cm) and pod
number per plant (no. plant-1) were collected from 20
plants randomly selected from each plot at the harvesting time. Yield data per plot was measured in a
similar way from all remaining plants excluding the
very end on each side of the four rows. 1000-seed
weight (g) data was obtained after harvesting [18].
The oil and protein percentage (%) was estimated according to Association of Official Analytical Chemists [19].
Data analysis. The data were statistically analyzed by JUMP 8.1.0 statistical software with Randomized Complete Block design. Least Significant
Differences (LSD) test was used to compare the
treatments at probability level of 0.05.

RESULTS AND DISCUSION

Methods and field layout. Randomized Complete Block design with three replications was used
within this study. Before sowing, 200 kg ha-1 of DAP
(36 kg ha-1 N, 92 kg ha-1 P) was applied. Fertilizer
requirements were determined based on the nutritional requirements of soybean and soil nutrient
availability. Additional nitrogen fertilizer was applied (side-dressing) as a rate of 66 kg ha-1 in the

Plant height. The plant height data belonging
to soybean varieties in 2015, 2016 and two years average has been presented in (Table 2). As it can be
seen in (Table 2), the differences between the soybean varieties were statistically significant for the
plant height in 2015, 2016 and two years average.
The plant height of soybean varieties varied between
97.3-142.4 cm in 2015 and 86.3-128.0 cm in 2016.
The average plant height of soybean varieties was
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two-year average. The average lowest pod height
values were found 22.0 cm, 17.8 cm and 19.9 cm in
2015, 2016 and two years average, respectively (Table 2). The lowest pod height values of soybean varieties varied between 18.2-29.3 cm in 2015 and
14.1-21.0 cm in 2016. The differences between the
varieties for the lowest pod height were statistically
significant in both years. The pods of the soybean
varieties were formed higher up the stem in 2015
compared to 2016. According to a two-year average
the lowest pod height was the highest in Atakisi
(24.4) and the lowest in May 5312 (17.3 cm) varieties (Table 2). Hicks [21] and Whigham and Minor
[25] reported that flower initiation is controlled by
photoperiod, temperature and genotype in soybean
plant and soybean cultivars differ in their response
to day length. They also indicated that the flowering
occurs when the day length becomes shorter than the
critical value for the cultivar. Late maturing cultivars
are more sensitive to photoperiod than are early maturing cultivars. The interaction between the year
and variety for the lowest pod height was statistically
significant. The results are corresponded well with
the findings of [11, 12, 13, 16, 20, 23, 26].

found 111.9 cm in a two-year average. The plant
height was the highest in S.4240 (134.1 cm) and the
lowest in May 5414 (94.9 cm) soybean varieties. The
plant height was affected significantly by the growing seasons. According to Sadeghi and Niyaki [20],
who reported that different varieties of soybean are
sensitive to change to environment conditions where
the crop is being grown. They also reported that the
plants have less vegetative growth, shorter stem and
lower reproductive nodes at the late planting. Hicks
[21] reported that soybeans are classified as shortday plants. The vegetative growing period of soybean plant is shorter in short-day condition. Changes
in photoperiod and temperature affect the plant
height. The interaction between the year and variety
for pod number per plant was found statistically significant. The plant height was the highest in Umut
2002 (142.4 cm) in 2015 and the lowest was in Blaze
(86.3 cm) in 2016 (Table 2). Similar results were reported by other researchers [11, 12, 13, 16, 22, 23,
24].
The lowest pod height. The differences between the soybean varieties for the lowest pod height
were statistically significant in 2015, 2016 and in a

TABLE 2
The plant height, the lowest pod height and pod number data belonging to soybean varieties in 2015, 2016
and two years average

Varieties
(A)
$UÕVR\
Atakisi
Ataem-7
Umut-2002
Turksoy
Adasoy
Cinsoy
Ilksoy
Bravo
Sa-88
S.4240
Blaze
Nova
May 53-12
Cetinbey
May 54-14
34A7
Average
LSD (5%A)
LSD (5%B)
LSD (5%AxB)

2015
124.5
132.0
139.2
142.4
134.9
108.3
105.5
102.7
110.1
126.2
140.2
109.6
122.7
108.2
108.3
97.7
97.3
118.2
11.36

Plant height
(cm)
Years (B)
2016
Average
110.6
117.6
109.1
120.6
108.1
123.7
118.4
130.4
125.5
130.2
104.3
106.3
105.8
105.6
93.4
98.0
112.1
111.1
109.8
118.0
128.0
134.1
86.3
97.9
107.6
115.2
88.7
98.4
102.0
105.2
92.0
94.9
94.1
95.7
105.6
111.9
8.79
7.04
8.53
9.94

The lowest pod height (cm)
2015
29.3
27.7
21.3
24.1
19.2
20.4
22.8
22.4
20.3
18.5
21.5
21.5
21.7
18.3
27.5
19.7
18.2
22.0
5.47

2592

Years (B)
2016
Average
17.4
23.3
21.0
24.4
15.7
18.5
20.3
22.2
17.8
18.5
14.5
17.5
16.7
19.8
18.0
20.2
18.0
19.1
17.8
18.1
17.7
19.6
14.1
17.8
18.7
20.2
16.2
17.3
20.2
23.9
19.5
19.6
19.7
19.0
17.8
19.9
4.08
3.35
2.64
4.73

2015
45.0
46.1
44.8
45.2
46.8
53.3
42.1
44.5
40.7
59.9
46.9
54.4
55.5
54.5
42.9
42.9
54.6
48.2
12.0

Pod number
(pods plant-1)
Years (B)
2016
Average
31.0
38.0
37.3
41.7
32.7
38.8
34.9
40.1
36.1
41.4
40.2
46.8
32.9
37.5
38.9
41.7
36.6
38.6
40.7
50.3
35.5
41.2
34.0
44.2
40.6
48.0
41.3
47.9
32.5
37.7
33.3
38.1
33.7
44.2
36.0
42.1
2.65
6.05
5.03
N.S
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TABLE 3
The 100-seed weight and seed yield per hectare data belonging to soybean varieties
in 2015, 2016 and two years average

Varieties (A)
$UÕVR\
Atakisi
Ataem-7
Umut-2002
Turksoy
Adasoy
Cinsoy
Ilksoy
Bravo
Sa-88
S.4240
Blaze
Nova
May 53-12
Cetinbey
May 54-14
34A7
Average
LSD (5%A)
LSD (5%B)
LSD (5%AxB)

2015
17.78
17.54
16.51
18.64
21.15
15.32
17.31
16.40
17.47
14.16
17.22
16.63
17.65
17.19
18.35
19.06
20.63
17.59
0.50

100-seed weight (g)
Years (B)
2016
Average
16.71
17.24
16.01
16.78
18.22
17.37
17.34
17.99
16.43
18.79
15.45
15.39
17.99
17.65
16.67
16.54
17.26
17.37
16.06
15.11
17.08
17.15
15.89
16.26
16.82
17.23
16.44
16.82
22.23
20.29
19.93
19.49
19.53
20.08
17.41
17.50
1.47
0.76
N.S
1.07

2015
5121.4
4830.9
4840.5
4769.0
4435.7
4883.4
4897.6
4664.3
4673.8
4831.0
4797.6
4719.1
4581.0
4545.2
4338.1
4683.3
5275.4
4758.0
406.99

Seed yield (kg ha-1)
Years (B)
2016
Average
3547.2
4334.3
3340.5
4085.7
3304.3
4072.4
3348.1
4058.6
2930.0
3682.9
3645.9
4264.7
3374.3
4136.0
4196.7
4430.5
3338.1
4006.0
3523.4
4177.2
3490.5
4144.1
3038.1
3878.6
3409.5
3995.3
3082.8
3814.0
2984.3
3661.2
3180.5
3931.9
3267.1
4271.3
3353.0
4055.5
360.17
266.51
450.14
376.90

weight was found higher in 2015 than in 2016.The
100-seed weight of soybean varieties varied between
14.16-21.15 g in 2015 and between 15.45-22.23 g in
2016 (Table 3). The differences between the varieties were significant for the 100-seed weight in both
years. The highest 100-seed weight was obtained
from Turksoy (21.1 g) in 2015 and Cetinbey (22.2 g)
in 2016, and the lowest from Sa.88 (14.2 g) in 2015
and Adasoy (15.4 g) in 2016 (Table 3). According to
a two-year average, the 100-seed weight was 17.50
g. The 100-seed weight was the highest in Cetinbey
(20.29 g) and the lowest in Sa 88 (15.11 g) varieties
in a two-year average (Table 3). Year x variety interaction on 100-seed weight of soybean was statistically significant. Similar results were reported by
[11, 12, 16, 30].

Pod number. The differences between the varieties were statistically significant for the pod number per plant in 2015, 2016 and two years average.
The pod number of soybean varieties varied between
40.7-59.9 pods plant-1 in 2015 and 31.0-41.3 pods
plant-1 in 2016 (Table 2). The differences between
the years were statistically significant for pod number. The number of pods per plant of soybean varieties was found higher in 2015 than in 2016. Sadeghi
and Niyaki [20], Shafigh et al. [26] and Wilcox [27]
reported that soybean is a short-day plant and the
number of days to flowering and maturity reduce and
the length of vegetative and reproductive period of
development decrease in short day conditions. The
pods number per plant was affected by the environment condition such as air temperature. According
to a two-year average the highest pod number per
plant was obtained from Sa 88 (50.3 pods plant-1)
and the lowest from Cinsoy (37.5 pods plant-1) varieties. The genotypic background, cultural practices
and environmental factors are effective on pod number of soybean varieties [12, 13]. The interaction between the year and variety for pod number per plant
was not found statistically significant. The results
are corresponded well with the findings of [16, 20,
23, 28, 29, 30].

Seed yield. There was a statistically significant
difference between the years for the seed yield. The
average seed yield values was found 4758.0 kg ha-1
in 2015 and 3353.0 kg ha-1 in 2016. The seed yield
in 2015 was higher when compared to 2016. The
seed yield per hectare was reduced 1405 kg ha-1
(29.5%) in 2016 when compared to 2015 (Table 3).
The growth and development of soybean plant is affected by the environmental factors such as temperature and photoperiod. Hu and Wiatrak [31] reported
that unfavorable environmental conditions such as
high temperature have a negative effect on soybean
growth, development and yield. The daytime maximum air temperature was 2.7o and 1.6oC higher in

100-Seed weight. The average 100-seed
weight of soybean varieties was 17.59 g in 2015 and
17.41 g in 2016 (Table 5). 2015 and 2016 years compared for the average 100-seed weight of soybean
varieties was not found significant. The 100-seed
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July and August (during the flowering and pod formation period), respectively in 2016 than in 2015
(Table 1). As it can be seen in Table 3, the seed yield
values of soybean varieties varied between 4338.15275.4 kg ha-1 in 2015 and 2930-4196.7 kg ha-1 in
2016. The differences between the soybean varieties
for the seed yield were found significant in both
years. The seed yield of tested varieties was found
higher in 2015 than in 2016. The average yield reduction of soybean varieties was 29.5%. The effect
of air temperature on seed yield of soybean varieties
was markedly different. The highest seed reduction
was found from 34A7 (38.1%) and the lowest from
Ilksoy (10.0%) varieties. Different soybean varieties
are sensitive to change to environment conditions
such as air temperature where the crop is being
grown. Early maturing varieties are more sensitive
to high temperature than late varieties [20]. For this
reason, the differences between the varieties for the
seed yield were found significant. Year x variety interaction on seed yield of soybean was statistically
significant. The effect of high temperature on seed
yield of soybean varieties was different. The highest
seed yield was obtained from 34A7 (5275.4 kg ha-1)
and Ilksoy (4196.7 kg ha-1) and the lowest from
Cetinbey (4338.1 kg ha-1) and Turksoy (2930.0 kg
ha-1) in 2015 and 2016, respectively (Table 5). These
results are matched with the findings of [11, 12, 13,
16, 29, 30, 32, 33, 34, 35].

it can be seen in table 4, there was statistically significant difference in oil content between soybean
varieties in 2015, 2016 and in a two-year average.
While the oil percentage of soybean varieties was
18.7 in 2015, it was decreased to 17.0 in 2016. The
oil percentage of soybean varieties was 17.9 in a two
year average. The average oil percentage of soybean
varieties was higher in 2015 than in 2016. Environment plays a critical role in oil content of soybean
seed. Gibson and Mullen [36] reported that soybean
seed protein and oil composition are influenced by
environment during seed development. It is well
known that growth temperature affects the protein
and oil concentration of soybean seed. The oil content values of soybean varieties varied between 17.020.6% in 2015 and 14.3-19.8% in 2016. The highest
oil content was obtained from Adasoy (20.6 and
19.8%) and the lowest from S.4240 (17.0%) and
Cetinbey (14.3%) in 2015 and in 2016, respectively
(Table 6). Wilcox and Cavin [37] reported that seed
composition constituents are controlled by genotype,
maturity, growing season, geographic location, and
agronomic practices. Hurburgh et al. [38] and
Breene et al. [39] reported that the oil concentration
is generally greater in soybean produced in northern
and western growing areas. Bellaloui et al. [40] reported that the amount of oil in soybean seed was
reported to be affected by genetics and environment
especially drought and temperature/heat and their interactions. Year x variety interaction on oil content
of soybean was found statistically significant. Similar results were reported by [11, 12, 16, 43].

Oil content. The oil and protein content data
belonging to soybean varieties in 2015, 2016 and
two years average has been presented in Table 4. As

TABLE 4
The oil and protein content data belonging to soybean varieties in 2015, 2016 and two years average

Varieties (A)
$UÕVR\
Atakisi
Ataem-7
Umut-2002
Turksoy
Adasoy
Cinsoy
Ilksoy
Bravo
Sa-88
S.4240
Blaze
Nova
May 53-12
Cetinbey
May 54-14
34A7
Average
LSD (5%A)
LSD (5%B)
LSD (5%AxB)

2015
20.4
18.7
20.6
19.4
17.5
20.4
19.5
19.7
18.7
17.3
17.0
18.7
17.7
18.3
18.8
17.5
17.1
18.7
0.56

Oil content (%)
Years (B)
2016
19.7
16.4
19.8
18.5
16.4
19.1
17.8
17.8
17.6
16.6
15.4
16.5
15.9
16.6
14.3
14.9
15.7
17.0
0.66
0.16
0.60

Average
20.1
17.6
20.2
18.9
16.9
19.8
18.7
18.7
18.2
16.9
16.2
17.6
16.8
17.5
16.6
16.2
16.4
17.9
0.43
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2015
36.3
36.2
36.0
35.9
37.1
35.9
36.3
36.2
37.5
36.6
38.2
34.4
36.7
37.1
36.1
36.5
35.8
36.4
1.49

Protein content (%)
Years (B)
2016
Average
37.8
37.1
36.5
36.3
37.5
36.8
37.5
36.7
38.6
37.8
37.9
36.9
37.8
37.1
37.8
37.0
39.2
38.4
38.5
37.5
39.9
39.1
36.1
35.2
38.3
37.5
38.9
38.0
37.6
36.9
38.1
37.3
37.0
36.4
37.9
37.2
1.57
1.06
0.18
N.S
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Protein content. The average protein content
of soybean varieties was 36.4% in 2015 and 37.9 in
2016. The difference between the years was significant for protein content. The protein content of soybean varieties was found higher in 2016 than in 2015
(Table 4). Gibson and Mullen [36] reported that soybean seed protein and oil composition are influenced
by environment during seed development. It is well
known that growth temperature affects the protein
and oil concentration of soybean seed. Protein and
oil content vary in an inverse relation with changes
in growth temperature [41]. As explained by some
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between the soybeans varieties for the protein content were found statistically significant in both years.
Protein percentage values were varied between 34.437.5% in 2015 and 36.1 -39.9% in 2016. The protein
content of soybean varieties was higher in 2016 than
in 2015. The highest protein content was obtained
from S.4240 (38.1%), Bravo (38.4%) May 53-12
(38.0%) varieties in a two year average (Table 4).
Wilcox and Cavin [37] reported that seed composition constituents are genetically controlled; however, they are known to be influenced by biotic and
abiotic factors such as genotype, maturity, growing
season, geographic location, and agronomic practices. The year x variety interaction on protein content of soybean varieties was not statistically significant. These results are in agreement with the findings of [11, 12, 16, 36, 42, 43].
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