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NESTING HABITAT PREFERENCES AND REPRODUCTIVE
PERFORMANCE OF GRIFFON VULTURES Gyps fulvus
(Hablizl, 1783) IN AFYONKARAHISAR, ANTALYA AND
ISPARTA (TURKEY)
Yasemin Ozturk1,*, Mehmet Ali Tabur2
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Mehmet Akif Ersoy University, Golhisar Vocational School of Higher Education, Department of Forestry,
Forestry and Forest Products, Golhisar, Burdur, Turkey
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Suleyman Demirel University, Faculty of Sciences and Letters,
Biology Department, Isparta, Turkey

and contributing to waste removal, disease
regulation, and nutrient cycling[1]. The removal
rate of livestock carcasses by scavengers in Spain
(median: 166 min for predictable and 182 min for
unpredictable carcasses [2] is faster than figures
depicted in the legislation [3].
The Griffon Vulture (Gyps fulvus) is a
colonial cliff-nesting scavenger that inhabits the
western Palearctic zone. Griffons often nest in
colonies that usually comprise less than 20 pairs,
even though they can include more than 100 pairs
[4@9XOWXUHV¶KRPHUDQJHVDUHODUJHO\UHVWULFWHGWR
the zones close to the breeding areas [5]. The
Griffon Vulture has been shown to base its habitat
selection on both social and non-social information
[6]. Also animals can select breeding sites using
non-social information (habitat characteristic) and
social information (conspecific presence or
abundance). Mateo-Tomas and Olea [7] indicated a
prevalent use of non-social information during the
early stages of the colonization and an increasing
role of social information as the expansion
progressed. The species has suffered from the loss
of native ungulate populations, the destruction of
foraging habitats and the setting of poisoned baits
for the extermination of vermin [4, 8, 9, 10]. Also
after the outbreak of bovine spongiform
encephalopathy in Europe, the sanitary regulation
required that livestock carcasses were collected
from farms and transformed or destroyed in
authorised plants. Thus, replacing the ecosystem
services provided by scavengers has not only
conservation costs, but also important and
unnecessary environmental and economic costs [3].
Although the griffon vultures are important
members of the food chain, the studies about the
griffon vultures in Turkey are limited and the
biological or ecological characteristics of this
species have not been studied sufficiently. In this
study, a significant lack of knowledge about the
griffon vultures that are important for the protection
of natural balance, has been filled by observing the
reproductive success and the habitat choice of this

ABSTRACT
We investigated the factors influencing the
nest site selection and breeding success of the
griffon vultures (Gyps fulvus) in the provinces of
Afyonkarahisar (inner part of western Anatolia),
Antalya and Isparta (south of Turkey). Between
2010 and 2012, we monitored breeding behaviours
and performances of 21 egg-laying pairs. Laying
date occurred in February-March and the average
incubation time was 52±4 days. The hatching
period took place during March-April. Breeding
success (fledglings/egg-laying pair/year) was 1 for
2011 and 1 for 2012 in Afyonkarahisar, 0.33 for
2011 and 0.5 for 2012 in Antalya and 0 for both
years in Isparta. Productivity (fledglings/territorial
pair/year) was 1 for 2011 and 2012 in
Afyonkarahisar, 0.5 for both 2011 and 2012 in
Antalya and 0 for both years in Isparta. Aspect,
slope, altitude and distance to the residential areas
and roads were the main factors (94.9%)
influencing the breeding behavior and nesting site
selection of this species. Most of the nesting sites
have been found to be bare and limy (68.1%). The
number of the griffon vulture populations
occupying higher altitudes has been gradually
decreased in Antalya and Isparta. Habitat
destruction, use of agricultural chemicals,
poisoning and anthropogenic impacts were
probably the main factors for such a decrease.
KEYWORDS:
Gyps fulvus; Griffon vulture; nesting habitat preferences;
reproductivity; Turkey.

INTRODUCTION
Avian scavengers are part of the detrital food
web of ecosystems and they provide the important
ecological service of recycling carrion biomass
while preventing the accumulation of dead biomass,
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species. It is also thought that the data gathered
would be a guide for the plans and programs of the
protection works.

MATERIAL AND METHODS
Study Area. This study was carried out
between August 2010 and August 2012 at the
observation points specified in Afyonkarahisar
(inner part of western Anatolia), Antalya and
Isparta (south of Turkey) (Fig.1). Special
automobiles were used for the access to the area of
the observation and the observers arrived to the
points on foot. Nikon binoculars (12x50
magnification), Konuspot telescope (100 mm),
Canon EOS-'¶V 0DUN ,, SKRWRJUDSK PDFKLQH
Sony DCR-Try 270 digital video camera and
Magellan explorist 210 GPS have been used for
observations, which were carried out at their
roosting and nesting sites in early mornings hours
from 7:00 am to sunset. In total, 1536 hours were
spent in the field in 192 days.
Productivity, fledgling success and breeding
success were estimated separately for the breeding
seasons of 2011 and 2012 by carefully observing
the regions where the colonies were active. The
characteristics, location, elevation, material of the
nests, laying date, incubation times and periods,
chick rearing period, the number of nestling
hatched and the number of fledglings were
observed in this study.
Data of nesting and roosting points gathered
by GPS (Global Positioning System) was entered to
ArcGIS program and the data of altitudes that
could not be accessed was measured by Theodolite
DTS/DT5S.
Maps (aspect, slope, geology, lithology, soil
and altitude) used in the study have been
constituted by applying digitization method of
ArcGIS, an application of GIS (Geographic
Information Systems), to the topographic maps with
1:25000 scale prepared by general command of
mapping. Nesting and roosting points and soil
structure, land use, rock structure, rock age and
aspects of these points were determined by the
maps obtained from ArcGIS.

FIGURE 1
Location of study area
Among these, the ones with more than 80% total
variance explanation degree were considered.
Varimax data rotation was used for the fundamental
components of factor analysis.
Productivity, fledgling success and breeding
success were calculated by several formulas.
Productivity was defined as the ratio between the
number of fledglings and the number of pairs
controlled. Fledgling success was determined by
considering the number of chicks fledged to the
number of eggs hatched while breeding success was
defined as the ratio between fledglings and
breeding pairs (all including those than early fail).

RESULTS
Observation zones, which were dominated
mainly by bare rocky structures, (Afyonkarahisar,
Antalya and Isparta), were found to be the most
important breeding and roosting sites of the griffon
vultures. For these three regions, nesting and
roosting sites were mountainous, high, steep and
covered with limy rock. Breeding activities were
observed in all these regions. Besides rebuilding the
old nest, the griffons have used the rigid, thick
twigs of old black pines (Pinus nigra) for the
bottom of nests while the leaves of young pines
have been used for the top. Interestingly, one of the
vultures has been found when carrying some

Data Analysis. By applying Barlett test for
variance homogeneity and Kolmogorov Smirnov
test for normal distribution fitness, the variables
were tested to see whether it fitted to the
preconditions of the parametric tests. They were
also examined by using t-test, which analyses of
variance (ANOVA), Mann-Whitney U-test and
Kruskal Wallis. Tukey test and Bonferroni-Dunn
test were used. PCA analysis concerning nest site
selection was examined. Five factors were specified
for
the
analysis
in
this
study.
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by the species. The species in Afyonkarahisar has
chosen to build nests on bare rocky areas at high
altitudes (1538.8 m±56.6), distant from the road
and residential areas, in the eastward; the species in
Antalya and Isparta have chosen to build their nests
on bare rock areas with lower altitudes
(respectively 501.3±60.4, 907.5±380.6), southward,
relatively closer to the road and residential areas.

mistletoe (Viscum album) into the nest for a
medical purpose (July 1, 2012 1310).
It has been found that altitude, aspect, slope,
distance to road and distance to residential area of
the nest have an influence on the nesting site choice
of the vultures. As a result of the analyses, 4 factors
that explain the total changes were considered. The
first one of these factors accounted for the 26.5% of
the total variance, the second one for the 24.7%, the
third one for the 23% and the last one accounted for
the 20.7% of total variance (Factor analysis). The
distance to the road and residential areas was
dominant in the first factor, altitude was dominant
in the second, aspect was dominant in the third and
slope was dominant in the fourth factor. Each of
these has a significant factor load and a significant
share in total changes, which indicate that distance,
altitude, slope and aspect are separately sufficient
for the characterization of nests (Fig. 2).

Statistical differences in terms of soil
structure, land use, rock structure, ages of rocks and
aspect (direction) of nesting and roosting sites have
been presented (Table 1, 2, 3). It has been observed
that the direction (East) of the active nests was
significantly different from the passive ones and the
breeding success was higher in these eastward
nests. It has also been observed that this species that
had been building its nests at lower altitudes are
presently more likely to build them at higher
altitudes (Table 1). 68.1% of the griffon vultures
have chosen bare rocky areas for nesting and
roosting, 14.9% have chosen Mediterranean terra
rossa, 8.5% have chosen red-brown Mediterranean
soil and limeless brown earth for nesting and
roosting. It was determined that the more
vulnerable nests such as the ones in bare rocky
areas were built in areas with higher altitude and
further from the roads and residential areas (Table
2). In the case of our study, 61.7% of the nests
were found to be facing east, 19.1% facing west,
8.5% facing southwest and 4.3% of the nests were
found to be facing south. The nests facing east were
different and further apart from the other nests. The
nests facing east had a average distance of 10632 m
±4066 to the road while the nests facing northeast
had a distance of 373 m (p<0.001). The nests facing
east had a distance of 4261 m ±853 to the
residential areas (p<0.001).

FIGURE 2
Criteria in the nesting site choice of the species
according to Axis 1 and Axis 2
Different kinds of choices of nesting sites
have been made for different types of nesting areas

TABLE 1
Statistical differences between all nesting and roosting sites
Variable
Aspect

Slope

Elevation

D.R

D.R.A

N.R
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4

N
10
8
13
16
10
8
13
16
10
8
13
16
10
8
13
16
10
8
13
16

Mean
169.3
97.3
95.12
181.5
44.90
41.14
43.013
38.84
729
1085
1485.4
1176
2709
6101
9236
3544
2909
3734
4613
3031

B
AB
A
AB
B
AB
A
B

S.D
92.9
42.4
34.20
82.3
10.68
10.50
2.588
10.91
360
506
294.5
493
2879
4915
3419
4235
1135
1361
607
1541

Median
105.7
85.9
88.84
204.8
46.20
43.93
42.299
40.09
647
1252
1537.8
1256
2043
6645
10632
1317
3012
4084
4821
3178

A
B
B
A

B
AB
A
AB

Min.-Max.
87.1-303.6
58.8-197.3
77.24-205.92
67.0-284.1
20.35-57.77
16.07-48.15
40.180-50.162
11.57-56.21
359-1534
501-1539
514.5-1668.6
485-1761
543-10637
371-10634
927-10637
373-10642
587-4831
1151-4847
3112-4928
583-4908

The results of Kruskal Wallis test have been shown on median values while the results of variance analysis have
been shown on mean values with Latin letters. S.D: Standard deviation Unit of meter. 1:Passive nest 2: Active
nest (2011) 3: Active nest (2012) 4:Roosting D.R: Distance to road D.R.A: Distance to residential area
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TABLE 2
Statistical differences between soil structures
Variable

S.S
1
2
4
5
1
2
4
5
1
2
4
5
1
2
4
5
1
2
4
5

Aspect

Slope

Elevation

D.R

D.R.A

N
32
7
4
4
32
7
4
4
32
7
4
4
32
7
4
4
32
7
4
4

Mean
127.2
95.40
250.35
218.0
41.27
44.68
44.26
37.11
1263.8
507.75
848.4
1675.6
7083
2574.3
876
1122
3923
3316.4
1381
3286

S.D
77.7
8.74
17.11
25.7
9.32
4.03
16.90
5.73
444.2
15.43
94.6
7.29
4656
186.2
654
408
1359
74.0
1479
264

Median
92.5
97.45
254.49
206.0
42.22
44.32
50.25
39.82
1537.8
501.31
828.5B
1674.1
10631
2659.1
624
922
4821
3339.5
673
3176

C
BC
A
AB

B
C
C
A
A
AB
B
B
A
AB
B
AB

Min.-Max.
58.8-303.6
75.94-101.22
226.09-266.33
203.5-256.6
11.57-57.77
37.10-48.15
20.35-56.21
28.54-40.26
359.1-1761.0
484.67-532.33
756.1-980.5
1668.6-1685.5
371-10642
2180.0-2695.5
411-1846
910-1733
596-4928
3170.5-3399.6
583-3596
3112-3678

The results of Kruskal Wallis test have been shown on median values while the results of variance analysis have
been shown on mean values with Latin letters.S.D: Standard deviation Unit of meter. 1: Bare rocky 2:
Mediterranean terra rossa 4: Red-brown Mediterranean 5: Limeless brown Mediterranean. D.R: Distance to road
D.R.A: Distance to residential area
TABLE 3
Statistical differences between land uses
Variable
Aspect
Slope
Elevation
D.R
D.R.A

L.U

N
1
2
1
2
1
2
1
2
1
2

Mean
15
32
15
32
15
32
15
32
15
32

S.D
169.4
127.2
42.55
41.27
910
1263.8
1734
7083
2792
3923

B
A
B
A
B
A

74.3
77.7
9.31
9.32
501
444.2
901
4656
1123
1359

Median
203.5
92.5
43.96
42.22
756
1537.8
1846
10631
3274
4821

Min.-Max.
75.9-266.3
58.8-303.6
20.35-56.21
11.57-57.77
485-1685
359.1-1761.0
411-2696
371-10642
583-3678
596-4928

The results of Mann-Whitney U test have been shown on median values while the results of t-test have been
shown on mean values with Latin letters.S.D: Standard deviation Unit of meter. 1: Forest 2: Bare rock D.R:
Distance to road D.R.A: Distance to residential area

nests in Afyonkarahisar, 1 nest in Antalya and 3
nests in Isparta were incorrectly estimated.
While the nests in Afyonkarahisar were not
significantly affected by the rainfall, the nests in
Antalya and Isparta, which have higher maximum
amount of monthly rainfall, were found to be more
affected. The nests without any shelter were
directly exposed to the rainfall. The nests in
Afyonkarahisar, where the insolation time was
longer, were facing east and were directly exposed
to sunlight during only morning hours. According
to long period averages, the mean moisture was
listed in Table 4. Although the mean temperature
has not shown any significant difference, Isparta
has been separated from the others with insolation
time of 4.23 hours.
Productivity, fledgling success and breeding
success on Akdag Natural Park (Afyonkarahisar)
have been found to be higher than the other two
areas. The number of nests has increased from 4 to
11 between 2011 and 2012 with 100% breeding

In our study, 68.1% of the species has chosen
areas with limestone, 27.7% has chosen areas with
pebblestone, 4.3% has chosen areas with cherry
limestone and vulcanite for nesting and roosting. In
terms of rocky structure, the nests on pebblestones
had a lower altitude with 755 m ± 526 in average,
the nests on limestones and on chery limestones had
a higher altitude with 1276.1 m±376.8 and 1723.2
m =±53.4, respectively (p<0.05). It was found that
the breeding success was higher in the nests on
limestone in higher altitudes. In addition, most of
the nests were built on rocks of the Jurassic and
Cretaceous periods.
As a result of discriminant analysis,
observation regions were successfully (87.2%)
separated in terms of aspect, slope, altitude,
distance to road and residential areas. 20 out of 22
nests (91%) in Afyonkarahisar, 9 out of 10 (90%)
nests in Antalya and 12 out of 15 nests (80%) in
Isparta were correctly estimated while remaining 2
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TABLE 4
The long period averages of the climate data of study regions

Afyonkarahisar

Moisture

Mean Temperature

Max. Temperature

Pressure

Insolation time

54.99

14.51

13.75

939.41

8.24

0.34

0.14

0.18

0.59

0.39

65.57

14.11

28.12

943.91

7.51

0.43

0.68

1.51

8.96

0.66

66.26

13.49

25.25

931.06

4.23

0.15

0.23

0.51

3.58

0.55

Mean
SD

Antalya

Mean
SD

Isparta

Mean
SD

SD: Standard Deviation

TABLE 5
Breeding data in terms of provinces and years
Nest area
Afyonkarahisar
Afyonkarahisar
Antalya
Antalya
Isparta
Isparta

Year
2011
2012
2011
2012
2011
2012

Productivity
1
1
0.5
0.5
0
0

Fledgling success
1
1
1
1
0
0

Number of nest
4
11
2
1
2
1

The nest-sites selected by the griffon vultures were
close to water bodies and altitude was 1417.5 m and
435 m [12] in average [13]. The other authors have
shown that most of the 61 griffon vulture nests
were facing west and have built on limestone and
dolomites with average altitude of 378 m [14].
However, Parra and Telleria [15] observed that this
species chose to breed on only limestone.
According to Xirouchakis and Mylonas [16],
nesting and roosting points of this species in Crete
Island were limy rocky (dolomitic or plaque).
Gavashelishvili and McGrady [6] have determined
the direction of the nests as southeast or southwest
(Caucasus mainly Georgia). Moreover, researchers
have highlighted that the annual rainfall and
availability of food had an important influence on
the nesting choice of the griffon or bearded
vultures. It has also been found that 61.7 % of the
nests were facing east and dolomites were not
preferred in our study. Altitude difference (p<0.05),
predator influence, suitability for area defense and
degree of insolation might be responsible for such a
result. Such difference between studies shows that
this species is able to fulfil its biological
requirements and to breed in regions with different
characteristics. In this sense, both vegetation and
the availability of trophic resources, as well as the
impact of human activities, vary between regions
approximately along geographical gradient [17].

success (Table 5). Because of the harsh climate
conditions of 2012, most of the wild animals in the
region could not survive and the griffon vultures
were not faced with scarcity of food. This is the
main reason why the breeding success and
productivity were high. Moreover, one of the nests
(the nest I) was used for 3 years (2010-2012)
constantly and showed a breeding success of
100%. Loss of eggs was seen in Antalya in both
breeding seasons which might be caused by the
predators or the characteristics of the eggs.
Although nest-building and egg were observed, no
successful incubation was seen in Isparta. Habitat
destruction around the nests during the
breeding/non breeding seasons caused the species
to leave the area and resulted in zero productivity,
offspring and breeding success. The breeding
success was higher in the nests facing east
(Afyonkarahisar), which were more distant to the
roads and to the residential areas.

DISCUSSION
Some variables [11] in the breeding behavior
of this species are significant and our study
supports these findings. The altitude of the nesting
points varies with the characteristics of the region.
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The continued survival of vultures and large
mammalian scavengers alongside human beings is
now severely in jeopardy, threatening the loss of
the numerous ecosystem services such as disease
and pest control, nutrient cycling, cultural
inspiration and recreational activities from which
humanity could benefit today and future. [25]
Protecting any species is only possible by knowing
their biological characteristics. In this perspective,
protection of the griffon vultures, which have a
great importance for the ecosystem, is very
important. Ecological service has been provided by
scavengers for millennia [3]. Ecosystem services
are put in the forefront of most biodiversity
conservation policies [26, 27]. It is required to take
necessary measures for the protection of this
species in all three regions. In parallel with this,
nutritional defiance, can be solved by encouraging
the small cattle farming. On the other hand, it is
necessary to consult an ornithologist during and
after the construction of wind energy facilities;
which should be checked regularly. Although the
death rate of vultures by collision to such turbines
is low, it has a great impact on the level of
population. Characteristics of the vulture population
in Akdag Natural Park (Afyonkarahisar) have been
investigated for the first time in this study. With a
very high productivity and breeding success, Akdag
population is thought to be a good model for the
protection of this species.

Various authors linked the intensity of griffon
vultures in the areas with sparse trees directly to the
availability of food sources [18]. It has been
determined that the amount of food available and
quality were directly related to the species in our
study. We know that the recent increase in the use
of chemicals in agriculture in Turkey has caused a
decrease in the food sources and this has been
adversely affecting the characteristics of the vulture
populations. It has been observed that this species
feeds on the soft tissues of boars, red deer, foxes
and horses found in our study regions. Several
studies have documented the detrimental effects of
illegal poisoning [19, 20, 21, 22]. Also the number
of individuals have been affected by the amount of
food while distribution has been regulated by
number of breeders [19].
According to Xirouchakis and Mylonas [23],
the female individuals have laid mean 22 January
(onset of laying: 25 December). However laying
was observed at the end of February in Koprulu
Canyon (Antalya). Such difference may be a result
of the differences between characteristics of the
areas, climate and feeding behaviors. The laying
time (February-March), incubation period (52±4
days), hatching and productivity have all been
found different from the results of Xirouchakis
[24]. But the failure of breeding during incubation
period has been found similar in both studies. The
parents defended the nests for two months after
hatching but this defense decreased by 35% later on
[23]. The parents observed during breeding seasons
in our study showed aggressive and nest-fidelity
behaviors against both climate conditions and
predators.
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CONCLUSIONS
Birds are bioindicators as they show the
fastest reactions to environmental changes.
Environmental stress found in the regions, which
were chosen by the griffon vultures for nesting,
cause this species to leave the area or to die, as
observed in Antalya and Isparta. Food left by the
local people to poison the wild animals, especially
boars and foxes which harm the fields and gardens,
was found to be eaten by the griffon vultures in
Antalya Koprulu Canyon National Park and nearby,
which may cause the loss of individuals.
Supplementary feeding as a precautionary measure
can be a useful tool to reduce illegal poisoning [22].
On the other hand, recently opened marble quarries
in Isparta had a negative influence on this species
[10]. Active nests of 2012 were more distant from
the residential areas because of the increase in the
influence of threatening factors. Removing such
problems has a great importance for the sake of
both humans and this species.
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EFFECTS OF SALINITY ON WATER STATUS, ION
CONTENTS, CHLOROPHYLL CONTENTS AND GAS
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photosynthetic rate; RWC ± relative water content; TM ±
turgor PDVVȌw ± leaf water potential.

ABSTRACT
The effects of salt stress (0, 200, 400 and 600
mM NaCl) on water status, ion contents,
chlorophyll
contents
and
gas
exchange
characteristics in the leaves of Atraphaxis bracteata
seedlings were studied in this paper. Results
showed that relative water content (RWC) and leaf
ZDWHU SRWHQWLDO ȌZ  GHFOLQHG VLJQLILFDQWO\ XQGHU
600 mM NaCl. Salinity also induced an excessive
accumulation of Na+ in the leaves of plants,
accompanied by a notable decrease of K+ content.
Both Chlorophyll (Chl) a and Chl b contents in the
leaves reduced remarkably compared with the
controls, whereas the Chl a/b ratio went up
throughout the experiment. Salt stress also led to a
significant reduction in net photosynthetic rate (PN),
transpiration rate (E), and stomatal conductance (gs)
with the increase of salinity and time. However,
intercellular CO2 concentration (Ci) and stomatal
limiting value (Ls) showed markedly different
trends in the experiment. Before the 15th day, Ci
decreased sharply at 200, 400 and 600 mM NaCl;
thereafter, it increased dramatically. On the
contrary, rapid increases of Ls before the 15th day
and great decreases after the 15th day were
observed under different salinities. Moreover, our
results suggest that the factors inducing the
reduction of PN are different duo to the different
salinities and different time. The higher the salinity
is, the sooner the transform of stomatal limitation to
non-stomatal limitation is.

INTRODUCTION
Soil salinity has become one of the most
serious environmental problems that affect the
growth and productivity of many plants. About 4.88
 RI WKH &KLQD¶V ODQG ZKLFK FRXOG EH XVHG LV
affected by salinity [1]ˈand approximately 60 %
of saline soil is distributed in the Northwest of
China [2]. According to Cai, the degree of
salinization in Qinghai is the most serious, which is
of 15720 km2 salinization area, 2.3% of the total
area in China [3].
Salt stress affect various processes of plant
growth, such as photosynthesis, ion distribution,
water status, chlorophyll content and so on [4].
Photosynthesis is the most important process that is
affected in plants growing under saline conditions
[5]. Salinity stress results in the damage of plant
chloroplast structure and decrease of chlorophyll
content, both of which reduce photosynthetic rate
[6-10]. Bastías et al. have reported that high
concentrations of salt disrupt homeostasis in water
relations and change the ion regulation at both
cellular and whole plant levels [11]. The water
deficit under salt stress is one of the major
restrictions for plant growth in saline soils. In
addition, salinity not only causes the excessive
accumulation of Na+ and Cl±but also reduces the
uptake of other essential nutrients such as Ca2+ and
K+ due to its influence on selective ion absorption
[12,13].
A. bracteata, one of the main afforestation
plant species, grows abundantly in Northwest
China. It is well adapted to drought as one of
psammophytic species. The present studies of A.
bracteata mainly focus on its drought tolerance
ability [14,15]. Nevertheless, studies related to
effects of salt stress on this species are still

KEYWORDS:
salinity; leaf water status; ion contents; chlorophyll
contents; gas exchange parameters
____________
Abbreviations: Ci ± intercellular CO2 concentration; DM
± dry mass; DMRT ± 'XQFDQ¶V0XOWLSOH5DQJH7HVWE ±
transpiration rate; FM ± fresh mass; gs ± stomatal
conductance; Ls ± stomatal limiting value; 3$5í
photosynthetically active radiation; PN ± net
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spectrophotometer (SP-756, Beijing, China). Chl a,
Chl b and total Chl a+b contents were calculated
according to Arnon [17].

incomplete. In this study, we address the effects of
A. bracteata on water status, ion accumulation,
chlorophyll
contents
and
gas
exchange
characteristics in response to salt stress.

Gas exchange characteristics. PN, gs, E, and
Ci were determined at 5, 10, 15, 20, 25 and 30 days
of NaCl treatment using a portable photosynthesis
system LI-6400 (LICOR, Lincoln, NE, USA).
Stomatal limiting value (Ls) =1ˉCi / Ca. All the
SDUDPHWHUV ZHUH PHDVXUHG DW 3$5 RI  ȝ
mol/(m2 s) [18] between 9:00±11:00 h in the native
environment,    ȝ mol/mol ambient CO2
concentration (Ca), 9 ± 1.3 Ԩair temperature 2 and
44.01 ± 2.2% relative humidity.

MATERIALS AND METHODS
Experimental site. The experiment was
carried out at the DongXia Forest Farm of Datong
&RXQW\ ODWLWXGH ƍƎ 1 ORQJLWXGH
ƍƎ ( DQG DOWLWXGH  P  LQ Qinghai
Province of China. The continental climate of
temperate alpine-cold type is the prevailing climate.
The average annual temperature is 2.8 Ԩ. The mean
annual precipitation is 508 mm and the average
annual evaporation is 1290 mm. Monthly average
wind speed is 2 m/s and annual average number of
gale days is 14 days.

Statistical analysis. PASW Statistics version
18.0 (SPSS, Inc. 2009) was used to perform one
way analysis of variance (ANOVA) at a significant
level P <  RQ HDFK PHDVXUHPHQW 'XQFDQ¶V
Multiple Range Test (DMRT) was used when
significant differences were found among salt
treatment. All the figures were plotted in Systat
SigmaPlot version 12.0 (Systat Software Inc.2011).

Experimental design. Uniform seedlings of
A. Bracteata were obtained from Research Institute
of Forestry, Qinghai Academy of Agriculture and
Forestry, China, and planted in plastic pots filled
with native chernozem soil. Organic matter content,
available P, K, and total N in the soil were 41.8,
5.31, 310, and 198 mg/kg, respectively and pH was
7.1. Seedlings were grown in pots which were
placed outdoors and protected from rainfall.
Control plants were irrigated with tap water (no
NaCl). Experimental seedings were treated with
NaCl at various concentrations 200, 400 and 600
mM. Besides, the plants were irrigated with fresh
water every three days to maintain soil water
content at field capacity. After treatment, seedings
of A. Bracteata.were harvest for measurement of
water status, ion accumulation, chlorophyll contents
and gas exchange characteristics.

TABLE 1
Leaf water potential ȌZ UHODWLYHZDWHU
content (RWC) in the leaves of A. bracteata
seedlings treated with four salinities (Mean ± SE,
n = 5)
Salinity (mM) RWC (%)
ȌZ 03D
78.14 ± 1.55 a

-1.76 ± 0.13 a

200

72.19 ± 1.16 b

-2.11 ± 0.13 ab

400

68.09 ± 1.46 b

-2.32 ± 0.16 bc

600

59.51 ± 1.28 c

-2.64 ± 0.19 c

Different letters within the same column indicate
significant differences (P<0.05, DMRT).

Leaf water status. Predawn leaf water
SRWHQWLDO ȌZ ZDV PHDVXUHG ZLWK HR-33T Dew
Point Mikrovolt-meter (Wescor Inc., Logan, UT,
USA). Five medial leaves were collected from each
plant per treatment, weighed fresh mass (FM) and
placed in distilled water for 24 h in darkness to
obtain the mass at full turgor (TM). DW is leaf dry
weight after being drying at 80 Ԩ for 48 h. RWC
was calculated using the following equation: RWC
(%) =100%× )0í'0  70í'0 [16].
Ion contents. The contents of Na+ and K+ in
leaves and roots were determined and quantified by
an inductively coupled plasma optical emission
spectrometry (ICP-OES, Leeman Labs Inc., NH,
USA) after nitric-perchloric acid (1%) digestion
[11]. The K+/Na+ ratio was also calculated.

RESULTS
Leaf water status. Leaf water status parameters of
A. Bracteata are shown in Table 1. The effects of
salinity significantly affected RWC of A. Bracteata
leaves as compared to controls. There was a
negative relationship between RWC and salinity.
Compared with controls, RWC was decreased by
7.6%, 12.9%, and 23.8% in leaves at 200, 400 and
600 mM NaCl, respectively. As shown in Table 1,
Ȍw was significantly reduced in the leaves of plants
treated with 400 and 600 mM. Compared with the
non-saline controls, Ȍw was reduced by 31.8%, and
50% at treatments with 400 and 600 mM salinity,
respectively (Table 1). The decrease of Ȍw at 600
mM trearments was much greater than that at other
treatments.

Chlorophyll contents. After harvest at the
end of treatment, leaves were extracted with 80%
acetone for the complete extraction of Chl. The
concentration of Chl was determined on a
3312



0 (control)

© by PSP

Volume 25 ± No.9 /2016, pages 3311-3316

Fresenius Environmental Bulletin






Ion contents. Salinity affected Na+ and K+
contents in both leaves and roots (Table 2). Na +
content was increased in the leaves and roots
remarkably whereas K+ content was decreased due
to salt stress, leading to a consistent decline in
K+/Na+ ratio. The reductions of K+ contents in
leaves were greater than those in roots at 200 and
400 mM salinity, but much smaller than those in
roots at 600 mM. The contents of Na+ in roots were
higher than those in leaves at 0 and 200 mM
salinity but much smaller than those in leaves at
400 and 600 mM. The K+/ Na+ ratios in the leaves
were significantly higher than those in the roots.

Gas exchange characteristics. Fig.1 shows
the evolutions of photosynthetic parameters with
increasing salinity during the 30 days experiment.
All the parameters in the leaves of A. bracteata
seedlings were strongly influenced by the effects of
the salinity.
PN in the leaves of A. bracteata seedlings was
adversely affected by the salinity (Fig.1A). At 0
mM NaCl, PN remained almost constant with time
while at 200, 400 and 600 mM NaCl decreased
steadily until the end of the experiment.
Meanwhile, gs had the similar trend, declining with
increasing salinity. At 0 mM NaCl, it kept relatively
constant (Fig.1C). With the increase of salinity and
time, there was a progressive and evident decrease
in gs in leaves of A. bracteata seedlings, which also
resulted in the corresponding reduction in E
(Fig.1B). Ci and Ls values showed markedly
different trends under salt stress (Fig.1D and Fig.2).
Before the 15th day, sharp reductions of Ci were
detected at 200, 400 and 600 mM NaCl while
during the latter days until the end of the

Chlorophyll contents. Both Chl a and Chl b
contents considerably reduced in the leaves of A.
bracteata with increasing NaCl concentrations
(Table 3). Chl a content reduced by 11.7%, 15.3%,
32.4% under the treatment at 200, 400 and 600 mM
NaCl compared with 0 mM NaCl, respectively. The
reduction of Chl b content was approximately
28.0%, 44% and 40%. Both of them induced the
rise of Chl a/b ratio throughout the experiment.

TABLE 2
Na+, K+, K+/Na+ ratio in A. bracteata leaf and root treated with four salinities (Mean ± SE, n = 5)
Salinity (mM)
K+ (mg/g (DM))
Na+(mg/g (DM))
0
12.36 ± 0.15 d
0.77 ± 0.05 a
200
10.59 ± 0.27 c
1.97 ± 0.20 b
Leaves
400
9.23 ± 0.19 b
5.68 ± 0.20 c
600
8.08 ± 0.15 a
7.77 ± 0.18 d
0
13.33 ± 0.40 c
0.99 ± 0.38 a
200
13.21 ± 0.57 c
3.58 ± 0.55 b
Roots
400
12.58 ± 0.32 b
5.35 ± 0.87 c
600
7.90 ± 0.19 a
6.22 ± 0.65 d
Different letters within the same column indicate significant differences (P<0.05, DMRT).
Parts

K+/ Na+ ratio
16.25 ± 0.81 a
5.56 ± 0.44 b
1.63 ± 0.04 c
1.04 ± 0.02 c
13.46 ± 0.05 a
3.83 ± 0.15 b
2.35 ± 0.08 c
1.27 ± 0.12 d

TABLE 3
Chlorophyll (Chl) a, b, (a+b) and (a/b) in the leaves of A. bracteata seedlings treated with four salinities
(Mean ± SE, n = 5)
Salinity
(mM)

Chl a
(mg/g (DM))

Chl b (mg/g (DM))

Chl a/b

0 (control)
1.11±0.03a
0.25±0.02a
4.47±0.21a
200
0.98±0.03b
0.18±0.02ab
5.83±0.49a
400
0.94±0.01b
0.14±0.01b
6.66±0.57a
600
0.75±0.03c
0.15±0.04b
7.15±1.99a
Different letters within the same column indicate significant differences (P<0.05, DMRT).
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DISCUSSION AND CONCLUSIONS
Water status is the main factor affecting the
growth and development of plants [18] and it is
sensitive to salinity. Water status significantly
became more negative in leaves (P < 0.05) as
VDOLQLW\LQFUHDVHG 7DEOH ,QRXUVWXG\Ȍw values
declined markedly, indicating that plants lower
tissue osmotic potentials to avoid the injury of
osmotic stress with the increasing salinity necessary
for maintaining the turgor pressure [19]. In addition,
RWC also reduced significantly under salt stress
suggesting that the salinity led to the dehydration at
cellular level. All these results show the quick
adjustment of A. bracteata seedlings to salinity.
Leaf and root Na+ content significantly
increased in the presence of salinity, while leaf and
root K+ content decreased significantly. Salinity
imposed a negative effect on leaf and root K+/Na+
ratio (Table 2). Salt stress not only caused the
accumulation of Na+, but also influenced the uptake
of K+ through the effects of ion selectivity [20]. K+
is an important nutrient which is essential for the
cell
expansion,
stomatal
behavior
and
osmoregulation [21]:KDW¶VPRUHWKH.+/Na+ ratio
is an important index indicating the salt-tolerance
ability of a plant [22]. In our study, the maintenance
of K+/Na+ ratio at a relatively high level despite of
the slight decline under salinity indicates the high
salt tolerance of A. bracteata.
Chlorophyll is the most important kind of
pigment of photosynthesis. Our results that Chl a
and Chl b contents in the leaves of A. bracteata
seedlings decreased remarkably under salt stress
(Table 2) reached agreements with many other
studies [23] on the adverse affect of salt stress to
photosynthetic pigments. The loss of chlorophyll
under salt stress could be related to photoinhibition
or ROS formation [24], as demonstrated by the
increased lipid peroxidation. In addition, the great
reduction of Chl a+b at 600 mM NaC1
concentration suggested nonstomatal factors limit
the photosynthesis. Moreover, the increasing Chl
a/b ratio strongly supports the idea of Anderson
(1986) [25] that the ratio of PSII/PSI content was
changed in salt stressed leaves.
According to the study of Farquhar et al.
(1982) [26], the factors resulting in the reduction of
PN includes stomatal limitation and non-stomatal
limitation. If gs reduced significantly under salt
stress while the mesophyll cells were still conduct
photosynthesis actively, acompanied by the
decreases of Ci and increases of Ls, the main factor
was stomatal limitation. Conversely, if the
mesophyll cells photosynthetic capacity decreased
significantly which led to the reduction of the
ability to make use of CO2, thus Ci increased, gs and
Ls declined, the main factor was non-stomatal
limitation. In our study, gs and Ci declined markedly
under different salt concentration before the 15th

FIGURE 1
Changes in (A) net photosynthetic rate (PN), (B)
transpiration rate (E), (C) stomatal conductance
(gs) and (D) intercellular CO2 concentration (Ci)
with time in the leaves of A. bracteata seedlings
treated with four salinities (Mean ± SE, n = 5).
SE is not shown when smaller than symbol.

FIGURE 2
Changes in stomatal limiting value (Ls) with time
in the leaves of A. bracteata seedlings treated
with four salinities (Mean ± SE, n = 5). SE is not
shown when smaller than symbol.
experiment, Ci increased dramatically. On the
contrary, rapid increases of Ls before the 15th day
and great decreases after the 15th day were
observed under different salt stress.
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day while Ls rose to the highest value, indicating
that the dominant factor leading to the reduction of
photosynthetic rate before the 15th day was
stomatal limitation; thereafter, Ci began to rise and
Ls began to decrease, suggesting that both stomatal
limitation and non-stomatal limitation influenced
the photosynthesis during these days. After the 25th
day, Ci values in the leaves of A. bracteata
seedlings at 600 mM NaCl were significantly
higher than the control; meanwhile, gs and Ls were
significantly lower than the control. The dominant
factor affecting the photosynthetic rate transformed
to the non-stomatal limitation due to the low
photosynthetic activity of mesophyll cells. The
similar results were also observed in the leaves of
A. bracteata seedlings at 200 and 400 mM NaCl
after the 30th day. These results suggest that the
factors inducing the reduction of PN are different
duo to the different salinity and different time.
Our results suggest that the factors inducing
the reduction of PN are different duo to the different
salinities and different time. The higher the salinity
is, the sooner the transform of stomatal limitation to
non-stomatal limitation is.
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OCCURRENCE OF CONTAMINANTS OF EMERGING
CONCERN (CEC) IN CONVENTIONAL AND NONCONVENTIONAL WATER RESOURCES IN TUNISIA
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the pollution of groundwater resources at sites where
wastewater is reused for irrigation in agriculture.
Special attention has to be paid to the occurrence of
TRS occurring in groundwater since this compound is
recognized to produce antibiotic resistance in the
environment.

ABSTRACT
Contaminants of emerging concern (CEC)
include a wide variety of compounds like
pharmaceuticals and personal care products (PPCPs)
and their metabolites. In developing countries, CEC
are gaining interest as they are contaminating the
water resources. In Tunisia, for the first time, a total
of 25 PPCPs and three of their metabolites were
analysed in wastewater, reclaimed water, surface
water and groundwater. Most of selected CEC were
detected not only in raw wastewater, but also in
treated wastewater and reclaimed water. High
contents of Cl and Na in wastewater and reclaimed
water were an indication of industrial discharge.
PPCPs were detected in surface water from the
Meliane River; the highest concentrations were
measured close to the estuary to the Mediterranean
Sea. High concentrations of 2-OH-ibuprofene in the
Meliane River downstream a wastewater treatment
plant might result from the biodegradation of
ibuprofen during secondary wastewater treatment.
Based on their levels of concentration, it is proposed
to use carbamazepine, caffeine, ibuprofene, atenolol,
fenofibric acid, methylparabene, bisphenol A, and 2OH-ibuprofene as indicators of wastewater-derived
pollution of surface water resources in Tunisia.
Salinity of the groundwater in the study area is
controlled by sea water entered decades ago due to
over-pumping of groundwater. Groundwater quality
is also influenced by CEC as sulfamethoxazol,
carbamazepine, methylparabene, propylparabene,
bisphenol A, trichlosan, and 1-H-benzotriazole were
detected in groundwater collected from an area
exposed to irrigation with reclaimed water. The
presence of these compounds indicates that they are
not completely removed during soil passage
according
to
incomplete
sorption
and/or
biodegradation. Thus, these compounds are suggested
as indicators of wastewater contamination confirming

KEYWORDS:
Emerging pollutants, chemical pollution, Mediterranean,
wastewater, pharmaceuticals, personal care products,
groundwater, surface water, rivers, low and middle-income
countries

INTRODUCTION
In recent years, wastewater is recognized as a
major source of contaminants of emerging concern
(CEC) such as pharmaceuticals and personal care
products (PPCPs) in the aquatic environment [1-3].
Conventional biological treatment processes in
wastewater treatment plants (WWTPs) are
insufficient to remove some CEC, e.g. through
biodegradation and adsorption on sludge [4]. The
sorption of polar CEC such as pharmaceuticals onto
sewage sludge is often negligible due to their
relatively high polarity [5, 6] resulting in their
ubiquitous occurrence in water resources throughout
the world [4, 7-11]. There is increasing concern about
the occurrence of CEC in the environment, as well as
their persistence and potential impact on ecosystems
[12]. CEC have been found in surface water and
groundwater following the discharge of effluents in
receiving water bodies [3, 9, 13-18]. It has also been
reported that they contaminate soils [19, 20] and
groundwater resources [21, 22] following the reuse of
reclaimed water. CEC in the environment were found
to pose serious hazards due to their toxicity,
endocrine
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TABLE 1
List of target CEC with their abbreviations and use.
Targeted CEC

Abbreviation

Usage

Atenolol

ATE

Beta blocker

Benzafibrate

BEZ

Lipid-lowering agent

1-H-benzotriazole

1H-BTR

Corrosion inhibitor

Bisphenol A

BPA

Production of polycarbonate and epoxy resins

Caffeine

CAF

Ingredient in beverages and pharmaceuticals

Carbamazepine

CAR

Anti-epileptic

Diclophenac

DIC

Anti-inflammatory

Ethylparabene

ETR

Preservative in cosmetics and pharmaceuticals

Fenofibric acid

FEN

Lipid-lowering agent

Furosemide

FUR

Treatment of hypertension and oedema

Gemfibrozil

GEM

Lipid-lowering agent

Ibuprofene

IBU

Anti-inflammatory

1-OH-ibuprofene

1-OH-IBU

Pharmaceutical metabolite

2-OH-ibuprofene

2-OH-IBU

Pharmaceutical metabolite

Ketoprofene

KET

Anti-inflammatory

Methlyparabene

MTR

Preservative in cosmetics and pharmaceuticals

Metoprolol

MET

Beta blocker

Naproxen

NAP

Anti-inflammatory

Nonylphenol

NP

Metabolite of nonylphenolpolyethoxylates, ingredient in pesticides

O-desmethyl-naproxene

O-NAP

Pharmaceutical metabolite

Oxazepam

OXA

Treatment of anxiety and insomnia

Paracetamol

PAR

Pain reliever, fever reducer

Propylparabene

PPR

Preservative in cosmetics and pharmaceuticals

Sulfamethoxazole

SUL

Antibiotic

Tolyltriazoles

TTR

Corrosion inhibitors

Triclocarban

TRC

Biocide

Triclosan

TRS

Biocide

Trimethoprim

TRI

Antibiotic
sources of organic matter or contamination´. Organic
molecules excreted directly by humans and animals,
such as faecal sterols and bile acids, as well as
caffeine and sweeteners have been used in an attempt
to source the input of human sewage into waters [3638]. Ingredients in detergents and PCPs such as linear
alkyl benzenes, trialkylamines, fluorescent whitening
agents, ethyl citrate, galaxolide and tonalide have also
been suggested as potential sewage markers in natural

disrupting effects or development of antibiotic
resistance [10, 23-28].
The use of CEC as anthropogenic molecular
markers in the environment has been proposed in
many countries in Europe and USA where research is
advanced in order to detect the impact of wastewater
discharge on the quality of natural water resources
[29-34]. Eganhouse [35] defined molecular markers
as ³organic substances that carry information about
3318



© by PSP

Volume 25 ± No. 9/2016, pages 3317-3339

Fresenius Environmental Bulletin


tracers of waste water impact on
groundwater resources. Two studies in Jordan
revealed the occurrence of several pharmaceuticals
and caffeine in effluents and dam water [47, 48]. CEC
incorporated in sun blockers were recently detected in
untreated wastewater and sediments from Eastern
Mediterranean river transition and coastal zones in
Lebanon [49]. However, more comprehensive data on
chemical pollution are needed, on various scales, in
Low and Middle-Income Countries [50]. To
contribute to closing the gap of knowledge and data
on CEC in Tunisia, the objective of this study was to
investigate the occurrence of frequently used PPCPs
and three metabolites in untreated and treated
wastewater, reclaimed water, surface water and
groundwater.
.

waters [39-41]. Stuart et al. [42] recently proposed a
cocktail of CEC for the use as tracers to provide
information about FDWFKPHQW¶V SDWKZD\V DQG
interactions between groundwater and surface water.
In revenge, data on the occurrence of CEC in
unconventional and conventional water resources are
still scarce in Middle East and North African
(MENA) countries even though reclaimed water has
been used in agricultural irrigation for a long time.
Endocrine disrupting and dioxin-like effects were
reported in wastewater, reclaimed water and soil at
irrigated sites in Tunisia, indicating contamination of
terrestrial environments by wastewater following
irrigation activities [43, 44]. Two studies reported the
occurrence of carbamazepine and metabolites in
groundwater in Tunisia due to irrigation [45] and
artificial aquifer recharge using reclaimed water [46]
indicating that these molecules could be used as

FIGURE 1
Sampling locations for wastewater (uncontrolled discharge, WWTP Sud Meliane, WWTP Korba, WWTPs
SE3 andSE4) and surface water (P1-P8) (WWTP: Wastewater treatment plant).
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FIGURE 2
Irrigation area with location of the storage basin at Nabeul, of the WWTPs SE3 and SE4 and of sampled
groundwater wells.
with a mean annual average temperature of 18.5 °C
and an annual rainfall ranging between 350 and 550
mm/yr. Seven sampling locations were selected in the
Meliane River from the estuary along around 60 km
to stretch from the city Radès in the Northeast to the
city El Fahs in the Southwest (Figure 1). One sample
was taken from the Bir Mcherga Dam. Bir Mcherga
Dam is located about 50 km southwest of the capital
Tunis. It was constructed in 1971 by damming the
Meliane River. It has a total capacity of about 53,100
m3, a mean depth of 14.5 m and a catchment area of
1,260 km². One small tributary of Meliane River was
also selected for sampling due to its location
downstream from an important industrial area near
the city of Jebel Ouist

The target compounds (Table 1) were: atenolol
(ATE), benzafibrate (BEZ), 1-H-benzotriazole (1HBTR), bisphenol A (BPA), caffeine (CAF),
carbamazepine
(CAR),
diclophenac
(DIC),
ethylparabene (ETR), fenofibric acid (FEN),
furosemide (FUR) , gemfibrozil (GEM), ibuprofen
(IBU), 1-OH-ibuprofene (1-OH-IBU), 2-OHibuprofene
(2-OH-IBU),
ketoprofen
(KET),
methylparabene (MTR), metoprolol (MET), naproxen
(NAP), nonylphenol (NP), o-desmethyl-naproxene
(O-NAP), oxazepam (OXA), paracetamol (PAR),
propylparabene (PPR), sulfamethoxazole (SUL),
tolyltriazoles (TTR) triclocarban (TRC), triclosan
(TRS), and trimethoprim (TRI). These CEC were
selected as they have different sources and are
expected to show a different fate in the environment
due to their different intrinsic compound properties. A
selected number of them will be evaluated to be used
as tracers of contamination by wastewater.

Wastewater treatment plants (WWTPs). Four
municipal WWTPs (Sud Meliane, SE3, SE4, and
Korba) in northeastern Tunisia were selected for the
study (Figure 1). WWTP Sud Meliane was built in
2008. It is located in Radès, a suburb south of Tunis.
It was designed to process 40,000 m³/day. Treatment
consists of a pre-treatment and a secondary biological
treatment using oxidation ditches. The effluent is
discharged directly into the Meliane River about 3 km
upstream the estuary. WWTP SE4 is located in
Nabeul city. It was built in 1979 with a treatment
capacity of 9,600 m3/day. It was working over
capacity at the sampling times of this study. This

MATERIAL AND METHODS
Description of the sampling sites. Meliane
River. Surface water samples were taken from the
Meliane River which is the second largest stream
located in the north-eastern part of Tunisia (Figure 1).
This region is characterised by a semi-arid climate
3320



Volume 25 ± No. 9/2016, pages 3317-3339

© by PSP

Fresenius Environmental Bulletin


towards the Oued Souhil which is a stream
that discharges in the Mediterranean Sea.
Hammamet-Nabeul aquifer was the main water
resource for irrigation in the area of Oued Souhil. Due
to groundwater over-pumping, sea water has entered
the aquifer and caused its salinization. Artificial
aquifer recharge with reclaimed water is done in this
region since the 1980s. The vadose zone in this area
has been described as varying between 10-13 m thick.
The aquifer is about 2-3 m thick. The substratum has
been formed of Pliocene clay. At the level of the
irrigated area, the groundwater table was estimated to
be about 10 m deep. The permeability of the aquifer
was estimated between 10-5 and 6 x 10-3 m/s [52-55].

plant mainly receives sewage water of domestic and
industrial origin, collected from the cities of Nabeul,
Béni Khiar and Dar Châabane El Fehri. It collects
effluents from 66 industrial units (metal, textile,
leather, and automotive) among which some should
be necessarily equipped with a pre-treatment process
before discharging their effluents into the sewerage
network. However, actually, not all of them meet the
Tunisian standards of treated wastewater disposal in
the receiving environment. A variable volume of
effluents from WWTP SE4 is transferred to a 4,500
m³ capacity storage basin in the Oued Souhil area
(Figure 2) connected to an irrigation network. This
storage basin also receives effluents from WWTP
SE3 (Figure 1) having a capacity of 3,500 m³/day and
operating since 1981. This WWTP mainly receives
wastewater from tourism establishments and
hospitals. In this agricultural area, irrigation is
performed during the summer season, where citrus
trees and fodder are the main grown crops. In autumn
and winter, treated wastewater is used for artificial
aquifer recharge by spreading into infiltration basins
located in the same area [44], otherwise it is
discharged in the sea.
WWTP Korba was built in 2002 with a
treatment capacity of 7,500 m³/day. It receives
domestic and industrial wastewater. Industrial
wastewater originates from about 50 industrial units
from a variety of fields such as jeans washing, sea
food processing, steel industry, slaughterhouses and
tomato factories. Wastewater undergoes a secondary
treatment by oxidation ditches process and tertiary
treatment through maturation ponds [51]. Since 2008,
treated wastewater is polished through injection into
ponds as a soil aquifer treatment to improve its
quality and to provide a hydraulic barrier against
seawater intrusion.

Sampling campaigns. Five sampling campaigns
were carried out in April, June and September 2013
and in July and August 2014. The studied matrices,
sampling times, locations, number of samples and
targeted CEC are shown in Table 3. In total, 15 grab
samples of treated wastewater were collected: two
from SE3, 11 from WWTP SE4, one from WWTP
Sud Meliane and one from WWTP Korba. In order to
study the daily variations of CEC in treated
wastewater, grab samples were collected from
WWTP SE4 at 12 noon, 2 pm and 4 pm on two
successive days in September 2013. One grab sample
of reclaimed water was taken from the storage basin
in the Oued Souhil area in April 2013, in September
2013 and in August 2014, respectively. One sample
of reclaimed water was taken from an infiltration
pond at Korba. Downstream of the WWTP Sud
Meliane, a sample of untreated wastewater was
collected from an uncontrolled discharge point
(Figure 1) flowing into the Meliane River.
In total, 1 grab samples of surface water were
collected from different locations along the Meliane
River, from one of its tributaries and from the Bir
Mcherga Dam during the sampling campaigns carried
out in April, June and September 2013. The sampling
locations are shown in Figure 1. Upstream sampling
point P1, the Meliane River directly receives effluent
from WWTP Sud Meliane and also untreated
wastewater. Sampling point P2 is located directly
downstream the connecting point of Meliane River

Groundwater
sampling
sites.
Studied
groundwater wells are located in the reclaimed water
irrigated area of Oued Souhil where treated
wastewater from SE3 and SE4 is used for irrigation
after transfer/storage in a basin. The locations of the
groundwater wells are shown in Figure 2. The
geographical coordinates of the wells is given in
Table 2. In this area, groundwater dominantly flows

TABLE 2
Geographical coordinates, depths and uses of the sampled wells.
Well ID

1AA

2RA

3 NA

2

8

Control

Longitude

¶¶¶(

¶¶¶(

¶¶¶(

¶¶¶(

¶¶¶(

¶¶¶(

Latitude

¶¶¶1

¶¶¶1

¶¶¶1

¶¶¶1

¶¶¶1

¶¶¶1
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TABLE 3
Sample matrix, sampling location, sampling date, number of samples and targeted CEC (WWTP: wastewater
treatment plant, PPCPs: pharmaceuticals and personal care products, P: sampling point in the Meliane
River; for sampling locations see Figure 1 and 2).
Sample matrix

Sampling location

Sampling date

Untreated wastewater

Uncontrolled discharge

Treated wastewater

Reclaimed water

Surface water

Sample #

Targeted CEC

16.06.2013

1

Pharmaceuticals

WWTP SE3

22.07.2014

1

PPCPs

WWTP SE3

26.08.2014

1

Pharmaceuticals

WWTP SE4

08.04.2013

1

Pharmaceuticals

WWTP SE4

08.09.2013

8

PPCPs

WWTP SE4

22.07.2014

1

Pharmaceuticals

WWTP SE4

26.08.2014

1

PPCPs

WWTP Korba

08.04.2013

1

Pharmaceuticals

WWTP Sud Meliane

08.09.2013

1

PPCPs

Infiltration pond at Korba

08.04.2013

1

Pharmaceuticals

Storage basin at Nabeul

08.04.2013

1

Pharmaceuticals

Storage basin at Nabeul

08.09.2013

1

PPCPs

Storage basin at Nabeul

26.08.2014

1

Pharmaceuticals

Meliane River (P1)

08.04.2013

1

PPCPs

Meliane River (P1, P2, P3, P4, P6)

16.06.2013

5

Pharmaceuticals

Bir Mcherga Dam (P5)

16.06.2013
16.06.2013

1

Pharmaceuticals

1

Pharmaceuticals

Jbel Ouist tributary (P7)

Groundwater

Meliane River (P1, P2, P6, P8)

08.09.2013

4

PPCPs

Irrigated site at Nabeul
(wells 1AA, 2RA, 3NA, 2, 8, Control)

22.07.2014
26.08.2014

6
6

PPCPs
PPCPs

P5, water was collected from the Bir Mcherga Dam.
P6 is located close to the city of El Fahs. The
chemical background was determined by taking a
sample from P8 located in the upper area where
anthropogenic pollution is expected to be reduced to a
minimum. Two additional river water samples were
taken at the place where Sud Meliane WWTP
discharges into the river (P1b, Figure 1). These
samples were chemically characterized but PPCPs
were not measured.

and Oued El Hma. The latter is an important
tributary of the Meliane River suspected of being a
source of pollution. Sampling point P3 is located
upstream Oued El Hma and downstream from a
number of industrial units in the El Mhamdya area.
Sampling point P4 is located close to the city of Jebel
Ouist, slightly downstream a major industrial estate.
P7 is the sampling point representing a small tributary
from this area, where it is suspected that industrial
wastewater is being discharged. At sampling point
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TABLE 4
Methods used for chemical characterization of water samples.
Laboratory

Parameter

Matrix

Method

INRGREF

pH

Groundwater, wastewater, surface water

NF T 90 008

EC

Groundwater, wastewater, surface water

NF EN 27 888

Na

Wastewater, surface water

Flame emission spectrometry

Cl

Wastewater, surface water

Titration (Mohr method)

TSS

Wastewater, surface water

NF EN 872

BOD5

Wastewater, surface water

NF EN 1988 1

COD

Wastewater, surface water

NF T 90 101

HCO3-

Groundwater

Titration

NO2

Groundwater, wastewater, surface water

Colorimetry/ISO 6777

PO4

Groundwater, wastewater, surface water

Colorimetry/ NF EN 1189

Cl, SO4, NO3

Groundwater

NF EN ISO 10304

Ca, Mg, K, Na

Groundwater

NF EN IOS 11885

BRGM

°C. Samples for determination of anions were frozen
immediately. All these samples were shipped within
three days to France and analysed immediately after
arrival.
For analysing PPCPs, water samples were
collected in brown glass bottles (50 mL for the
analysis of pharmaceuticals in wastewater, 100 mL
for the analysis of PCPs in wastewater and surface
water, and 1000 mL for the analysis of PPCPs in
groundwater). The bottles were filled up to about
95% of volume and kept in cooling boxes at 4 °C
during sampling. In the laboratory, bottles were
frozen until transport in cooling boxes within two
days to the laboratory of BRGM in France.

For groundwater, in total 12 samples were taken from
six wells in Oued Souhil area (Figure 2) in July and
August 2014 during the irrigation period to tackle any
contamination caused by the infiltration of treated
wastewater. The geographical coordinates of these
wells are given in Table 2. Well 2 and 8 belong to the
experimental unit of INRGREF. Well 1AA, well
2RA, and well 3NA belong to three farmlands. They
are located downstream well 2 and 8. Groundwater
from these wells is also used for irrigation of the
corresponding farmlands. One control well located
upstream of the investigated area was also sampled.
It is located in a farmland that was irrigated only with
groundwater and has never received wastewater. In
general, groundwater was sampled after activating the
pump several minutes to draw water and to renew the
water column.

Analytical
methods.
Chemicals
and
standards. All chemical standards were purchased
from Sigma Aldrich (Saint-Quentin Fallavier,
France), LGC Promochem (Molsheim, France) and
Dr. Ehrenstorfer (Augsburg, Germany) at purity
greater than 99%. Tolyltriazoles were purchased as a
mixture of 4-methyl-1H-benzotriazole and 5-methyl1H-benzotriazole, which were not quantified
separately. Water, acetonitrile, methanol, methylene
chloride, formic acid and hydrochloric acid (HCl)
were purchased in HPLC quality from JT BakerAVANTOR (Paris, France).

Sampling procedure. For analysing inorganic
compounds at INRGREF, one litre of water was
collected in polyethylene bottles and stored in cooling
boxes during transfer to the laboratory. All samples
were filtered (pore size 1.2 μm) and analysed upon
arrival within one day. For analyses at BRGM,
groundwater samples were collected in 100 mL
polyethylene bottles. These groundwater samples
were filtered on-site using syringes with a membrane
of 0.45 μm pore size. Samples for the analyses of
cations were acidified on-site by adding HNO3 to
reach a pH < 2 and then stored at 4 °C in the dark. For
determination of cations, the samples were stored at 4

Physico-chemical parameters and inorganic
compounds. Physico-chemical parameters and main
anions and cations were determined using analytical
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France) and an Auto Trace SPE
Workstation (Callipair) at a flow rate of 5.0 mL/min.
Cartridges were conditioned with 6 mL each of
methylene chloride, methanol and water. The
cartridges were eluted with 6 mL of methanol and 6
mL of methylene chloride. The extract volumes were
reduced to 0.5 mL. PCPs and paracetamol were
measured by UPLC/MS-MS system (Quattro,
Waters). The column was a UPLC-HSST3 2.1 x100
mm, 1.8 μm (Waters, France). A volume of 5 μL was
injected and the flow was set at 0.3 mL/min. Eluents
were water modified with 0.5% methanol (A) and
methanol modified with 0.05% ammonium hydroxide
(B). PCPs and paracetamol were separated by
gradient elution, starting with 99% of eluent A at 0
min, decreasing to 1% of eluent A at 7.5 min, and
increasing to 99% of eluent A at 9.3 min. After 12
min, the system was ready for the next injection. The
LOQ of the UPLC/MS-MS system determined by
standard solutions was 20 ng/L for all PCPs and
paracetamol. The LOQs of the whole analytical
method including SPE differed according to the
extracted sample volumes and dilution factors and
varied between 20 ng/L and 400 ng/L. Recoveries
determined by using spiked mineral water varied

methods shown in Table 4. The corresponding
matrices and the laboratory where the analyses were
performed are also shown. In wastewater and surface
water pH, electrical conductivity (EC), total
suspended solids (TSS), biological oxygen demand
for five days (BOD5), chemical oxygen demand
(COD), phosphate (PO4), nitrite (NO2), sodium (Na),
and chloride (Cl) were analysed at INRGREF. In
groundwater, pH, EC, and hydrogen carbonate
(HCO3) were also measured by this laboratory.
Calcium (Ca), magnesium (Mg), Na, potassium (K),
Cl, nitrate (NO3) and sulphate (SO4) in groundwater
samples were measured at BRGM.
Pharmaceuticals. Prior to online solid phase
extraction (SPE), wastewater and river water samples
were filtered through 0.2 μm cellulose acetate
membrane filters and adjusted to pH 7 ± 0.5 by
adding HCl. Groundwater samples were not filtered.
The online SPE was performed using 2.1 x 20 mm
Oasis HLB SPE online cartridges (Waters, France).
Cartridges were conditioned for 20 min with
acetonitrile containing 0.007% formic acid, then with
100% water containing 0.007% formic acid. Volumes
of 500 μL of water were spiked with 100 μl internal
standards and extracted at a flow rate of 2 mL/min.
The column of the UPLC/MS-MS system (Quattro,
Waters) was a UPLC-HSS T3 2.1 x 150 mm, 1.8 μm
(Waters, France). The flow was set at 0.4 mL/min.
The eluents were water containing 0.007% formic
acid (eluent A) and acetonitrile containing 0.007%
formic acid (eluent B). The compounds were
separated by gradient elution, starting with 100% of
eluent A, then 100% of eluent B at 15 min, and 100%
of eluent A at 19 min. At 23 min, the system was
ready for the next injection. Limits of quantification
(LOQ) were determined using mineral water spiked
with the target compounds with five different
concentrations in the ppt range (two replicates).
Resulting LOQ varied between 10 ng/L and 200 ng/L.
The limit of detection (LOD) was calculated three
times lower than the LOQ. Quantification of
pharmaceuticals in the environmental samples was
done by internal standard calibration.

between 93% and 110%.
FIGURE 3
Sodium (Na) versus chloride (Cl) in water samples
(in meq/l). The line indicates the seawater-dilution
line.

Personal care products (PCPs) and
paracetamol. Sample volumes for the analysis of
PCPs including paracetamol varied between 90 mL
(wastewater) and 500 mL (groundwater). Wastewater
samples were diluted by a factor of 10 with mineral
water to decrease the negative effects of the sample
matrix on the chromatographic analysis. Samples
were not filtered. The pH of the sample was adjusted
to 2 ± 0.5 by adding HCl. Offline SPE was performed
using 6 mL-500 mg OASIS HLB cartridges (Waters,

RESULTS AND DISCUSSION
Chemical characterisation of water samples.
The ranges of pH, EC, COD, BOD5, PO4, NO2, Cl
and Na in wastewater and surface water samples are
shown in Table 5. The values of pH of wastewaters
were between 7.7 and 8.8 which exceeded sometimes
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TABLE 5
Characteristics of water samples (n: number of samples, EC: electrical conductivity, TSS: total suspended
solids, BOD5: biological oxygen demand for five days, COD: chemical oxygen demand).

pH
SE4
WWTP
(n=7)
Korba
WWTP
(n=5)
Korba
infiltration
pond
(n=2)

EC
(mS/cm)

COD
(mgO2/L)

BOD5
(mg
O2/L)

PO4
(mg/L)

30-250

127-341

16-75

0.67-1.87

TSS
(mg/L)

NO2
(mg/L)
0.003-0.043

Cl
(mg/L)

Na
(mg/L)

412-1,204

251-748

7.7-7.8

2.26-5.35

7.8-8.8

4.86-10.27

9-60

73-215

11-39

0.13-5.48

0.011-0.741

1,172-2,772

731-1847

8.3-8.4

5.18-5.83

17-333

167-174

19-23

1.11-1.74

0.009-0.111

1,152-1,387

655-873

Tunisian National Standards for wastewater reuse in agriculture
P1 (n=2)
P1b (n=2)
P2 (n=2)
P4 (n=1)
P6 (n=1)
P8 (n=1)

6.5-8.5
7.6- 7.8
7.4-7.8
7.3-8.1
7.9
8.0
8.3

3.17-3.41
3.58-3.96
3.95-4.14
3.09
5.24
2.28

30
105-486
110-156
106-117
105
27
16

90
199-545
204-219
29
17
61
44

30
69-198
61-62
6
5
8
3

slightly the value permitted by Tunisian
National Standards (NT 106.03) for the use of
reclaimed water in agriculture [56]. All wastewaters
were saline with high concentrations of Na and Cl
ranging between 251-1847 mg/L and 412-2772 mg/L,
respectively. The high salinity might be an indication
for industrial discharges. Mean values of TSS, BOD5,
and COD exceeded in some wastewater samples the
thresholds set for the reuse of wastewater in
agriculture in Tunisia within NT 106.03 standards
[56]. A high oxygen demand in effluents might be an
indicator of the presence of organic compounds that
are not degraded after secondary treatment.
However, PO4 and NO2 were within acceptable
ranges.
In river water, the lowest values of EC, TSS, BOD5,
NO2, Cl and Na were detected at P8, representing the
chemical background (Table 5). However, the values
of PO4 were the highest at this point, indicating the
influence of fertilizers from agriculture on the surface
water quality. Within the surface water/watershed, the
mean values of TSS, BOD5 and COD increased at
sampling point P6. The disposal of solid wastes,
untreated and treated wastewater, and various
industrial discharges are taking place in the study area
and could result in a decrease of the river water
quality along its course. At sampling point P4, the
values of COD and BOD5 decreased again which
could be attributed to a dilution effect due to water
input from Bir Mcherga Dam. From that point on,
TSS, BOD5, and COD increased strongly with
maximum values at sampling point P1 indicating a

0.12-1.40
2.94-3.96
0.04-1.40
0.35
2.40
4.20

0.101-0.662
0.013-0.223
0.012-0.292
0.010
0.112
0.019

629-899
689-1064
1,019-1,040
629
1,244
328

388-649
482-758
638-667
357
880
238

strong influence of the discharge of WWTP Sud
Meliane on the water quality of the Meliane River.
The results on pH, EC and main ions measured
in groundwater samples are shown in Table 6. The
value of pH was comprised between 7.01 and 7.50.
Values of EC were rather high, varying between 3.93
and 6.51 mS/cm. All groundwaters were dominantly
of NaCl type with concentrations of Na between
457.4 mg/L and 840.1 mg/L and of Cl between 787
mg/L and 1506 mg/L. Na versus Cl in the
groundwater samples and the seawater-dilution line
are shown in Figure 3. The Na/Cl ratios indicate that
salinity of the groundwater samples is controlled by
seawater as values are close to the seawater-dilution
line. This is due to sea water intrusion that occurred
decades ago caused by over-pumping of groundwater.
Na is generally considered as a non-conservative
cation and interacts with minerals within the soil zone
and aquifers. Here Na/Cl ratios are slightly above the
line. This indicates that Na is slightly controlled by
water-rock interaction (silicate weathering, cation
exchange or some contamination). The sodium
adsorption ratios (SAR) were between 6.2 and 8.9
indicating a severe hazard if this groundwater is used
for irrigation of crops due to the excess of Na.
Despite this high salinity, farmers are still using
groundwater for irrigation when reclaimed water does
not meet their water demand or the quality of
wastewater delivered is low. The concentrations of
NO2 in groundwater were between 0.01 and 0.05
mg/L. The concentrations of NO3 were relatively high
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TABLE 6
Values of pH, electrical conductivity (EC), sodium adsorption ratios (SAR), anions and cations measured in
groundwater samples (nd: not detected; LOQ: limit of quantification is 20 ng/L for all compounds, see Table 1
for compound abbreviations).
Well 1 AA
Sampling time: 22.07.2014
pH
7.31
EC (mS/cm)
6.51
SAR
8.9
Ca
389,4
Mg
175.1
Na
840.1
K
12.9
HCO3
122.00
Cl
1506
NO3
255.9
SO4
893
NO2
0.050
PO4
0.17
SUL
nd
CAR
nd
MTR
<LOQ
PPR
<LOQ
1H-BTR
<LOQ
BPA
<LOQ
TRS
<LOQ
Sampling time: 26.08.2014
pH
7.24
EC
5.07
SAR
8.4
Ca
282.6
Mg
130.2
Na
677.7
K
10.8
HCO3
232.41
Cl
1073
NO3
256.5
SO4
626
NO2
0.019
PO4
0.01
SUL
nd
CAR
nd
MTR
109
PPR
<LOQ
1H-BTR
23
BPA
<LOQ
TRS
289

Well 2 RA

Well 3 NA

Well 2

Well 8

Control Well

7.50
4.30
8.1
220.3
92.7
569.6
31.8
131.15
883
160.3
509
0.031
0.02
<LOQ
55
<LOQ
<LOQ
45
<LOQ
<LOQ

7.25
4.83
7.9
281.5
115.7
626.7
27.6
146.40
1057
191.9
554
0.040
0.09
<LOQ
<LOQ
63
30
24
189
<LOQ

7.09
6.11
8.4
311.1
161.6
737.3
85.6
161.65
1328
204.1
849
0.019
0.01
<LOQ
22
<LOQ
<LOQ
25
<LOQ
<LOQ

7.01
4.10
7.1
234.1
94.9
511.7
34.2
140.30
813
131.9
524
0.06
0.04
46
149
<LOQ
<LOQ
40
24
<LOQ

7.48
4.06
6.2
262.5
98.1
463.6
34.5
106.75
793
116.4
569
0.019
0.01
29
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ

7.46
4.24
8.0
218.4
93.1
559.9
31.8
184.83
842
293.6
496
0.019
0.01
<LOQ
74
<LOQ
<LOQ
21
<LOQ
83

7.10
4.66
7.6
256.6
105.8
573.1
30.9
187.27
960
302.9
494
0.019
0.01
<LOQ
<LOQ
<LOQ
<LOQ
22
<LOQ
34

7.00
4.12
8.4
311.7
158.6
732.5
88.9
210.45
1305
340.5
839
0.010
0.06
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
<LOQ
68

7.08
3.93
7.2
238.5
96.1
517.7
33.6
201.30
821
131.3
535
0.040
0.04
37
155
<LOQ
<LOQ
40
<LOQ
22

7.19
5.86
6.2
257.8
95.5
457.4
34.9
207.40
787
198.4
550
0.035
0.02
33
<LOQ
<LOQ
<LOQ
21
<LOQ
42

metabolites were detected in the uncontrolled
discharge of untreated wastewater, except GEM and
BEZ (Figure 4, PCPs and PAR were not analysed in
this sample). The highest concentration was observed
for ATE at 1,770 ng/L. However, this concentration is
only estimated since it exceeded the calibration range.
IBU and FEN, measured at a concentration of 1,610
ng/L and 1,250 ng/L, respectively, were also
abundant. The concentrations of KET, NAP, DIC,

with values varying between 116.4 and 340.5 mg/L
indicating application of mineral N-fertilizers which
is frequent in the effluent irrigated area. The
concentrations of HCO3 were between 106.75 and
232.41 mg/L. Concentrations of PO4 varied between
0.01 mg/L and 0.17 mg/L.
Occurrence of CEC in untreated wastewater.
The targeted pharmaceuticals and several of their
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concentrations measured in the samples.
PCPs and PAR were not analysed in samples taken
from WWTP Korba. ETR, PPR, NP, and TRC were
not detected in treated wastewater in addition to BEZ,
which is not included in the list of commercialised
pharmaceuticals in Tunisia. Low concentrations of
GEM were detected in two samples collected at
WWTP SE4 and SE3. Since GEM is not marketed in
Tunisia, its detection in wastewater could be due to its
use and excretion by people from countries where this
pharmaceutical is regularly prescribed or bought as
over the counter. Indeed, WWTP SE4 and especially
SE3 treat wastewater collected from numerous hotels.
Among the target compounds, the highest
concentration was observed for CAF (165,000 ng/L)
in one of the effluent sample collected from WWTP
SE4. Concentrations of IBU, 2-OH-IBU, BPA, ATE,
CAR, NAP, KET, DIC, FUR, FEN and PAR were
also high (> 1,000 ng/L). Concentrations of
benzotriazoles were rather high in wastewater
collected from the WWTP Sud Meliane (1H-BTR:
65,500 ng/L; TTR: 10,400 ng/L). In wastewater
collected from WWTP SE3 and SE4, concentrations
were much lower for both compounds. In contrast,
mean concentrations of pharmaceuticals were mostly
higher in wastewater collected from WWTPs SE3 and
SE4 compared to the two other WWTPs. These
results indicate different sources leading to different
emission patterns of PPCPs in wastewater.
Owing to their widespread use, it can be
predicted that the target PPCPs will occur in
municipal wastewater. Our study ± the first to be
conducted on such a wide range of CEC in Tunisia ±
demonstrates that treated wastewater is an important
source of PPCPs for receiving waters. Effluents like
those from WWTP Sud Meliane, which discharges
directly into the Meliane River, should be monitored.
Zhang and Geißen [58] predicted an average
concentration of CAR in WWTP effluents of 1,187
ng/L for Tunisia. This estimation was based on the
volume of pharmaceuticals sold and water consumed.
At WWTP SE4, concentrations of CAR in treated
wastewater varied between 543 and 1,281 ng/L (mean
value 870 ng/L, n=11), which corroborate the
observed value. However, concentrations measured in
wastewater treated at WWTPs Sud Meliane, SE3, and
Korba were much lower, with 186, 226 and 379 ng/L,
respectively. This could be explained by daily
concentration variations of CEC in wastewater
effluents, especially for compounds subjected to
diurnal variation based on medical prescription,
which is the case with CAR when administered to
patients. This factor was not taken into account in the
prediction model of Zhang and Geißen [58].

TRI, FUR, SUL, MET, OXA and CAR ranged
between 32 ng/L (OXA) and 697 ng/L (CAR).
Among the metabolites, 2-OH-IBU exhibited the
highest concentration of 732 ng/L. The metabolites
O-NAP and 1-OH-IBU were detected at lower
concentrations of 151 and 108 ng/L, respectively. The
concentration of IBU was higher than that of its
metabolites.
FIGURE 4
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Concentrations of pharmaceuticals in untreated
wastewater collected from the uncontrolled
discharge (see Table 1 for compound
abbreviations).
Pharmaceuticals in the environment may have
different sources, such as release in urine and faeces
carried by wastewater from private and public
premises (households, hotels, hospitals, etc.), unused
or expired drugs disposed down the sink or toilet, and
manufacturing sites [15, 57]. To the best of our
knowledge, no comprehensive studies have been
conducted in Tunisia yet on the occurrence of
pharmaceuticals in raw wastewater. According to
Kostich et al. [10], risks associated with human
exposure to pharmaceuticals are very low. However,
they found that the estimated potential risks to healthy
human adults are greater for ATE than for five other
anti-hypertensive pharmaceuticals. The results of the
present study reveal that ATE was the most abundant
compound discharged directly and in an uncontrolled
manner into receiving waters such as the Meliane
River, which must be considered when estimating the
potential risks posed by pharmaceuticals in Tunisia.
Take-back programmes are yet to be developed and
applied in order to prevent the disposal of
pharmaceuticals in the environment.
Occurrence of CEC in treated wastewater.
The mean concentrations of CEC measured in treated
wastewater from the WWTPs Sud Meliane, Korba,
SE3, and SE4 and are depicted in Figure 5. The error
bars indicate the minimum and maximum
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FIGURE 5
Mean concentrations of PPCPs in treated wastewater (see Table 1 for compound abbreviations; the error bars
indicate the minimum and maximum concentrations measured in the samples).
These results show that it is important to
consider the performance of individual WWTPs. The
regular residence time of wastewater in WWTP SE4
is around 8 hours. The residence time is shorter when
the treatment plant is overloaded. In September 2013,
the influent flow in this WWTP varied between
10,100 and 19,700 m³/day. On the sampling days, the
WWTP received a relatively constant flow with a
mean value of 17,200 m³/day. In all cases, the flow
exceeded by far the SODQW¶V treatment capacity
(approximately 9,600 m³/day), substantially reducing
the residence time. Consequently, the rate of
degradation of pharmaceuticals during the treatment
process was lower than the rate that could be attained
by a regular secondary treatment in a WWTP. Indeed,
based on the data collected at WWTP S4, the mean
plant effectivity in September 2013 was below 90%
(data not shown), and the effluents failed to comply
with Tunisian National Standards of discharge, with
high COD and TSS values of 340 mgO2/L and 250
mg/L, respectively. This clearly demonstrates that not
only PPCPs may be degraded insufficiently but also
regular pollutants such as organic matter.
The metabolism of IBU in humans involves
oxidation to the major metabolite, 2-OH-IBU, and to

On the basis of the state of the art of persistence
in wastewater facilities, Joss et al. [59] claimed that
there were different removal rates for selected
pharmaceuticals based on their degradation rate
constant (kbiol). In their study, no removal was
reported for compounds with a kbiol < 0.1 L/(g
suspended solids/day) such as DIC and CAR; there
was partial removal of compounds with 0.1 L/(g
suspended solids/day) < kbiol < 10 L/(g suspended
solids/day) such as BEZ, FEN, NAP, and SUL.
Compounds with kbiol > 10 L/(g suspended solids/day)
such as IBU and PAR are transformed at a rate of
more than 90%. Although IBU and PAR were
classified as degradable, concentrations in treated
wastewater were found to be relatively high in the
present study. This could be due to the fact that IBU
and PAR are over-the-counter medications that do not
require a prescription. Hence, these pharmaceuticals,
frequently used as pain relievers, have a high rate of
consumption. In Sweden, 100 tonnes of IBU were
sold in 2010 compared to 8, 11 and 12 tonnes of DIC,
KET and NAP, respectively [60]. Unfortunately, it
was not possible to obtain any data on the
consumption of the target compounds in Tunisia.
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Figure 6 illustrates the concentration course
of PPCPs in treated wastewater collected from
WWTP SE4 at three different times (12 noon, 2 pm
and 4 pm) on two successive days in September 2013.
The absolute abundance of pharmaceuticals was
similar on both days. Concentrations of CAF, IBU,
NAP, TRI, SUL, FEN, and ATE increased from 12
noon to 2 pm and to 4 pm on both sampling days.
PAR was only detected in the samples collected at 4
pm. The course of the concentrations of DIC and
FUR exhibited different trends, with the highest and
lowest concentrations at 4 pm and 2 pm, respectively.
These results indicate that the main source of
pharmaceuticals in wastewater from WWTP SE4 is
excretion by humans. This follows a daily trend and
depends on consumer behaviour, which was relatively
constant over the two days. In contrast, most of the
CAF load to WWTPs is thought to be from discarded
coffee and beverages [30, 71], which also follows a
diurnal trend. Assuming a residence time of
approximately one hour in the sewage network and
four to six hours in the WWTP, the high
concentrations measured at 4 pm clearly reflect the
consumption of coffee in the morning. Based on the
SRSXODWLRQ¶VFXVWRPVDQGKDELWV7XQLVLDQVDUHFRIIHH
drinkers and consume approximately one kilogramme
of coffee powder per person per year [72]. It would
be interesting to study the weekly trend of CAF in
wastewater in future research.
In conclusion, effluent loads of pharmaceuticals
like ATE, DIC, FEN, FUR, IBU, NAP, SUL, TRI and
CAF can be estimated using compound-specific
parameters such as per capita consumption, time of
intake, excretion rate by the body, removal efficiency
during wastewater treatment. and effluent flow at the
WWTP. In contrast, no particular trend was observed
for 1H-BTR 1-OH-IBU, 2-OH-IBU, BPA, CAR and
MTR. It is well-known that CAR is persistent and
cannot be degraded effectively in treatment plants. A
very low rate of removal of 7% has already been
reported by Ternes [73]. The course of CAR
concentrations can, therefore, only be influenced by
its consumption by patients who stick to the daily
prescribed dose. No diurnal trend was observed for
CAR, which demonstrates varying consumer
behaviour and/or other input sources such as
industrial wastewater. The absence of a diurnal trend
for the metabolites of IBU indicates that conditions
influencing biodegradation of IBU may vary

1-OH-IBU to a lesser extent [61]. IBU metabolites
are generated not only from the human metabolism,
but also from the activity of various microorganisms
and fungi present in sewage sludge, increasing the
probability to detect these metabolites in the
environment [62, 63]. The range of concentrations for
IBU and its metabolites in treated wastewater
analysed in this study were similar to those reported
by Ferrando-Climent et al. [63], with the highest
concentration registered for 2-OH-IBU followed by
IBU and 1-OH-IBU. In contrast, in the untreated
wastewater sample analysed in the present study, the
concentration of IBU was higher than the
concentration of its metabolites. These findings
indicate that biodegradation of IBU in secondary
WWTPs is an important source of 2-OH-IBU in the
environment. As a consequence, improving the
treatment process in order to enhance biodegradation
of CEC could cause higher emissions of some of their
metabolites into the environment. It was documented
recently that photodegradation of IBU can lead to a
harmful compound that may be of concern in surface
waters, namely 4-isobutylacetophenone [64].
The concentrations of 1H-BTR (65,500 ng/L)
and TTR (10,400 ng/L) in wastewater collected from
WWTP Sud Meliane were higher than the median
concentrations found in an EU-wide WWTP study
(2,700 and 2,100 ng/L, respectively) [65].
Benzotriazoles such as 1H-BTR and TTR are usually
added to dishwasher detergents, industrial cooling
systems, metal-cutting fluids and solid cooling
lubricants as corrosion inhibitors. They are also found
in dry cleaning equipment and a number of plastics
[66]. However, their use in dishwasher detergents is
considered to be the main source of these compounds
in surface water in Europe, e.g. in Germany [67] and
the United Kingdom [68]. However, since
dishwashers are relatively rare in Tunisian
households, other sources must be considered to
explain the presence of benzotriazoles in wastewater.
The occurrence of 1H-BTR and TTR in urine samples
from people resident in countries such as China,
USA, Korea and India provides a new insight on
additional sources of such CEC in wastewater [66].
The concentration of TTR was much higher in the
WWTP Sud Meliane than in the three other WWTPs.
A less effective removal of this compound during
wastewater treatment, in particular of 4-methyl-1HBTR [69, 70] could be assumed to explain this
difference.
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FIGURE 6
Concentrations of PPCPs measured in treated wastewater from WWTP SE4 at three different times on two
days (a: 9 September 2013. b: 10 September 2013; see Table 1 for compound abbreviations).
Reclaimed water is distributed by gravity to farmland
via a network from a storage/regulation basin located
upstream the irrigated area. In Tunisia, no specific
standards have been set yet for effluents intended for
reuse in artificial aquifer recharge. Therefore, the
standards for agricultural reuse have been applied for
recharge since 1989 without consideration of the
quality requirements of this specific practice, more
particularly the load of organic matter and other
chemical pollutants like CEC.

from day to day. In conclusion, the estimation of
diurnal loads of CAR, PCPs and metabolites of
pharmaceuticals in wastewater effluents are more
difficult to interpret and, therefore, to predict.
Occurrence of CEC in reclaimed waters.
Reclaimed water is treated wastewater that has been
transferred from the WWTP for reuse either by
farmers to irrigate their land or by the regional water
department to be used for aquifer recharge purposes.
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FIGURE 7
Concentrations of PPCPs in reclaimed water collected from an infiltration pond at Korba and the storage
basin at Nabeul (see Table 1 for compound abbreviations; the error bars indicate the minimum and maximum
concentrations measured in the samples).
different compounds during transfer from the WWTP
to the reuse and storage site. In the present study,
concentrations of CAR, DIC and TRI, recognized as
persistent PPCPs [59, 74], were not considerably
lower than those in effluents from WWTP SE4. The
residence time in the storage basin in the Oued Souhil
area cannot be estimated accurately. Indeed, the basin
is used for regulating the volume received from the
WWTP and that distributed to farmers. Therefore, it
is either continuously refilled by simultaneous
pumping from the WWTPs SE3 and SE4 or it is
emptied relatively quickly because effluents are
delivered instantaneously to farmers to meet their
water demand. Consequently, concentrations of CEC
may or may not decrease through, for example,
exposure to sunlight or sorption to settling sludge
when reclaimed water is transferred.
Concentrations of IBU, classified as a
degradable molecule [59], were higher in the storage
basin at Nabeul than in effluent from WWTP SE4.
This could be due to additional sources such as
effluent diverted from WWTP SE3 which had indeed

Figure 7 shows the concentrations of PPCPs in
reclaimed water collected from the irrigation pond at
Korba and the storage basin at Nabeul. The error bars
indicate the minimum and maximum concentrations
measured in the samples. CAF was the most abundant
compound with a maximum concentration of 97,600
ng/L followed by 2-OH-IBU (8,170 ng/L) and IBU
(3,040 ng/L). Concentrations of BPA, ATE, MTR and
CAR were lower with 954, 819, 733 and 690 ng/L,
respectively. Concentrations of 2-OH-IBU, IBU,
ATE, MTR, CAR, BEZ, DIC, TRI, OXA, 1-OH-IBU
and TRS in reclaimed water were comparable to those
in effluents produced by WWTP SE4, and sometimes
higher. The absolute highest concentrations of IBU
and 2-OH-IBU found were in reclaimed water
collected from the storage basin at Nabeul.
It can be assumed that polar compounds are able
to migrate through soil and contaminate the aquifer
following the reuse of water during irrigation or
aquifer recharge. When evaluating the risks of reusing
reclaimed water with regard to the occurrence of
CEC, consideration must be given to the fate of the
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Williams and McLain [22] reported an
accumulation of CAR and CAF in irrigated soils.
Benotti et al. [79] reported that CAF was among the
most widely detected compounds in shallow
groundwater wells. Jia et al. [80] concluded that 1HBTR is a very mobile compound in soil column.
Although recommended in previous studies, our
results demonstrate that CAF might not be an
appropriate indicator for monitoring wastewaterderived pollution of groundwater at irrigated sites.
The potential for an in situ biotransformation in the
environment must be considered as stated already for
biodegradable compounds by Bradley et al. [31]. A
recent study in Lebanon [81] showed that CAR was
the only contaminant showing a breakthrough at a
while; CAF was only intermittently present. Young et
al. [82] stated that hydrophobic organic wastewater
compounds such as TRS may outperform CAF as a
chemical tracer due to its ability to sorb onto
suspended microorganisms, which can result in a
positive correlation with microbial markers.
According to their occurrence in groundwater at
relevant concentrations, we suggest to use SUL,
CAR, MTR, PPR, BPA, TRS and 1H-BTR as
indicators of wastewater pollution of groundwater
resources in irrigated areas.
The results of this study clearly indicate that
groundwater beneath an area where irrigation is
practised is affected by the presence of traces of
organic pollutants. The sampled wells are frequently
used for irrigation of other farmlands with crops that
must be protected against pollution. Although, the
aquifer is not highly contaminated with PPCPs at the
moment, a monitoring of groundwater conjunctively
with a follow up of the distributed effluents is needed
to be performed the year around to draw conclusion
about the relevance of these CEC in the area. Such
compounds can have effects on soil microbial
communities. SUL can affect the groundwater
microbial communities [83]. A concentration of 0.005
μM and 1 μM of SUL could decrease the
denitrification of NO3 by 47% and 70%, respectively,
compared to control. 1H-BTR was reported to inhibit
nitrification [84]. Since TRS is known to induce
antibiotic resistance in the environment, special
attention has to be paid to its discharge according to
reuse of wastewater. To understand the extent of the
groundwater contamination by wastewater by tracing
PPCPs it is also necessary to evaluate the irrigation
schedule of each farmer for an individual follow up of
the contamination.

much higher concentrations of IBU. WWTP SE3
treats effluents from touristic, domestic and industrial
activities (hotels, industries, dormitories, and
universities). Effluents from two hospitals connected
to this WWTP could be also a major source of inputs
to CEC, especially pharmaceuticals.
Occurrence of CEC in groundwater. Results
of CEC in groundwater are shown in Table 6. Among
the selected pharmaceuticals SUL and CAR were
measured above their LOQ of 20 ng/L. MTR, PPR,
1H-BTR, BPA and TRS were also detected in
groundwater. Concentrations were in the lower pptrange with a maximum concentration of 289 ng/L
(TRS). In the same region, previously measured
concentrations of CAR [45] were in the same range as
reported in the present study. The pollution of CEC in
groundwater in this area due to irrigation is much
likely since sampling was done during the irrigation
period. Unfortunately, the storage basin at Nabeul
was not sampled at the same time but 1H-BTR and
PPR were not detected at all in reclaimed water
samples in the previous sampling campaigns. These
compounds might be introduced by using
contaminated groundwater for irrigation. In
groundwater collected from the control well located
in an area, which has never received wastewater, 1HBTR, SUL and TRS were detected at very low
concentrations close to LOQ. SUL is an antibiotic
used for livestock that has been already detected in
manure and was found to migrate to groundwater
after application. Since bovine manure is frequently
used in the region of Nabeul to improve soil fertility,
the presence of SUL is not surprising.
Soils in the Oued Souhil area are composed of
alluvia of coarse material belonging to the Quaternary
marine formation. They are poor sandy to sandy-silty
soils with low fine material content suitable for
horticultural and orchard cultivation. Therefore,
transport of compounds from soil to aquifer is much
likely. Our results demonstrate that SUL, CAR, MTR,
PPR, 1H-BTR, BPA and TRS are not removed
completely during soil passage according to
degradation and/or sorption resulting in pollution of
groundwater resources. SUL is a polar compound that
could be transported over long distances without
being adsorbed to sediments [75]. Avisar et al. [76]
detected a SUL contamination of a deep phreatic
aquifer. Barber et al. [77] suggested using SUL as
tracers of subsurface contamination by wastewater
because natural attenuation is not significant. CAR,
SUL and CAF were reported to be persistent in
irrigated soils [20, 37, 78] whereas IBU was not [20].
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FIGURE 8
Mean concentrations of PPCPs in surface water samples collected from the Meliane River at sampling points
P1, P2 and P6 (see Table 1 for compound abbreviations; the error bars indicate the minimum and maximum
concentrations measured in the samples.).
occurrence of wastewater-derived CEC in river water
contributes to the pollution of the Mediterranean Sea
[49, 85]. The present study ± the first in Tunisia
conducted on the occurrence of CEC in surface water
± showed that a remarkable load of CEC should be
considered for future monitoring programmes in the
Mediterranean Sea. Unfortunately, it was not possible
to measure the flow of the river in order to calculate
mass flows of CEC for comparison purposes with
studies elsewhere.
Reemtsma et al. [3] stated that a moderate
effluent concentration of a poorly degradable
compound that did not experience any concentration
decrease in WWTP is to be considered more
problematic than the same effluent concentration of a
compound that was degraded extensively from a
much higher influent concentration. For Swiss
WWTPs 81.0 to 99.9% elimination of CAF was
reported [30]. However, in the present study, CAF
was the most abundant compound in surface water,
indicating a strong influence of domestic wastewater
on the quality of surface water. It has been already
reported that CAF is one of the most widespread CEC
[30]. IBU and its metabolites were efficiently
degraded (> 95%) following treatment in WWTPs

Occurrence of CEC in surface water. The
results on PPCPs obtained from the Meliane River are
depicted in Figure 8. The error bars indicate the
minimum and maximum concentrations measured in
the samples. As shown, most of the target compounds
were detected in surface water collected at P1, P2 and
P6, with the exception of ETR, NP, 1H-BTR, BEZ,
GEM, and O-NAP. None of the selected CEC was
detected in samples collected from the other sampling
stations. CAF, 2-OH-IBU, IBU, BPA, MTR, and
PAR were most abundant among the target analytes
(> 1,000 ng/L). Concentrations of CEC in the Meliane
River were the highest at the sampling point close to
the estuary (P1) (with the exception of PAR).
At P1, the concentration of 2-OH-IBU was
higher than that of IBU. Biotransformation of IBU to
2-OH-IBU can be also generated in natural waters
and sediments [63]. However, since the concentration
of 2-OH-IBU was high in the effluent of Sud Meliane
WWTP, its formation during the wastewater
treatment process followed by its discharge with
effluents into the environment is most likely to occur.
Several studies conducted in Northern and
Eastern Mediterranean countries such as Greece,
Italy, France, Spain, and Lebanon revealed that the
3333



© by PSP

Volume 25 ± No. 9/2016, pages 3317-3339

Fresenius Environmental Bulletin


again in surface water collected at P2. This
could be due to the existence of the tributary Oued El
Hma slightly upstream. MTR and BPA were
abundant at this point, which may indicate the
existence of an industrial point source discharging
into this tributary. Indeed, several industrial units do
not respect discharge standards and/or are not
connected to the sewerage network in this section of
the Meliane River (Ben Arous Governorate section).
The fact that NAP, TRI, PPR, and TRC were
detected in surface water at P1, located about half a
kilometre downstream from the discharge of effluent
discharge from Sud Meliane WWTP, but not in the
actual effluent indicates additional input sources of
CEC in the Meliane River. NAP and TRI were found
in untreated wastewater collected from the
uncontrolled discharge of untreated wastewater
upstream P1. This indicates that additional input
sources like the release of untreated wastewater
should be considered as a pollution source for the
Meliane River. Further analyses of effluents of the
WWTP Sud Meliane are necessary in order to
determine the relevance of this pollution point source.
Common criteria for selecting a chemical
compound as a molecular marker are: (i) negligible
degradation through extensive wastewater treatment
[37, 38, 89], (ii) increase of concentration in surface
waters downstream WWTPs [41], (iii) high
abundance in natural waters [38, 89], (iv) high
solubility in water
[35], (v) stability in the
environment [34], and (vi) ability to sorb onto
suspended microorganisms [82]. Seiler et al. [71]
claimed that the usefulness of CAF as an indicator of
seepage from septic systems is limited because this
marker is not conservative, being partly removed. In
contrast, Buerge et al. [30] emphasized the suitability
of CAF as a marker that correlates with
anthropogenic burden by domestic wastewater in
lakes. Harwood [34] suggested that a comprehensive
qualitative allocation of anthropogenic pollution
sources can be achieved by monitoring CEC as
chemical markers.
In the present study, it was shown that high
concentrations of degradable CEC were present not
only in effluents from WWTPs and reclaimed water,
but also in surface water. The results of this study are
an indication that biodegradable CEC can also be
used to trace the pollution by wastewater in surface
water resources. For this reason, it is suggested to use
CAF, IBU, ATE, FEN, MTR and BPA but also the
metabolite 2-OH-IBU as wastewater indicators for
wastewater pollution of surface water in Tunisia in
addition to CAR, which has been proposed in the past
[45, 46]. The suggested wastewater indicators could
be used to identify the sources and to track the fate of

[86], PAR is supposed to be highly degradable [59].
However, relatively high concentrations of IBU, 2OH-IBU and PAR were measured in the river water
samples collected close to the estuary in the present
study. Concentrations of BPA and ATE were also
high in surface waters analysed within the present
study. However, the removal of BPA from the
process stream of a WWTP was reported to be as
effective as 76% [87]. ATE was reported to be
degradable up to 80% in activated sludge inoculum
[88]. The mean removal rate of MTR ± a compound
measured at a high level in surface water ± in
WWTPs was even higher (approximately 99.4 %)
[27]. Nonetheless, the MTR concentration was found
to be high in surface waters in the present study.
In conclusion, the results of this study show that
degradable compounds such as CAF, 2-OH-IBU,
IBU, BPA, ATE, MTR, FEN, and PAR are present in
Tunisian surface water receiving wastewater
effluents. Hence, the degradability of a given
compound should not be the only factor to be
considered when studying the pollution of surface
waters by CEC in Tunisia. Inefficient WWTP
treatment processes and direct discharges of untreated
wastewater may still be important causes for surface
waters, in particular in low and middle income
countries.
During the investigation of CEC in the river
course, several CEC were detected in the samples
collected at sampling point P6. The high
concentration of PAR, detected in surface water
collected from this sampling point, may be an
evidence of the existence of a specific pollution point
source. This could be a discharge into one of the
tributaries upstream from P6 (Figure 1). Indeed,
surface water in the governorate of Zaghouan,
considered as the upper section of the Meliane River
and its tributaries, is the final discharge point for
many industrial units and WWTPs. Solid waste is
deposited haphazardly along the banks of the river
tributary. In fact, Oued Boudhebbane, the tributary of
the Meliane River located upstream P6, receives
industrial and urban wastewater as well as solid waste
from the El Fahs area. Besides Oued Ennissa, Oued
Essmar and Oued Khlifa can also be considered as
potential sources of pollution. Downstream P6, none
of the compounds were detected at P4 and P3, which
may be attributed to the dilution of Meliane River
water when crossing Bir Mcherga Dam at Zaghouan
region. The target PPCPs were not detected in water
from Bir Mcherga Dam (P5). It appears that discharge
from the industrial area of Jbel Ouist, located close to
sampling point P7, did not contribute to the
contamination of surface water in the vicinity by the
target CEC. However, several CEC were detected
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environmentally sound and sustainable
manner. Monitoring and mitigation measures should
assist the local authorities responsible for monitoring
the quality of water to take actions to mitigate the risk
to human health and the ecosystem related to
wastewater discharge into the environment.
Additional studies on the mobility of selected CEC in
the unsaturated and saturated zone are required in
order to understand their environmental behaviour.

the wastewater pollution of surface waters and
estuaries, especially if there is little distance between
the source and the receiving milieu. Our results
demonstrate that the source relevance for CAF, IBU
and ATE can be estimated by consumer behaviour
and the performance of the WWTP. The combined
use of IBU together with its metabolite, 2-OH-IBU, is
especially highlighted to understand relevant fate
processes. The suggested molecular markers could be
used by the authorities in charge of monitoring the
quality of surface waters to support microbiological
analysis and to identify sewage contamination, which
is still common in MENA countries.
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CONCLUSIONS
In the present study ± the first conducted in
Tunisia involving such a large number of PPCPs in
conventional and non-conventional water resources
were shown to be relevant sources of CEC for the
natural environment. The degradation of CEC (e.g.
IBU) has to be also considered since important
metabolites (e.g. 2-OH-IBU) might be produced.
Based on the results of the present study, it is
suggested to apply CAR, CAF, IBU, ATE, FEN,
MTR, BPA, and 2-OH-IBU as reactive tracers for
wastewater pollution of surface water. SUL, CAR,
MTR, PPR, BPA, TRS, and 1H-BTR are suggested as
indicators for wastewater pollution of groundwater in
irrigated areas. For CAF and several pharmaceuticals,
the load in wastewater effluents can be estimated by
consumerV¶ behaviour and the performance of
WWTPs. However, consumer behaviour in Tunisia
has yet to be investigated, which is a prerequisite for
reducing the input of CEC at the source. Take-back
programmes and public awareness campaigns among
the population and professionals (doctors and
pharmacists) need to be developed.
The pollution of natural waters by CEC is
deemed to be relatively high in Tunisia. Several
reasons could be mentioned including the insufficient
maintenance operations of WWTPs with ineffective
pre-treatment, the failure to separate industrial from
municipal effluents prior to discharge in the sewer
system, and the low enforcement of regulations
related to wastewater discharge in the environment.
There is a considerable gap of knowledge on the
occurrence of CEC in wastewater and the
environment in Tunisia that needs to be progressively
closed in order to evaluate the risk of polluting
natural water resources and the ecosystem as a whole.
Quantitatively speaking, reusing reclaimed water in
agriculture may help to cope with future drought
periods. However, qualitatively, it must be done in an
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ABSTRACT

INTRODUCTION

Over the past five decades, the natural
wetlands in Sanjiang Plain, Northeast China,
have been extensively reclaimed for agriculture
with a total loss of nearly 80% of the surface area
and the un-drained ones have received a large
amount of exogenous N input from the adjacent
agricultural land because of fertilization. In the
present study, the effects of nitrogen additions on
seed germination and seedling biomass of
Calamagrostis angustifolia freshwater marsh
were tested in a greenhouse study. Seed bank soil
was exposed to different N additions (0, 5, 10, 20
and 40 g/m2) under non-flooded water regime.
Results revealed that, low level of N additions
(less than 10 g/m2) did not significantly affect the
species richness and seedling density, while the
seedling biomass at 5 g/m2 of N addition was
higher than other nutrient conditions. But species
richness, seedling emergence and biomass
decreased significantly at high level of N
additions (20-40 g/m2). The responses were
species-specific. High level of N additions had
negative impacts on seed germination, seedling
growth and biomass of dominant species
Eleocharis ovata, Calamagrostis angustifolia,
Juncus effusus in the seed bank. To protect and
restore the wetland vegetation community in the
Sanjiang plain, fertilization, irrigation and land
management strategies will need to be
implemented to reduce the nutrient input from
the agricultural land to the wetlands.

Increased input of nitrogen and phosphorus
from agricultural, urban or atmospheric sources
has caused the alteration of wetland plant
community structure and composition, which are
known to alter ecosystem function, such as
primary production and nutrient cycling [1, 2], in
a variety of habitats worldwide. Nutrient
enrichment has also been shown to cause the
expansion of dominant species and loss of
community diversity in different types of
wetlands [3-8]. Although wetland vegetation is
often maintained by vegetative expansion of
dominant species, moderate disturbance can
create gaps allowing germination of the seeds,
spores, and vegetative bodies present in the soil.
If the seed bank composition is significantly
different from standing vegetation, shifts in
community composition following disturbance
may be seen [9].
In areas of frequent disturbance due to fires
or fluctuating water level such as in seasonally
drying wetlands, seed bank composition and
germination characteristics are necessary for
modeling wetland vegetation composition over
time [10]. Environmental factors such as water
level, nutrient levels or temperature can affect
which species are contributing to the seed bank,
longevity of seeds, germination success, and
seedling recruitment from the seed bank [10, 11].
These factors may be quite different than those
that drive the composition of the standing
vegetation [12].
Nitrogen (N) is commonly a limited nutrient
in wetland ecosystems, and it directly affects the
species composition and the productivity of the
wetland [13]. Yet we still know little about how
the exogenous nitrogen affect seed germination

KEYWORDS:
Nitrogen addition, freshwater marsh, seed bank, seed
germination, seedling biomass, Calamagrostis
angustifolia
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monsoon climate with a mean annual (1990-2010)
temperature of 2.53 ć (month range -20.4 to
21.6ć), a mean annual precipitation of 566 mm
(approximately 60% fall in July and August) with
growing season duration of 125 days per year.
During the dry season marsh fires occur regularly.
The soil type in the study site is meadow marsh
soil and the soil properties are as below: the
concentration of total organic C (TOC) and total
N (TN) is 23.60 and 2.18 mg gí1, respectively.
Soil bulk density is 0.88 g cmí3, and pH (H2O) is
5.58.
The study sites are dominated by freshwater
marsh with shallow and intermittent water levels,
varying from no standing water to an average
depth of approximately 12 cm. The flora mainly
consists of Calamagrostis angustifolia Kom.,
with less dominant, but common species such as
Glyceria spiculosa (Fr. Schmidt.) Rosh.,
Phragmites australis (Clav.) Trin., Eleocharis
ovata (Roth.) Röem. et Schult., Menyanthes
trifoliate L. and Carex humida Y.L.Chang.et
Y.L.Yang.. We chose one 50 m×50 m area of C.
angustifolia community as the sampling site to
do soil samplings.

from soil seed banks, and further influence the
composition and productivity in the freshwater
wetlands. Ket et al. [14] found that nitrogen
additions could promote seed germination and
seedling growth rate of the Zizaniopsis miliacea
and further increase the primary production in a
tidal freshwater marsh, Gerritsen and Greening
[15] found that N addition could inhibit the
germination of Nymphaea, while it has no
significantly influence on other wetland species
in the Okefenokee Swamp. The specific response
may depend on the plant species, hydrology, soil
nutrient status [15-17].
In recent decades, reclamation of natural
wetlands has been one of the major land use
changes in Northeast China. Sanjiang Plain, the
largest freshwater marshland in China, has
experienced intensive and extensive cultivation
over the past 50 years [18]. An increasing
number of marshes have been drained for
conversion into agricultural lands, and the
un-drained ones have received a large amount of
exogenous N input from the adjacent agricultural
land because of fertilization [19, 20]. Yet, there is
no information about the response of soil seed
bank to N enrichment in freshwater marsh
ecosystems of Northeast China. So we conducted
a germination experiment in the greenhouse to
evaluate the effects of different N additions on
the
seed
bank
of
Calamagrostis
angustifolia-dominated freshwater marsh, which
is a major component of wetlands in the Sanjiang
Plain [18]. Results from this study shall provide
important insight into the responses of wetland
vegetation in mid-high latitudes to environmental
disturbances such as increasing input of nitrogen
from agricultural land. This information is
important to the protection of aquatic plants and
the restoration of impaired wetlands.

Seed bank collection. Sampling was
conducted right after snow melt (6±8 May, 2012)
to assess the seed bank present at the time of
spring germination including both transient and
persistent types of seeds. Note that transient seed
banks are from seed produced in the previous
year, which do not live until a second growing
season. Persistent seed banks are comprised of
seeds one or more year old [21, 22]. Soil samples
from 20 replicate plots (25 cm×25 cm×5 cm) in
natural site were taken and placed into soil bags.
All samples were taken back to the greenhouse.
In the laboratory, each soil sample was sieved to
remove stones and plant fragments, and mixed
thoroughly.

MATERIALS AND METHODS
Seedling germination assays. Seed banks
from the natural site were studied with one
treatment factor: N addition. Five levels of N
addition: 0, 5, 10, 20 and 40 g/m2 were used.
Nine replicates were used for each level of N
addition, resulting in a total of 45 replicates.
The seedling germination assays were
conducted in the greenhouse during 9-10 May,
2012. The greenhouse had a glass roof that did
not significantly attenuate of disrupt visible or
near-infrared radiation. It was also well ventilated

Study site. The study site is located in a C.
angustifolia-dominated freshwater marsh near the
Sanjiang Mire Wetland Experimental Station
ƍ1 ƍ(  P DVO  LQ WKH 6DQMLDQJ
Plain, Heilongjiang Province, northeastern China.
C. angustifolia-dominated seasonally inundated
wetland is one of the main wetland types in the
Sanjiang Plain, as this ecosystem type accounts
about 31% for the wetland area in this region
[18]. The study site has a temperate continental
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to maintain an inside temperature comparable to
that of the outside. Monthly air temperature in
the greenhouse during the study period ranged
from 16.4ć in May to 23.8ć in July. Soil
samples were divided into 45 equal parts. And
then each part was spread as an even layer, 2 cm
thick, in experimental pots (14 cm diameter and
11 cm depth) previously filled with washed
vermiculite to an 8 cm depth, a procedure similar
to that described by van der Valk and Rosburg
[23] and Middleton [24]. All the pots were placed
in a big tank randomly assigned to non-flooded
(moist soil) water treatment. The tank was filled
with distilled (DI) water from the bottom to keep
the non-flooded water treatment, and water
depths were maintained throughout the
experiment with DI water. The total amount of N
added was based on the amount applied in a year
at a rate of 5, 10, 20 and 40 g m-2 year-1, Nitrogen
ZDVDGGHGDWRWDORIVL[WLPHVLQGD\¶LQWHUYDOV
by injecting into the soil 10 mL of 0.25, 0.5, 1, 2
g N L-1 solution at five points in each pot in each
treatment respectively. Nitrogen was added as
ammonium nitrate (NH4NO3). Treatments
without N were injected with DI water to control
for the mechanical disturbance caused by
injection. Pots were rotated weekly within the
tank. Newly emerged seedlings were identified
and counted each week. The seedling
germination assays continued until no additional
seedlings emerged. The germination assay lasted
approximately 3 months. Nomenclature follows
Yi et al. [25].

The height of each species in each pot was
measured and then the above-ground biomass in
each pot was sampled at the end of germination
assay. Plant material was clipped above the soil
surface of each pot, and was oven-dried at 80 °C
until constant weight.
Data analysis. A one-way ANOVA and a
VXEVHTXHQW 7XNH\¶V WHVW were used to test the
difference in mean number of species, the mean
seedling density, number of seedlings of each
species and the above-ground biomass among the
N additions. Significance was determined at an
alpha level of 0.05. Data of species richness,
seedling density and biomass were transformed
(log(x+1)) to satisfy the assumption of
homogeneous variances. All statistics were
conducted using SPSS version 16.0.

RESULTS
Effects of N addition on the species
richness and seedling emergence. N addition
significantly affected the number of species and
seedlings germinated from seed banks (F=16.018,
p<0.001; F=11.276, p<0.001). There was a weak
increase in the number of species when the N
addition increased from 0 to 10 g/m2, and it
decreased significantly when the N addition
increased from 10
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FIGURE 1
(a) Effects of N additions on the mean number of species emerging in the seed banks of the Calamagrostis
angustifolia freshwater marsh in Sanjiang Plain. Values are meansηSE. Values followed by the same
VXSHUVFULSWHGOHWWHUDUHQRWVLJQLILFDQWO\GLIIHUHQW 7XNH\¶VWHVWp>0.05; n=9 pots per treatment). (b)
Effects of N additions on the mean number of seedlings emerging in the seed banks of the Calamagrostis
angustifolia freshwater marsh in Sanjiang Plain. Values are meansηSE. Values followed by the same
VXSHUVFULSWHGOHWWHUDUHQRWVLJQLILFDQWO\GLIIHUHQW 7XNH\¶VWHVWp>0.05; n=9 pots per treatment).
3342


E\363 9ROXPH²1RSDJHV 





 )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ




TABLE 1
Mean number of seedlings per pot in each N addition treatment in the Calamagrostis angustifolia
community in Sanjiang Plain. Species are listed in order of decreasing abundance in the 0 g/m2 of N
addition treatment. Values followed by the same superscripted letter were not significantly different
7XNH\¶VWHVWS!Q SRWVSHUWUHDWPHQW 
Nitrogen input (g/m2)
Species

0

5

10

20

40

Eleocharis ovata

7.22a

8.89a

3.44b

2.0c

1.67c

Calamagrostis

3.78a

3.44a

3.67a

1.67b

0.44c

Juncus effusus

1.89a

3a

2.44a

0.22b

0b

Poa palustris

1.56a

2.44a

2.22a

1.22b

0b

Typha latifolia

1.11a

0.89a

0.89a

0.22b

0b

Stachys

0.89a

0.33a

0.56a

0.84a

0.33a

Glyceria spiculosa

0.78a

0.67a

0.44a

0.78a

0.44a

Echinochloa

0.67a

0.22a

0.22a

0a

0a

Sagittaria trifolia

0.67

0.67 a

0a

0.33 a

0.44 a

Lysimachia

0.56a

0.67a

0.22a

0a

0a

Carex humida

0.33a

0.22a

0.22a

0.11a

0.22a

Galium trifidum

0.33

0a

0a

0a

0a

Polygonum

0.22

0a

0.22

0a

0.44 a

Bidens bipinnata

0.22

0a

0a

0a

0a

Sium suave

0.11

0 .11a

0a

0a

0 .11a

Gnaphalium

0.11

0.22 a

0.44

0a

0a

Lycopus lucidus

0.11

0 .22a

0a

0 .11a

0a

Phragmites

0.11

0.44 a

0a

0a

0a

Spiraea salicifolia

0a

0a

0.11

0a

0a

Saussurea

0a

0.11 a

0.22

0.33 a

0.22 a

Rorippa palustris

0a

0a

0.22

0a

0a

to 40 g/m2, the number of species was least in 40
g/m2 of N addition (Fig. 1a).
There was a weak increase in the number of
seedlings when the N addition increased from 0
to 5 g/m2, and then it decreased significantly with
increasing N addition. The number of seedlings
in 20 and 40 g/m2 was significantly lower than 0
g/m2 of N addition, and it was least in 40 g/m2 of
N addition (Fig. 1b).
A total of 21 species germinated from the
seed banks. Species responded differently to the
addition of nutrient. The number of seedlings

from Eleocharis ovata was high at 0-5 g/m2 of N
addition, and it decreased significantly at 10 g/m2
of N addition, and it was lowest at 20-40 g/m2 of
N addition (Table 1). The number of seedlings
from Calamagrostis angustifolia, Juncus effuses,
Poa palustris, Typha latifolia was much lower at
20-40 g/m2 of N addition than at 0-10 g/m2 of N
addition (Table 1). There was no significant
difference among different N addition treatments
for other species, as the numbers of seedling
emergence were extremely low.
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Effects of N addition on seedling biomass.
N addition significantly affected the seedling
biomass. It showed similar response to the N
addition with the seedling density (Fig. 2). The
seedling biomass was highest as 5 g/m2 of N
addition, and decreased significantly when the N
addition reached 10 g/m2 or greater (Fig. 2). The
seedling biomass was different among different
N addition mainly because that the individual
seedling biomass of three dominant species
Eleocharis ovate, Calamagrostis angustifolia,
Juncus effuses responded to N addition. For
Eleocharis ovate, higher seedling biomass was
found at low N addition, and it decreased
significantly when the nutrient addition increased
to 10 g/m2 or more. For Calamagrostis
angustifolia and Juncus effuses, seedling
biomasses were much lower at 20-40 g/m2 of N
addition than at 0-10 g/m2 of N addition (Fig. 2).

and more marshes are being drained for
conversion to agricultural production, whereas
the still un-drained marshes often receive some
leaching nitrogen during the agricultural
activities (the total about 5.8 g N m-2) or
atmospheric deposition (wet deposition is about
0.8 g N m-2 yr-1) and other inputs [19, 20]. This
study tested seed germination and seedling
responses to different N addition treatments in
the freshwater marshes.
Nutrient addition significantly reduced the
number of seedlings and species germinating
from the seed banks, and the response is
species-specific [15, 16, 27, 28]. In our study,
Low level of nitrogen addition (less than 10 g/m2)
had no significant effects on the species richness
and seedling density. But high level of nutrient
addition (20-40 g/m2) significantly decreased
both the species richness and seedling density.
High level of N additions suppressed the
germination of the dominant species Eleocharis
ovate, Calamagrostis angustifolia, Juncus effuses,
Poa palustris, Typha latifolia from the seed bank,
while it seemed to have no significant effect on
other wetland species. Our findings are consistent
with other studies. In other examples of nutrient
enrichment effects on germination, N additions
suppressed germination of Nymphaea odorata
from Okfenokee seed banks [15]. Both Tilman
[27] and Foster and Gross [28] have found
negative correlations between N availability and
seed germination. Nutrient addition reduced
species richness by effectively preventing the
seedling establishment and reduced the
recruitment of Andropogon gerardi by inhibiting
both germination and survival [28]. In freshwater
herbaceous wetlands in Northern Belize, Nutrient
addition reduced the number of seedlings of
Eleocharis Mimutissima and Chara sp. from the
seed bank [16]. But other study found that N
addition did not have significant effects on the
species richness and seedling density of wetland
species from seed banks [29]. So nitrogen
addition decreased the species richness and
seedling density from the seed bank in our study,
and level of nutrient addition may lead to
different results.

14
Total
E. ovata
C. angustifolia
J. effusus

Seedling biomass (g pot -1)

12
10
8
6
4
2
0
0

5
10
20
Nitrogen addition treatment (g m-2)

40

FIGURE 2
Effects of N additions on seedling biomass of
the total species and three dominant species
(Eleocharis ovate, Calamagrostis angustifolia,
Juncus effuses) of the Calamagrostis
angustifolia freshwater marsh in Sanjiang
Plain. Values are means±SE. (n=9 pots per
treatment).

DISCUSSION
Boreal mire ecosystems are generally
nutrient limited, and extra nitrogen could
influence the community composition and plant
production [13, 19]. Over the past five decades,
the natural wetlands in Sanjiang Plain have been
extensively reclaimed for agriculture with a total
loss of nearly 80% of the surface area [26]. More

Nitrogen is commonly a limited nutrient in
wetland ecosystems, extra nitrogen is often very
rapidly taken up by the plant, so it directly affects
the productivity of the wetland [13]. Zhang et al.
[19] found that nitrogen addition significantly
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affected the growth of C. angustifoila in the
freshwater marshes. The above-ground biomass
and plant height are both significantly enhanced
after low level of nitrogen addition. Other studies
also found that Nitrogen appears to limit marsh
plant growth and additions of nitrogen fertilizer
increased plant production [14, 15, 28]. In our
study, low level of N addition (5 g/m2) increased
the above-ground biomass by enhancing both the
seed germination and seedling growth, especially
for the Eleocharis ovata and Juncus effuses, low
level of N addition increased the seedling density,
seedling height (data not showed) and individual
seedling mass, and thus the above-ground
biomass were higher than other nutrient
conditions. Rejmánková et al. [29] also found
that Eleocharis sp. showed a similar response,
low level of nutrient addition increased stem
density and height and thus the overall
above-ground biomass was much higher. High
level of N addition (20-40 g/m2), however,
significantly decreased the above-ground
biomass in our study. This is mainly because high
level of nutrient addition suppressed seed
germination and seedling growth, so the species
richness and seedling density were lower than at
low level of nutrient addition, which led to the
lower above-ground biomass. Liu et al. [30] also
found that high level of nutrient input
significantly decreased the number of seedlings
of some wetland species, and thus decreased the
above-ground biomass in marshes in Xingkai
Lake, China.
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ABSTRACT

INTRODUCTION

Normalized Difference Vegetation Index
(NDVI) has proved to be a robust to represent
vegetation status. This study used SPOT/VGT
NDVI and climate data which derived from a
10-km weather station buffer and meteorological
data, including average air temperature, maximum
air temperature, minimum air temperature,
precipitation, sunshine duration, mean relative
humidity and wind velocity, to investigate the
relationship of vegetation-climate in Changbai
Mountains. The spatial regression model, which
adjusted for the spatial autocorrelation inherent in
these data, was used to identify the most significant
climatic factors. Then, spatial-temporal difference
of time lag was explored for response of NDVI to
variation of climatic factors. The results showed: 1)
among the seven climatic factors, only the
minimum air temperature, precipitation and wind
velocity had a significant effect on NDVI. 2) The
time lag for maximum response of NDVI to
minimum air temperature and precipitation was
shorter in spring and autumn (0 - 20 days) than that
in summer (10-40 days) and the spatial response
of NDVI to minimum air temperature and
precipitation for time lag gradually increase from
southwest to northeast. 3) The time lag for
maximum response of NDVI to minimum air
temperature and precipitation became shorter as
elevation raised and had negative correlation with
elevation .

Climate change during past 30 years was
greater than any previous periods [1, 2]. As climate
and vegetation are always closely coupled, an
understanding of climate change induce vegetation
variation can help us in exploring the behavior of
the different ecosystems and predicting vegetation
productivity change under different climatic
scenarios. Many studies have investigated the
relationship of climate and vegetation by various
approaches, including studies of plant phenology[3,
4], carbon process models[5,6]
and analyses of
satellite-derived Normalized Difference Vegetation
Index (NDVI) data[7,8,9,10,11]. These results of
studies suggested that climate change made a
distinct impact on terrestrial vegetation of different
regions.
Satellite observations provide a useful and
powerful datasets for evaluating the vegetation
status due to its large area coverage and short
revisit interval. The availability of NDVI datasets
have been demonstrated as good proxy to measure
vegetation activity, because NDVI values relates to
biophysical variables such as leaf area index,
canopy coverage and productivity as well as to
chlorophyll density. NDVI datasets are widely used
in research of climatic and environmental changes,
including NPP calculation [12, 13], regional
vegetation coverage change [9, 14], biomass
estimation [15, 16]. Therefore, it is critical to
quantify relationship between NDVI and climatic
factors to application of NDVI in those fields.
Classical statistical regression approaches
have been served as effective tools to investigate
relationship between NDVI and climatic factors in
many studies [17, 18, 19]. However, those
regression methods are usually not feasible for
spatially referenced data, because spatial

KEYWORDS:
NDVI, climatic factors, spatial regression, time lag,
Changbai Mountains
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autocorrelation among observations violates the
underlying assumption that observations are
independent [3, 20]. When the spatial datasets are
used in classical statistical method, often with a
large coefficients of determination derived, they
may provide an inappropriate description of the
relationship between variables under study [21].
Instead, based on regionalized variables and spatial
distribution theory that abandons the classical
independency hypothesis[22], spatial regression
approach is appropriate to identify relationship
between NDVI and climatic factors.
As a representative natural geographical
complex, the Changbai Mountains possesses all the
major vegetation types in Northeast Asia and
provides an ideal region for examining
vegetation±climate relationship. Nanet et al. [23]
demonstrated the NDVI in Changbai Mountains
had a stronger correlation with temperature than
precipitation
and
the
relationship
of
NDVI-temperature varied depending on seasons.
However, the relationships between NDVI and
other climate factors, such as vapor pressure, wind
velocity, sunshine duration have seldom been
discussed, and these factors also play an important
role which should not be ignored in analysis of
vegetation status. Furthermore, an understanding of
the time lags between climatic factors and NDVI is
vital to forecast vegetation¶s response to the climate
change. Some studies [24, 25, 26] have
demonstrated that NDVI sensitivity to the climatic
factors with a time lag. Few studies focused the
spatial pattern of time lags for response of NDVI to
climate change.
In this paper, seven climatic factors during
growing season were regressed on NDVI derived
from 10 km weather stations buffer from 2000 to
2009 in Changbai Mountains. By exploring the
correlations between NDVI and climatic factors,
the spatial-temporal patterns of time lag for
response of NDVI to climatic factors were analyzed
in this study. The main purpose of this paper tried
to address: 1).which climatic factors had greatest
affect on vegetation NDVI; 2) how the spatial ±
temporal pattern of lag for response of NDVI to
climate changes; 3) how the elevation affects the
time lag. These results would produce a more
accurate estimation of the NDVI±climate
relationship than the conventional statistical
methods frequently and help effort understanding
the comprehensive influence of the vegetation by

the climate condition. In addition, the choice
of the Changbai Mountains at the edge of the East
Asia continent was made for its special geographic
and climate conditions.

MATERIALS AND METHODS
Study Area. Changbai Mountains is along
eastern parts of Northeast China. The study area
consists of the paralleled broken mountain of
Changbai Mountain, Laoye Ling, Wanda Shan,
Zhangguangcai Ling, Hada Ling and Qianshan
Mountain (Fig. 1). It extends towards southwest in
Liaodong Peninsula and towards northeast in
Russian Far East. The area belongs to the temperate
continental monsoon climate that features long and
cold winter and short and cool summer. Mean
annual temperature is 5.8ć, with mean temperature
of ±14.2ć in January and of 22.5ć in July, and
the mean anunal precipitation is 726.9 mm. The
elevation of most mountains ranges from 800 m to
1500 m above sea level, and the highest peak
locates in Changbai Mountain with elevation of
2670 m. The southwestern areas (Qianshan
Mountain) belong to the warm temperate zone
where deciduous broad-leaved forest is dominant.
The middle and northeastern areas fall into the
middle temperate zone. These areas are
predominated by typical temperate mixed forest,
which includes typical needle-leaved forest species,
such as Pinus koraiensis, Abies holophylla, Picea
koraiensis, and the predominant broad-leaved forest
species are mainly Betula platyphylla, Quercus,
mongolica, Acer mono, Populus davidiana,
Fraxinus mandshurica, Tilia mandshurica and Tilia
amurensis.
Image Processing and Data Retrieval. Time
integrated NDVI datasets were derived from
SPOT/VGT at 1-km spatial resolution which
acquired from an on-line open resource
(http//free.vgt.vito.be) during 2000±2009. Real
NDVI values were retrieved from the image,
according to the equation: y = ax + b, where y is the
NDVI value, x is the digital number of the image,
and a, b was coefficient equal to 0.004 and ±0.1,
respectively. The NDVI composites data were
generated by Maximum Value Composite (MVC)
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FIGURE 1
Location, elevation and mean NDVI values in growing season of study area
The meteorological data, including average air
temperature, maximum air temperature, minimum
air temperature, precipitation, sunshine duration,
mean relative humidity and wind velocity, were
used in this study. We collected the seven
meteorological factors from 39 weather stations to
calculate the 10-day values from 2000 to
2009(showed in Fig. 1). The final meteorological
data were thirty-six (36) 10-day values for different
variables of each year (January 1±10 = 1; December
20±31 = 36). Because meteorological data were
collected in different units of measurement, it is
difficult to compare the vegetation¶s response to
different
independent
climatic
factors.
Standardization was introduced to normalize the
different meteorological variables. We used the
following formula to standardize variables to
change them into unit-less variables:

approach for each 10-day interval which assisted to
minimize the effect of satellite viewing geometry,
cloud cover and variability in atmospheric optical
depth. The final products were thirty-six (36)
10-day NDVI images for each year.
Although the MVC approach has eliminated
most contaminated pixels, some NDVI pixels also
contain residual cloud contamination that could
affect in our analysis. We used Savitzky ± Golay
(S-G) filter method to smooth all original 10-day
MVC SPOT/VGT NDVI images in order to remove
isolated pixels of anomalous MVC NDVI values.
The S-G filter method is based on least-squares-fit
convolution for smoothing and computing the time
series NDVI data. The general formula of the
least-squares-fit convolution is given as follows:
i m

¦ CY

Yj

i m

i

j i

N

X*i = (Xi Ѹ Xiave) /Si

Where Y is the original NDVI value, Y* is the
resultant NDVI value, the Ci is the coefficient of the
ith NDVI value of the filter (smooth window), and
N is the number of convoluting integer number and
is equal to the smoothing window size (2m+1). The
index j is the running index of the original ordinate
data table. The smoothing array consists of 2m+1
points, where m is the half-with of smoothing
window. We obtained the Ci from Madden[27].

Where X*i is the standardized variable, Xi is
the original data of the variable i, Xiave is the mean
of the corresponding variable, and Si is the standard
deviation. Then, using the standardized variables in
a regression formula, we calculated the
corresponding regression coefficient for each
variable. For each regression equations, we
calculated
the
standardization
regression
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coefficients on same scale in order to compare the
effective in tension of each independent variable to
the dependent variable. Generally, if the regression
model is significance, the larger absolute value of
the standardization regression coefficient means the
greater effect of the correspondent independent
variable to the dependent variable. We used
standardized climate data to analyze the influences
of climate factors on NDVI. As same weather
stations near residential area, human activities has
probable introduced the degradation of vegetation
through agriculture or structures[28]. So we
calculated NDVI value as a mean of a 10h10 pixel
square with the weather station at its center to
reduce the effects of any man-made spatial
variation. We assumed that the NDVI value thus
represents average conditions of the underlying
reflection over approximately 100 km2 on the
ground, and the result was regarded as the NDVI
value of that station.

variance inflation factor (VIF) to detect the
multicollinearity in the model. We used ridge
standardized
regression
to
eliminate
multicollinearity and select the useful variables
from full regression model. Ridge standardized
regression estimators are obtained by introducing a
biasing nonnegative constant into the least square
normal equation. This makes the predictors nearly
orthogonal and the coefficients less variable.
(3) Spatial regression with the useful
predictors
Though the ridge regression eliminated the
muticollinearity of the independent variables, the
autocorrelation of those spatial data caused the
model inaccuracy. We applied spherical variogram
function to detect the spatial autocrrelation for the
regression residuals. The formula of function was
as follow:
r (h) =

if h = 0

C0 +C1[1.5(h/a) - 0.5 (h/a)3]

if 0< h < a

C0 +C1

Methods. Statistic analysis. Regression
analysis was performed for NDVI and climatic
factors; involving seven variables, average air
temperature (AT), maximum air temperature
(MAT), minimum air temperature (MIT),
precipitation (P), sunshine duration (SD), mean
relative humidity (MRH) and wind velocity (WV).
(1) Full regression model
A multiple linear regression analysis was
performed using the response variable, NDVI and
predictor variables consisting of all seven climatic
factors. The full linear regression model equation is
expressed as:

if h >a

Where the C0 is nugget value; C1 is partial still,
C0 +C1 is still; h is the distance between weather
stations. Any pair of stations within the distance
range (a) are spatially correlated to each other. If
the spatial autocorrelation is present in those data,
conventional regression model in those date caused
that the coefficients of determination are overstated.
So it is necessary to eliminate the spatial
autocorrelation of those data. We used spatial lag
model which adjust the spatial autocorrelation to
estimate regression. The spatial lag model can be
written as follows:
Y = ²WY + X1£1+ X2£2+ X3£3+

NDVI = A0 + A1(AT) + A2(MAT) + A3(MIT) +
A4(P) + A5(SD) + A6(MRH) + A7 (WV) + ¦

Where r is a spatial autocorrelation parameter,
W is n × n spatial weight matrix. X is a predictor
variable, £is the parameter estimate variable, and
is random error.

Where A0 is intercept, A1 A2 Ă A7 are
regression coefficients of climatic factors, and¦is
random error. The coefficients of regression were
estimated with the ordinary least squares procedure.
(2) Detect multicollinearity and select useful
predictors.
Though the full regression model created the
relationship between NDVI and all of the climatic
factors, the multicollinearity of the climate
variables, which is defined as a high degree of
correlation among predictor variables, caused
serious problem when making inference and
prediction based on the regression model. We used

Calculation of the time lag. In order to
explore the relationship between climate factor and
NDVI, we selected a set of 10-day for durations
10-30 (April through October) both NDVI and
meteorological variables to cover the entire
growing season in Changbai Mountains. Then, we
computed the correlation coefficients of the
meteorological factors duration set of the twenty
10-day units and the NDVI set in the corresponding
year for each weather station. Subsequently, we
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TABLE 1
Correlation coefficients between NDVI and climatic variables in Changbai Mountains
NDVI

WV

P

SD

AT

MAT

MIT

MRH

NDVI

1.000

-0.406

0.59

-0.018

0.885

0.88

0.899

0.319

WV

-0.406

1.000

0.11

0.894

-0.194

-0.198

-0.206

0.601

P

0.59

0.11

1.000

0.194

0.628

0.584

0.665

0.657

SD

-0.018

0.894

0.194

1.000

0.119

0.138

0.092

0.449

AT

0.885

-0.194

0.628

0.119

1.000

0.995

0.996

0.293

MAT

0.88

-0.198

0.584

0.138

0.995

1.000

0.983

0.274

MIT

0.899

-0.206

0.665

0.092

0.996

0.983

1.000

0.316

MRH

0.319

0.601

0.657

0.449

0.293

0.274

0.316

1.000

computed the correlation coefficients of the
preceding meteorological factors duration set (9±29)
and the NDVI set (still 10-30). We repeated six
additional times until the coefficient for the
duration set (4±24) was calculated with the NDVI
set for the whole year. We selected the duration set
with the strongest correspondence from these seven
coefficients for each station. So the time difference
between the NDVI duration set and the time period
where the strongest correspondence occurred is
considered as the time lag for climate factor. Then
we calculated the strongest correspondence for each
climate factor of stations in Changbai Mountains.
Since time lag durations were similar in this region,
we computed the mean time lag as overall trend.

indicated that the full model was applicable with p
< 0.005and R2 = 0.562.
Ridge regression with useful predictors.
Through the full regression model was feasible, we
found in table 1 that there was high correlation
between predictor variables, e. g. between AT,
MAT and MIT, between P and MRH. So it can be
concluded there was presence of multicollinearity
in the full regression model. Table 2 showed some
variables, such as SD, should be eliminated from
the full regression model because they were not
significant at p = 0.005 level. The variance of
inflation factor of predictors were 2.1- 10.6.
Generally, if the variance inflation factor was over
5, the associated regression coefficients are poorly
estimated due to the presence of multicollinearity
[29]. Because IRXU SUHGLFWRUV¶ YDULDQFH LQIODWLRQ
factor was over 5 (table 2), we determined the full
regression model contained multicollinearity and
predictors were not orthogonal.
In order to eliminate the multicollinearity and
select useful predictor variables, we used ridge
regression model to create relationship between
NDVI and climatic variables. After removing the
non-significant predictors, the final regression
model with three useful predictors (MIT, WV, P)
(table 3) was estimated with p<0.005 and R2 =
0.637 as follows:

RESULT AND DISCUSSION
Relationship between NDVI and climate
factors.
Full regression model with all predictors. In
order to create vegetation-climate relationship at
annual scale, we select ten years average NDVI and
meteorological datasets from 39 weather stations.
There were total 39 pair observations to analyze the
correlation between NDVI and climatic factors for
whole study area. Pearson correlation coefficients
between NDVI and all climatic variables showed
that NDVI is correlated positively to P, AT, MAT,
MIT and MRH, negatively to WV, and hardly
correlated to SD (table 1).
The full regression model (equation (4)) was
used to created relationship between NDVI and all
the climatic variables. The regression coefficient
showed in table 2. The analysis of variance

NDVI = 0.437 +0.536(MIT) + 0.381(P) - 0.19(WV)
Those results indicated the full regression
model between NDVI and climatic factors in
Changbai Mountains was significance. But among
the all climatic factors, only MIT, P and WV were
3352
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TABLE 2
Correlation estimate of the full regression in Changbai Mountains
Variables

Variance

Coefficient
estimation

Standard error

t value

p value

inflation

Intercept

0.496

0.009

52.591

0.005

0

WV

-0.116

0.032

-3.629

0.002

2.968

P

0.241

0.028

0.005

0.003

2.158

SD

0.77

0.048

1.606

0.128

10.512

AT

1.743

0.925

-1.884

0.007

7.632

MAT

0.765

0.424

1.804

0.009

9.514

MIT

1.132

0.522

2.169

0.004

4.774

MRH

0.22

0.05

0.447

0.017

8.627

TABLE 3
correlation estimate of the ridge regression in Changbai Mountains
Variance

Coefficient
Standard error

t value

0.437

0.011

44.674

< 0.001

0

0.536

0.024

9.725

< 0.001

1.527

P

0.381

0.025

-6.659

< 0.001

2.154

WV

-0.19

0.019

5.249

< 0.001

2.291

Variables

estimation

Intercept
MIT

p value

inflation

showed the residuals were normal distribution (fig.
2). The spatial autocorrelation of regression
residuals was detected using spherical variogram
function. The nugget (C0), still (C0+C1) and rang (a)
of the residuals was 0.092, 0.3464 and 584 km (fig.
3), respectively.

FIGURE 2
The histogram of NDVI residuals
important contributors to vegetation growth.
Spatial lag regression. In general,
conventional regression required the residuals of
regression should be a normal and independent
distribution with a mean of zero and a constant
variance. We used normal probability plot method
to detect residuals of distribution, and the results

FIGURE 3
Variogram function of regression residuals
From the fig. 3, the variance range (a) was
approximated 584 km in global study area, which
indicated the regression residuals of NDVI for any
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Fig. 4 showed variogram of the
dependent variable NDVI and independent MIT, P
WV. The ratio of nugget (C0) to still (C0+C1) for
NDVI, MIT, P were 0.235, 0.045, 0.152 and the
range (a) was 470km, 374km, 510 km respectively,
which indicated that those data presented
autocorrelation. As a result, the coefficients of
determination in ridge regression probably were
overstated and the standard errors were overstated
that caused the model was problematic. We use
spatial lag regression to recreate the relationship
between NDVI and climatic factors. The estimation
of the spatial lag regression showed in table 4.
From table 4, the model was applicable with p

pair of weather stations within this distance had
spatial autocorrelation to each other. Furthermore,
the ratio of nugget (C0) to still (C0+C1) was relative
small (0.265), which indicated that random factors
had less impact on NDVI spatial distribution patterns,
while structural factors have the greater influence
[30]. That is to say, the proportion of the spatial
variance induced by random factors accounted for
26.5% of the total with structural factors comprising
73.5% of the variance. In additional, we illustrated
the variogram of dependent variable NDVI and
independent MIT, WV, MRH for each weather
station.

FIGURE 4
Variogram function of NDVI (a), MIT (b), P(c), WV (d) in Changbai Mountains
TABLE 4
coefficient estimation of spatial lag regression in Changbai Mountains
Coefficient
Variables

estimation

Standard error

Z -Value

P value

W_NDVI

0.056

0.191

1.72

0.009

Intercept

0.466

0.095

4.89

<0.005

MIT

0.504

0.025

3.63

<0.005

SD

0.317

0.017

3.17

<0.005

WV

-0.207

0.032

-2.58

0.005
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FIGURE 5
Correlation coefficients between NDVI and P, MIT and WV. (a. whole year; b. spring; c. summer; d.
autumn. On the x-axis, 0 is the correlation coefficient between NDVI and synchronous climatic factors; 1
is the correlation coefficient between NDVI and previous 10 days climatic factors).
< 0.005 and R2 = 0.541. The formula was as
follows:
NDVI* = 0.056NDVI *+0.466 +0.504 (MIT)
+0.317(P) - 0.207(WV)
NDVI* = 0.494 + 0.534(MIT) +0.336(P)
-0.219(WV)
Where NDVI* is the predictor NDVI in
Changbai Mountains.
Our regression analyses demonstrated both the
classic regression model were significance. But
among the climatic factors, only the MIT, P and
WV were the most important contributors to
vegetation growth. Spatial lag regression model
was used to accurately express the quantitative
relationship of NDVI and climatic factors in
regional scale, which provided a further
interpretation on the research of the time lag for
NDVI response to dominating climatic factor in
Changbai Mountains.

NDVI to climatic factors. Climate change will not
show a significant effect on NDVI, because
vegetation tolerance can adjust to the environment
disturbance. Therefore, when climate change
exceeded the environment capability, the vegetation
growth takes time respond, causing time lag [31].
Previous study has proved that time lag occurred
between a weather event and subsequent response
by vegetation and widely observed in many regions.
But the range of time lag varies for different
climate factors and different seasons. As the
growing seasons are ranging from April to October
in Changbai Mountains, we define the April-May as
spring (10-15th 10-day), Jun-August (16-24th 10-day)
as summer, and September, October (25-30th
10-day) as autumn in our analysis. We calculated
the time lag of NDVI in response to the most
important contributor climatic factor using the
method which was discussed in section 2.3.3. For
the whole year, the vegetation NDVI had high
correlation with MIT of previous 10-20 days, P of
previous 10-30 days, and WV of previous 0-10

Time lag for NDVI response to climate
factors. The time lag of temporal response of
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days (fig. 5). The highest correlation coefficients
were 0.86 between NDVI and MIT, 0.57 between
NDVI and P and 0.35 between NDVI and WV.
Based on the highest correlation coefficients, the
maximum response of NDVI had a time lag of 10
days with variation of MIT. The time lag on P was
20 days, and there was a short time lag (< 10 days)
with WV.
For the three seasons, the response of NDVI to
the MIT is most pronounced among the three
climatic factors. Vegetation NDVI in spring had the
highest correlation with MIT of previous 10 day, P
of previous 20 days, and WV of previous 10 days.
The correlation coefficient between NDVI and MIT
of previous 0-60 days was strong, ranging from
0.602 to 0.791 in the study period, which implied
MIT probably was main factor to contribute the
NDVI greening. The temperature was a more direct
control on energy and mass exchange by vegetation,
which provided the primary linkage between energy
and hydrological flux for a vegetated surface. The
response of NDVI to WV is not significant in
summer, because the local environment (high
temperature and abundant precipitation) can boost
vegetation NDVI, and the effect of wind velocity
was weak. Observation also showed the time lag on
the MIN and P was 20 and 30 days respectively in
spring. The time lag of response of NDVI to MIT
and P in autumn was similar in spring, but the time
lag of NDVI to WV in autumn was 10 days earlier
than in spring.

areas and long in warm area, and this result
agreed with Cui [32] finding, which demonstrated
the time lag of NDVI response to temperature was
longer in the south than that in north of east China.
We also computed the time lag for the NDVI
maximum response to MIN in spring, summer and
autumn (fig.6). It was clear that the maximum
response of NDVI to MIN was rapid in spring.
Most of stations had a time lag ranging from 0 to 20
days, only a few stations in southwest had time lag
about 20-30 days. The maximum response of NDVI
to MIN is longer in summer, with a lag ranging 10
to 40 days. The possible reason may be in summer,
temperature is no longer the main limiting factor for
vegetation growth, and vegetation growth limits are
imposed by other factors such as soil moisture or
nutrient availability rather than temperature, so the
response of vegetation to temperature is slower. In
the autumn, the maximum response of NDVI to
MIN ranged from 0 to 30 days. The spatial
distribution pattern of time lag was similar in
spring.
Fig.7 showed the spatial distribution of time
lag for maximum NDVI response to P. The time lag
corresponding to NDVI maximum response to P
increased gradually from northeast (ranging from 0
to 20 days) to southwest (ranging from 20 to 40
days). We calculated the annual accumulated
precipitation for all the stations. The average annual
accumulated precipitation was ranging from 572 to
1325 mm, and the annual accumulated precipitation
magnitude of spatial distribution increased from
southwest to northeast, which coincided with
distribution of time lag. These results indicated time
lag was short in relative dry region and long in
humid region. And this result agrees with the
Tachiiri [33] finding. The NDVI maximally
responded to P with a short time lag in spring,
ranging from 10 to 20 days. Only several stations¶
NDVI responded to P synchronously around
Changbai Mountain. In summer, the maximum
response of vegetation NDVI to precipitation had a
lag ranging from10 to 40 days and the spatial
distribution had no obvious difference. The autumn
time lag for the NDVI response to P was 10-30
days. Also observation showed the time lag in
northeast was shorter than that in southwest.

The time lag for spatial response of NDVI
to climatic factors. We calculated spatial
distribution of time lag for the maximum NDVI
response to three climatic factors. Fig. 6 showed the
time lag corresponding to the vegetation NDVI
maximum to response to MIN was longer in
southwest than that in northeast for the whole year.
Temperature difference probably cause the various
duration of time lag in different regions. The annual
average temperature in the northeast is 7.2 ć
lower than that in southwest. The maximum
response of NDVI to MIN had a lag ranging from
20 to 40 days in southwest, while the time lag was
short with about 0-20 days in the northeast. It was
summarized that the time lag was short in cold
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FIGURE 6
Spatial distribution of time lag for maximum NDVI response to MIN in Changbai Mountains (unit 10
days)

FIGURE 7
Spatial distribution of time lag for maximum NDVI response to P in Changbai Mountains (unit 10 days)

FIGURE 8
Spatial distribution of time lag for maximum NDVI response to WV in Changbai Mountains (unit 10
days)
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FIGURE 9
Scatter diagram of time lag and elevation in Changbai Mountains (a MIT; b P)
TABLE 5
Linear Regression analysis for time lag and elevation in Changbai Mountains
MIN
r
p
P
r
The whole year

Y = -0.012X + 24.783

0.589

<0.01

Y = 0.09X + 24.434

0.487

0.02

spring

Y = -0.011X + 20.362

0.678

<0.01

Y = -0.07X + 20.516

0.331

0.04

summer

Y = -0.005X +2 6.338

0.247

0.129

Y = -0.09X + 28.834

0.378

0.03

autumn

Y = - 0.008X + 25.272

0.542

0.01

Y = -0.01X + 21.807

0.456

0.03

NDVI-MIT and NDVI-P, because the water and
heat conditions were indirect control on the energy
exchange and photosynthesis for vegetation growth.
Generally, WV can¶t indirect affect vegetation
growth. It correlated with other climatic factors. For

Fig.8 illustrated the NDVI maximally
responded to WV. The time lag was short for the
whole year and three seasons, ranging from 0 to 10
days. From fig. 5, we found there was a weaker
correlation between NDVI and WV, as compared to
3358


p

© by PSP

Volume 25 ± No. 9/2016, pages 3348-3362

Fresenius Environmental Bulletin


example, the strong WV led to the temperature
decrease and rate of evaporation increase which
affected the vegetation status. So effect of WV on
NDVI was not significant, and the time lag of
spatial distribution for NDVI response to WV had
no obvious difference.

with elevation in spring, with r =0.678 and
p<0.01.This result indicated the time lag for
response of NDVI to MIN was affected by
elevation in spring, and the function could be used
to predict the time lag for response of NDVI to
MIN in different elevation.

The effect of elevation to time lag. Aforesaid
analyses have demonstrated the time lag for
maximum response NDVI to climatic factors has
temporal and spatial patterns. As the weather
stations locates in different elevation, it is necessary
to consider the effect of elevation on time lag.
Observation showed the time lag on MIT was
shorter for the weather stations nearby Changbai
Mountain than stations far from the Mountain (fig.
6). We used scatter diagram to show the elevation
and time lag of the different seasons. Fig. 9(a)
showed the time lag for maximum response of
NDVI to MIN in the low elevation region of study
area was longer than that in high elevation region,
and the time lag became shorter as the elevation
raised. We also found the time lag of NDVI
response to MIN in spring was the shortest among
the three seasons, which implied the NDVI was the
most sensitive to MIN in spring. In summer, the
response of NDVI to MIN in low elevation region
had time lags ranging from 10-40, which indicated
time lag in summer was not affected by the
elevation. In the autumn, the station in the high
elevation had a shorter time lag than that in low
elevation regions. We also found the time lag for
response of NDVI maximum to P was hardly
affected by elevation (fig. 9(b)). But the highest
station (Tianchi, 2623m in fig.1) had the shortest
time lag respond to P in all the seasons.
In order to illustrate the relationship between
time lag and elevation in different season, we
applied linear regression create the function. Table
5 showed the time lag had a negative correlation
with elevation, which indicated the time lag became
shorter as elevation raised. The correlation
coefficients indicated the time lag for maximum
response of NVDI to MIN had stronger correlation
with elevation than that to P in any time, except
summer. And the aforementioned analysis showed
temperature was not the most limited factor for
vegetation growth, the time lag for maximum
response of NDVI to MIT was no obvious
difference as elevation raised in summer. We also
found the time lag for maximum response of NDVI
maximum to MIN had the strongest correlation

CONCLUSION
In this paper, we applied multiple regression
techniques to explore relationships between NDVI
and climate parameters in Changbai Mountains. As
conventional regression techniques are not
appropriate in most cases when data are spatially
correlated such as most remotely sensed and
weather data, we used spatial lag regression model
to establish the relationship between NDVI and
climatic factors to identify the most important
contributors to vegetation growth. Though there is
low determination coefficient, it could eliminate the
autocorrelation of the spatial data and the model
was feasible to those data. After indentifying
dominating contributors of climatic factors to
NDVI, we analyzed the spatial-temporal
characteristic for maximum response of NDVI to
those variables and the main results were as follow:
1. Spatial regression model was established
between NDVI and climatic factors in Changbai
Mountains. Though the determination coefficient
was lower than the conventional regression model,
it is more appreciate for those spatial data.
Ignorance of autocorrelation of those can result in
overly optimistic estimates of the relationship
between the variables, and incorrect conclusions to
be reached regarding research hypotheses. Among
the seven climatic factors, only MIN, P and WV
had significant effects on NDVI indicating the
water and heat condition was the most important to
vegetation.
2. The maximum response of NDVI to MIT
had a time lag 10-20 days for the whole year, 10
days for spring, 20 days for summer and 10 days
for autumn. It could be concluded the time lag was
shorter in spring and autumn than that in summer,
implying the NDVI was more sensitive to
temperature in spring and autumn than in summer.
The maximum response of NDVI to P presented
similar temporal pattern with MIT.
3. Spatially, the time lag for maximum
response to MIT presented spatial heterogeneity,
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with the longest lag in southwest of the study area
and the shortest lag in northeast for the whole year.
Also observation showed time lag was longer in
summer (10-40 days) than that in spring (0-20 days)
for whole study area. The time lag for maximum
response to P was also longer in southwest and
short in northeast of the study area in spring and
autumn, but the spatial difference of the time lag
was not obvious in summer. Additional, the time
lag for maximum response to WV was shorter than
that to MIT and P, with lag 0-20 days.
4. The time lag for maximum response to MIT
and P had negative correlation with elevation. That
is to say, the time lag became shorter as elevation
rise. The vegetation in the high elevation was more
sensitive climate change.
This study demonstrated MIT, P and WV were
the most important contributor to vegetation status.
Through systematic analysis of the relationship
between NDVI and climatic factors, we were able
to determine the spatial-temporal difference of time
lag for the response of NDVI to dominating
climatic factor in Changbai Mountains. Our
analyses provide a basis for the predicting change
in vegetation that accompanies change in climatic
factors.
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ONE-POT APPROACH TO SYNTHESIZE ZnFe2O4/CNTS
MAGNETIC COMPOSITES FOR THE FAST REMOVAL OF
OXYTETRACYCLINE HYDROCHLORIDE FROM AQUEOUS
SOLUTIONS
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effects on human health, mainly due to the
increased bacterial resistance on the ecosystem.
They have been found in a wide range of
environmental samples including surface water,
groundwater, wastewater and drinking water [3-6].
Therefore, it is necessary and vital to remove OCH
from water environment. Unfortunately, the
conventional degradation processes, solvent
extraction,
supercritical
fluid
extraction,
microwave-assisted
extraction
technique,
membrane separation technology and solid phase
extraction, are often constrained by the low
efficiency and high cost. Compared with these
methods, adsorption costs less, reduces secondary
pollution, has an easy operation, and it is recycled
and a relatively effective method [7-9].
In 1991, Iijima discovered Carbon nanotubes
(CNTs) which are unidimensional quantum
materials with typical hollow layered structure [10].
Owing to their unique characteristics such as small
size, relatively large specific area, hollow and
layered structure, CNTs have excellent electrical,
mechanical and thermal properties, and can be used
as molecular wires, nanometer semiconductor
materials, catalyst carrier, molecules absorbent and
the near field emission material [11-13]. Due to the
theoretical significance and potential application,
CNTs have become one of the most promising
nanometer materials. Magnetic core/shell materials
separation method is a new type of separation
technology in the 1970s. The fundamental is that
magnetic nanoparticles are coated on inorganic
carrier, and then magnetic materials could be
separated rapidly with an external magnetic field.
Common inorganic magnetic nanoparticles are
metallic nanoparticles (Fe [14], Ni [15], Co [16], Pt
[17]), metallic oxide nanoparticles (Fe2O3 [18],
Fe3O4 [19], MnO2 [20], TiO2 [21], ZnO [22]), and

ABSTRACT
Ferrite nanoparticles were attached on the
surface of carbon nanotube by a synthetic method,
and then magnetic nanoparticles composites
(ZnFe2O4/CNTs) were prepared. ZnFe 2O4/CNTs
magnetic composites were characterized by
scanning electron microscopy (SEM), transmission
electron microscopy (TEM), X-ray diffractometry
(XRD) and vibrating sample magnetometry (VSM).
magnetic
composites
were
ZnFe2O4/CNTs
superparamagnetic at room temperature and
saturation magnetization (Ms) was 16.10 emu/g.
The ZnFe2O4/CNTs were used as adsorbents to
remove oxytetracycline hydrochloride from
aqueous solutions effectively. The adsorption
performances of ZnFe2O4/CNTs were studied by
different experiments with pH, temperatures, initial
concentrations and reaction time. The adsorption
was more fitted to Langmuir isotherm model and
pesudo-second-order equation. In addition,
ZnFe2O4/CNTs demonstrated great recycle and
reuse abilities.
KEYWORD:
ZnFe2O4; CNTs;
Adsorbent.

Oxytetracycline

Hydrochloride;

INTRODUCTION
Oxytetracycline hydrochloride (OCH) is a
famous broad-spectrum antibacterial widely used in
the treatment and prevention of bacterial infection,
have been used to control and treat infection
diseases in human and veterinary medicine [1, 2].
OCH is among the emerging contaminants in water
because of the concern of their potential adverse
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ferrite nanoparticles (CoFe2O4 [23], ZnFe2O4 [24],
MnFe2O4 [25]). The convex surface of CNTs was
proved to be very helpful to transfer mass or ions
and support guest compounds as a substrate.
Therefore, many useful materials have been coated
or attached onto carbon nanotubes by covalent
linkage, physical adsorption, chemical vapor
deposition and other techniques [26-32]. Recently,
magnetic nanoparticles (MNPs) of MO (where M is
Mn, Co, Ni, or Fe) and CNTs are promising
research field, especially, the combination of iron
oxide nanoparticles with CNTs. It has been reported
that Korneva et al. have filled self-prepared CNTs
with Fe3O4 nanoparticles [33], while thermolysis of
ferrocene could also be used to synthesize iron
oxide-filled CNTs [34].
Herein, we present the synthesis of
ZnFe2O4/CNTs via a fast and convenient one-pot
process. The morphologies and absorption
characteristics of nFe2O4/CNTs have been
systematically investigated. To further examine the
application of ZnFe2O4/CNTs composites in the
removal of water contaminants, the aqueous
solution of oxytetracycline hydrochloride (OCH),
was taken as an example. Moreover, different
experiments with pH, temperatures, initial
concentrations and reaction time are also discussed.

acid (3:1 volume ratio). The samples were
sonicated in a typical ultrasound bath for 3 h. The
acidic mixture containing CNTs was diluted to 25%
of the original concentration. Then, the oxidized
CNTs were filtered by a glass sand core filter
0L[HG&HOOXORVH(VWHUȝPSRUHVL]H ZLWKWKH
support of vacuum pump. The CNTs were
vigorously washed several times by distilled water
during filtration in order to reach neutral pH. Then
CNTs were dried in the vacuum oven at 50 °C
overnight.
Magnetic carbon nanotubes were prepared
according to the method reported with minor
modifications [14]. The procedure introduced the
iron
oxide
ferrite
(magnetite/maghemite)
nanoparticles onto the convex surface of CNTs. The
experimental process was followed: 0.3 g purified
CNTs, Fe(III) nitrate (6mmol) and Zn(II) nitrate
(3mmol) were dispersed in ethanol (20mL). After
the mixture was stirred for 1 h in a vessel, the
solvent evaporated under atmosphere of N2 at 60 °C
for several hours. The iron oxide ferrite
nanoparticles converted from iron nitrate was
introduced into CNTs was carried out by means of
the synthetic method described elsewhere [35]. In
brief, the samples were exposed to the propionic
acid vapors (80 °C for 15 h) ˈthen conducted
thermal treatment under the atmosphere of N2 for 2
h at 260 °C. Finallyˈthe samples were grinded by
agate mortar at room temperatureˈthen washed
several times with distilled water and alcohol by an
external magnetic field, respectively. The samples
were dried in the vacuum oven at 70 °C.

MATERIALS AND METHODS
Material. The carbon nanotubes used here has
an outer diameter is greater than 40 nm, with length
LQWKHUDQJHRIȝPWRȝP66$LVJUHDWHUWKDQ
40 m2/g, which were purchased from Nanjing
XFNANO Materials Tech Co., Ltd (Nanjing,China).
Fe(NO3)3·9H2O, Zn(NO3)2·6H2O were achieved
from Guangdong GuangHua Sci-Tech Co., Ltd.
(Guangdong, China). Ethanol, concentrated sulfuric
acid (98%) and concentrated nitric acid (70%) were
JDLQHG IURP ;L¶DQ $OO WKH UHDJHQWV DUH DQDO\WLFDO
grade.

Characterization and measurements. The
composites of ZnFe2O4/CNTs were observed by a
scanning electron microscope (SEM, S-4800) and a
transmission electron microscopy (TEM, D8
ADVANCE of Germany brooke AXS company,
wavelength for 0.15406 nm). The identification of
crystalline phase was performed using a Rigaku
D/max-Ȗ% ;-ray diffractometer (XRD). Magnetic
measurements were carried out using a VSM (7300,
Lakeshore).

Methods. Carbon nanoparticles, amorphous
carbon, graphite fragments and catalyst particles
were produced as impurities in the preparation
process of CNTs. Above mentioned particles are
difficult to be removed by traditional ways, which
limits further research of CNTs, so purification
process of CNTs is significant before the utilization
of CNTs.
The CNTs were dispersed in a mixed solution
of concentrated sulfuric acid and concentrated nitric

Leakage studies. 10 mg of the ZnFe2O4/CNTs
were placed in volumetric flasks containing 25 ml
distilled water which had different pH values
(ranging from 2.0 to 8.0) and oscillated. After 24 h,
the ZnFe2O4/CNTs were isolated by an external
magnetic field, and the amount of the ferrite
leached into the media was determined by a flame
atomic absorption spectrometry.

3364


© by PSP

Volume 25 ± No. 9/2016, pages 3363-3371

Fresenius Environmental Bulletin


Adsorption, desorption and reuse studies.
The removal of OCH was studied in a series of
experimental
parameters,
such
as
initial
concentration, temperature, pH and contact time.
The adsorption tests were performed by using
colorimetric cylinders. ZnFe2O4/CNTs composites
were isolated by an external magnetic field, and
determined
using
the
TU-1800
UV±vis
spectrophotometer (Shanghai AoXi technology
Instrument CO., Ltd.) by recording the variations of
WKH DEVRUSWLRQ EDQG PD[LPXP DW Ȝ  QP
Moreover, the equilibrium adsorption capacity was
calculated. Desorption study was conducted by
using methanol/acetic acid (95:5, v/v) solution as
desorption eluent. After adsorbent and solvent
contacted full, the ZnFe2O4/CNTs were separated
rapidly from the solution by a Nd±Fe±B permanent
magnet. Subsequently, the supernatant solutions
were removed and the ZnFe2O4/CNTs composites
were washed by methanol solution containing 5.0%
acetic under the action of ultrasound. To investigate
the regeneration of the adsorbent, the
ZnFe2O4/CNTs that after desorption was reused in
adsorption experiments and the process was
duplicated 5 times.

acted as the magnetic phase in CNTs [37]. The
results demonstrate that ZnFe2O4 was introduced
onto purified CNTs without changing its crystal
structure.
In order to reveal the structure and shape of
CNTs and ZnFe2O4/CNTs, the SEM images were
shown in Figure 2. Figure 2 (a) demonstrates
tubular structures with an aperture size of
approximately 20 nm to 40nm and has the tendency
of being bended to aggregate. The smooth
nanotubes provide probability of being support for
functional application. After ZnFe2O4 magnetic
treatment, many nanoparticles were loaded on the
tube wall as shown in Figure 2 (b).

RESULTS AND DISCUSSION

FIGURE 1
XRD pattern of ZnFe2O4/CNTs composites

The Crystal phase and crystallinity of the
as-synthesized ZnFe2O4/CNTs composites are
characterized by X-ray diffraction (XRD) in Figure
1. All the peaks display in the XRD pattern can be
readily indexed to crystalline phases presence in the
ZnFe2O4/CNTs composites, which are in good
agreement with the literature values (JCPDS No.
22-1012, 41-1487) [24, 29]. The diffraction peak at
ș FDQEHFRQILGHQWO\LQGH[HGDVWKH  
reflection of the purified CNTs [36], the other peaks
LQ WKH UDQJH RI   ș   FRUUHVSRQG WR WKH
(220), (311), (222), (400), (511) and (440)
reflections of ZnFe2O4, suggesting that ZnFe2O4

The TEM patterns of CNTs (a),
ZnFe2O4/CNTs (b) composites are showed in
Figure 3. As it could be seen from the Figure 3 (a),
the surface of CNTs is smooth and the diameters are
ranging from 20 nm to 40 nm. In Figure 3 (b), the
surface of CNTs are loaded many nanoparticles
(ZnFe2O4 particles) with an aperture size of
approximately 6 nm to 10 nm, which could be
attributed to the interaction between carboxyl
groups from propionic acid and ferrite
nanoparticles.

FIGURE 2
SEM images of CNTs (a) and ZnFe2O4/CNTs (b).
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FIGURE 3
TEM images of CNTs (a) and ZnFe2O4/CNTs (b).
The magnetic properties of ZnFe2O4/CNTs
composites are tested by VSM. Figure 4 (a) shows
the hysteresis loop between -8kOe and 8kOe at 300
K. It can be seen that ZnFe2O4/CNTs had a
saturation magnetization (Ms) of 16.10 emu/g and
exhibits the superparamagnetic characteristic
without coercive force and residual magnetism. It
has been suggested that bulk ZnFe2O4 is
ferromagnetic at room temperature. It becomes
superparamagnetic due to the smaller size of
ZnFe2O4 [42]. Moreover, the results from strongly
suggested
that
the
prepared
magnetic
ZnFe2O4/CNTs can be readily dispersed in water
and form a stable dispersion. In addition, magnetic
CNTs respond rapidly to an external magnetic field.
The redispersion and separation process can be
repeated readily, which makes it possible to
conveniently manipulate CNTs by the application
of an external magnetic field. The results also
illustrate that ZnFe2O4/CNTs is a feasible magnetic
separation carrier. Figure 4 (b) shows the loss of
magnetic particle from the ZnFe2O4/CNTs. When
the pH range of 4.0±8.0, no Fe (III) ions leaching
from the ZnFe2O4/CNTs were detected which
means Fe (III) ions concentration is lower than 0.03

mg/L under the range. When pH value are at 2.0
and 3.0, the weight of Fe (III) ions leaching from 10
mg of the ZnFe2O4/CNTs were 0.168 mg and 0.023
mg, respectively. It means that the magnetic
nanoparticle leakage of ZnFe2O4/CNTs is very few.
The pH value for adsorption medium plays a
significant role in the adsorption studies on
ZnFe2O4/CNTs. The change of pH leads to change
in
adsorption
kinetics
and
equilibrium
characteristics because it affects the degree of
ionization and the speciation of OCH. Figure 5
shows the effect of pH, initial pH, equilibrium pH
and OCH existence forms in different pH
conditions on adsorptive removal of OCH. It is
observed that adsorption of OCH at pH 3.0 and 8.0
did not change too much. However, the adsorption
capacity decreases sharply after pH 8.0. When pH
is lower than 3.3, cationic form of oxytetracycline
hydrochloride is OCH3+ and the mainly mechanism
for ZnFe2O4/CNTs absorbs OCH is cation exchange.
However, the competition between hydronium and
OCH3+ for sorption sites could limit the uptake of
OC partially in such a low pH. The OCH is in its
zwitterionic form OCH20 when pH ranges from 4.0
to 7.0. The higher uptake of OCH in neutral form is

FIGURE 4
(a) Magnetization curve of ZnFe2O4/CNTs and in the presence of an externally placed magnet; (b) Effect
of pH value on the magnetic stability of ZnFe2O4/CNTs.
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dominated by complexation. When S+
OCH is negatively charged and increases the
repulsion with the ZnFe2O4/CNTs surfaces.

reaches the maximum point. The maximum
adsorption capacity for ZnFe2O4/CNTs at 308 K
and 298 K was 58.91 and 69.13 mg/g, respectively.
The values of 1/n were less than 1.0 at 308K and
298K which means it is indicating favorable for
ZnFe2O4/CNTs to adsorb OCH. Moreover,
Langmuir isotherm model is much better than
Freundlich isotherm model for the equilibrium data.

FIGURE 5
Effect of pH on adsorptive removal of OCH (a)
and initial pH on equilibrium pH; (b) as well as
OCH existence forms in different pH conditions.
(initial concentration 20 mg/L, adsorbent dosage
0.25 g/L at 298 K for 6 h)

FIGURE 6
Adsorption isotherms of the effects of initial
concentrations and temperatures for adsorption
of OCH onto ZnFe2O4/CNTs. (, adsorbent
dosage 0.5 g/L, initial pH 5.0 and for 6 h)

Langmuir and Freundlich isotherm models are
applied to the equilibrium data for the adsorption of
OCH using ZnFe2O4/CNTs. The nonlinear form
equation Langmuir and Freundlich isotherm model
shows as following [38, 39]:
Qe

Qe

To analysis the speed of solute uptake at the
solid-solution interface and get the adsorption
kinetic, pseudo-first-order, pseudo-second-order
equation and intraparticle diffusion model are
applied as follows [40-42]:

K LQmCe
1 K LCe

K F Ce1/ n

(1)
(2)

Qt Qe  Qe e-K 1 t
Qe (mg/g) means the equilibrium adsorption
capacity, Ce (mg/L) is the equilibrium concentration
of adsorbate, Qm (mg/g) stands for the maximum
K 2Qe 2 t
Qt
adsorption capacity of the sorbent, KL is the affinity
1  K 2Qe t
constant and Kf (mg/g) and n are the adsorption
equilibrium constant.
Qt K i t 0.5  C
The nonlinear regression of Langmuir and
Freundlich
isotherm
models,
mathematical
equations of these models and the related
theoretical are revealed in Figure 6 and Table 1. Qe
increases sharply when Ce increases and then
TABLE1
Adsorption isotherm models for OCH
Adsorption isotherm models
Langmuir equation

Freundlich equation

(4)
(5)

Constants
R2
Qm,c(mg/g)
KL(L/mg)
R2
KF(mg/g)
1/n
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(3)

OCH
298K
0.991
140.9
0.020
0.965
4.229
0.744

308K
0.993
121.9
0.039
0.942
8.187
0.623
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TABLE2
Kinetic constants for the pseudo-first-order model, pesudo-second-order model and intra-particle
diffusion model
Initial concentration (mg/L)
Experimental data for adsorption capacity
pseudo-first-order model

pesudo-second-order model

intra-particle diffusion model

Qe,exp (mg/g)
Qe,c (mg/g)
K1(L/min)
R2
Qe,c (mg/g)
K2(L/min)
R2
Ki(mg g-1 min-0.5)
Ce(mg/g)
R2

Qt and Qe (mg/g) are the amounts of adsorbate
onto adsorbent at the equilibrium and time,
respectively. Values of K1 (L/min) and K2 (g mg-1
min-1) are calculated from the plot of In (Qt-Qe)
versus t and t/qt versus t, respectively. Ki is the
intraparticle diffusion rate constant (mg gí1 miní0.5),
C (mg/g) is the intercept of intraparticle diffusion
model.
Adsorption
kinetics
of
OCH
onto
ZnFe2O4/CNTs is shown in Figure 7 and its
adsorption rate constants and regression values are
demonstrated in Table 2. Pseudo-second-order
kinetic model is more suitable at different
conditions and suggests the adsorption of OCH is
due
to
chemisorption.
Furthermore,
the
pseudo-second-order kinetic model is more valid to
explain the adsorption of OCH on ZnFe2O4/CNTs.

30
52.95
49.04
0.085
0.819
53.17
0.002
0.969
1.554
28.46
0.812

To test the recycle and reuse ability of the
ZnFe2O4/CNTs, adsorption/desorption test were
taken at an initial concentration of 50 mg/L at 298K
for 5 times. At first adsorption, the adsorption
capacity is 41.97 mg/g. After desorption, the second
to fifth adsorption capacities for OCH reach 38.16,
33.27, 29.09 and 22.54 mg/g, respectively.
Compared with the first adsorption, the adsorption
capacities were reduced to 9.07, 20.7, 30.7, and
46.3%, respectively. The ability of the absorption
for ZnFe2O4/CNTs decreased with the increase of
using times because the regeneration process might
result in the decrease of binding sites [43].

CONCLUSION
In summary, a one-pot approach is shown as
an effective and convenient method to synthesize
ZnFe2O4/CNTs magnetic composites under simple
and mild reaction conditions. It evaluated as an
adsorbent for the adsorption of oxytetracycline
hydrochloride in aqueous solution systems.The
as-prepared
materials exhibited excellently
saturation magnetization and the capacity
adsorption of oxytetracycline hydrochloride. The
Langmuir isotherm model was fitted to the
equilibrium data better than the Freundlich model
and the kinetic properties were well described by
the pesudo-second-order equation. Furthermore,
ZnFe2O4/CNTs composites could be easily
separated from the suspension by an external
magnetic field, and regenerated and reused to
absorbing oxytetracycline hydrochloride again.

FIGURE 6
Kinetic models of the effects of initial
concentrations for adsorption of OCH onto
ZnFe2O4/CNTs. (adsorbent dosage 0.25 g/L,
initial pH 5.0 and for 6 h)
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40.89
37.21
0.081
0.827
40.79
0.003
0.968
1.234
20.93
0.817
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water and weak self-purification ability [1]. Once
pollution happens, the availability of water
resources in arid area is more limited. Heavy
mental is a persistent pollutant which has ecological
and healthy risk [2, 3]. Human activity makes the
emissions of heavy metals, especially in the water,
presenting a high strength status [4, 5]. The
pollution of heavy mental is a problem of lakes
study that needs urgently attention in our country
[6, 7, 8, 9, 10]. For the heavy metal pollution
problems in the lake environment system such as
the Tai lake, Hong Ze lake, Chao lake and Wu
Liang Su Hai, etc, there are a large number of
research results having been published in recent
years [11, 12, 13]. However, the existing research
mainly concentrates in humid areas, and few studies
focused on arid areas. It was only some researchers,
Yongsan Zhang, Zhaojing Zhu, Zeng and others,
studied the lake of Bosten and Sailimu in the level
of heavy metal pollution and its resources and
influence factors [14, 15, 16].
Lake Bosten is the largest inland freshwater
lake in our country, and is located in the southeast
of Yanqi basin, Bayinguoleng Mongolia
Autonomous Prefecture, Xinjiang. It is in the
Eurasia center, having a typical inland dry climate.
Its annual mean precipitation is 68.2 mm, and
annual average evaporation is 1800-2000 mm. It
belongs to a semi-enclosed lake, having poor water
hydrodynamic, and long water residence time. Lake
Bosten not only plays an important role in
ecological regulative, but also directly influences
the sustainable development of regional economic
and social environment. In recent decades, with the
rapid development of regional economy, water
pollution of lake Bosten tend to be serious, and
regional ecological risk is increasing [16, 17]. The
risk characters of Lake Bosten were evaluated,
found that the western of the lake was the high risk
region [18]. According to all these, this article is
mainly study the west district of Lake Bosten, and
explore deeply the multi-phase distribution and the
influence factors of heavy mental in the lake. It can
provides some references for studying of heavy
mental on environmental geochemical processes in
arid lake area, at the same time, giving important

ABSTRACT
This study takes the west side of Lake Bosten
as the study area. In this study, the distribution
characteristics and influence factors of heavy
metals in different media were discussed. Carrying
out this study played an important role in expanding
the research of heavy metals in arid regions lake
environmental geochemistry process. The results
revealed that the heavy metals concentrations of
water bodies in all areas, except for Cd, were lower
than the threshold of class I regulated in the
Environmental Quality Standards for Surface Water
in China. The heavy metals in sediment were still at
low risk level, but the Cr and Ni in the sediments
showed a remarkable growth trend in recent year.
Therefore, the potential ecological risk should not
be ignored. Zn, Pb and Ni are mainly accumulated
in the root of the reed, and the distribution of Pb
was the most prominent. However Cd and Cu are
mainly accumulated in stem, and the concentrations
of Cr in each tissue is relatively uniform. Ni and Pd
spatial distribution in sediments and water are
accordance, but different in reed. Nevertheless, the
Cu, Cd and Pb distributions among the three
sampling sites are different. This is mainly because
of the diverse ways of absorbing heavy metals in
different media and the different pollution history
in different sampling points. In the western of the
lake Bosten, the heavy metal distributions among
the three compartments were significantly different,
with the following order: sediment > plant > water.

KEYWORDS:
Lake Bosten, heavy metals, multi-media, distribution.

INTRODUCTION
Arid area not only needs to encounter water
insufficiency, low water environmental capacity
problems, but also needs to face which is the large
demand of water resources for social and economic
development. The water environment is prone to
pollution because it has a small capacity of the
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TABLE 1
Sampling point basic information
Sampling
site

Longitude

Dimension

Bo Hu Wei
Ye Factory

86r50͛30͜E

42r32͛00͜N

Huang
Shui River
Bridge

86r00͛50͜E

42r02͛30͜N

Da He Kou

86r28͛30͜E

41r57͛20͜N

Sampling site microenvironment
Located in the northwest of Lake Bosten, near the
industrial area of Bohu County and Heshuo
County,and the surrounding residential population is
more intensive
Located in the west of Lake Bosten and at the
junction Yanqi county and Bohu county at the
junction. There is plenty of farmland around. has
farmland sewage outfall nearby
located in the southwest of Lake Bosten. One of the
major tourist attractions in Lake Bosten and the
larger flow of people

M33198-2013). HF, HClO4, HNO3, HCL were
guarantee reagent.

theoretical support for the prevention and treatment
of heavy mental pollution in Lake Bosten.

Experiment method. The water samples were
removed from the freezer and allowed to melt
naturally at room temperature. Then the samples
were analyzed by ICP-MS after going through the
0.45μm membrane water. Under the optimum
conditions, blank and standard solution series were
collected and the standard curves were
automatically drawn by instrument(r>=0.9999).
Operating
parameters
of
ICP-MS
were
automatically defined by the tuning optimization
that satisfied sensitivity, background, oxide, dual
charge, and stability of equipment installation
standards. Their recoveries were more than 85%,
and the relative standard deviation was less than
2.5%.
The sediment and plant samples were ground
into fine powder in an agate mortar and passed 100mesh nylon sieve. Then dried at 85Ԩ for 4 h in an
oven. Precise weigh of each sample (0.2000 g) were
used to prepare the solution of digestion reaction. A
mixture of concentrated HNO 3, HF and HClO4 was
used for digestion reaction. After cooling to the
room temperature, the residue was diluted with
deionized water to 10 ml and analyzed for metals
by Atomic absorption spectrometer (SHIMADZU
AA-7000). The recovery rates of heavy metals in
the standard reference material were above 85%,
and the relative standard deviation was less than
2.5%. Reagent blanks were also employed to detect
potential contamination during the digestion and
analytical procedure. The whole process of the
experiment was carried in the air cleanliness of
1000 grade clean laboratory.

MATERIALS AND METHODS
Sample collection. The samples were
collected from three areas in the west side of Lake
Bosten in August 2014 (table1). The sampling sites
were selected referring to the layout of the routine
monitoring points of the environmental monitoring
station in Mongolian Autonomous Prefecture of
Bayingolin. The water samples were collected by
Water Sample Collector and stored in 500 mL
polyethylene bottles. The sediment samples used in
this study were taken by a grab sampler at a depth
of 0±5cm and collected into sealed polyethylene
plastic bags. The reeds were sampled as
representative plants in the Lake Bosten. They are
collected near the sample points and separated by
root, stem and leaf, then stored into sealed
polyethylene plastic bag respectively. In the
sampling process should avoid using metal
material. After samples were taken to the
laboratory, sediment and reed samples dried under
nature condition, water samples immediately
frozen, then waiting for analysis. The weather was
fine during the sampling.
Instrumentations and Reagents. The main
instruments and reagents were as follows: an
Agilent ICP-MS 7 500Ce inductively coupled
plasma mass spectrometer, a DEENAM Automatic
graphite sample digestion apparatus, a SHIMADZU
AA-7000 atomic absorption spectrometer and a
Milli-Q water purification system. The internal
standard stock solution was prepared using the Re
standard and the tuning solution was a thallium
mixed standard solution preparation consisting of
lithium, cobalt, yttrium, and cerium.
33
metal
elements mixed solution standard sample (CNM-

RESULTS
Concentration of heavy metals in the water
bodies. The results showed that the mean
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FIGURE 1
Concentrations of heavy metals in Multi-media

concentrations of heavy metals in water bodies are
7.9210-4 (6.5510-4-1.0610-4) ug g-1, 6.16
10-3 (0-16.7710-3) ug/g, 1.510-3 (9.4710-42.1810-3) ug g-1 and 3.910-4 (2.7810-4-6.02
10-4) ug g-1 for Ni, Zn, Cd and Cu, respectively.
Among them, the concentration of Zn is the highest,
followed by Cd, Cu, Ni, Cr and Pb concentration
was not detected (Figure1 left). In terms of spatial
distribution, the concentrations of Zn, Ni and Cd in
sampling point of Huang Shui Bridge exhibited
highest concentration, possibly due to it is near the
sewages outfall. The industry around Bo Hu Wei
Ye Factory sampling point is relatively developed,
but it has a certain distance away from the sewage
outfall. Therefore, though the concentrations of
heavy metals of Bo Hu Wei Ye Factory are
fundamental lower than Huang Shui River Bridge,
but the concentrations of Zn and Cd are far higher
than Da He Kou. The sampling point of Da He Kou
is located in the scenic spot and has artificial
disturbance. The mean concentration of the heavy
metals is at the lowest level in all the sampling
sites, but the concentrations of Ni and Cu are
relatively high. National Environment Quality
Standard for Surface Water (GB3838-2002)
classified water quality into five levels, grades one
to five (SEPA, 2002). Grade one is the highest
standard set to protect national nature reserves.
According to this standard, the average
concentrations of heavy metals in the water of
western of Lake Bosten were generally low. Most
heavy metals, except Cd between the grade one and
the grade two, were detected in concentrations
lower than cutoff values for the grade one water
quality. The result indicated that the pollution of
heavy metal in the western of Lake Bosten is weak.

Concentrations of heavy metals in
sediment. As the source and sink of heavy metal,
sediment plays a vital role in the circulation of
contaminants in the lake system. Some results show
that the concentrations of heavy metals in sediment
can reach from 100 times to 1000000 times
compared with water body, and have obvious
content distribution regularity. Hence, it is more
representative to analyze and evaluate pollutants in
sediment than just quality analysis in water, and the
experimental analysis process is more simple and
reliable [19, 20].
The results showed that the mean
concentrations of heavy metals in sediment are
161.71(115.63-195.38 㸧 ug g-1, 3.08(24.00-144.25
㸧ug g-1, 20.92(10.00-28.75㸧ug g-1, 192.92(85.25384.50㸧ug g-1, and 14.69(10.26-23.19㸧ug g-1 for
Ni, Zn, Cu, Cr and Pb, respectively. The
concentration of Cr is the highest, Ni, Zn, Cu, Pb
are lower and Cr not detected (Figure 1). Compared
to the research in 2009, the concentrations of Ni
and Cr show significant growth trend. The
concentrations of Ni and Cr are 5.31 times and 3.39
times that of those in 2009, respectively. This
indicates that the pollution of Ni and Cr in Lake
Bosten is increasing in recent 5 years, Zn
concentration shows a slightly increasing trend
while the concentrations of Cu, Pb and Zn are
decreasing, but the variation range is small [14, 16].
The distribution of heavy metals at each
sampling point is different. In detail, the highest
concentration levels of Ni, Zn and Cu are in the
Huang Shui River Bridge and the highest
concentration levels of Cr and Pb are in Da He
Kou. The main reason of heavy metals different
spatial distribution features in sediment is because
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the relatively concentrative and different types of
sewage outfall in the West Bank, and different
influence
to
three
sampling
points.

Shui Bridge sampling points close to 40 and
reach to medium ecological risk. The
concentrations of Ni and Cr in the sediment showed
a significant growth trend in recent years.
Therefore, the potential ecological risk can¶t be
ignored.

Risk assessment of heavy metals in
sediments. The harm of heavy metals in the lake
environment is not only related to its concentration,
but also related to the toxicity of heavy metals and
other factors. Therefore, we use Hakanson Potential
ecological risk index method evaluate the sediment
from Lake Bosten [21]. The method of potential
ecological risk index synthesize considers the
toxicity, migration and transformation regularity of
heavy metals, regional sensitivity to heavy metals
and the difference regional background value,
which can comprehensively reflects the potential
ecological harm of heavy Metals in Sediment. RI,
developed by Hakanson, was applied to determine
the integrated pollution degree of combined
toxicant groups by using Eqs. (1) and (2).

Eri

TriCsi / Cni
RI

¦E

i
r

Concentrations of heavy metals in the
plants. Lake Bosten is Chinese important reed
production base. Reeds and other plants have
accumulation abilities for heavy metals in the water
environment (Xu et al., 2013; Gomes et al., 2013).
The results showed that the mean concentrations of
heavy metals in reed are 14.9 (7.32-20.19) ug g-1,
34.28 (8.34-44.38) ug g-1, 0.08 (0.03-0.14㸧ug g-1,
10.02 (4.08-13.46㸧ug g-1, 16.81 (12.23-21.38) ug
g-1, and 0.79 (0.06-0.82) ug g-1, for Ni, Zn, Cd, Cu,
Cr and Pb, respectively. Among them, the
concentration of Zn is the highest, followed by Cr,
Cu and Ni and the concentrations of Pb and Cd are
lowest (Figure1). In summary, the heavy metals
distributions among the three sampling sites are
different, with the following order: Bo Hu Wei Ye
Factory > Huang Shui Bridge > Da He Kou. In
detail, the highest concentrations of Ni, Zn, Cd, Cu
and Cr are in Bo Hu Wei Ye Factory and the
highest concentration of Pb is in Huang Shui
Bridge.
Concentrations of heavy metals in roots, stems
and leaves of reeds were measured separately. The
concentrations of Ni, Zn, and Pb in different tissues
of the reeds showed the following order: root >
stem > leaf. The concentration distribution ratios in
root, leaf and stem are 3㸸1㸸1, 2㸸1㸸1, and 700
㸸3㸸1, for Ni, Zn, and Pb, respectively. Therefore,
heavy metals of Ni, Zn and Pb mainly enriched in
roots, particularly of Pb. Concentrations of Cu and
Cd in different tissues of the reeds showed the
following order: stem > root > leaf and stem > root
§ OHDI UHVSectively. The concentration distribution
ratios in root, leaf and stem are 21㸸2㸸1 and 2㸸1
㸸 1, for Cd and Cu, respectively. Hence, heavy
metals of Cd and Cu mainly enrich in stem.
Whereas, the distribution of Cr in each tissue is
relatively uniform and concentration distribution

(1)
(2)

E ŝƐ the potential ecological risk index for
individual heavy metal i. Where Tri is the toxic
response factor for a given substance, Cri is the
i
r

concentration of metal i in sediment, and

Cni is

the

local background value of heavy metals in
sediment. Four classes of RI were defined: low risk
(RI<150),
moderate
ULVN
RI<300),
FRQVLGHUDEOHULVN  RI<600), and very high risk
(RI   +DNDQVRQ  . Five classes of Eri
were defined: low risk ( Eri <40), moderate risk
(40RI<80), heavier risk (80 Eri <160),
FRQVLGHUDEOH ULVN  Eri <320), and very high
risk ( Eri 320) [13].
As shown in table 2, RI valve is less than 150
and Eri valves of the heavy metals in all sampling
sites were less than 40, indicating that the potential
heavy metals ecological risk of sediment is low.
Compare to other heavy metals, Ni has the highest
contribution to RI valve. Eri valve of Ni in Huang

TABLE 2
Single potential ecological risk index and comprehensive potential ecological risk index

Eri

Sampling sites
Bo Hu Wei Ye Factory
Huang Shui Bridge
Da He Kou
Average

Cr
4.42
3.47
15.60
7.83

RI
Cu
4.49
5.38
1.87
3.92

Ni
21.73
36.73
32.73
30.40
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Pb
2.73
2.64
5.98
3.79

Zn
0.74
2.10
0.35
1.06

Cd
0.00
0.00
0.00
0.00

34.13
50.32
56.53
46.99
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the order: sediments >plants >water, and
showing that the accumulation of heavy metals
could be extremely significant in lake sediment
[22]. The majority of emergent aquatic plants in
lake Bosten belong to a community of reeds. It has
important effect on the migration of heavy metals in
water environment. Even though the content of
heavy metals inside reed is lower than sediments,
but far higher than water. In detail, the contents of
Ni and Cr in sediments were high and their
concentration distribution ratio in water, sediments,
and plant is 0:11:1. The concentration of Pb in
sediments is not very high, but its concentration
distribution ratio can reach to 0:19:1. Compared to
the other heavy metals, the difference distributions
of Ni, Cr and Pb in multi-media are obviously. This
can attribute to the strongly enrichment ability for
heavy metals of sediment and migration ability for
heavy metals of reed in water environment system.
The concentrations ratio of Zn and Cu is 0:2:1.
Though it shows a certain multi-medium
distribution difference, compared with Ni, Cr and
Pb, there is no significant difference in the multimedium distribution of Zn and Cu. The difference
of Cd is the weakest (Figure 2 right).

radio is close to 1:1:1. The result showed that heavy
metals in the roots, stems and leaves exhibited
different enrichment ability, and the same tissue
had different enrichment ability for different heavy
metals (Figure 2 left).
Distribution of heavy metals in multimedia. Spatial distribution regularity of heavy
metal in multi-media is not completely consistent.
Among them, the spatial distribution of Ni and Zn
in water and sediment are completely the same,
which is different from reed. The heavy metals in
sediments are most probably from the precipitating
of heavy metals in the water; however, reed not
only absorbs heavy metals from water and
sediments, but also from atmosphere, so it may be
the main reasons that the spatial distribution of Ni,
Zn in the reed is different from water and
sediments. Huang Shui Bridge is near to the entry
of Huang Shui river. It is one of the main rivers
running into the Lake Bosten. After 1980, it was
dried up, and becoming the biggest outfall in Yan
Qi basin for recent 10 years. The pollution of
Huang Shui river is very severe, and there are also
various pollution histories in other sampling points.
The heavy metals in the water can present the
pollution levels of water environment, reflecting the
short-term input level of heavy metals in water
environment system. However, the heavy metals in
sediments can truly reflect the pollution history of
water environment, presenting the long-term
accumulation level of heavy metals in water
environment system. The above reasons may be the
main influence factors of the differences among the
spatial distribution of Cu, Cd, Pb and other heavy
metals in water, sediments, and reed.
The results indicated that concentrations of
heavy metals among three compartments were in
5RRW

VWHP

DISCUSSION AND CONCLUSIONS
The average concentrations of heavy metals in
water were low. All heavy metals, except Cd
between the grade one and the grade two, were
detected lower than cutoff values for the grade one
water quality. The concentrations of Ni and Cr
show significant growth trend in sediment.
However, the potential heavy metals ecological risk
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Heavy metal multimedia distribution
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in sediment is low according to Hakanson Potential
ecological risk index.
Concentrations of Ni, Zn, and Pb in different
tissues of the reeds showed the following order:
root > stem > leaf. Heavy metals of Ni, Zn and Pb
mainly enriched in roots, particularly of Pb.
Concentrations of Cu and Cd in different tissues of
the reeds showed the following order: stem > root >
OHDIDQGVWHP!URRW§OHDIUHVSHFWLYHO\ Cd and Cu
mainly enrich in stem. The distribution of Cr in
each tissue is relatively uniform.
Spatial distribution regularity of heavy metal
in multi-media is not completely consistent. Among
them, the spatial distribution of Ni and Zn in water
and sediment is completely the same, which is
different from reed. The difference spatial
distribution of Cu, Cd, Pb and other heavy metals in
water, sediments, and reed may due to the different
ways of absorbing heavy metals in each medium
and different pollution history of sampling sites.
The heavy metal distributions among the three
compartments were significantly different, with the
following order: sediment > plant > water. The
distributions of Ni, Cr and Pb in multi-media are
obvious difference. This can attribute to the
strongly enrichment ability for heavy metals of
sediment and migration ability for heavy metals of
reed in water environment system. The contents of
Ni and Cr in sediments were high and their
concentrations ratio in water, sediments, and plant
is 0:11:1. The concentration of Pb in sediments is
not very high, but its concentration ratio can reach
to 0:19:1. The concentrations ratio of Zn and Cu is
0:2:1. The multi-media distribution difference of Zn
and Cu is relatively obvious and Cd is the weakest.
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ABSTRACT

INTRODUCTION

Bacteria play an important role in the
decomposition and a variety of compounds in
digestion of chicken process. An anaerobic
digestion device was used to investigate microbial
communities, biogas production capability and
heavy metals release during anaerobic digestion
process of chicken manure. Microbial communities
were monitored by phospholipid fatty acid (PLFA),
16S rRNA gene clone library, denaturing gradient
gel electrophoresis (DGGE), and 454 Life Sciences.
The results of PLFA analysis showed that the
microbial biomass and microbial community
structures in the digested slurry had a significant
correlation with the quantity of the biogas and the
concentration of heavy metals. A total of 274
clones were examined, revealing 28 different 16S
rRNA gene sequences or phylotypes. The 80 clones
(2.31) belonged to the genus Clostridia sp.,
indicating that the genus Clostridia sp. is the most
dominant component in the anaerobic digestion
process. However, the result of 454 showed that the
methanomicrobia was the main archaea. In addition,
PCR-DGGE results suggested that bacteria show a
more complex microbial diversity and chicken
manure anaerobic digestion was mainly affected by
bacteria.

Turning poultry and animal manures into
biogas energy is considered one of the
bestalternatives to the growing issue of the poultry
and animal manures management. Biogas
production is anaerobic digestion process by a
certain series of micro-biochemical coupling
reaction. For enhancing yields during the anaerobic
digestion, the important physical and chemical
factors that affect the anaerobic digestion process,
such as nutrients, temperature, pH, ammonia,
substrate inhibition and toxic compound are often
reported []. Previous researches revealed that
anaerobic digestion process is an integrated
biosystem and contains a complex ecosystem where
billions of bacteria, archaea, protozoa and fungi
reside. This diverse microbiota is well adapted to
play an important role in digestion []. The recent
developed culture-independent methods such as
PLFA analysis and 16S rRNA gene-directed
PCR-clone library have been popular used to
provide information on microbial diversity and
community structure, give insights into which
microorganisms are present and which are most
active [], DGGE is becoming routinely applied to
microbial ecological studies. They are very
appropriate to detect changes in the microbial
composition with time or to compare the microbial
composition of different bioreactors, to determine
the diversity of populations in anaerobic biofilms.
For a special digestive system, the chicken manure
contains more organic matter than that of other
manure, and can produce more biogas []. However,
little is known about the microbial communities
present in anaerobic digestion of chicken manure.
In this study, the overall microbial
communities in the anaerobic digestion of chicken

KEYWORDS:
Chicken manure; Anaerobic digestion, Heavy metals,
DGGE, PLFA
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hexane for chromatographic analysis. Nonacosane
acid methyl ester (19:0) was used as a quantitative
internal standard of known concentration. The fatty
acids were quantified by comparing the peak areas
with those of the standard peak. Fatty acid
terminology utLOL]HV µ$%Ȧ&¶ ZKHUH µ$¶ LQGLFDWHV
WKH WRWDO QXPEHU RI FDUERQ DWRPV µ%¶ WKH QXPEHU
RIXQVDWXUDWLRQVDQGµȦ¶SUHFHGHVµ&¶WKH QXPEHU
of C atoms between the closest unsaturation and the
DOLSKDWLF HQGRIWKH PROHFXOH7KH VXIIL[HV µF¶DQG
µW¶ LQGLFDWH FLV and trans geometric isomers. The
SUHIL[HV µL¶DQGµD¶UHIHUWRLVRDQGDQWL-iso methyl
EUDQFKLQJ µ0H¶ UHIHUV WR D PHWK\O JURXS RQ WKH
tenth carbon from the carboxylic end of the fatty
acid. All data are given in percent (w/w) of total
fatty acid methyl ester (FAME). The following fatty
DFLGV L L D L ȦF L
ȦF D F\ ȦF ȦF DQG
19:0cy were chosen to represent the PLFAs of the
bacterial group and fungal ȦF[].

manure process were studied by combined different
techniques (PLFA, DGGE, and cloning) and the gas
production, pH and heavy metal concentration in
the biogas slurry were also measured in the
different anaerobic digestion stage. The purposes of
this study were (1) to elucidate the
structure-function relationships of the different
anaerobic digestion period; (2) to better understand
the complex relationships between composition of
digestion micro-organisms with a number of
physical and chemical factors (pH, heavy metal
concentration and temperature of the biogas slurry)
in the anaerobic digestion progress.

MATERIALS AND METHODS
Anaerobic
digestion
and
sampling.
Anaerobic digestion was carried out in 2.5 L glass
bottle with 1,000 g chicken manure, 250 g chicken
slurry inoculum and 1,250 ml water. The daily
biogas volume (mL) was determined by the
drainage method. The volume of the gas washing
bottle and gas collecting bottle were all 1 L. The
chicken manure was collected from a chicken farm
at Anxin, Hebei province, China. And the
concentrations of Cu, Zn, Cd, Pb and As in the
chicken manure were 70.4 mg/kg, 542 mg/kg, 0.1
mg/kg, 8.9 mg/kg, and 1.6 mg/kg, respectively. The
reactor was incubated for about two months (from
Nov.6 2010 to Jan. 11 2011) and kept 37°C during
the digestion. The biogas slurry samples were
collected once every five days. Stirring of the
reactor only occurred at sampling times. In order to
investigate the relationship between methane
generation and heavy metal degradation, the
parallel tests were made, the results showed that
three sets of test is basically the same.

Clone library analysis. Clone library was
used to analyze the microbial composition of the
anaerobic digestion reactor. Digestion samples were
taken from the November 17, 2010 and analyzed by
16S rRNA gene clone library. Total DNA
extraction from digested slurry was performed by
using a genomic DNA extraction kit (Tiangen,
china) DFFRUGLQJWRWKHPDQXIDFWXUHU¶VLQVWUXFWLRQV
The extracted DNA was amplified by PCR using a
gradient automated thermal cycler (Dongsheng,
China). The primers used 27F and 1492R []in this
study.
The 16S rRNA genes of total bacterial
community DNA was used to assess bacterial
community diversity. PCR products were
gel-purified and extracted with E.Z.N.ATM gel
extraction kit (Omega, USA). Purified fragments
were cloned with the pGEM-T Easy vector
(Promega, Madison, WI, USA) and transformed
into Escherichia coli '+Į. To investigate
microbial community of the digestion, the 16S
rRNA
clone
libraries
were
constructed.
Subsequently, a total 274 clones were sequenced by
the Huada Genes Bio-Tech Company (Beijing,
China) and then 16S rRNA sequence was
categorized into 28 phylotypes. Sequence data from
16S rRNA genes were subjected to phylogenetic
analyses. Homology searches were conducted using
the GenBank server of the National Centre for
Biotechnology Information (NCBI) and the BLAST
algorithm
and
checking
the
sequence
chromatograms for errors. Phylogenetic trees
design were operated using the software
CLUSTALX1.83 and the neighbour-joining tree
was constructed using Bootstrap N-J tree distance
with 1000 replicates to produce bootstrap values.
Phylogenetic trees were constructed and checked by

PLFA analysis. The 15 mL sample and 20
mL chloroform, methanol and citrate buffer
(Bligh-Dyer extraction, pH 7.4) (1:2:0.8, v/v/v)
were put into 50 mL centrifuge tube. The mixture
samples were dark shaken approximately 2 hours,
and then standed overnight. Then, the chloroform
and citrate buffer (1:1, v/v) were added in order to
achieve phase separation. The lower lipid phase
was removed and dried under a stream of N2 and
the lipid fraction containing the phospholipids was
isolated and translated into fatty acid methyl esters
using a mild alkaline methanolysis reaction []. The
samples were stored at -20°C for future analysis.
Fatty acid methyl esters (FAMEs) were analyzed by
a
GC±MS
(Hewlett±Packard
6890
Gas
Chromatograph with HP5973 Mass Spectrometer).
Total quantity (nmol/g) was determined using the
methyl ester of nonadecanoic acid (19:0), which
was added as an internal standard and dissolved in
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buffer. After electrophoresis, the gel was stained
with 0.5 ȝJPO ethidium bromide and photographed
with a Fluor-S Multi Imager System (Bio-Rad,
USA). DGGE bands of interest were excised from
the gel using a sterile scalpel. The DNA was
subsequently eluted overnight at 37°C in sterilized
distilled water. Excised DNA was then re-amplified
using the primer pair PRBA 338F and PRUN 518R
as described previously, sent to Shanghai Sangon
Biological Engineering Technology & Services Co.,
Ltd (Shanghai, China) for DNA sequencing.
The sequences were first compared to
sequences stored in GenBank using the BLAST
algorithm multiple alignments and distance matrix
analyses were conducted using the MEGA 4.1
software package. A phylogenetic tree was
constructed using neighbor-joining analysis with
1000 replicates of bootstrap analysis.

bootstrap analysis (1,000 data sets) using the
program MEGA version 4.1. Bootstrap values
represent the frequency of resampling that supports
a specific branching pattern.
Barcoded pyrosequencing for 16S rRNA.
The archaea of the 16S rRNA gene was amplified
from two chicken manure (11.27 and 1.6) DNA by
PCR using barcoded universal primers Arch344F
and Arch915R containing the A and B sequencing
adaptors (454 Life Sciences). The fusion primer
A-Arch344F
was
¶cgtatcgcctccctcgcgccatcagACGGGGYGCAGCAG
GCGCGA -¶, where the sequence of the A adaptor
is shown in lowercase letters. The reverse primer
B-Arch915R was ¶- ctatgcgccttgccagcccgctcag
GTGCTCCCCCGCCAATTCCT-¶, where the
sequence of the B adaptor is shown in lowercase
letters. The ten base pair barcode unique to each
sample embedded in the Primer B- Arch915R set.
The PCR amplification was performed in a
ABI9700 thermocycler (ABI, Foster City, USA).
Prior to sequencing, the amplicons from each
reaction mixture were mixed in equal amounts
based on subjected and concentration to emulsion
PCR, and ample libraries were generated as
recommended by 454 Life Sciences. Sequencing
was performed from the primer B end using a
Roche Genome Sequencer GS-FLX according to
the protocol.
Library coverage was calculated as C = 1-n/N,
where n is the number of OTUs without a replicate,
and N is the total number of sequences. Chao 1 was
used to estimate the total number of species in the
ecology. Schao1=Sobs+n1(n1-1)/2(n2+1), Schao1 was the
number of OUT estimators, Sobs was the number of
OUT real effective, n1 was singletons, n2 was
doubletons. The Shannon index = -p iln(p i),
p i=n i/N
, where pi = ni/N, ni is the number of OTUs
with the i individuals, and N is the total number of
individuals.

Analytical methods of some properties of
the slurry. The samples collected at the bottom of
the reactor were analyzed for dissolved organic
carbon (DOC), pH and the concentrations of
selected heavy metals (As, Cd, Pb, Zn, Cu). The pH
and concentration of DOC were performed in
accordance with standard methods[]. The daily
biogas volume was determined by the drainage
methods. And the volume of the discharged water
was the volume of the produced biogas every day.
The concentrations of the heavy metals were
determined by inductively coupled plasma optical
emission spectrometer (ICP-OES) after digestion
with aqua regia.

RESULTS
Properties of the slurry and the biogas
production Biogas production (Fig. 1a) had a
significantly increase over the first 20 days of
incubation, then the production decreased. The pH
in the reactor increased from 7.0 to 8.0 over the
incubation time. The Zn concentration decreased
while Pb concentration increased in the biogas
slurry during the incubation time. Other heavy
metals (Cu, Cd and As) concentrations had not
significant change. At the November 27, the highest
biogas production, but the lowest concentration of
Zn and Pb were observed (Fig. 1).

PCR-DGGE fingerprinting analysis.
The variable V3 region of 16S rRNA gene
sequences from nucleotide 338 to nucleotide 518 (E.
coli numbering) was amplified. The primers used
F338GC and R518 []in this study, the GC-clamp
was attached to the F338 primer to prevent the
separation of the RNA fragments on the DGGE gel.
DGGE was performed with the DcodeTM universal
mutation detection system (Bio-Rad, USA). PCR
products (50 ȝ/) were loaded onto 10% (W/V)
acrylamide: bisacrylamide (37.5 : 1, m/m) gel
containing a 40%±60% linear gradient of
formamide and urea (100% denaturing solution
contained 40% formamide and 7 mol/L urea). The
gel was run for 16 hr at 60°C and 60 V in 1×TAE
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period. At the Nov. 27, the bacteria reached high
values, and GP/GN reached the highest value (Fig.
2).
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FIGURE 1
Change of (a) the biogas production, DOC
concentration and pH, (b) the heavy metals
during the chicken manure digestion. Error bars
represent the SE of the mean (n=3)

FIGURE 2
Sixty-day response of (a) total concentration of
PLFA, methanogenic PLFA, fungal PLFA, (b)
GP/GN PLFA profiles. Error bars represent the
SE of the mean (n=3).

PLFA analysis. The microbial community
showed significant change over the incubation
period. And there were also significant change in
the content and species of all kinds of the microbe
groups (Fig. 2). On the basis of phospholipids fatty
acids map, the total amount of PLFAs can be used
to indicate the sum microbial biomass, bacteria
were dominant in the process. The total
concentration of PLFA increased from Nov.6 2010
to Nov.21 2010, and reached the highest
concentration on Nov. 21. Then, the PLFA
concentration decreased. Total methangens
concentrations followed similar patterns as the
concentration of total PLFA during the incubation
period (Fig. 2a). However, there were no significant
differences in total fungal concentrations during the
incubation period. The ratio of Gram-positive
bacteria (GP) to Gram-negative bacteria (GN)
changed significantly (Fig. 2b). In Gramnegative
and Gram-positive bacteria, cell surface
engineering has also been performed, and
cellsurface engineered microorganisms with useful
functions have been constructed for diverse
applications [].
The clusters of the digestion communities
indicated differences in the biomarker compositions
in different digestion period. On Nov. 21, PLFA
analysis showed that the bacteria were the largest
quantity, while the heavy metals decreased at this

16S rRNA gene clone library. Nucleotide
sequences were compared to the GenBank database
using BLASTN, all sequences showed 95%-99%
similarity to previously identified 16S rRNA gene
sequences. A comprehensive phylogenetic 16S
rRNA gene tree reflecting the relationships of
bacteria reference organisms was generated by
CLUSTALX1.83. Fig. 4 depicted a phylogenetic
tree based on the results other closely related 16S
rRNA genes in GenBank. The sequences were
deposited in GenBank under the accession
numbers(JN256082- JN256103).
The bacterial 16S rRNA genes analysis
revealed that 274 clones belonged to 28 OTUs.
Through the public databases (GenBank, RDP)
blasted: the sequenced OTUs were separated five
clusters: Firmicutes, Bacteroidetes, Chloroflexi,
Proteobacteria, and Spirochaetes. Among them, the
Firmicutes was predominant, representing 46% of
all the clones; which including Clostridia group,
was predominant , and the second cluster was the
Bacteroidetes accounting for 23%; the third was the
Proteobacteria,
and 22% of all the clones;
Spirochaetes and Chloroflexi only have 10 and 14
clones respectively. In terms of number of OTUs or
the number of clones, the Firmicutes and
Bacteroides had the absolute advantage. A
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Firmicutes bacterium (CU925359)
2.61 (JN256109)
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2.22 (JN256096)
1000
717
1000 Uncultured bacterium (EU234230)
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838 1000
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2.50 (JN256097)
994
2.30 (JN256107)
Uncultured bacterium (AB606380)
1000
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33 (JN256090)
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88 (JN256087)
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63 (JN256089)
Rikenellaceae bacterium clone (GQ468575)
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Alphaproteobacteria
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FIGURE 3
Phylogenetic relationships among 16S rRNA gene clone library from digestion liquid and previously
reported environmental sequences. The scale bar indicates two changes per 1000 nucleic acid positions
primer sequences. The sequences could be assigned
to 285 operational taxonomic units (OTUs) at a
97% sequence identity threshold. Species richness,
coverage and diversity estimations were calculated
IRU HDFK GDWD VHW 7DEOH   *RRG¶V FRYHUDJH
revealed that two libraries represented the majority
of archaea 16S rRNA sequences present in each
chicken manure sample. Chao 1 values and
Shannon index clearly showed that the archaea
richness in 11.27 chicken manure was significantly
higher than in 1.6 one. There are five main classes
in two samples, the relative abundances of
dominant phylogenetic groups in two samples as
follows (Table 2). The main class in two different
samples, the others classes was very little, therefore
we can know that archaea was very single.

phylogenetic tree was constructed using the
neighbour-joining method and bootstrap based on
1000 replicates, and phylogenetic analysis of
sequence data for clones representing OTUs was
used to determine the phylogenetic position of each
clone (Fig. 3).Clone library was statistically
evaluated by rarefaction analysis, Rarefaction
curves tended to approach the saturation plateau
(Fig. 4), indicating that 274 clones used in the
library filtering could well cover the diversity of the
16S rDNA genes.
Pyosequencing for 16 S rRNA. The
pyrosequencing analysis of 16S rRNA gene
amplicons from two chicken manure samples
produced 7,168 valid reads, leaving 5,712 reads
after quality filtering and removal of chimeric
sequences. The average sequence length was of 490
nucleotides, excluding the adaptor and barcode
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PCR-DGGE result. In our study, the change
of bacterial community during fermentation was
elucidated by the DGGE phylotype. 16S rRNA v3
region amplification, PCR products were about 200
bp, in line with the expected results of DGGE
demand. All of the detected bands from bacterial
DGGE fingerprinting were excised, amplified and
cloned. The mobility of the inserted fragments of
five clones randomly selected from each clone
library (15 libraries in total) was sequenced and the
results were compared with the NCBI. The result
showed that 19 different sequences from the
bacterial libraries were received (Table3).
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FIGURE 4
Rarefaction analysis of the 16S rDNA clones
using software Rarefactwin Version 1.3. Dashed
lines represent 99% confidence intervals

TABLE 1
Library coverage estimations and sequence diversity of 16S rRNA
Sample

No. of Filtered sequences

No.

11.27
1.6

2877
2808

148
137

of

OTU

(97%

% Coverage

Chao

Shannon index

97.4
97.9

274
211

2.83
2.33

TABLE 2
Relative abundances of dominant phylogenetic groups in samples
Class

Halobacteria

Methanobacteria

Methanomicrobia

Thermoplasmata

Thaumarchaeota

All

11.27
1.6

0
8

19
4

2699
2700

85
47

4
43

2877
2808

TABLE 3
Results of bacteria PCR-DGGE 16S rDNA sequences using BLASTN in GenBank
Description Name
B1

Most closely related sequence
Sphingomonas parapaucimobilis (AB680768)

Identity(%)
98

Taxonomy
Alphaproteobacteria

B2
B3
B4
B5
B6-1
B6-2
B7
B8
B9-1
B9-2
B10-1
B10-2
B11-1
B11-2
B12
B13
B14
B15

Spirochaetes bacterium (CU922012)
Rikenellaceae bacterium (FN689565)
bacterium clone ATB-KS-1434 (EF686958)
bacterium clone BM5 (AY900211)
bacterium clone CD106 (DQ441357)
Clostridium bacterium (EU358636)
Clostridium bacterium (CU926688)
Bacteroidetes bacterium (FJ569064)
bacterium clone 10-17 (HQ658551)
Bacteroidetes bacterium (EU551113)
Clostridium sp. (BN II) (X75909)
Tissierella sp. enrichment clone (EU834835)
Clostridium sp. (JN792363)
Clostridium mesophilum (JN650296)
Pseudomonas sp. K7SC-3A (JF799954)
Anaerovorax sp.( N692194)
JQ229796.1| Pseudomonas fulva strain
Anaerovorax sp. ( JN692194)

100
96
98
99
100
99
97
99
98
97
100
99
99
99
99
95
100
98

Spirochaetes
Bacteroidetes
Spirochaetes
Bacteroidetes
Firmicutes
Firmicutes
Firmicutes
Bacteroidetes
Bacteroidetes
Bacteroidetes
Firmicutes
Firmicutes
Firmicutes
Firmicutes
Gammaproteobacteria
Firmicutes
Gammaproteobacteria
Firmicutes
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processed well for they are not too low. The outlet
pH values from 6.5 to 8.1. The pH values after the
fermentation for biogas production was increased to
a fitting range, and it was as a result of conversion
of acid to the methane.

Multi-fragments were found in a single band in at
least 11 of the 19 recovered DGGE bands. Nine of
the bacterial sequences were assigned to Clostridia,
five of the sequences were clustered to
Bacteroidetes, and one was grouped to
sphingomonas, and two to Spirochaetes and
Pseudomonas, respectively.
DGGE band B11 was detected in all profiles,
meanwhile, other band like B9 were detected in all
samples, indicating that the bacterial groups
represented by these bands possibly, and played an
important role in digestion liquid ecology. Band B2
and B15 were found to be unique in the latter
samples, with appearance of the new bands (B5, B6,
B7, B8, B10 and B12) and loss of others (B3, B4,
B13 and B8). Band B3 and B13 was detected in the
first 6 samples, band B6 and B7, which appeared
the samples 4 and 5 and then disappeared
respectively. Band B5 appeared from the sample 7
to sample 9. From the figure, the bands reached the
lightest at the sample 4 and 5, meanwhile, the
biogas production at the highest quantity, but pH
and concentration of Pb and Zn with minimum
level.

FIGURE 5
Composite 16S rRNA gene directed
PCR-DGGE, banding profiles of epiphyte
bacteria, samples 1, 2, 3, 4, 5, 6, 7, 8, 9, 10
represent Nov. 6, 11, 16, 21, 27, Dec. 6, 12, 17, 27,
Jan 6, respectively.

DISCUSSION
Microbial communities within the chicken
manure digestion play important roles in anaerobic
fermentation process. However, these communities
are affected by various environmental conditions.
For example, DOC, pH and heavy metal
concentrations significantly altered microbial
community structure of the anaerobic digestion
system[].
In the present study, the microbial changes in the
anaerobic digestion process of chicken manure
using culture-independent techniques (PLFA,
PCR±DGGE, and 16S rRNA gene clone library)
showed significant results. Composite PLFA
profiles offered an indication of microbial
communities[], total PLFAs, especially for the
bacterial fraction, increased significantly during the
anaerobic digestion process. At the Nov. 27, the
biogas production and GP/GN reached the highest
values, but the concentrations of Zn and Pb got the
lowest values (Fig. 1, Fig. 2). These results showed
that the microbial biomass and the microbial
community structures in the digested slurry had a
significant correlation with the quantity of the
biogas and the concentration of heavy metals. The
PLFA-data for anaerobic digestion of chicken
manure samples revealed a close association in
multi-branched-chain fatty acids, which is
indicative of Gram-positive bacteria[]. The pH
values of the experimental material at the inlet was
6.4, these values showed that the fermentation

DGGE profiles of the V3 region can be
employed to reflect the dominant microbial
community structure and to analyze the structural
variation in systems. The results were also in
agreement with the PCR±DGGE, 16S rRNA gene
clone library, in the beginning, the bacteria quickly
increased with the time change, and then decrease,
which accord with that the substrate transformation
results (including DOC, pH, and heavy metal).
The band B11, which was closest to Clostridia
sp., emerged in all the samples, and became a
dominant bacterium during the investigation period.
In our experiment, Clostridia sp. was found to be a
dominant bacterium, and had a much population
(46%). Therefore, it can be detected by DGGE and
the 16S rDNA clone library. Previous reports on
Clostridia sp. isolated from compost samples have
shown that they are strictly anaerobic and degrade
cellulose under thermophilic conditions[]. Another
paper reported the isolation of Clostridia sp. from a
methanogenic system treating cattle waste[]. These
reported Clostridia sp. degrade the carbohydrates,
and the end products of the fermentation are
hydrogen, ethanol, acetic acid etc. Our results
indicate that the Clostridia sp. closely related to
these species degrades cellulose under the anoxic
conditions in the reactor, especially in the initial
stage of the fermentation process. Some studies
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have also reported 16S rRNA gene sequences same
as those observed in our study. These previous
results suggest that the Clostridia sp. detected in
our study are common to organic waste treatment
systems. pH value was a very important indicator
that react the system operation, and also a
controlling factor of the fermentation in the reactor [].
The pH of the samples ranged from 7 to 8, which
indicates that there was no obvious accumulation of
organic acids and that their consumption surpassed
their production.
Bacteroides (B3, B5, B8, B9) could make use
macromolecular
organic
matter
such
as
carbohydrates and protein to product small
molecule, such as alcohols, organic acids, carbon
dioxide, hydrogen, ammonia[], etc. reported that the
Bacteroidetes were the most dominant bacteria in
cattle manure compost. In the present study, the
Bacteroides were mainly detected with intense
signals in samples.
Pseudomonas sp. (B12, B14) were the favorite
bacteria and grew well in the digestion liquid
according DGGE through this experiment, which
was similar to the clone library analysis. Whereas,
the main OTUs 16 and 87 in the 16S rDNA clone
library was not detected by DGGE analyses. The
reason might be the PCR bias caused by the
different PCR conditions and primers[]. In this study,
we found that shifts of bacterial communities could
be driven by different environmental factors, such
as crop types, soil hysicochemical properties and
other environmental disturbances (e.g., temperature,
nutrition).
Generally, more microbial species were found
in the samples 4 and 5 than the others. Meanwhile a
significant change in GP/GN in all process was
recorded, the reason might be that the
Gram-negative bacteria could be restrained in
chicken and some Gram-positive bacteria could use
the carbon source, nitrogen source occupied by
Gram-negative before.
The DGGE method has been criticized for
reducing bacterial diversity to only the dominant
phylotypes[]. So we used both PCR-DGGE and 16S
rRNA gene clone libraries to evaluate the microbial
community variations in the chicken manure
anaerobic digestion. The results of the bacterial 16S
rRNA gene clone library analysis (Fig. 3) were
almost identical with the bacterial DGGE profiles
(Fig. 5). There are only five main classes in two
samples, the methanomicrobia was the main class
in two different samples, the others classes was
very little, therefore we can know that archaea was
very single.

CONCLUSIONS
(PLFA
and
DGGE)
suggested
that
environmental factors (including the associated
DOC, pH, and heavy metal transformation) can
have significant effects on bacterial community
composition during the process of anaerobic
fermentation of chicken manure. In addition,
chicken manure fermentation might be mainly
affected by bacteria.And the genus Clostridia was
found to be the most dominant component in the
anaerobic digestion process (16S rRNA gene clone
library).
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mineral thorium phosphate monazite composed of
thorium phosphate and 12% thorium oxide [5]. It is
surprisingly abundant in tKH HDUWK¶V FUXVW EHLQJ
three times more common than uranium and about
as lead [6].
Thorium is ubiquitous, its release in
environment occurs both from natural and
anthropogenic sources that elevate its level over the
background. Windblown dust [7] and volcanic
eruptions are two important natural sources of
thorium in the air, while mining, milling, tin
processing, phosphate rock processing, phosphate
fertilizer production, coal fired utilities are main
human source, minor amount can became from
agricultural activity [8] from military activity where
was used for its low toxicity till nineties as simulant
of plutonium in training activities [9], and as
tracker for missiles. In future, a steeply rise of
mining and industrial activities related to thorium is
expected, owing to the interest in its exploitation as
nuclear fuel instead of uranium by some important
countries [10, 11].
More than 99% of thorium exists as 232Th, its
PRVW VWDEOH LVRWRSH ZKLFK XQGHUJRHV Į GHFD\V
This radioisotope has a half-life of DURXQG § 
billion years (Table 1), thus the radioactivity of
thorium is limited. Most of the other thorium
isotopes are part of the decay chain of thorium and
uranium (Figure 1); they are much more
radioactive, but their fraction is negligible if
compared to the 232Th. Even if thorium shows a
negligible

ABSTRACT
Gamma spectrometry hand-held instrument
may show considerable analytical performances
and even if they are not specifically taught for
quantitative environmental analysis, in this work
we evaluate the performance of one of them in this
field comparing the results with ICP-MS, the
reference technique in this field. In our work we
want to evaluate the possibility to use the analytical
performances offered by a portable gamma
spectrometer as confirmatory technique.
We used for this test soils contaminated with
thorium, an increasing interest pollutant, widely
present in natural sediments and also emitted in
environment by several anthropogenic processes
such modern agricultural practices, industrial and
military application. Thorium is expected also to
increase in interest, for its possible exploitation as
nuclear fuel instead of uranium by some countries.
KEYWORDS:
Thorium, ICP-MS, hand-held gamma spectrometry,
radionuclide pollution.

INTRODUCTION
Contamination by radioisotopes can represent
a problem for human and environmental safety [1,
2, 3, 4].
Thorium is a naturally-occurring, radioactive
metal of the actinide series that occurs mainly in
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TABLE 1
Thorium isotopes.
Isotope
226
Th
227
Th
228
Th
229
Th
230
Th
231
Th
232
Th
233
Th
234
Th

Half-life period
30,6 months
18,7 days
1,9 years
7340 years
75380 years
25,5 hours
1,4x1010 years
22,3 months
24,1 days

Emitted radiation
Į
Į
Į
Į
Į
ȕĮ
ȕȕ-

Energy (MeV)
5,99
6,14
5,52
5,17
4,78
0,39
4,08
1,24
0,27

Decay product
222
Ra
223
Ra
224
Ra
225
Ra
226
Ra
231
Pa
228
Ra
233
Pa
234
Pa

form, as above-mentioned. However, such
technique shows a sensitivity almost three order of
magnitude minor [21] than ICP-MS.
Atomic Absorbance Spectrometry (AAS) is
another technology suitable for analysis of metals
in environmental matrix. However, the difficulty in
finding of the hollow-cathode lamp, essential to
perform this kind of analysis, makes such technique
little used. These are the reasons that make this
technique a reference method for the determination
of long-lived radionuclides in environmental
samples.
Other analytical techniques, such as laser
ablation, which are able to directly analyze solid
samples [22, 23] also in complex as sediment [24]
are available, but to obtain reliable results a
particular sample preparation consisting in pellets
preparation is required.
The only other techniques that have found
some use for the quantification of this element in
environmental matrices are the radiometric ones,
especially the alpha spectrometry [25], and gamma
spectrometry [26, 27]. These techniques have the
advantage to directly quantify the radioactivity
emitted, which is undoubtedly the most important
unknown factor as regards environmental issues
and work safety, and unlike ICP-MS no samples
preparation is required. By contrast, due to the low
thorium activity, they are less sensitive than the
technique of reference, at least at standard
concentrations for sample of environmental interest.
In particular, for the determination of long-lived
radionuclides, ICP-MS offers lower limits of
detection (LOD) than those provided by radiometric
techniques (e.g. a-, b-spectrometry). However,
frequently nowadays ICP-MS and radiometric
techniques are used together to quantify radioactive
trace elements as thorium especially in
environmental [28] or complex samples [29] in

FIGURE 1
Thorium decay chain.
chemical toxicity compared with uranium, it can be
considered dangerous for inhalation or massive
LQJHVWLRQ EHFDXVH RI LWV Į HPLVVLRQ LQFUHDVLQJ WKH
risk of lung cancer and leukemia (as example an
Effective Dose of 1 Sievert can be reached with the
inhalation of 2,22 gr of elemental thorium). This
danger exists above all for people who work in an
industry that mines [12], mills, or manufactures
products containing thorium [13], such as ceramic
glazes and lantern mantles [14]. Thorium presents a
moderate tendency to bioaccumulation that could
increase the risk related to the exposure to this
element [15, 16].
Various analytical techniques have been
successfully applied to determine thorium
concentrations in different environmental samples
but inductively coupled plasma mass spectrometry
(ICP-MS) has both high sensitivity and good
accuracy of isotope measurements, together with a
relatively easy samples preparation procedure [17,
18, 19, 20]. Besides this technique, use of
Inductively Coupled Plasma/Optical Emission
Spectrometry (ICP-OES) is also possible, due to the
presence of thorium essentially in one isotopic
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order to have a completely independent analytical
method to confirm the results.
One other small but important niche in
applications of radiometric techniques is related to
the development of portable devices used to carry
out mainly radionuclides detection [30] in situations
concerning homeland security or mass disaster. In
this crucial field, a complex set of tools has been
developed to protect critical infrastructures [31, 32,
@ WR VLPXODWH DWWDFN¶V HIIHFWV [34, 35], and to
study real case already occurred [36].
Hand-held tools developed in this sector,
especially those of recent production, may show
considerable analytical performances and find
useful application even in a context demanding in
terms of performance as the environment. For
example, portable instruments based on Ion
Mobility Spectroscopy (IMS), and born for
chemical weapons analysis, could be used for the
screening of samples as well as for the analysis of
volatile substances in soil [37, 38].
In our work we want to evaluate the
possibility to use the analytical performances
offered by a portable gamma spectrometer as a ICPMS confirmatory technique even on a difficult
analyte such as thorium in concentrations of the
order of mg/kg. We will use as reference material
soil from a firing range and as blank unpolluted soil
sampled outside the site.

and a cycle of mineralization was performed,
maintaining for 10 minutes at 1000 W up to
progressive increase of 180°C, then keeping for an
additional 10 minutes at 1000 W at fixed
temperature to 180°C. After cooling, the samples
were filtered and diluted 1:14 in water solution of
HNO3 (1% v/v).
Data analysis. To carry out the analytical
procedure, an Induced Coupled Plasma - Mass
Spectrometer XSeries II (Thermo Electron) was
used. The instrument was connected to an
autosampler ASX-520 (CETAC). For quantitative
analysis, solutions with known and certificates
standards were prepared (concentration standard
solutions: 1000 ȝg/L, 500 ȝg/L, 100 ȝg/L and 50
ȝg/L [ppb]) and calibration lines were performed.
Data were processed with the help of the software
Plasmalab. To evaluate the element variability in
the matrix, 6 replicates were performed for each
sampling point.
Physical Analysis ± Gamma Spectrometry.
Sampling. One kilogram a relatively large amounts
of soil were taken by simple spoons. Samples were
placed in large plastic containers, in which could
also be done later analysis.
Sample preparation. In contrast to the
relatively elaborate procedures for chemical
analysis, physical analysis samples undergo only air
drying procedures within a standard laboratory
oven. Samples were analyzed both externally and
internally to the glass containers with which they
were taken, in order to limit the errors due to
sample handling.

EXPERIMENTAL
Chemical Analysis - Induced Coupled
Plasma - Mass Spectrometry. Sampling. Small
quantities of soil (on the order of grams) were taken
with a manual auger. The instrument excludes the
material larger than 2 cm.

Data analysis. To perform the analytical
procedure, a support system by ITECO and a
Gamma Spectrometer based on a high purity
germanium detector Detective EX100 by ORTEC
cooled with a stirling cooler have been used (Figure
2). For the spectra acquisition the software of
qualitative and quantitative analysis by gamma
spectrometry (GammaVision-32, ORTEC) was
used. The information returned by the detector
depends on the number of the generated charge by
the incident radiation in the detector. Spectra were
continuously acquired for 72 h in the range among
0 and 3000 KeV. The spectroscopy measurement
follows a Poissonian counting statistics, and the
error is proportional to the root of the number of
counts according to the Eq. (1):

Sample preparation. Before the analysis,
further dimensional exclusion was carried out
through a vibratory sieve shaker (AS200, Retsch)
after drying, and leaving for the analysis only the
material with a particle size minor than 2 mm. It
proceeds, then, to chopped samples with mixer mill
(MM 200, Retsch) in order to reduce final fineness
(range 5-10 μm) prior to start with instrumental
analysis. After the homogenization process, aliquots
of soil (~0,3 g) were placed in Teflon containers
and 10 mL of ultrapure HNO 3 (67,9%, Fluka) was
added to mineralize the sample, allowing the
passage of all ions in solution. Then the samples
were placed in a microwave oven (Milestone Ethos)
3390

© by PSP

Volume 25 ± No. 4/2016, pages xxx-xxx

Fresenius Environmental Bulletin

FIGURE 3
ȖVSHFWUXPIRUDVDPSOHRIVRLO7KHLQWHQVLW\RI
the signal is shown in logarithmic scale. The
displayed peaks were compared by libraries.
Arrow heads shown the activity of 228Ac
(photopeaks of 911,21 keV and 968,97 keV). The
spectrum was acquired for 72 hours in the range
between 0 and 3000 keV. A.U. = arbitrary units.

FIGURE 2
Support system and gamma spectrometer.
ı = K × ¥1
(1)
where: ı represents the standard deviation, K
represents the proportionality constant, N represents
the tests number.
Quantitative measures for thorium was
performed using the following approach. By using
specific activities reported in literature and applying
appropriate calculus equations it is possible to
convert concentrations in activity and vice versa. To
perform calculations, specific activity must be
transformed in mass using the values calculated in
literature. In our case, we have to consider that the
first radioactive isotope in secular equilibrium with
232
Th is 228Ra, which is in turn in secular
equilibrium with 228Ac that has a very short life
period. For this latter isotope it is possible to
measure the activity, that coincides with that of
228
Ra owing to the secular equilibrium. In literature,
its specific activity amounts to 4,054 kBq/g. For the
reason already mentioned, the same value can be
considered for 232Th. 228Ac activity was measured
starting from photopeaks of 911,21 keV and 968,97
keV energy (Figure 3).

RESULTS AND DISCUSSION
Both approaches used in the present work
return values in good agreement with each other
(Table 2), nevertheless each method exhibit
advantages and disadvantages.
As expected, ICP-MS technique is definitely
more sensitive: due to the very low background
noise, it is able to identify ions in very low
concentrations, even lower than the parts per billion
(ppb). This technique allows to quantify isotopes
present in traces and allows to calculate the isotopic
ratio in a simple way, by calculating the ratio
between the peaks areas. However, ICP-MS
technique allows to analyze only liquid samples and
then is necessary a pre-treatment step of acid
mineralization, that increases the uncertainty. In
fact, in a proper error analysis, the uncertainty due
to the weight of sample dilution and possible noncomplete dissolution of the sample it should be
added and however ICP-MS, as in most chemical
methods of analysis, the

TABLE 2
ICP-06DQGȖVSHFWURPHWU\UHVXOWV
Sampling sites
Blank
Area 1
Area 2
Area 3

ICP-MS (mg/Kg)
4,6 ± 0,4
14,6 ± 1,2
8,9 ± 0,6
10,1 ± 2,0

Sample activity (Bq)
21,8
72,4
40,5
48,0
3391
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5,4
17,9
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level exposure to ionizing radiation. Expert
review of hematology, 3(3), 251-254.
[2] Gilbert, E.S. (2009). Ionizing radiation and
cancer risks: what have we learned from
epidemiology?. International journal of
radiation biology, 85(6), 467-482.
[3] Sankaranarayanan, K. (2006). Estimation of
the genetic risks of exposure to ionizing
radiation in humans: current status and
emerging perspectives. Journal of radiation
research, 47(Suppl B), B57-B66.
[4] Little, M.P. (2003). Risks associated with
ionizing radiation Environmental pollution and
health. British medical bulletin, 68(1), 259275.
[5] Bhatti, I.A., Hayat, M.A., and Iqbal, M. (2012).
Assessment of Thorium in the Environment (A
Review). Journal of the Chemical Society of
Pakistan, 34(4), 1012-1022.
[6] Wickleder, M.S., Fourest, B., and Dorhourt,
P.K. (2006). Thorium. In Morss, L.R.,
Edelstein, N.M., and Fuger, J. The chemistry of
the actinide and transactinide elements (3rd
ed.). Springer Science + Business Media,
Berlin, Germany.
[7] Mohanty, A.K., Sengupta, D., Das, S.K., Saha,
S.K., and Van, K.V. (2004). Natural
radioactivity and radiation exposure in the high
background area at Chhatrapur beach placer
deposit
of
Orissa,
India. Journal
of
environmental radioactivity 75(1), 15-33.
[8] .XþHUD-0L]HUD-ěDQGD=DQG9iYURYi
M. (2007). Pollution of agricultural crops with
lanthanides, thorium and uranium studied by
instrumental and radiochemical neutron
activation analysis. Journal of radioanalytical
and nuclear chemistry 271(3), 581-587.
[9] Larson, S.L., Bednar, A.J., Ballard, J.H.,
Shettlemore,
M.G.,
Gent,
D.B.,
Christodoulatos, C., Manis, R., Morgan J.C.,
and Fields M.P. (2005). Characterization of a
military
training
site
containing
232Thorium. Chemosphere 59(7), 1015-1022.
[10] Nuttin, A., Heuer, D., Billebaud, A., Brissot,
R., Le Brun, C., Liatard, E., Loiseaux, J.-M.,
Mathieu, L., Meplan, O., Merle-Lucotte, E.,
Nifenecker, H., Perdu, F., and David, S.
(2005). Potential of thorium molten salt
reactorsdetailed calculations and concept
evolution with a view to large scale energy
production. Progress in Nuclear Energy, 46(1),
77-99.

concentration of heavy metals in solution must be
calculated, not directly the activity or gamma
radiation emitted. As previously reported, gamma
spectrometry returns a direct measurement of
radioactivity. The activity can be converted in
concentration using the values of specific activity,
but in this way the measure becomes indirect and
introduces a margin of error and uncertainty due to
factors that could affect the radiation emitted, such
as co-presence of multiple isotopes gamma
emitters, crossed matter, matrix effect, etc.

CONCLUSIONS
Our work demonstrates that, under certain
conditions, it is possible to use a portable device
also for quantitative analysis, being able to perform
control measures with an analytical techniques,
independent from ICP-MS technologies, even if
some limitation should be accepted, for example
the long duration of measurements. The quality of
this result could be improved using a low
background shield, in order to reduce the noise
from environmental background and that due to
cosmic rays, and especially because correction
systems, such as the calculation of the sample selfabsorption, were not applied. More accurate
calculations that consider the self-adsorption would
be possible only after a chemical soils analysis.
These first experimental data show that these
corrections are not essential. This work would also
be an encouragement to a better management of this
kind of instrument that are frequently used only for
screening purpose and that instead, especially in
newer models, have significant performance.
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production of ROS and occurring photo oxidative
damage in the chloroplasts [3,4,5]. Adequate water
and nutrients intake is very important, especially at
heading stage of wheat [6]. The lack of nutrients
such as Zn and Mn adversely affects the formation
and development of reproductive organs [7,8]. Zn,
B and Mn as elements protect the cell membrane
against oxidative harms under drought stress. In
alkaline soils, intakes of highly fixed micronutrient
elements like Fe and Mn are more difficult in dry
conditions. Zn and Mn, while the structural and
catalytic effect of certain enzyme systems in plants
9], Zn is situated in the protein synthesis, DNA and
RNA [10]. Mn, while being involved in the
synthesis of protein, carbohydrates and fat also has
an important role of chlorophyll production in
photosynthesis [11]. Cu has an effect as enzymatic
electron carrier in oxidative phosphorylation of
photosynthesis [12].
In recent years are being investigated effects
of antioxidant compounds. Plant growth regulators
and ozmolits on plants to provide tolerance to
abiotic stress factors. Using of growth regulators in
plants to adapt the adverse environmental
conditions such as osmotic stress, salinity, heavy
metal, frost and drought stress is including an
approach to developments of plants to provide
tolerance against the stress. It is believed to
salicylic acid take part of an important role in the
regulation of plant responses against environmental
stress. A secondary metabolite SA (salicylic acid)
carrying the Hydroxyl (-OH) group and take place
in a group of an aromatic ring of plant phenols
[13,14]. Researchers have determined the effects of
SA on mineral content in different plant (Khan, et
al. 2010; Wang, et al. 2011; Hussein, et al. 2012)
[15,16,17]. It has been identified the effects of
macronutrient content of salicylic acid in plants
despite the effects of the micronutrient content have
not already been identified [15,16,18,19]. Salicylic
acid increase the rate of Ca, Mg, and K in shoot and
roots of the wheat cultivated in arid conditions and
this was increased mineral intake with SA
DSSOLFDWLRQ FDXVH RI 6$¶V UHGXFLQJ HIIHFW WR
drought stress [20], also have been identified that
SA application especially increased the intake of
Mg to tolerance to various stress sources [21].

ABSTRACT
This research was conducted to determine the
effect of changes of certain minerals (Ca, Mg, Mn,
Fe, Cu, Zn) in salicylic acid doses on different
ZKHDW YDULHWLHV 'R÷X-88, Altay-2000, Bezostaya1, Alparslan and Tir mixed population) in drought
stress. Drought was created in plants by irrigating
40% of field capacity. It was found that plants were
differently responding to drought of mineral
accumulation. 1 mM kg-1 dose of salicylic acid,
compared to 0.1 mM kg-1 dose significantly
increased the mineral content in flag leaf of all
varieties to be statistically. The increase was found
to be highest in Bezostaya 1 and Altay-2000
varieties. This research has shown that mineral
contents are significantly decreased with the
drought in wheat varieties, and it was concluded
that salicylic acid treatment affected to all varieties
positively although this effect is different according
to the varieties.
KEYWORDS:
Wheat, drought stress, salicylic acid, mineral nutrient

INTRODUCTION
Drought stress is an important issue affecting
growth and physiology of plants. Wheat is mostly
cultivated in arid or semiarid lands in Turkey.
These circumstances are forced to find out the new
strategies to reduce the effects of drought to assure
the yield stability. Slower water transfer and ion
transition in dry soil to reduce root growth and
reduce in taking nutritional elements due to the
nutrient instability are highly effects on crops in
drought conditions [1,2]. Also drought conditions to
activate oxidative stress in plants and during the
photosynthesis increase the producing of ROS
(reactive oxygen species) occur nucleic acid
damage and stopped the cell producing. Zn, B and
Mn plays an active role in preventing oxidative
damage catalyzed by ROS in the chloroplasts.
Deficiencies of Zn, B and Mn because of drought
are more intensively come up due to the increased
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the IBM SPSS computer program (v.20.0). The
LSD multiple comparison test was used to test the
significance of main effects at 5% level of
probability. The MSTATC software package was
used to test significant interaction effects between
treatments [24].

In the light of this information; salicylic acid
treatments caused some of the changes in the
amount of nutrient elements in wheat grown in
drought conditions that reveals the purpose of the
research.

MATERIALS AND METHODS
RESULTS
During the research environment temperature
ranged from 21-23 0C in climate chamber
conducted at the University of Yüzüncü YÕl, Field
Crops Department of Agriculture Faculty. The
active light amount used in photosynthesis was
measured by Illuminometers, and this value was
changed from 550 to 600 mM / m2 / s. It's used
white light emitting bulbs 50W equivalent to 250W
power as a light source and plants are exposed to 16
hours that light and remained 8 hours in darkness
[22].
Research were carried out according to a
randomized block design experiment with the
application of created drought stress (S0: field
capacity of making irrigation rate of 40%) and 2
different salicylic acid dosage (S1: 0.1 mM SA kg-1
and S2: 1.0 mM kg-1 SA) at four replications in 2
kg pots on 5 bread wheat varieties ('R÷X-88, Altay2000, Bezostaja 1, Alparslan and Tir line of mixed
population). One hundred mg N kg-1 (AS) and
100mg P kg-1 (TSP) calculated to be pure nitrogen
and phosphorus as obtained to each pot. Salicylic
acid is dissolved in distilled water to adjusted to pH
6.5 with NaOH and stock solution was prepared
[18,23]. Prepared two different doses as 0.1 mM
kg-1 SA and 1.0 mM kg-1 SA from stock solution
and treated seeds with salicylic acids in the dark at
22 ° C for 12 hours and this was followed by
sowing seeds to be ten seeds in each pot in the
climate room. The drought was created by irrigation
with 40% of field capacity. Moisture levels in the
pots were checked daily with soil moisture meter.
Obtained from the total Mn, Cu, Zn, Fe, Mg and Ca
contents of flag leaf samples were determined using
the atomic absorption method.
After data collection, analysis of data
variances for each attribute were computed using

Variance analysis results are shown in Table
1. Mn, Fe, Mg, Ca, and Cu concentrations were
significantly affected by salicylic acid in all
varieties. In addition, the interaction was found
considerably between the varieties.
Drought stress was significantly decreased Mn
concentration in flag leaf of all varieties (Table 2.)
The highest concentration of Mn 57.86 ppm was
obtained with 1.0 mm kg-1 (S2) the SA application
in Altay-2000 variety and this followed by
Bezostaya-1 at the same dose SA treatment. The
lowest value 33.15 ppm was determined in
Alparslan in (S0) dry conditions. 0.1 mm kg-1 (S1)
SA treatment caused significant changes in all
varieties except Bezostaya-1. Maximum value
50.26 ppm was determined with 1.0 mM kg-1 (S2)
SA treatment according to the mean. Lowest values
were achieved in (S1) 0.1 mM kg-1 SA treatment
and in the drought (S0) and they took place in the
same group. According to mean of Mn contents of
the varieties, the highest value observed in Altay2000 (55.16 ppm) and Tir, Bezostaya-1, and Do÷X88 followed this variety respectively.
Ca concentration of flag leaf was having the
lowest value in the Dogu-88 variety in drought
stress (S0). In 0.1 mM kg-1 salicylic acid treatment
(S1) while increasing the Ca ratio in all wheat
varieties other than Tir wheat, Altay-2000 was
ranked first with the highest average with a rate of
0.72 % and in 1.0 mM kg-1 (S2) SA treatment. 1.0
mM kg-1 (S2) while giving the highest value of 0.58
% according to the averages of SA, the lowest Ca
concentration was obtained in drought (S0). Altay2000 and Tir came forward as having the highest
value in all varieties.

TABLE 1
Summary of variance analysis MS
Source
Main Effects
Varieties
Salicylic acid
Interaction
Varieties x Salicylic acid
Error
Total
**P<0.01, *P<0.05

df

Mn

Ca

Fe

Mg

Cu

4
2

667.44**
408.65**

0.058**
0.14**

77.45*
1136.21**

0.072**
0.019**

22.60**

8
42

71.41**
Apr 84

0.012**
0.001

89.95**
21.41

0.022**
Feb 48

56
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TABLE 2
Wheat varieties on Mn concentration of shoots (ppm) mean value and LSD results in different
salicylic acid treatments in drought conditions*
SA

Tir

'R÷X-88

Alparslan

Altay-2000

Bezostaya-1

Mean

S0
S1
S2

46.28e
46.99de
49.39cde

41.15f
37.69fgh
51.08cd

Õ
KÕ
JKÕ

55.29ab
52.35bc
57.86a

IJKÕ
40.15fg
56.79a

42.59B
42.27B
50.26A

Mean
47.55B
43.30C
34.53D
55.16A
44.65C
SD
1.954
6.447
2.852
2.726
8.531
CV 0.05
:4.888
Varieties (LSD:0.05):1.814
Salysilic Acid (LSD:0.05):1.405
Varieties x SA (LSD:0.05):1.814
* Means followed by the same letter were not significantly different at the 0.05 probability level, according to
the LSD test.
TABLE 3
Wheat varieties on Ca concentration of shoots (%) mean value and LSD results in different
salicylic acid treatments in drought conditions*
SA

Tir

'R÷X-88

Alparslan

Altay-2000

Bezostaya-1

Mean

S0
S1
S2

0.56cd
0.52de
0.62b

0.34j
KÕ
JKÕ

ÕM
0.49ef
0.61bc

0.45fgh
0.47efg
0.72a

ÕM
0.46fgh
0.55d

0.42C
0.47B
0.58A

Mean
0.56A
0.39B
0.49B
0.54A
0.46C
SD
0.048
0.044
0.102
0.139
0.107
CV 0.05
: 6.596
Varieties (LSD:0.05): 0.026
Salysilic Acid (LSD:0.05):0.021
Varieties x SA (LSD:0.05):0.027
* Means followed by the same letter were not significantly different at the 0.05 probability level, according to
the LSD test.
TABLE 4
Wheat varieties on Fe concentration of shoots (ppm) mean value and LSD results in different
salicylic acid treatments in drought conditions*
SA
Tir
'R÷X-88
Alparslan
Altay-2000
Bezostaya-1
Mean
S0
33.29defg
22.53h
32.98defg
29.47efgh
27.51gh
29.15C
S1
33.56defg
40.28abcd
37.21bcde
29.21efgh
28.17fgh
33.68B
S2
45.86ab
46.06a
43.48abc
36.66cdef
47.29a
43.87A
Mean
37.57A
36.29A
27.26B
37.89A
34.32A
SD
6.824
10.843
8.784
5.355
8.554
CV 0.05
: 13.007
Varieties (LSD:0.05): 3.812
Salysilic Acid (LSD:0.05):2.953
Varieties x SA (LSD:0.05):3.812
* Means followed by the same letter were not significantly different at the 0.05 probability level, according to
the LSD test.
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TABLE 5
Wheat varieties on Mg concentration of shoots (%) mean value and LSD results in different
salicylic acid treatments in drought conditions*
SA

Mg contration
Alparslan
Altay-2000
0.13e
0.18cde
0.15de
0.21c
0.19cd
0.30b
0.16D
0.23B
0.030
0.056

Tir
'R÷X-88
Bezostaya-1
Mean
S0
0.17cde
0.16cde
0.35ab
0.20B
S1
0.16cde
0.17cde
0.30b
0.20B
S2
0.19cd
0.19cd
0.39a
0.25A
Mean
0.17C
0.17C
0.35A
SD
0.023
0.015
0.078
CV 0.05
: 7.132
Varieties (LSD:0.05):
0.012
Salysilic Acid (LSD:0.05): 0.010
Varieties x SA (LSD:0.05):0.012
* Means followed by the same letter were not significantly different at the 0.05 probability level, according to
the LSD test.
TABLE 6
Wheat varieties on Cu concentration of shoots (ppm) mean value and LSD results in different
salicylic acid treatments in drought conditions*
SA
Tir
'R÷X-88
Alparslan
Altay-2000 Bezostaya-1
Mean
S0
3.56bcde
2.72f
3.25def
2.87ef
3.94bcd
3.26C
S1
3.33cdef
3.21def
3.89bcd
4.24b
4.09bc
3.75B
S2
5.15a
5.33a
5.21a
5.44a
5.40a
5.30A
Mean
4.01BC
3.75C
4.11ABC
4.18AB
4.47A
SD
0.970
1.255
0.870
1.146
1.014
CV 0.05
: 10.359
Varieties (LSD:0.05): 0.351
Salysilic Acid (LSD:0.05): 0.271
Varieties x SA (LSD:0.05):10.359
* Means followed by the same letter were not significantly different at the 0.05 probability level, according to
the LSD test.
The lowest Cu content of flag leaf in drought
stress (S0) has been identified as 2.72 ppm on the
'R÷X-88 variety. Bezostaya-1 and Altay-2000 have
been identified as the variety having the highest Cu
content in 1 mm kg-1 SA (S2) treatment. According
to the averages of salicylic acid, 1 mM kg-1 SA (S2)
treatment having a high content of Cu, the lowest
value has obtained from (S0) drought treatment.
When considering the average of varieties,
Bezostaya-1 and Altay-2000 varieties have had the
highest values.

The lowest Fe concentration of the flag leaf
was identified in Dogu-88 variety under drought
stress (S0). SA treatments increased significantly
Fe concentration of flag leaf in all varieties. (S2)
1.0 mM kg-1 SA treatment had the highest value
with 47.29 ppm In Bezostaya-1 variety. When
considered the averages of SA treatments, the
lowest concentration of Fe as 29.15 ppm in the
drought (S0) and as the highest value to be 43.87
ppm in 1.0 mM kg-1 (S2) treatment was
determined. According to the mean of varieties,
Altay-7LUZKHDWDQG'R÷X-88 were identified
as varieties that have the highest concentration of
Fe.
Compared to other varieties Alparslan variety
while having the lowest Mg concentration on the
flag leaf with 0.13% in drought stress (S0)
Bezostaya-1 has been the variety that responds the
highest positive reactions to 1 mM kg-1 SA (S2)
dose. 0.1 mm kg-1 SA (S1) treatment did not have a
significant effect on the Mg concentration.
According to the average of varieties, Bezostaya-1
and Altay-2000 varieties have been identified as
featured varieties about Mg content between the
other varieties.

DISCUSSION AND CONCLUSIONS
All mineral nutrients such as Mn, Ca, Fe, etc.
are presents in enzyme activation, protein synthesis
and the structure of photosynthetic pigments in
plants. The research results shows that the drought
stress causes to decrease in the mineral nutrients
content of all varieties to be statistical and observed
that the effect is occurring different levels on
varieties. Salicylic acid treatment increased at
significantly level concentrations of Mn, Cu, Fe,
Mg and Cu in flag leaf. Mn which has significant
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activity of old roots of plants and cause to
absorption of more bivalent cation than a-cation
from the tip of roots. Increasing concentrations of
Ca with SA application may have increased the
accumulation of this bivalent element in drought
conditions [38]. It is seen that the salicylic acid
application significantly increases the Ca ratio in
varieties.
Drought stress decreased the concentration of
Fe in all varieties. Fe has a critical role in the
formation of the chlorophyll, photosynthesis,
respiration, and enzyme systems in plants [39].
While the effect of the acquisition of different
nutrients in the drought, uptake of these elements
from the root by diffusion path decreases in low
soil moisture. Drought increases in deficiency of
Mn, Zn and Fe, Mn and Fe acquisition rate
increases in the soluble form in adequate water. Fe
significantly reduces in resulting of the drought
with oxidative stress in plants. Significant
differences are present in intake of Zn and Fe in the
drought [40,41]. The application of 1 mM kg-1 SA,
significantly increased Fe content of varieties and
the increase of the range was remarkable in
Bezostaya-1. In this case, mineral uptake of
drought-tolerant varieties is more than in other
varieties [42] and it's revealed that tolerance is
significantly affected positively with the salicylic
acid practice [43].
The presence of Mg is critical to be activated
of an enzyme that is in charge of respiration and
photosynthesis in plant cells and due to the
presence in the structure of chlorophyll. Low Mg
content is noted of all varieties in the drought. Mg
decreased significantly with the increasing drought
in different plants [44,45] and this decrease
depending on the concentration of Mg is
significantly adversely affected the photosynthetic
activity and grain formation [46]. In terms of Mg,
content depending on the application of Salicylic
acid Bezostaya-1 was the most prominent variety in
the application type 1 mM kg-1 SA. SA application
prevents to uptake Na in different plants and
increases the N, P, K, Mg, Fe, Mn and Cu uptake
[18,26,47]. The decreasing of chlorophyll content is
a direct result of amount of Mg and the amount of
Mg increases with the salicylic acid application in
the stress conditions [48]. Increasing drought
diminishes Mg accumulation, and this result from
the effect of the mutual variations of the
concentrations of mono Na(+) and divalent Ca(++)
cations. Salicylic acid application increases the Mg
accumulation in shoots and roots with regulating
the negative effects of drought [37]. Because of the
moderator effect of salicylic acid on cell membrane
permeability, drought adverse effects are reducing
on the amount of leaf chlorophyll, the stomata
density, and the photosynthetic production [49].
With the salicylic acid application on wheat in arid
conditions, IAA and cytokinins content decreases

value to produce chlorophyll in photosynthesis
provide the activation of superoxide dismutase
enzymes forming to reduce the harmful effects of
free radicals in drought stress of the plants. Mn
deficiency causes production of fatty acids in leaf,
therefore leads to a decrease in the cuticular wax
accumulation and makes plants more susceptible to
drought. High level Mn deficiency reduces to 40%
of wax accumulation because of largely water loss
by transpiration, and decreasing of water use
efficiency was determined in barley [25]. Mn
content of the wheat varieties in drought stress were
found significantly lower compared to the SA
treatment. Application of the salicylic acid to cause
an increase Mn content in wheat under drought
condition that is may be explained by the increasing
of the chlorophyll production in leaf. In addition,
reported that salicylic acid applications stimulate
the Mn content in plants by the researchers [26,27].
Mn to have a positive effect on photosynthesis and
plant growth in drought [28,29] and salicylic acid
increasing is quite important to the accumulation of
Mn in this context.
Calcium is having a significant effect in many
structural and physiological processes such as cell
wall,
membrane
structure,
cell
division,
photomorphogenesis and has a prior effect on the
formation of the stress response and protecting
against stress in plants [30]. The K / Ca ratio is
very important to create tolerance because of the
effects on the protection of cell turgor and stomata
and cell membrane permeability [31]. Applying the
PEG (polyethylene glycol) on leaf increases the Ca
level in the nucleus and the chloroplasts and while
chronic stress increasing the Ca ratio in chloroplast
and nucleus [32]. Calcium has an important role to
drought resistance, but also occurring the
distortions in the chloroplasts in some severe
drought stress conditions may reduce the Ca
accumulation. The reduction in the accumulation of
calcium is more in the sensitive genotypes to
drought stress; nutrient selectivity, and their
concentrations in the tissue of plant genotypes is an
important parameter against the drought tolerance
[33]. Lack of water causes calcium concentration
decrease in wheat root and foliar. This decrease is
more precise in the sensitive genotypes. As a result,
Do÷u-88 has a lower concentration of Ca compare
to the other varieties in the drought conditions,
which show that the variety is more sensitive to the
drought. Altay-2000 was identified as the variety
that having the highest Ca contents in drought for
the SA treatments. Salicylic acid increases the
cytosolic Ca concentration and this increase induces
the physiological responses including expression of
osmotic responses genes [34,35,36]. In drought
conditions with the salicylic acid application
increases the calcium concentration in roots and
shoots because of the reducing stress effect of
salicylic acid [20,37]. The drought stops to the
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[6] Karim, Md., Zhang, R., Zhao, Y.Q., Chen,
R.R., Xin-Ping, Zhang, F. and Zou, Q.Z.
(2012). Alleviation of drought stress in winter
wheat by late foliar application of zinc, boron,
and manganese J. Plant Nutr. Soil Sci.,
175:142-151.
[7] Sharma, P.N., Chatterjee, C., Agarwala,S.C.
and Sharma,C.P. (1990). Zinc deficiency and
pollen fertility in maize (Zea mays). PlantSoil,
124:221±225.
[8] Sharma,C.P., Sharma,P.N., Chatterjee,C. and
Agarwala, S.C.(1991). Manganese deficiency
in maize affects polen viability. Plant Soil,
138:139±142.
[9] Parker D. R., Aguilera J. J. and Thomason,
D.N. (1992). Zinc-phosphorus Interactions in
two cultivars of tomato (Lycopersicon
esculentum L.) grown in chelator-buffered
nutrient solutions. Plant and Soil, 143: 163177.
[10] Welch, R M. (2001). Impact of mineral
nutrients in plants on human nutrition on a
worldwide scale. Plant Nutrition-Food Security
and Dordrecht, Netherlands. pp. 284-258.
[11] Marschner, H. (1995). Mineral nutrition of
higher plants. 2nd Ed. Academic press. New
York, USA. P. 279-290.
[12] Solomon, E.I. and Lowery M.D. (1993)
Electronic structure contributions to function in
bioinorganic chemistry. Science, 259: 1575±
1581.
[13] Yalpani, N., Enyedi, A.J., Leon, J. and Raskin,
I. (1994). Ultraviolet light and ozone stimulate
accumulation
of
salicylic
acid
and
pathogenesis-related proteins and virus
resistance in tobacco. Planta, 193: 373-376.
[14] Senaratna, T., Touchell, D., Bunn E. and
Dixon, K. (2000). Acetyl salicylic acid induce
multiple stress tolerance in bean and tomato
plants. Plant Growth Regul. 30: 157-161.
[15] Khan, N.A., Syeed S., Masood A., Nazar R.
and Iqbal N. (2010). Application of salicylic
acid increases contents of nutrients and
antioxidative metabolism in mungbean and
alleviates adverse effects of salinity stress.
International Journal of Plant Biology, 1(1): 18.
[16] Wang, C., Zhang S., Wang P., Hou J., Qian J.,
Ao Y., Lu J. and Li L. (2011). Salicylic acid
involved in the regulation of nutrient elements
uptake and oxidative stress in Vallisneria
natans (Lour.) Hara under Pb stress. Original
Research Article. Chemosphere, 84(1): 136142.
[17] Hussein, M.M. and Abou-Baker N.H. (2014).
Growth and mineral status of moringa plants as
affected by silicate and salicylic acid under salt
stress. International Journal of Plant and Soil
Science, 3(2): 163-177.

[50]. And positively affects the regulation of
osmotic potential with the prevention of membrane
damage [51].
Cu presence in the structure of laccas,
cytochrome oxidase, ascorbic acid oxidase and
polyphenol oxidase enzymes [52] and is located
also in plastocyanin structure which is an important
component of the PSI electron transport chain in
chloroplast. In the absence of plastocy formation is
reduced PSI electron transport [53] and decreases
photosynthetic activity [54]. Stress factors
significantly limit the uptake and movement of
mineral nutrients in plants. Hence, the drought was
detected caused by significant reductions Cu
content in all varieties. Active transport and
membrane permeability are significantly reduced
due to the reduction of mineral intake from the soil
in drought conditions [55]. It seems to significantly
increase of the Cu content in all varieties 1 mM kg1 of the SA application. This increase occurred at
the highest level in Bezostaya-1 and Altay-2000
varieties. This may be explained positively
stimulating metabolic reactions in the plant by
reducing osmotic stress effect of salicylic acid with
increasing uptake of Cu, Mn and Fe the in drought
[56]. Salicylic acid treatments substantially prevent
the accumulation of Na+ and Cl- in salt stress and
provide stress tolerance by stimulating the
accumulation of N, Mg, Fe, Mn and Cu in plants
[47,57].
As a result, it was determined that the wheat
varieties have different responses to the drought
and the different treatments of salicylic acid. It has
been found that the treatment with salicylic acid,
affects significantly as positive to the contents of
Mn, Ca, Mg, and Ca in wheat flag leaf in dry
conditions. And it was found that these changes
have showed differences between varieties.
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photosensitivity and stability. Until now, the
previous works on the fabrication and
photocatalytic activities of 3D hierarchical ZnO
structures, such as flower-like [4], rotor-like [5],
sisal-like [6], have been reported. Recently, Ting et
al. synthesized the urchin-like and flower-like ZnO
by varying the solution pH value and studied the
their photoluminescence spectra, but the steps of
the synthesis are complex although they also use
the hydrothermal method [7]. In our work, we
simply synthesize the different morphologies of
ZnO just also by adjusting the pH of the whole
system through adding the different amounts of
N2H4H2O without any organic additions. In
addition, we have studied and found that the
photocatalytic rates of the degradation of the
organic dyes are obviously enhanced.

ABSTRACT
We have successfully prepared threedimensional urchin-like structure ZnO through a
simple hydrothermal synthetic method. In addition,
we have also discussed the different amounts of
N2H4H2O influence in the morphologies of asobtained ZnO. Moreover, the comparative
photocatalytic studies showed the photocatalytic
activities of the urchin-like ZnO were both two
times than that of nanorods in the photodegradation
of organic dyes methylene blue (MB) and
rhodamine B (RhB).

KEYWORDS:
Zinc oxide; Hydrothermal synthesis; Structure;
Photocatalytic performance; Organic dyes

MATERIALS AND METHODS
INTRODUCTION
All reagents were analytical grade and used
without further purification and the water used was
deionized. 0.2975 g Zn(NO3)26H2O (1 mmol) was
dissolved in deionized water (32 mL) at room
temperature to get a clear solution under vigorous
magnetic stirring. Then, 8.0 mL N2H4H2O (85%)
were added into the above solution, and a lightwhite precipitate appeared immediately. The
mixture was continuously stirred for 5 min to get a
well-dispersed status. The mixture was sealed in a
Teflon-lined stainless steel autoclave (50 mL) and
maintained at 100 °C for 2 h under hydrothermal
treatment. After heating, it was removed from the
oven and naturally cooled to room temperature. The
resulting product was collected by centrifugation,
washed with deionized water and absolute ethanol
three times respectively, and the obtained white
sample was dried in vacuum at 60 °C for 12 h. For
the synthesis of nanorods: Just adding 4.0 mL
N2H4H2O (85%) into the above reaction system,
and no other conditions were changed.
The products were characterized by X-ray
diffraction measurements carried out on X-ray
diffractometer (XRD, Bruker D8 Advance
diffractometer) with Cu-Ka radiation in the range of

In the past, researchers paid more attention to
the wide band gap semiconductor photocatalysts
due to their applications in the photocatalytic
degradation of organic pollutants in the
environmental [1].Nanostructuring strategy has
been frequently adopted to enhance the
photocatalytic performance of catalysts, because the
relatively large surface area can provide more
active sites where the photocatalytic reaction
occurs, and small nano-particles shorten the
distance that electrons and holes migrate from bulk
to reaction active sites [2]. However, it was worthy
known that the nanometer-scaled monomorphological structures as building blocks, such
as nanoparticles, usually tend to aggregate, which
results in decreasing the active surface area [3].
Thus, three-dimensional (3D) nanostructures have
stimulated great interest because of their fine
structure and larger size that can avoid the
aggregation of the particles during application as
photocatalysts.
Zinc oxide, an important II-VI semiconductor
photocatalyst, ZnO can degrade the organic
pollutants in nearly neutral water and sterilize
against bacteria and viruses, because of its high
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FIGURE 1
(a)Low- and (b) high-magnification SEM images of as-obtained 3D urchin-like ZnO; (c) XRD pattern
of the typically as-synthesized urchin-like ZnO
10±80° at a scanning rate of 7 °miní1 at the same
research condition without further treatment. The
morphologies of the products were observed by a
field emission scanning electron microscopy (SEM,
S-4800) and a transmission electron microscope
(TEM, JEOL, JEM-2100).
In the photocatalytic activity test process, the
sample (30 mg) and 200 mL of 5 mgLí1 MB or
RhB solution were poured into a self-designed
quartz reactor to mix firstly by sonicating 5 min and
then blended by magnetic stirring for 30 min in
dark to keep the reactive system uniform, so as to
ensure the adsorption-desorption equilibrium of
dyes with the ZnO samples. Then, the UV lamps
(35 nm, 500 W) are turned on to start illuminating
to reaction. At given intervals (20 min) of
irradiation, fixed amounts of reaction solution were
taken out, centrifuged and filtrated, and the filtrates
were analyzed by checking the absorbance at room
temperature. Degradation ratio (dr), is defined as
the following formula:
dr = (1±ai/a0) × 100%
a0 is the initial absorbance after the
equilibrium adsorption, while ai is the absorbance
after the sampling analysis of MB (RhB).

to a hexagonal-phase of ZnO with lattice constants
a = 3.25 Å, b = 3.25 Å and c = 5.207 Å, which are
in good agreement with the literature values
(JCPDS 36-1451). The result indicates that ZnO
products obtained via our synthetic method are
consisted of a pure phase.
Furthermore, we found that the amount of
hydrazine hydrate also plays an important role in
effective controlling the shape of ZnO samples. Fig.
2 shows SEM images of the samples obtained with
adding the different amounts of hydrazine hydrate.
When the amount of hydrazine hydrate is 4 mL
(Fig. 2(a)), the as-obtained product consist entirely
of relatively uniform and monodisperse nanorods
with the diameter of 300±400 nm. Only a small
portion (< 2%) of assembled rods clusters can be
found. With increasing the amount of N2H4H2O up
to 10 mL, the morphology of product becomes
small and irregular, especially the disintegration of
the 3D hierarchical structure (Fig. 2(b)).
XRD patterns of the as-synthesized products
under different amounts of N2H4H2O conditions
are shown in Fig. 3. It can be seen that all the
reflection peaks of the products are still readily
indexed to pure ZnO with wurtzite structure
(JCPDS 36-1451). A comparison between the XRD
patterns of the products with the urchin-like
structure and nanorods indicates that rod-like ZnO
displays the preferential orientation of the (100).
Interestingly, the (100) diffraction peak showed the
strongest intensity in the pattern and its intensity
was nearly two times of the standard strongest
(101) diffraction peak (I(100)/I(101) was 57:100,
JCPDS 36-1451) in Fig. 3(a). The high
I(100)/I(101) value means a large fraction of polar
planes to a some extent [8]. The phenomenon is in
good coincidence with those observed by SEM
image in Fig. 2(a). In addition, with the increase of
pH value of the system, the I(100)/I(101) value
decreased nearly to the standard value of the
literature and it is in good coincidence with the
above described SEM images in the Fig. 2.

RESULTS
The SEM images of the as-obtained urchinlike ZnO products under N2H4H2O as alkali
resource are shown in Figs. 1(a)±1(b). The lowmagnification SEM image (Fig. 1(a)) reveals that
the as-obtained products are composed of uniform
urchin-like structures with an average diameter of
ca. 5 Pm. The high-magnification SEM images
(Fig. 1(b)) show that the 3D urchin-like structure
ZnO are composed of lots of 1D nanowires with
diameter of 60±100 nm and length of 1.5±ȝPDV
building units. The phase purities of the typically
ZnO products were characterized by X-ray
diffraction (XRD, Fig. 1(c)). All the peaks
displayed in XRD patterns can be readily indexed
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FIGURE 2
SEM images of the ZnO samples synthesized by adding the different amounts of N2H4H2O: (a) 4 mL; (b)
6 mL; (c) 10mL.

FIGURE 3
XRD patterns of the as-synthesized ZnO samples with adding the different amounts of N2H4H2O: (a) 4
mL; (b) 6 mL; (c) 10mL.

and enhanced charge carriers separation. Besides,
the 3D urchin-like nanostructure facilitates the
transport of generated electrons and holes inside the
crystal to the surface more effectively. To make
further the correlationship between the two samples
photocatalytic activity more convincing, the
photocatalytic reaction in the degradation of RhB
has also been carried out under the same
experiment condition (Fig. 4(b)). It should be noted
that the same result that the 3D urchin-like ZnO
show better photocatalytic performance in the UV
region which is
the previous paper [9]

Then, we have also studied the photocatalytic
activities of the two ZnO samples. Methylene blue
was chosen as a model degradation compound, and
1D ZnO nanorods (Fig. 2(a)) is as a reference. Fig.
4(a) displays the time-dependent degradation of
MB by ZnO catalysts. It has been demonstrated that
urchin-like ZnO have exhibited excellent
photocatalytic efficiency for the degradation of
MB, which were nearly two times than those of
ZnO nanorods. The observed enhancement in the
photocatalytic rate for urchin-like ZnO is most
likely ascribed to its stability against aggregation
.
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FIGURE 4
Photocatalytic degradation of the MB and RhB solution under UV irradiation.

DISCUSSION AND CONCLUSIONS
We have fabricated the 3D hierarchical
urchin-like ZnO via a simple hydrothermal
synthetic approach. It was found that the amount of
the N2H4H2O play a key role in the controlled
synthesis of the urchin-like ZnO based on the above
experimental
observations.
Moreover,
the
comparative photocatalytic studies showed the
photocatalytic activities of the urchin-like ZnO are
both nearly two times than that of ZnO nanorods in
the photodegradation of organic dyes MB and RhB.
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desert ecosystem[2, 9, 19, 21].Over the past century, the
Haloxylon vegetation has been logged and utilized
as pasture and fuel wood resource, resulting in
widespread degradation of the desert ecosystem and
GHVHUWL¿FDWLRQ[19].
Hence,
rehabilitation
of
Haloxylon species is major tasks for combating
desertification.
Nowadays the ecological sensitivity widely
diffused in desert vegetation management and
planning determines the need to explore alternative
water sources for desert plant irrigation[13].
Alternative water sources might be recycled water,
treated
municipal
effluent
and
brackish
groundwater, all of which generally have higher
levels of salts compared with potable waters [10].
For this reason researchers have paid
considerable
attention
to
this
important
environmental problem over the last decades[1, 3, 5, 14,
20]
. Few studies, however, have dealt specifically
with desert plants used in Haloxylon vegetation. So
the number of Haloxylon species that can
potentially be utilized in the ecological protection,
the possibility of finding salinity tolerance able to
cope with salt stress is the most important factor for
replantation. However, any negative effects of salts
on plant growth have to be taken into consideration
mainly for their influences on vegetation
conservation which is an important component of
desert ecosystem balance[3].
Salt effects on plants are the combined result
of the complex interaction among different
morphological, physiological and biochemical
processes[11, 18]. One of the first responses of plants
to salinity is a decreased rate of leaf growth.
Moderate levels of salinity may have beneficial
effects on the growth of young sprouts of
Haloxylon ammodendron (H. ammodendron),
because exposing young sprouts to certain levels of
salinity apparently promotes growth functions[12].
However, these salinity levels may negatively
influence the germination ability of H.
ammodendron seeds but the salt tolerant ability of
mature H. ammodendron is greater[16]. At higher
salt concentrations, H. ammodendron can develop a

ABSTRACT
Desert plants exposed to salt stress undergo
changes in extreme environment. The ability of
plants to detoxify radicals under conditions of salt
stress is probably the most critical requirement.
Many salt-tolerant species accumulate methylated
metabolites, which play crucial dual roles as radical
scavengers. Their synthesis is correlated with
stress-induced enhancement of photorespiration. It
is a temporary and effective desert plant
replantation method for defeating the desertification
that the desert plant was irrigated by saline water.
Apart from plant characteristics, soil composition
and drainage characteristics also need to be taken
into consideration as they can influence the severity
of plant damage by saline irrigation water. This
study aims to claim the salt-tolerant and suitable
salt concentration of Haloxylon ammodendron
through saline water irrigation experiment. The
results indicated that the linear relationship between
the physiological indices (such as the chlorophyll,
proline, and MDA content and membrane
permeability) with the salt content of soil.
According to modeling of the experimental results,
the best conditions of salt content and the salt
threshold for growth indices of Haloxylon
ammodendron is 4.65 ± 0.23 g /100 g.

KEYWORDS:
Saline water irrigation experiment; Salt-tolerant; H.
ammodendron; Gurbantünggüt Desert

INTRODUCTION
Haloxylon Bunge (Chenopodiaceae), a
familiar desert plant genus including 11 species, is
dominant shrub widely distributed in Middle and
Central Asia[2, 9, 22], which has many xeromorphic
characteristics and plays an important role in the
maintenance of the structure and function of the
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minimizing salt damage, the salt tolerance of H.
ammodendron needs to be determined.
With this in mind the present chapter analyses
this large environmental issue as it relates to the
response of the H. ammodendron plants (shrubs and
woody trees) to salt. Problems that occur are linked
to: 1) the necessity to carry out trials on a wide
range of plant species to find those most suitable
for specific sites; 2) choosing parameters that are
easy to measure to characterize tolerance to salt
stress and 3) tailoring irrigation modalities or plant
management strategies to enable chosen species to
cope with salt stress. We look at the range of
tolerance, the possible management practices that
could be used to realize a sustainable desert forest
management in which saline water is used and the
means available to reduce the effect of salt stress.

long-term ability to regulate and therefore resist
potential injury that the salt might cause[16].
However, in situations involving the double stresses
of long time periods and high concentrations of
NaCl,
membrane
permeability
and
malondialdehyde (MDA) contents have been shown
to increase. Poplar leaf growth, seedling growth and
the accumulation of seedling biomass are
influenced to different degrees by salt stress[11, 18].
As the salinity increasing, the different growth
indices are rapidly degeneration and deterioration
differed. The accumulation of seedling biomassis
influenced to the greatest extent, while at the same
time salt stress also is lower the chlorophyll
content. The MDA content and cell membrane
permeability increased with increasing salt
concentration and prolonged time. With salt density
increasing, the total ash seedling biomass and its
chlorophyll content gradually reduced, while the
root to shoot ratio showed significant differences.
NaCl stress has been shown to have an obvious
influence on the Nakayama Sugi type of ash, with
its seedling height and biomass all lower with
increasing increments of salt density. The total
chlorophyll content and membrane lipid oxidation
products of four species showed a negative
correlation with concentrations of MDA, showing
that salt stress degradation is closely related to
membrane lipid peroxidation of chlorophyll.
However, any negative effects of salts on plant
growth have to be taken into consideration mainly
for their influences on ecological value which is an
important component of desert plants, especially
Haloxylon species. Salt tolerance does, however,
vary considerably among the different genotypes of
desert plants can be considered all the species
and/or varieties that provide aesthetic pleasure,
improve the environment and the quality of our
lives [7, 16]. So the number of plant species is very
large due to the great geographical range over
which they are used and their different functions. In
relation to this high number of species that can
potentially be utilized in the desertification
defiance, the possibility of finding genotypes able
to cope with salt stress is high. Sometimes in
marginal conditions, plant survival is often the only
aim of cultivation. Furthermore, for the
desertification defiance plants, maximum growth is
not always essential and indeed excessive shoot
vigor is often undesirable[15, 16]. To keep a compact
growth habit, the H. ammodendron often has to be
irrigated with saline water irrigation, so using an
alternative water source may be prove
advantageous where a more compact form arises as
a result of salt stress and where slower growth is
desirable for easier desert forest management[23].
Hence, the use of reclaimed water could conserve
potable saline water and irrigation budgets.
However, to expand the use of such waters while

MATERIALS AND METHODS
Experimental materials. The study was
conducted in the key laboratory of modern watersaving irrigation at Shihezi University. The trees
were four year old H. ammodendron, grown in 2 m
× 2 m × 2.5 m test pits, with each pit containing one
plant.
Irrigation water was prepared according to
typical ion ratios used for artificial preparation, by
mixing the salts: sodium chloride, sodium sulfate,
calcium chloride, magnesium chloride, and sodium
bicarbonate, in the following mass ratio:
0.9746:0.568:0.185:0.133:0.1394. the irrigation
method is drip irrigation with artificial Markov
bottles.
The soil was a sandy soil, with an average
bulk density of 1.46 g/cm3, and a field water
holding capacity of 19.13% (by mass), Six salinity
treatments were used: 1, 15, 20, 25, 28, and 30 g/L,
with 4 replicates. Table 1 shows the initial and final
soil salt contents.
Methods. Determination of soil ecological
indicators: The gravimetric soil water content was
determined for 20-cm layers to the full 2m depth of
each pot. For salinity measurement, 20 g of soil was
collected and extracted with 100 ml of distilled
water in an airtight container with shaking and
filtration. The filtrate was used to measure the
electrical conductivity of the soil solution.
Determination of plant growth indices: stem
diameter was measured using vernier calipers,
while plant height, crown width, and new branch
length were measured every half a month with a
steel tape.
Physiological indices were determined on the
indoor-grown plants, in different growth periods,
before irrigation, and after a certain amount of
irrigation. Leaf chlorophyll, proline, MDA
concentration and membrane permeability were
3409
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measured.

A

proline

calibration

curve

was

constructed as shown in Figure 1.

TABLE 1
Salt concentrations at the beginning and end of each treatment
Botany

Initial average
salinity g/20g
0.40
0.13
0.39
0.55
0.15
0.23

Salt treatments
1g/L
15g/L
20g/L
25g/L
28g/L
30g/L

H. ammodendron

Final average salinity
g/20g
0.18
0.47
0.42
0.51
0.68
0.73

Number of spectrophotometer

Note: the initial amount of salt is the dry salt content in 20 g of soil.
Ϭ͘ϯϱ

y = 0.0149× - 0.0046
ZϮ= 0.9991

Ϭ͘ϯ
Ϭ͘Ϯϱ
Ϭ͘Ϯ
Ϭ͘ϭϱ
Ϭ͘ϭ
Ϭ͘Ϭϱ
Ϭ
Ϭ

ϱ

ϭϬ
ϭϱ
Proline content mg/ml

ϮϬ

Ϯϱ

FIGURE 1
The proline calibration curve

salt concentration exceeds a certain value. That is,
the increase in the growth rate of H. ammodendron
eventually decreases with increasing salinity.
Figure 3 shows that proline and MDA
concentrations of H. ammodendron have a positive
quadratic relationship with increasing soil salinity.
The concentrations of chlorophyll and proline peak
at about 1.5 g/100 g in the range of 2.5±3.0 g/100 g,
and 3±3.5 g/100 g for MDA. With increasing soil
salt content, the three concentrations decreased
gradually, Membrane permeability of H.
ammodendron increased linearly with increasing
soil salt content. As shown by these physiological
indices, the soil salinity range of H. ammodendron
needed to grow well is up to 3.5 g/100 g. At soil
salinity concentrations greater than this,
physiological activity would be inhibited.

RESULTS
Growth behavior is the ultimate expression of
plants under the comprehensive effects of various
environmental factors including water, fertilizer,
gas, heat, light, and five nutrient elements, which
are indispensable for plant growth.
Stem diameter reflects one aspect of plant
growth and robustness. It is a sign of strong lines,
and development of a strong stem-conducting tissue
system and storage structure for nutrient transport
and storage, thus laying a good foundation for the
growth of plants. Subsequent plant height increases
can improve light conditions.
Figure 2 shows changes in four growth
indices: stem diameter, plant height, crown growth,
and new branch growth of H. ammodendron with
changing soil salinity., The relationship between the
four growth indices and soil salinity followed two
types of curves, with the growth differences
expressed as peak height growth and stem diameter
increasing in a curvilinear quadratic relationship
with increasing soil salinity. However, growth
differences expressed as crown growth and new
branch growth declined in a curvilinear quadratic
relationship with increasing soil salinity. From
these four trends it can be seen that positive effects
on H. ammodendron growth are inhibited when the
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FIGURE 2
Changes in growth indices of Haloxylon ammodendron with varying soil salinity
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FIGURE 3
Changes in physiological indices of Haloxylon ammodendron with changing soil salinity
Environmental salinity and soil quality
directly affect the growth and physiological
processes of plants. Therefore, based on the various
measured growth and physiological indices, it is

possible to assess the soil salinity environment
which determines the appropriate water and salt
plant ranges for plant growth. It is also useful to
assess the water salt threshold to determine
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appropriate saline water irrigation conditions. The
physiological growth indices need to be considered,
the merits of the case, comprehensive consideration
of the two, to determine the threshold value is close
to the actual value, to quantify the various
indicators, to unit 1, equation as follows.
Equation:
3

¦
Z=

i i

y
yi min
 ¦ ij
yij i 4 yi max











}50˅
˄j=15,15.1,15.2ˈ

8

yi min

1
2

Free proline
MDA
Permeability
of plasma
membrane
Chlorophyll
Thickness
of stem
Plant height
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growth
Shoot
growth

ȝJJ-1 (FW)
g.g-1 (FW)

0.0011
0.0111

²²
²²

%
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²²
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²²

235.9

mm

²²

0.0933

cm

²²

1.104

cm

²²

0.6275

cm

²²

0.4202

3
4
5
6
7
8

Note: "-" does not need calculation.
TABLE 3
Best and worst soil salt content ranges for
Haloxylon ammodendron
Evaluate
standard
Comprehensive
index sign

The best value

threshold value

2.075±0.10g/100g

4.65±0.23g /100g

The model was used to calculate the
distribution of the objective function of salinity
changes with soil, as shown in Figure 4.
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The response of desert shrub to salt stress.
Salt effects on plants are the combined result of the
complex
interaction
among
different
morphological, physiological and biochemical
processes (Fig. 1). One of the first responses of
plants to salinity is a decreased rate of leaf growth
primarily due to the osmotic effect of salt around
the roots, which leads to a reduction in water supply
to leaf cells. High external salt concentrations can
also inhibit root growth, with a reduction in length
and mass of roots and of function. The reduction in
cell elongation and division in leaves reduces their
final size, resulting in a decrease in leaf area [24].
The leaf area reduction could be caused by a
decrease in turgor in the leaves, as a consequence of
changes in cell wall properties or a reduction in
photosynthetic rate. Such consequences are seen in
H. ammodendron: This research showed that the
decrease in shoot dry weight and leaf area were the
first visible effects of salinity both insensitive and
tolerant species such as Cotoneaster lacteus and
Eugenia myrtifolia, respectively (Fig. 2). Another
common response to high salt level is leaf
thickening.
Depending upon the composition of the saline
solution, ion toxicities or nutritional deficiencies
may also reduce growth because of competition
between cations or anions. When toxic ions such as
Na+ and Cl- are present in the rhizosphere, they can
disrupt the uptake of nutrients by interfering with
transporters in the root plasma membrane. The
influence of salt stress on plant growth alone is,
however, not sufficient to evaluate the salt tolerance
of Haloxylon ammodendron. Chloride toxicity
manifests as slight Bronzing and leaf-tip yellowing
followed by tip death and general necrosis, whereas
Na+ toxicity starts as a marginal yellowing followed
by a progressive necrosis . Thus the overall
appearance as well as survival should be the
ultimate criteria governing the choice of Haloxylon
species.

yi max

unit



DISCUSSION AND CONCLUSIONS

TABLE 2
Haloxylon ammodendron salinity conditions
of each decision variable value
Name



FIGURE 4
Comprehensive value distribution of
Haloxylon ammodendron with changing soil
salinity

Z is the suitability for growth. A value of Z=1
represents the best growing state of plants at the
best plant water (salt) state; Z=0 is a threshold
value. Yi is the soil moisture conditions of the
index; I is the index number; yimax, yimin denote the
indices in soil water (or salt) and represent the
maximum and minimum values, respectively, in
either condition.The salinity value of yimax and yimin
were calculated under the conditions shown in
Table 2.
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reduction in leaf DW as the EC increased;
tolerances werefrom higher to lower. Plant response
differed with growing season. Roots accumulated
more DW during the spring-summer while leaves
accumulated more DW in the fall-winter. The
highest root DW recorded, during the springsummer cultivation, allowed the allocation of Ca 2+,
Na+ and Cl- to the roots, preventing toxic
concentrations accumulating in the leaves. This
mechanism, Na+ and Cl- retention by the roots, was
especially efficient. However, as we have
mentioned previously, for Haloxylon plants
responses other than DW need to be considered,
because plants with good DW accumulation can
still show a high percentage of leaf bronzing, while
other species respond with high reductions in shoot
dry weight but no visual damage.
Microphyllexhibited acceptable tolerance in
terms of growth but the visual quality of the final
product was impaired. Growth of Hibiscus was the
most severely reduced when grown in springsummer but the lack of injury in leaves suggests
salt compartmentalization. Apart from reductions in
DW, other reported effects of salinity on woody
species that affect their visual appearance include
crown dieback, lesions on the stem or trunk and leaf
scorch. Buds may fail to open or grow and branches
may die. The morphological adaptations allowing
trees to cope with salinity can include penetrationresistant resinous buds and waxy leaves and stems.
Mechanisms of salt exclusion can be smooth twigs,
sunken buds and low surface-to-volume ratios (e.g.,
pine needles). With time, symptoms may
accumulate causing tip burn of the older needles in
conifers with their consequent necrosis, die back of
limbs and death. Salt damage on evergreen trees
usually first appears in late winter to early spring
and becomes more extensive during the growing
season [26]. A general crown thinning may also
occur as salt build-up in the soil causes soil
structure to deteriorate and roots to be damaged.
Trees may become misshapen due to greater
damage on the side facing the wind or where trees
stand taller than partially protective buildings. A
reduction in branch diameter may also occur. As for
the shrubs and woody trees, the ionic composition
of the irrigation water can affect the response of
shrubs and trees to saline stress. Chloride salts seem
to be more damaging than SO42- salts, and Mg2+
associated with Cl- is more damaging than Na+ with
Cl- [26]. In this study, the best conditions of salt
content and the salt threshold for growth indices of
H. ammodendronis 4.65 ± 0.23 g /100 g.

The tolerance to saline water can also be
evaluated by growth analysis indices: the salinity
caused a reduction of RGR (Relative Growth Rate)
and NAR (Net Assimilation Rate) at 70 mm and
140 mm NaCl (about 7 and 14 DS m-1,
respectively) while LAR (Leaf Area Ratio) was not
affected. However, the LWR (Leaf Weight Ratio)
increased in plants treated at 140 mm NaCl, due to
a greater reduction of the stem than leaf dry weight.
LWR is an important parameter for desert plant, in
which the aesthetic value is strictly correlated to the
appearance of the leaves. RGR reduction clearly
suggests a direct effect of the stress on stomatal
closure and/or photosynthetic apparatus, indicating
that photosynthesis could be the growth-limiting
factor. Herbaceous, annuals and perennials, show
different responses to salinity than woody plants,
although similar mechanisms can be involved.
Because the Haloxylon is an important to determine
the salt tolerance of all commonly used plants in
Center Asian to minimize potential salt damage
before converting to treat effluents. Evaluating salt
tolerance is made more complex by intra-specific
variation: any given species can vary in its
tolerance to salinity, depending on genotype.
Shrubs and woody trees. Although there
have been many studies on the effects of salt stress
on desert plants[25], few have investigated the
effects of salinity on shrubs. Salinity may affect the
growth of desert shrubs by reducing growth and
leaf expansion resulting from osmotic effects or
toxicity due to the high concentration of saline
water (USEPA, 1992). In a study conducted on the
Haloxylon shrubs commonly used for replantation
[26]
, many parameters (dry weight of different
organs, leaf area, number of leaves, SPAD, growth
indexes, aesthetic value) were considered to
evaluate plant response to salt stress. Plants were
grown in desert willdecrease percentage of leaf
necrosis. These symptoms were clearly associated
with the large amount of Na+ and Cl- in the leaves
[26]
. Shoot dry weight was reduced in many species
and, in general terms, these reductions followed the
same trend as the leaf area. Leaf number was
affected by salinity, hence leaf abscission reduced
the photosynthetic area. Chlorophyll content
(SPAD index) and root dry weight were less
influenced than the other parameters by salt
treatment at the end of the experimental period.
Among the many parameters analysed, the relative
growth rate and shoot dry weight best highlighted
the differential response to salt stress.
As observed for the shrubs and woody trees,
the growing season seems to affect the response of
shrubs to salt [25]. Five suitable salt concentration
were treated at different salinities for three growing
seasons (starting from May and September).
Species were ranked for their salinity tolerance
according to the slope of linear regressions of

Mechanisms of tolerance. To cope with
salinity, plants trigger divergent mechanisms that
allow their adaptation and survival in saline
environments; differences in the mechanisms
determine their performance under saline
conditions. Among the many mechanisms of
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salinity tolerance [25-26], the ability to restrict the
entry of saline ions through the roots and limit the
transport of Na+ and/or Cl- to aerial parts, retaining
these ions in the root and lower stem, has to be one
of the most important of all the traits associated
with tolerance. A related trait, the retention of toxic
ion in roots, has been proposed to be important to
salt tolerance in plants.The Haloxylon species that
keep acceptable growth rates and possess
mechanisms to exclude Na+ and Cl- from roots or
leaves and still have good appearance are ideal for
desertification defense. An important aspect of salt
tolerance is related to the ability of a plant to
compartmentalize toxic ions, such as Na + and Cl-.
In this sense, species accumulated high
concentrations of Na+ and Cl- in the leaves but
without showing any symptoms of necrosis. For
woody perennials Cl- is more problematic than Na +
which usually tends to be sequestered in roots and
woody tissue [27], while Na+ seems the primary
cause of ion specific damage in grasses [26].
Among the factors used to characterize salt
tolerance in desert shtub plants, the maintenance of
a high K + /Na+ ratio in their tissues is an important
diagnostic character, due to competitive effect of
Na+ concentration in the rhizosphere on K+ uptake.
The adaptability to salt stress can be also different
between and within species belonging to the same
genus. Results were confirmed in which the two
species, irrigated with saline water, showed
different tolerance mechanisms involving Na+ and
Cl- inclusion, leaf area reduction and osmotic
adjustment [26].

applying irrigation water containing soluble salts
via drip, bubbler or even flood irrigation has a less
damaging effect on plants than applying the same
water via overhead irrigation. Drip irrigation is
often preferred, as it also minimizes fluctuations in
soil water content, maintaining the soil moisture
continuously high at the root zone and a low salt
concentration. However, even though the majority
of plants are more sensitive to sprinkler than drip
irrigation, the use of sprinklers is often preferred as
it requires less maintenance and is less vulnerable
to damage than drip irrigation. Common problems
associated with drip irrigation are the need to
remove the accumulated salts from the wetting
front and avoidance of drippers clogging. Where
flood irrigation is used, the leaching of salts is
largely determined by the soil type, as the low
hydraulic conductivity of clay soils (especially in
the presence of sodicity) often minimizes any
RSSRUWXQLW\IRUPDQDJHPHQWRUµVWUDWHJLFOHDFKLQJ¶
(i.e. leaching at specific times) - although there may
be some opportunity for the installation of surface
or subsurface drains to assist drainage. Techniques
for controlling salinity that require relatively minor
changes to schedules are more frequent irrigations,
additional leaching, pre-plant irrigation, bed
forming and seed placement. Salt concentrations
are lowest following irrigation and highest just
before the next irrigation. Applying sufficient
volumes of water to allow an adequate salt leaching
can alleviate salt accumulation and sustain the
prolonged use of alternative water sources for
irrigation of landscapes. The growth stage can also
affect the sensitivity of the plants to salt stress.
Woody species demonstrate greater sensitivity to
salinity during the early developmental phases, so
in this case giving water of better quality is
SUHIHUUHG7KHWHUPµLUULJDWLRQVFKHGXOLQJ¶LQFOXGHV
both the estimation of the irrigation requirements of
the given crop and the appropriate irrigation
intervals, which is often complicated to establish in
landscapes due to lack of information on the wateruse of salt-stressed plants. Precise irrigation
scheduling relies on the right amount of water at the
right time and a proper choice can have a
significant impact on salinity effects through either
over or under irrigation. The adoption of irrigation
scheduling
tools
such
as
monitoring
evapotranspiration and soil moisture, the
monitoring of salinity (EC in the soil, leaf-sap in
the plant), determining adequate leaching or
drainage for water-logging-sensitive crops and
balancing the accumulation of the salts with
leaching irrigations under conditions of limited
water supply can assist scheduling decisions.
The salt tolerance of landscape plants varies
widely with species, environmental conditions and
soil or substrate. The desert plants have similar
mechanisms of salt tolerance to agricultural crops,
but assessment of salt tolerance for desert forest

Irrigation modalities to reduce salt stress.
As in desert forest management, keeping the
vegetarian covering ratio provides the ecological or
utility value that is irrigated with the saline water
irrigation. Irrigation to compensate for inadequate
rainfall can be permanent in arid areas or temporary
when short-term drought threatens. Desert plants
have additional irrigation requirements uncommon
in desert forest management. Most desert forest
management need short-term irrigation following
planting until they establish new roots in the
surrounding soil. Also, plants can be placed in
landscape situations of very limited soil-water
availability, such as aboveground planters, that
require permanent irrigation regardless of the
climate. Sometimes plants that are damaged or dead
have to be replaced but this operation is very
expensive. Unlike the monoculture of agricultural
crops, most desert shrubs include a variety of
species with different abilities to tolerate drought
and salt in irrigation water and hence different
needs for water. Additionally, the method of
irrigation used such as drip, ground surface
application or sprinkler irrigation can, as we have
seen, affect the severity of plant damage from salty
irrigation water. It has been well documented that
3414



© by PSP

Volume 25 ± No.9/2016, pages 3408-3416

Fresenius Environmental Bulletin






should be based primarily on ecologial value rather
than effects on biomass. In relation to the wide
number of plant species potentially available, it
should be possible choose salt-tolerant and suitable
salt concentration suitable for saline environments
irrigation. The results indicated that the linear
relationship between the physiological indices
(such as the chlorophyll, proline, and MDA
contentand membrane permeability) with the salt
content of soil. According to modeling of the
experimental results, the best conditions of salt
content and the salt threshold for growth indices of
H. ammodendronis 4.65 ± 0.23g /100g. It is also
worth thinking the saline water irrigationof H.
ammodendron is one of ecological survival
strategies for conquering the cavitation risk in the
extreme xeric environments.
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be
eliminated
to
avoid
environmental
contaminations. A number of promising techniques
have been established for elimination of dyes from
contaminated waters. Effective methods for
removal of dyes from the environment include
photodegradation
and
biodegradation
[5],
Àocculation [6], membrane separation [7], chemical
oxidation [8], electro±coagulation [9], and physical
adsorption [10]. Among them, adsorption has been
found to be an effective, cheap and potential
technique for removing dyes. Activated carbon is
the most widely employed conventional adsorbent
due to its high adsorption capacity for a variety of
materials. The removal of dyes using activated
carbon has been reported [11]. However,
commercially available activated carbon is
relatively expensive, therefore, the search for
alternatives and low±cost adsorbents is required.
A few studies have reported spent coffee
ground as an adsorbent for the removal of inorganic
pollutants or organic pollutants from aqueous
solutions. Cerino±Co´rdova et al. [12] studied
adsorption of Cu (II) and Pb (II) from aqueous
solutions by 0.1M and 0.6M citric acid
modified spent coffee grains. Results showed Pb
(II) and Cu (II) species were adsorbed mainly on
the carboxylic groups of 0.1M and 0.6M citric acid
treated spent coffee grains and these metals may be
exchanged for hydrogen and calcium (II) ions
during adsorption on non±PRGL¿HG VSHQW FRIIHH
grains. Namane et al. [13] employed spent coffee
ground treated with zinc chloride and phosphoric
acid for adsorption of phenol and dyes (acid blue
and basic yellow). The produced activated carbons
were comparable to a commercial product in terms
of adsorption capacity, and the produced activated
FDUERQ SUHVHQWHG EHWWHU DI¿QLW\ IRU EDVLF G\H LQ
comparison to the commercial product. These
adsorption materials were used as alternative
adsorbents have high ability, however, increase
some cost due to prior treatment.

ABSTRACT
In this study, the adsorptive capacity of
methylene blue (MB) from aqueous solution on
spent coffee grounds (SCG1 and SCG2) was
LQYHVWLJDWHG 7KH LQÀXHQFH RI VHveral parameters,
such as contact time, initial pH, dose of adsorbent,
ionic strength and adsorption/regeneration cycles of
MB by SCG1 and SCG2 were investigated. The
results of the present study indicate that the
adsorption ratios of MB on SCG1 and SCG2 after 3
h were 97.4 % and 94.1 %, respectively. The
adsorption rate was very quick with the equilibrium
of adsorption being achieved within about 30 min.
In this study show that spent coffee grounds might
be a promising material could be used successfully
for MB wastewater pollution remediation.

KEYWORDS:
Spent coffee grounds; Methylene blue; Kinetics

INTRODUCTION
There are more than 100,000 kinds of
commercially available dyes with over 7×105 tons
of dyestuff produced annually [1]. It is estimated
that 2 % of dyes produced annually are discharged
LQHIÀXHQWIURPPDQXIDFWXULQJRSHUDWLRQVZKLOH
% was discharged from textile and associated
industries [2]. The discharge of dyes in the
environment is a matter of concern for both
toxicological and harmful to aquatic living
creatures, even highly carcinogenic to human health
[3]. Moreover, some dyes are highly visible to the
human eyes, this can cause aesthetic contamination
even at very low concentrations [4]. Wastewaters
from colorant industrials (such as textile, paper,
carpet, leather, cosmetics, food coloring, plastics
and printing industries) contain dyes which should
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spectrophotometer V±550 (Jasco Co., Tokyo,
Japan) at wavelength 665 nm for MB during the
time courses. The concentration of MB was
calculated using a standard curve based on the
Lamber±Beer law. The pH values were adjusted to
the required value with 0.1 M HCl or 0.1 M NaOH
hourly throughout the experiment. All tests were
performed in three replicates.

The objective of this research was to
investigate the removal of MB from aqueous
solution by using SCGs (SCG1 and SCG2). The
LQÀXHQFH RI VHYHUDO parameters, such as contact
time, initial pH, dose of adsorbent and ionic
strength of MB by SCG1 and SCG2 were
investigated. As well as desorption and
regeneration properties were investigated to
evaluate the desirability of their applications in the
water WUHDWPHQW¿HOG

Desorption and regeneration experiments.
To study the cycle, the dye±loaded adsorbents
(SCG1 and SCG2) for the adsorption of an initial
MB concentration of 50 mg/L was regenerated in
the 2 M NaCl solution, and then be used in another
adsorb test. To completely regenerate the adsorbent,
further regeneration would be required by the 2 M
NaCl and 0.05 M NaOH using the method of Luo
and Zhang [14]. After elution, the SCG1 and SCG2
were washed gently three times with deionized
water to remove any trace of NaCl and NaOH. The
adsorption±desorption cycle was repeated three
times by using the same SCG1 or SCG2 and initial
concentration of MB used in this experiment.
'HVRUSWLRQ HI¿FLHQF\ RI 0% IURP WKH SCG1 or
SCG2 was calculated as the ratio of the amount of
the desorbed MB to amount of the adsorbed MB.

MATERIALS AND METHODS
Materials. The adsorbents (SCG1 and SCG2)
in this work were obtained from Starbucks
Corporation. SCG1 and SCG2 were produced from
coffee beans of Ethiopian. The adsorbents were
dried for 48 h in an oven maintained at a constant
temperature of 60 °C prior to use. MB was
purchased from Wako Pure Chemicals Co., Osaka,
Japan. All chemicals used in this study were of
analytical grade and solutions were prepared using
deionized and distilled water. To adjust the pH, 0.1
M HCl and 0.1 M NaOH solutions were used.
Procedure of adsorption experiment. The
adsorption features of the adsorbents (SCG1 and
SCG2) were investigated as a function of contact
time, initial pH, dose of adsorbent, and ionic
strength. The adsorption equilibrium and kinetics
were obtained from batch experiments, using 100
P/ ÀDVNV FRQWDLQLQJ  P/ RI 0% VROXWLRQV DQG
the adsorbents at different temperature. After
equilibrium, the MB solution was separated from
the adsorbents by centrifugation at 4500 rpm for 10
min using a centrifuge (IEC61010±2±020,
KUBOTA, Japan). The absorbencies of samples
were measured using an ultraviolet visible

Effect of adsorption time. Mixtures of (25
mL) of MB (50 mg/L) and SCG1(100 mg) or SCG2
(100 mg) in an aqueous solution, were shaken for
either 0-, 5-, 10-, 20-, 30-, 60-, 90-, 120-, 150- or
180-min intervals at 25 °C and 165 rpm to examine
the relationship between the percent MB adsorbed
and contact time. The adsorption ratio was
calculated by dividing the amount of MB adsorbed
on SCG1 or SCG2 by the initial amount of MB in
the solution. Figure 1 shows the effect of contact
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FIGURE 1
Effect of adsorption time on MB adsorption on SCG1 and SCG2 (Co=50 mg/L, adsorbents dose=4 g/L, at
pH 7.0 and 25 °C).
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between the molecule of MB dye and the
negatively charged surface of the SCGs.

time on the extent of adsorption of MB by SCG1or
SCG2. The adsorption ratios of MB on SCG1or
SCG2 after 3 h were 97.4 % and 94.1 %,
respectively. The removal ratio of MB was
eventually reached a plateau after 30 min. The data
obtained from this experiment was further used
successfully to evaluate the kinetics of the
adsorption process. This result is important because
the equilibrium time is one of the considerations for
the application of dye wastewater treatment plant
[15].


㻭㼐㼟㼛㼞㼜㼠㼕㼛㼚㻌㼞㼍㼠㼕㼛㻌㻌㻔㻑㻕
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FIGURE 2
Effect of pH of solution on the adsorption of MB
on SCG1 and SCG2 (Co=50 mg/L, shaking time
24 h, adsorbents dose=0.6 g/L, at 25 °C).

Effect of ionic strength. NaCl is used as a
stimulator in adsorption processe, the effect of ionic
strength on MB adsorption on SCG1 or SCG2 have
been evaluated. Figure 4 shows that the adsorption
ratio of MB onto SCGs decreases with the increase
of NaCl concentration of the solution. The
adsorption ratios of MB (50mg/L) at NaCl
concentrations of 0, 0.001 M, 0.01 M and 0.1M
were 15.48% to 80.53% for SCG1 and 10.25% to
68.45% for SCG2, respectively. For MB, increasing
ionic strength should usually be accompanied by an
increase in partition into SCGs. However, the
amount of adsorbed MB onto SCGs decreases with
the increase of ionic strength. Given the pHpzc value
were 5.8 for SCG1 and 4.5 for SCG2, the surface of
SCGs is expected to be dominantly negatively
charged at the experimental pH of 7.0. It is
EHQH¿FLDO IRU 1D+ to be adsorbed onto SCG1 by
electrostatic interaction. It infers that the additive
(NaCl) prefers to occupy the strongest sites on
SCG1 or SCG2, and competes with MB for space
in SCG1 or SCG2 due to the surface heterogeneity,
which leads to the decrease in the amount of MB
adsorption.

Effect of pH of solution. The aqueous
VROXWLRQS+LVH[SHFWHGWRLQÀXHQFHWKHDGVRUSWLYH
uptake of dye due to its impact on both the surface
binding±sites of the adsorbent and the dye molecule
[16]. To study the effect of pH on the MB removal
by SCG1or SCG2, the experiments were carried out
at different pH ranging from 2.2 to 12.0. Tested
samples were prepared by adding SCG1 (15 mg) or
SCG2 (15 mg) to 25mL of a MB (50 mg/L)
solution. Figure 2 shows the effect of pH on the
removal of MB by SCG1or SCG2 from aqueous
solution. Obviously, the removal of MB is
increased by increasing the pH value. At pH 2.2,
the removals of MB for SCG1and SCG2 were
14.0% and 10.7%, respectively, while at pH 12.0,
the removals of MB for SCG1and SCG2 were
96.4% and 87.3%, respectively. The adsorption
mechanisms can be contributed by electrostatic
interaction and dispersive interaction were report to
explain the adsorption of organics [17]. SCGs are
materials with amphoteric character; thus,
depending on the pH of the solution, their surfaces
might be positively or negatively charged. When
dissolved in water, MB basic dye is positively
charged, at pH>pHpzc the surface of SCG becomes
negatively charged favouring the adsorption of
cationic dye (MB) with the electrostatic interaction

Desorption and regeneration. Regenerative
functions of the SCGs are summarized in Table 1.
Results showed three adsorption/regeneration
cycles on SCGs, the adsorbed MB was mostly
released after the regeneration, and the capacity for
3419



Effect of adsorbent dose. 7KH LQÀXHQFH RI
adsorbent dose on MB adsorption by SCG1 can be
viewed in Figure 3. The removal ratio of MB
increased and the amount of MB adsorbed
decreased with an increase in adsorbent dose. The
percentages of MB adsorbed increased from 69.1 %
to 97.4 % on SCG1, however, the amount of MB
adsorbed decreases from 86.6 mg/g to 15.2 mg/g
with an increase in adsorbent doses of SCG1 from
0.4 g/L to 3.2 g/L. This is due to the increase in
surface area resulting from the increase in
adsorbent mass, thus increasing the number of
active adsorption sites. The amount of MB
adsorbed per unit mass of adsorbent decreased with
increasing adsorbent mass, due to the reduction in
effective surface area. This may be also attributed
to overlapping or aggregation of adsorption sites
resulting in a decrease in total adsorbent surface
area available to MB and an increase in diffusion
path length. Similar study for the effect of
adsorbent doses on MB adsorption capacity was
reported in the literature for other types of
adsorbents [18]. Based on the results presented in
Figure 3, the remaining experiments were
conducted for an adsorbent dose of 0.6 g/L for
SCG1.
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FIGURE 3
Effect of absorbent doses on the adsorption of MB on SCG1 (Co=50 mg/L, shaking time 24 h, at pH 7.0
and 25 °C).
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FIGURE 4
Effect of ionic strength on the adsorption of MB on SCG1 and SCG2 (Co=50 mg/L, shaking time 24 h,
adsorbents dose=0.6 g/L, at pH 7.0 and 25 °C).
TABLE 1
Regenerative functions of the MB
Recycling times

1

2

3

SCG1(Adsorption ratios,%)

97,5

95,5

93,2

SCG2(Adsorption ratios,%)

92,4

91,6

90,3
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the MB absorption remained unchanged. After
three cycles of adsorption±elution, the adsorption
capacity was regained completely and desorption
ratio of the MB was maintained at around 90 %.
The results indicated that the SCGs loaded with the
MB could be regenerated, and be used repeatedly
many times.

[4]

[5]
DISCUSSION AND CONCLUSIONS
We examined the adsorption capacity of
methylene blue from aqueous solution on spent
coffee grounds (SCG1 and SCG2). The adsorption
rate was very quick with the equilibrium of
adsorption being achieved within about 30 min. The
removal ratio of MB is increased by increasing the
pH value. The removal ratio of MB increased and
the amount of MB adsorbed decreased with an
increase in adsorbent doses. The adsorption ratio of
MB onto SCGs decreases with the increase of NaCl
concentration of the solution. The present study
shows that the spent coffee grounds can be used as
an inexpensive, effective and easily used adsorbent
for the removal of methylene blue from its aqueous
solutions.

[6]

[7]

[8]

[9]
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whole world in 2014 [9]. Spent coffee ground
(SCG), the output was almost half of coffee [10],
which is the residue obtained from the treatment of
coffee with hot water or steam for extracting
Àavour substances. However, SCG have not been
used so far for industrial application, even though it
is composed by carbohydrates, lipids, and proteins.
A portion of SCG is recycled as soil conditioner for
soil remediation or as adsorbents to get rid of
unpleasant odors in refrigerators.
Hirata et al. [11] employed raw coffee grounds
to produce adsorbents and compared conventional
thermal treatment in an oven to microwave
carbonization. The produced adsorbents were
HI¿FLHQW IRU 0% DGVRUSWLRQ ZLWK WKH PLFURZDYH
treatment improving adsorption capacity in
comparison to conventional carbonization. Franca
et al. [12] studied the kinetics and equilibrium of
MB adsorption by spent coffee grains. The
experimental saturated adsorption amount and the
adsorption equilibrium constant for MB were
ௗPJJ DQG  /PJ UHVSHFWLYHO\ 7KH
experimental data indicate that spent coffee grains
are suitable candidates for use as adsorbents in the
removal of MB dye. Although spent coffee grains
adsorbs MB without any further treatment, its
adsorption capacity for MB is inadequate. The
objective of this research was to investigate the
removal of MB from aqueous solution by using
SCGs (SCG1 and SCG2). The adsorption isotherm
of MB on SCG1 was compared with that of SCG2.

ABSTRACT
In this study, the adsorptive capacity of
methylene blue (MB) from aqueous solution on
spent coffee grounds (SCG1 and SCG2) was
investigated. The adsorption isotherm of MB on
SCG1 was compared with that of SCG2. The values
of parameters obtained for MB from the Langmuir
isotherm saturated adsorption amount (Q0) and
adsorption equilibrium constant (KL) were 86.6
mg/g, 0.1533 L/mg for SCG1 and 78.6 mg/g,
0.0707 L/mg for SCG2, respectively. The
adsorption mechanisms can be contributed by
hydrophobic interaction at the interface occurs
between MB and SCGs. In this study show that
spent coffee grounds might be a promising material
could be used successfully for MB wastewater
pollution remediation.

KEYWORDS:
Spent coffee grounds; Methylene blue; Electrostatic
interaction.

INTRODUCTION
Methylene blue (MB), a basic (cationic) dye,
has been used dye for dyeing wool, cotton, nylon
and silk. It can cause eye burns which may be
responsible for permanent injury to the eyes of
human or animals. On inhalation, it can give rise to
short periods of rapid breathing while ingestion
through the mouth produce a burning sensation and
may cause nausea, profuse sweating, vomiting and
mental confusion [1]. Several low±cost adsorbents
have been tested for removing MB, such as wheat
shells [2], peanut hull [3], hazelnut shells [4],
coffee husks [5], banana peel and orange peel [6],
cotton waste [7] and olive pomace [8] as adsorbents
for removal of MB from wastewaters.
On the other hand, coffee is produced all over
the world, the output of coffee was about 8.46
million bags (60 kilograms per one bag) in the

MATERIALS AND METHODS
Materials. The adsorbents (SCG1 and SCG2)
in this work were obtained from Starbucks
Corporation. SCG1 and SCG2 were produced from
coffee beans of Ethiopian. The adsorbents were
dried for 48 h in an oven maintained at a constant
temperature of 60 °C prior to use. MB was
purchased from Wako Pure Chemicals Co., Osaka,
Japan. The chemical structure and main properties
of MB are reported in Table 1. All chemicals used
3423
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TABLE 1
Chemical s tructure and properties of Methylene Blue (MB)
C.I.

52015
N

Chemical s tructure
N

S

Molecular formula

C16 H18 N3 S+Clí

Molar mas s

319.85 (g/mol)

Charge

Pos itive

Solubility aqueous

3.50 (g/100ml) (at 22 C)

The s ize of molecular

1.43 nmî0.61 nmî0.40 nm

Ȝ max

665 nm

+
Cl䠉 N

The SEM images (Fig. 1 a) of SCG1 reveal
irregular porous structure and convex structures,
however, there is relatively small pore structure on
the SCG1 surface. Fig. 1 b can be found that there
is very rough and have a large number of convex
structures on the SCG2 surface. Aqueous
suspensions containing the adsorbents were
analyzed using a dynamic light±scattering size±
distribution analyzer, Mastersizer 2000 (Malvern
Instruments Ltd. United Kingdom). Figure 2 shows
a typical result of the averages of particle size of

in this study were of analytical grade and
solutions were prepared using deionized and
distilled water. To adjust the pH, 0.1 M HCl and 0.1
M NaOH solutions were used.
Physical and chemical characteristics of
SCG1 and SCG2. The surfaces of SCG1 and
SCG2 were observed by using a low±vacuum
Scanning Electron Microscope (SEM), S±3400N
(Hitachi Ltd. Tokyo, Japan). The SEM images of
SCG1 and SCG2 are shown in Figure 1.



(a)


(b)
FIGURE 1
SEM images of the SCG1 (a) and SCG2 (b)
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FIGURE 2
Dynamic light scattering size distribution of SCG1 (a) and SCG2 (b)
SCG1 and SCG2 were 392.1 ȝP DQG 72.8 ȝP
respectively.
The Brunauer±Emmett±Teller (BET) surface
area and pore distribution of SCG1 and SCG2 were
measured using a surface analyzer AUTOSORB
6AG, (Yuasa Ionics Co., Osaka, Japan). A 0.1g
sample of either SCG1 or SCG2 was put into a
glass sampler and heat±treated at 120 °C under
vacuum for 5 h. Then, the BET surface areas and
the micropore surface areas were evaluated using
the t±plot method based on N2 adsorption isotherms
[13]. The surface areas of mesopores and
macropores were calculated by subtracting the
micropore surface areas from the BET surface area.
Total pore volume was calculated using Density
Functional Theory (DFT) based on N2 adsorption
isotherms [14]. The numbers of acidic functional
groups and basic sites on the surface of SCG1 and
SCG2 were determined using the method developed
by Boehm [15]. Acidity was determined by mixing
0.6 g of either SCG1 or SCG2 with 15 mL of
NaHCO3 (0.1 M), Na2CO3 (0.05 M) or NaOH
(0.1 M) solution in a well±sealed flask. The mixture
was then shaken for 48 h at 25 °C and 165 rpm. An
aliquot of the solution for each sample was back
titrated with HCl (0.1 M). The NaHCO3 neutralizes
only carboxylic groups on the carbon surface,
Na2CO3 does carboxylic and lactonic, and NaOH
reacts with carboxylic, lactonic and hydroxyl
groups. Accordingly, the difference between the
groups neutralized by NaHCO3 and Na2CO3
becomes lactones, the difference between those
neutralized by Na2CO3 and NaOH is hydroxyls.
Basicity was determined using a similar method,
except that the carbon materials were exposed to
HCl (0.1 M) and the residual base was titrated using
NaOH (0.1 M). The point of zero charge (pHPZC)
was determined for each carbon material using the
acid±base titration method of Faria et al. [16]. A
0.01 M NaCl solution was aliquoted (50 mL) into a
series of flasks. The initial pH (pHinitial) was

adjusted from 2.0 to 12.0 by addition of HCl
(0.1 M) or NaOH (0.1 M). A 0.1 g sample of either
SCG1 or SCG2 was added to each flask, followed
by agitation (165 rpm) for 48 h at 25 °C. Then, the
final pH (pHfinal) of the mixtures was measured. The
pHpzc was defined as the point at which the curve
determined by pHfinal ˉ pHinitial crossed the line
pHinitial=pHfinal. The pH was measured using a
portable pH meter (HORIBA M12 and M13).
Procedure of adsorption experiment. The
adsorption features of the adsorbents (SCG1 and
SCG2) were investigated.The adsorption isotherm
were discussedXVLQJP/ÀDVNVFRQWDLQLQJ
mL of MB solutions and the adsorbents. After
equilibrium, the MB solution was separated from
the adsorbents by centrifugation at 4500 rpm for 10
min using a centrifuge (IEC61010±2±020,
KUBOTA, Japan). The absorbencies of samples
were measured using an ultraviolet visible
spectrophotometer V±550 (Jasco Co., Tokyo,
Japan) at wavelength 665 nm for MB during the
time courses. The concentration of MB was
calculated using a standard curve based on the
Lamber±Beer law. The pH values were adjusted to
the required value with 0.1 M HCl or 0.1 M NaOH
hourly throughout the experiment. All tests were
performed in three replicates.

RESULTS
Physical and chemical characteristics of
SCG1 and SCG2. To compare the surface
polarities of the SCG1 with that of the SCG2, we
measured acidic and basic functional groups, the
BET surface area, total pore volume, and pH PZC
(see Table 2). The amount of acidic functional
groups (2.12 mmol/g) and basic functional groups
(1.57 mmol/g) on SCG1 was slightly higher than
those of SCG2 (3.81 mmol/g and 2.79 mmol/g).
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TABLE 2
Phys ical and chemical properties of SCG1 and SCG2 ǂ
SCG1

SCG2

Acidic functional groups (mmol/g)

2.12

3.81

carboxylic groups (-COOH)

0.61

0.46

lactonic groups (-COO-)

0.86

0.77

phenolic groups (-OH)

0.65

2.58

1.57

2.79

total (BET s urface area)

451

419

micropore (t-plot)

297

268

mes o ˂ macropore (t-plot)

154

151

Total pore volume (cm3 /g)

0.27

0.23

pHPZC

4.50

5.80

Bas ic functional groups (mmol/g)
Surface area(m2 /g)

Adsorption isotherm. The equilibrium
adsorption isotherm is one of the most important
data to understand the mechanism of the adsorption.
As indicated in Figure 3, the isothermal curve of
MB by SCG1 and SCG2 showed a typical
Langmuir±type pattern. The relationship between
the reciprocal of the amount of MB adsorbed on
SCG1 and SCG2 and the reciprocal of the
equilibrium concentration of MB in the solution
was linear. The parameters in equation (1), which
were determined from adsorption isotherms of SCG
1 and SCG 2 are summarized in Table 3.


respectively (see Table 2 and Table 3). This result
was probably due to the stronger interaction
㻝㻜㻜㻌

㻭㼐㼟㼛㼞㼎㼑㼐㻌㼍㼙㼛㼡㼚㼠㻌㻔㼙㼓㻛㼓㻕

The pHPZC values of SCG1 and SCG2 were
4.5 and 5.8, respectively. The total BET surface
area of SCG2 (419 m2/g) was slightly smaller than
that of SCG1 (451 m2/g). The surface areas of
micropore on SCG1 and SCG2 were 297 m2/g and
268 m2/g, respectively.

㻢㻜㻌
㻠㻜㻌
㻿㻯㻳㻝

㻞㻜㻌

㻿㻯㻳㻞

㻜㻌

㻜㻌

㻠㻌
㻤㻌
㻝㻞㻌 㻝㻢㻌 㻞㻜㻌 㻞㻠㻌
㻱㼝㼡㼕㼘㼕㼎㼞㼕㼡㼙㻌㼏㼛㼚㼏㼑㼚㼠㼞㼍㼠㼕㼛㼚㻌㻔㼙㼓㻛㻸㻕

㻞㻤㻌

FIGURE 3
Adsorption isothermal curve of MB on SCG1
and SCG2 (Co of MB (10 mg/L to 100 mg/L),
shaking time 24 h, adsorbents dose=0.6 g/L, at
pH 7.0 and 25 °C).

(1)

Here, qe is the amount adsorbed (mg/g); Q0,
the saturated adsorption amount (mg/g); KL, the
adsorption equilibrium constant (L/mg); and Ce, the
adsorption equilibrium concentration (mg/L).
Table 3 showed the values of parameters
obtained for MB from the Langmuir isotherm Q0
and KL were 86.6 mg/g, 0.1533 L/mg for SCG1 and
78.6 mg/g, 0.0707 L/mg for SCG2, respectively.
The BET surface area and Q0 of SCG1 were slight
larger than that of SCG2, however, KL of SCG1
was about 2-flod larger than that of SCG2,

TABLE 3
Langmuir isotherms parameters for MB on SCGs
Samples

Q 0 (mg/g)

K L(L/mg)

R2

SCG1ǂ

86.6

0.1533

0.9941

SCG2ǂ

78.6

0.0707

0.9834

between the adsorbent (SCG1) and the
adsorbing molecule (MB), since the surface
hydrophobic interaction of SCG1 is greater than
3426
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TABLE 4
Maximum uptake capacity for the adsorption of MB onto various adsorbents
Adsorbents

Uptake capacity (mg/g)

Reference

Castor seed shell

158.7

[6]

Coconut husk

99.0

[8]

Coffee husks

90.1

[2]

Peanut hull

68.0

[4]

Olive pomace

42.3

[3]

Hazelnut shells

38.2

[17]

Cotton waste

24.0

[7]

Banana peel

20.8

[18]

Orange peel

18.6

[18]

Wheat shells

16.6

[5]

SCG 1

86.6

SCG 2

78.6

This study

surface polarity of SCG1 is low, making this
material
more
hydrophobic.
The
strong
hydrophobicity of the SCG1 surface might explain
the high adsorption capacity for MB. This
adsorption mechanism was also suggested by Dai et
al. [20], we reported the hydrophobicity of the
surface of C1 was greater than that of AC, C1 has
fewer acidic functional groups than AC. This was
believed to be because the presence of functional
groups on the surface weakened the hydrophobic
property of C1 thereby decreasing its adsorption
equilibrium constant.

that of SCG2, as described in section 3.8. The
adsorption capacity of SCGs is compared with
various adsorbents in the literature [2±8,17,18]
(Table 4). The results obtained from this study were
found to be higher than that of some adsorbents
such as peanut hull (68.0 mg/g), olive pomace (42.3
mg/g), hazelnut shells (38.2 mg/g), cotton waste
(24.0 mg/g), banana peel (20.8 mg/g), orange peel
(18.6 mg/g), wheat shells (16.6 mg/g). Therefore,
compared with these materials in Table 4, SCGs
used in this study has higher adsorption ability for
MB.
Mechanism of adsorption of MB by SCGs.
The hydrophobic interaction of the adsorbent
surface is one of the important determinants of
adsorption capacity because water molecules can
compete with the adsorbate at the adsorption sites
[19]. When water is used as the solvent, the low
hydrophobicity of the surface reduces the
adsorption capacity of the adsorbent [20]. A
moderately water±soluble substance, such as MB,
requires a stronger hydrophobic field on the surface
of the adsorbent for effective adsorption. In order to
clarify the effect of functional groups on the surface
of SCGs, the numbers of acidic functional groups
and basic sites on the surface of SCG1 and SCG2
were determined. The number of acidic functional
groups on SCG1 was found to be about 0.5 time
that of SCG2 (Table 2). The results of the
adsorption equilibrium isotherm of SCG1 showed
that Q0 and KL were larger than that of SCG2 (Table
3). SCG (2.12 mmol/g) has fewer acidic functional
groups than SCG2 (3.81 mmol/g). Therefore, the

DISCUSSION AND CONCLUSIONS
We examined the adsorption capacity of
methylene blue from aqueous solution on spent
coffee grounds (SCG1 and SCG2). Equilibrium
GDWD ¿WWHG YHU\ ZHOO LQ D /DQJPXLU LVRWKHUP
equation, the adsorption capacity of MB were 86.6
mg/g for SCG1 and 78.6 mg/g for SCG2,
respectively. The adsorption mechanisms can be
contributed by hydrophobic interaction at the
interface occurs between methylene blue and spent
coffee grounds. The present study shows that the
spent coffee grounds can be used as an inexpensive,
effective and easily used adsorbent for the removal
of methylene blue from its aqueous solutions.
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reported that the water quality of the Songhua River
(SHR) basin has deteriorated, and the toxicity of
SHR pollutants provokes ecological concerns [5-8].
However, majority of the reports focusing on
halogenated hydrocarbonrelated research are
mainly about itsdetection in the section of estuary
and the city area [9-10], and very limited research
was carried out studying on the migration and fate
of halogenated hydrocarbon in large-scale regions
[11]. In the past several years, fugacity model has
been used to simulate the multi media fate of
different types of organic pollutants, such as
polycyclic aromatic hydrocarbons, dioxins,
nitrobenzene, etc [12-14]. And it has become a
good predictor for transportation of contaminants in
the environment and the existence of pollutants in
various environmental media.
Based on the mass balance principle, fugacity
model is used to generate quantitative description
of the input and output of pollutants in
environmental systems, as well as the ransportation
and transformationof pollutants between different
media. The fugacity model is treated as a simple,
straight-forward model, since it only requires the
most basic physical and chemical parameters along
with the environmental property parameters of the
pollutants. Also, a number of parameters can be
obtained directly through the thermodynamic
calculation, which reduces the burden of the
measurement work. Therefore, the fugacity model
is a great option for the study on the fate of volatile
organic compounds [15-17]. In this study, the
fugacity model was used not only to simulate the
migration
of
chlorobenzene
in
different
environmental media after the entrance of
chlorobenzene into the natural water environment,
but also to mimic the various physical, chemical,
biological transformation occurred during the
migration process, targeting atobtaining the
prediction of possible migration pathways and the
existenceforms
of
chlorobenzene
in
the
environment, as well asthefinal distribution of
chlorobenzene in various environmental media. The
results of this studyare proposed toprovide the data
support for environmental remediation, and to

ABSTRACT
A multimedia fugacity model (level III) was
used to simulate the concentration distribution of
chlorobenzene from Shaokou section to Songhua
River Village section of the Second Songhua River
based on a steady-state assumption. The
concentration distribution was calculated in the air,
water, suspended particulate matters (SPMs) and
the sediment. The results showed that the model
output concentration in the air, water, SPMs and the
sediment
accounted
for
1.448×10-2mg/m3,
9.503×10-5mg/L, 3.043×10-6g/kg(dw), 1.270×105
g/kg respectively, when chlorobenzene was
discharged to the water from pollution sources at
20mol/h, of which chlorobenzene in the air was
94.931% in total, indicatingthat after reaching
steady-state in the system, chlorobenzene mainly
existed in the air. In water environment,
chlorobenzene distribution werepresented as
98.362% in water phase, 0.020% in suspended
substance phase and 1.618% in sediment phase,
respectively, which means that most chlorobenzene
in water environment existed in the water phase and
little in the suspended substance and the sediment
phase.

KEYWORDS:
fugacity model Ϫ; chlorobenzene(CB); Songhua River;
multimedia fate

INTRODUCTION
Chlorobenzene (CB), as one of thetypical
volatile halogenated organic compounds, has been
widely used in various industries, such as chemical
industry, pharmaceutical industry, pesticide
manufacturing, plasticmanufacturing,
military
industry and organic synthesis, etc [1-2]. With the
characteristics of low degradation but easy
bioaccumulation
in
the
environment,
Chlorobenzene becomes one of the most important
environmental pollutants [3-4]. In recent years, it
3430



Volume 25 ± No. 9/2016, pages 3430-3437

© by PSP

Fresenius Environmental Bulletin





Photodegradation

Ai r
Advection Output

Ai r bor ne Par t i cl es

Volatilization

Wat er

Inputting Source

Diffusion
Diffusion

Suspended Solids

Resuspension

Advection Output

Dry and Wet Deposition

Adsorption
Diffusion

Advection Output

Sediment
Deposition

Biodegradation

Biodegradation

Adsorption

Biodegradation

FIGURE 1
The figure of simulation of multimedia fate of chlorobenzene in the Songhua River
establish an important scientific basis for the
disposal and ecological risk assessment of the
environmental emergencies.

Model framework. Based on the multimedia
fugacity model built by Mackay [18], with the
combination of environmental characteristics of the
Songhua River, the fugacity model Ϫ was
established. Under this model, the environment of
the Songhua River is divided into four phases,
which are air, water, suspended solidsand sediment.
Also, the following assumption should be followed:
the chlorobenzene are discharged into the water
stably and continuously; all of the degradation
reactions
of
chlorobenzene
in
various
environmental media are first-order reaction;
atmosphere is constituted by gaseous phase and
aerosol that are in equilibrium; after a certain period
of time, the distribution of chlorobenzene in water
system becomes stable, and the fugacity within
each medium does not change over time. According
to the mass balance principle, the process of
migration and transformation of chlorobenzene in
various environmental media can be simulated. The
simulation is shown in Figure 1.
According to the basic structure of fugacity
model Ϫ and the mass balance of chlorobenzene in
water environmental systems, the expression of the
reduction of chlorobenzene under the fugacity
model can be generated as follows:

MATERIALS AND METHODS
Study area. The Songhua River is located in
northeast part of China, with the geographical
coordination of 119.52 ° E ~ 129.30 ° E and 41.42 °
N ~ 51.38 ° N. Due to its location in the north
temperate monsoon climate zone, the Songhua
River basin indicates continental climate
characterized by significantly large temperature
difference during the year, withannual average
temperature between 3 ~ 5 Υ and wet period
average temperature of 20 ~ 25 Υ , and annual
average precipitation of about 500 mm. In this
study, it was chosen the river section from Shaokou
section to Songhua River Village section of the
Second Songhua River as the subject, which covers
the river length of 120 km, with an average water
depth of 8m, a flowrate of 800m3 / s and the
average velocity of 0.5 m/s.

Air㸸

E A  G AI Z A f AI  DW  A fW  f A DRA  D AW  D A SS  G AO Z A

0

(  * = I:,  ' $ : I $  ' 6 : I6  ' 66 : I66  I: ' 5:  ':  $  ':  6  ':  66  *:2 = :

:, :
Water㸸 :
Suspended solids㸸

ESS  GSSI Z SS f SSI  DW  SS fW  DA SS f A  DS  SS f S  f SS DRSS  DSS W  DSS  S  GSSO Z SS
Sediment㸸

E S  GSI Z S f SI  DW  S fW  DSS  S f SS  f S DRS  DS  SS  GSO Z S
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Where: A, W, SS, S represent air, water,
suspended solids and sediments, respectively; Ei (i
= A, W, SS, S) is the emission rate of pollutants in
the medium i,mol / h; GiI is the fluid advection
input rate in the medium i, m3 / h; GiO is the fluid
advection output rate in medium i, m3/h; Zi isthe
fugacity capacity of chlorobenzene in a medium i,
PRO P3D ILLs the fugacity of chlorobenzene
in the medium of i, Pa; fiI is the fugacity of
chlorobenzene inadvection in putting medium i, Pa;
Di-jis the interphase migration rate coefficient
ofchlorobenzene from the media i to the media j,
PRO  K  3D  DRiis the degradation reaction rate
coefficientof chlorobenzene in the medium i, mol /
K3D 
The above equation can be represented by a
matrix equation as:

a44

(GSO Z S  DS  SS  DRS )

Where: U is the increased amount of
chlorobenzene caused by the pollutant emissions
and the upstream inputper time unit, mol / h; the
elements in the main diagonal of matrix F indicate
the amount of migration pollutantoutputting toother
environmental media per unit time, per unit volume,
PRO  K  3D  WKH HOHPHQWV LQ RWKHU ORFDWLRQV
represent theamount of migration pollutantfrom
other environmental media inputtingto the
corresponding media that is indicated on that row.

Simulation and parameter identification.
The input process of the Chlorobenzene in the study
area was the stabledischarge of thewastewater,
while the output process constitutes the degradation
F  f  E U 0
of the chlorobenzene in the environmental phases,
(1)
and the advection output to the air, water and
Among which,
suspended solids, and the adsorption of
0 º
ª a11 DW  A 0
chlorobenzene in the sediments, etc. Theexchange
«D
»
process between different environmental phases
a
D
D
22
SS W
S W »
includes the following aspects:air - water (wet and
F « AW
« D ASS DW SS a33 DS SS »
dry deposition and diffusion process), water - air
«
»
(volatilization process), sediment - water
¬ 0 DW S DSS S a44 ¼
(adsorption process), water - sediment (desorption
(2)
process), water - suspended solids (adsorption
ª fA º
process), suspended solids - water (desorption
«f »
process), sediments and suspended solids
deposition/resuspension,
chlorobenzene
f « W»
(3)
« f SS »
photodegradation and biodegradation processes, etc.
« »
Because the model simulation starting section
¬ fS ¼
±Shaokou is located at thedownstream of Jilin City,
the main sources of toxicorganic pollutants were
the industrial wastewater dischargedfrom the
ª1 0 0 0º
factorieswith
business
oforganic
synthesis,
«0 1 0 0 »
petroleum
refining
and
other
industrial
»
(4)
E «
productions.Also,
there
is
no
obvious
inputting
«0 0 1 0 »
source in the upper reaches of the Songhua River
«
»
and the surrounding areas.Base on the survey for
¬0 0 0 1 ¼
the pollution sources and existing level of the
pollutants in the water environment [19], the initial
ª E A  GAI Z A f AI º
condition of the model was assumed thatthe
« E G Z f »
discharging speed of chlorobenzene into the
WI W WI »
Songhua River was20 mol/h;WKH LQLWLDO ȡ
U « W
« ESS  GSSI Z SS f SSI »
(chlorobenzene) were 0 mg / L or below the
«
»
detection limit in the water environment of the
¬ ES  GSI Z S f SI ¼
Songhua River. The environmental parameters in
(5)
the river sections of the study area are shown in
Table 1.
a11 (G AO Z A  D AW  D A SS  DRA )
The fugacity capacity (Z) and related
parameters of air, water, suspended solidsand
a22 (GWO ZW  DW  A  DW  SS  DW  S  DRW ) sediments are defined as follows:
Air㸸ZA=1/RT
Water㸸ZW=1/H
Suspended
particulate
matters
㸸
a33 (GSSO Z SS  DSS W  DSS  S  DRSS )
ZSS=ZWîȡSS×KOCîĳSS
logKOC=0.989logKOW-0.346
Sediments㸸ZS=ZW×ȡS×KOC×ĳS[25]
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TABLE 1
The environmental parameters in study region
Parameters

Values

Air area㸦AS㸧/m2

2.4×107

Height of the air㸦HA㸧/m

1.0×103

Average wind speed㸦Vwind㸧
/m/s
Lengh of the water body㸦L㸧
/km
Area of the water body
㸦AW㸧/m2
Depth of the water body
㸦H㸧/m

1
120
2.4×107
8

Parameters
Influx flow㸦Q1㸧/(m3/s)
Outflow㸦Q2㸧/(m3/s)
Average
flow
rate
㸦Vriver㸧/m/s
Density of the sediment
㸦ȡS㸧/kg/m3
Density of the suspended
solids㸦ȡSS㸧/kg/m3
Volume rate of the
suspended solids

Values
800
719.8

Precipitation rate/m/h

1.6×10-5

0.5
2.4×103
2.4×103
7×10-3

TABLE 2
Environmental transport parameters
Migration media
air-water
air-suspended solids
water-air
water-suspended solids
water-sediments
suspended solids-water
suspendedsolids-sediment
sediment-water
sediment-suspended solids

Process
Diffusion
Precipitation dissolution

Migration coefficient and equation
DA-W=1/(1/KVAAWZA+1/KVWAWZW)
DR=KRAWZW

Dry and wet deposition

DA-SS=KQSAWZA

volatilization
Adsorption
Diffusion
Deposition

DW-A=1/(1/KVAAWZA+1/KVWAWZW)
DW-SS=0.693VSSZSS/tWSS
DW-SS=KWBSAWZW
DW-S=KSASZS

Diffusion
Deposition
Diffusion

DSS-W=KWBSAWZW
DSS-S=KSASZS
DS-W=KWBSAWZW

Resuspension

DSR=KSRASZS

Resuspension

DSR=KSRASZS

Where: R is the gas constant, 8.314 J/(mol·K);
T is the absolute temperature, K; H is the Henry
constant, Pa·m3/mol ; ȡSS is the density of the
suspended solids, kg/m3; ĳSS is the contentof
organic carbon of the suspended solids; KOC is the
organic carbon partition coefficient; KOW is the
organic partition coefficient of octanol/water; ĳS of
is the content of organic carbon of the sediment,
kg/L.
The migration coefficient of the environmental
media constitutes of the following aspects:
migration of contaminants in various media,
degradation of pollutants in various media, and the
input and output of pollutants along withthe
environmental media [1]. The calculation of the
migration coefficient between the media in
themodel are illustrated in Table 2.Rainfall
dissolved Dry and wet deposition Volatilize
Adsorption Spread Settlement Spread Settlement
Spread Resuspension Resuspension
Note:KVA:air side mass transfer coefficienton
air-water interface, m / h; KVW: water side mass

transfer coefficient on air-water interface, m / h;
AW:amount of contacting area between water and air,
m2; KR: the mass transfer coefficient during the rain
dissolution process, setting at1.6×10-5m/h; KQS: the
deposition rate coefficients of dry and wet matter,
setting at6.0×10-10m/h[1]; VSS 㸸 volume of the
suspension, m3; tWSS: half diffusion time of the
water-suspension, h; KWBS: mass transfer coefficient
between the sediment and water, m/h; KS:
coefficient of sedimentation suspension rate, setting
at5.0×10-7m/h [20]; AS: amount of contacting area
betweensediment and water, m2; KSR: coefficient of
suspension resuspending rate, setting at 2.0 × 107m / h [21].

RESULTS
Results generated by the model. According
to equation (1), the concentration of chlorobenzene
after reaching the balance in air, water, suspended
solids
and
sediments
were
1.448×103433
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mg/m3(calculated by dry mass, the same below),
9.503×10-5 mg/L, 3.043×10-6g/kg and 1.270×10-5
g/kg, respectively. By calculating the total mass of
chlorobenzene in air, water, suspended solids and
sediments, the percentage of the chlorobenzene in
eachphase were obtained as follows: the amount of
chlorobenzene in the air took 94.931% of the total
amount, while there was only 5.069% of the total
amount takenby other environmental phases.Thus,
it can be explained that majority of the
chlorobenzene was evaporated into the air, and only
a small amount of it was left in the water.
Meanwhile,the amount of chlorobenzenein the
aqueous phase was distributed as follows:98.362%
in water, 0.020% insuspended solids and 1.618% in
sediment, indicating that vast majority of the
chlorobenzene in the aqueous phase existed in
water, very little amount was left in the sediment
and suspended solids.

-1
Concentration/
 mg· L

simulation test, the surface sediments atthe bottom
of the device were sampled to test the
w(chlorobenzene).The
changes
of
ȡ
(chlorophenyl)along withthe time are shown in
Figure 3.

Model Validation. The simulation test device
is shown in Figure 2.The device is an annular
container witheffective volume of 16 L, equipped
with a stirrer in the apparatus, and water in the
container can circulate at certain speed.A125W
high pressure mercury lampand a fixed speed
fanare mounted above the device.Also, at the
bottom of the device, there isnatural dried sediment
(the sediments sampled from Shaokou Section and
Songhuajiangcun Section, naturally dried, and
mixed with the mass ratio of 1:1), being evenly
added, and then the configured chlorobenzene-river
water solution was added. After all the parts being
set up, the analog of the dismiss process of
chlorobenzene in the water of the Songhua River
was carried out.

20

40

60

80

100

120

FIGURE 3
The distributionof chlorobenzene concentration
in water environmentduring simulation process

100 mm
R70 mm
310 mm
140 mm

FIGURE 2
The simulator of chlorobenzene subtractive
process

Figure 3 shows that ȡ FKORUREHQ]HQH in the
water decreased with the increase of simulation
time.After 104h, the ȡ FKORUREHQ]HQH  in water
decreased from 4.956 mg / L to 7.1 × 10-3mg / L,
and the w (chlorobenzene ) in sediment was 1.1 mg
/ kg (counted by dry mass). At the same time, the
mass of chlorobenzene in water accounted
for1.433% of the total mass of that added into the
device, whereas the amount of chlorobenzene in
sediments accounted for 0.028% of the total mass
of that added into the device.So, the results
basicallymatched with the predicted results
generated by the fugacity model(4.986% in water,
0.082% in sediment). Therefore, both the
simulation experiments and model predictions show
that the chlorobenzene that entered in watercould
quickly migrate or convert, and there are very small
amount of residual left in water and sediment,
causinglimited its impact on the water environment.
Parameter Sensitivity Analysis. In order to
improve the stability and accuracy of the model, the
qualitative analysis of the sensitivity of the
parameters in the model were carried out in this
study. The Sensitivity of the model (S) was
calculated by using the equation below [22-23].

Both the ambient temperature and water
temperature of the simulation test werecarried out
at 20 ~ 30Υ. The test on the ȡ(chlorobenzene) in
the water sampledat certain time intervals was
employed, and it was accompanied by
thecomplement ofthe reduced water caused
byevaporation and other reasons.After 104 h of

S

Y1.01  Y1.0 / Y1.0
X 1.01  X 1.0 / X 1.0

Where: X1.01represents an increase of the input
parameters to 101% of the original value;.
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Note: KOW is the octanol-water partition coefficient; H is water depth; VW is water volume; ȡSS
is the density ofsuspended solids; ĳSSis the content of organic carbon in suspended solids; t is
the simulation time; L is the water body length; KPis the photolysis rate of chlorobenzene; ASis
the amount of water-air contactarea inthe study area; KSis coefficient of suspended
mattersedimentation rate; ȡSis sediment density; ĳSisorganic carbon content of the sediment;
FIGURE 4
The sensitivity coefficients of main parameters in the model

X1.0represents the original value of the
parameter; Y1.01, Y1.0represents theoutput results of
the model when the parameter value wereX1.01 and
X1.0, respectively.
The sensitivity of all the environmental
parameters and other input parameters were
calculated, and the sensitivities of each parameter
corresponding
to
different
environmental
phaseswere added up [24]. The results were shown
in Figure 3
It can be seen in Figure 3 thata number of
parameters has great impact on the sensitivity of the
model, such as lgKow, Q1, H, VW, ȡSS, ĳSS, t, L, Q2,
KP, AS, KS, ȡS, ĳS, etc. KOW has a major impact on
the distribution of chlorobenzenein water and air,
mainly displayedin the volatile process of
chlorobenzene.In addition, there is big influence on
the distribution of chlorobenzene in each
environmentalphasecaused by the amount of
emissions,H, VW, ȡSS and ĳSS etc. Thus, it is highly
important to improve the measuremen taccuracy of
these parameters to ensure the accuracy of the
simulation results.

water in summer time. By the calculation generated
by the model, the chlorobenzenewas discharged
into the Songhua River from the sources at the rate
of 20 mol / h. After the equilibrium of the system, ȡ
(chlorine benzene) in the atmospheric phase is
1.448×10-2 mg/m3 ȡ FKORUREHQ]HQH in the
aqueous phase was 9.503×10-5 mg/L, w
(chlorobenzene) in suspended solids was 3.043×106
g/kg, and w (chlorobenzene) in sediment was
1.270×10-5 g/kg.
By calculation through the model:the amount
of chlorobenzene in the air accounted for94.931%
of the total input amount, while there was only
5.069% of the total amount was taken in water
phases. Thus, it is conclude that majority of the
chlorobenzene was evaporated to the air, and only a
small amount of it was left in the water.
Meanwhile, the amount of chlorobenzene in the
aqueous environment
was distributed as
follows:98.362% in water, 0.020% insuspended
solids and 1.618% in sediment, indicating that the
vast majority of the chlorobenzene in the aqueous
environment existed in water, very little amount
was left in the sediment and suspended
solids.Simulation results suggestthat themass of
chlorobenzene in water account for 1.433% of the
total mass of that added into the device, and the
amount of chlorobenzene in sediments account for
0.028% of the total mass of that added into the

DISCUSSION AND CONCLUSIONS
This model is customized to the simulation of
the high temperature and high flowSonghua River
3435
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device. And the results basically matched with the
predicted results generated by the fugacity model.
By the sensitivityanalysis on each of the
parameters of the model, it can be seen that a
couple of parameters could significantly affect the
distribution of chlorobenzene in all environmental
phases. For instance,the octanol - water partition
coefficient parameters, the amount of pollutant
emission, water depth etc.hold a great impact on the
model as well.
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CHEMICALLY MODIFIED CLINOPTOLITE AND
NATURALLY OCCURRING DEPOSITS ENHANCE NO3 IONS
REMOVAL FROM AQUEOUS SOLUTIONS
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sources. Specifically, the increase use of
agricultural chemicals (fertilizers and pesticides)
leads to increase pollution levels in agricultural
soils and subsequently increasing contaminants in
groundwater [1, 2]. Accumulation of toxic organic
and inorganic compounds in water has detrimental
impacts on ecosystem function and poses potential
health risks to humans [3-5].
Among anionic contaminants, nitrate is
regarded as a common ion in surface water and
groundwater, especially in agricultural areas. The
excess concentrations of nitrate in drinking water
can cause detrimental impacts on living species and
lead to nitrosamine production, which is
responsible for causing a cancer and increasing the
risk of diseases such as methemoglobinemia in
infants [1]. Hence, remediation of drinking water
contaminated with nitrate to acceptable levels is
necessary.
A number of technologies for the treatment of
polluted water have been developed over the years,
including chemical precipitation, filtration, ionexchange, reverse osmosis, and membrane systems
[6-13]. However, all these techniques have their
inherent advantages and limitations in application.
More attention was devoted to the use of low cost
adsorbents, e.g. agricultural by-products, waste
materials, biosorbents, slag, zeolite and clay
materials [8, 14, 16]. In this context, the attention to
investigate the use of natural clay deposits for the
environmental applications purpose has been
increased [17]. It is well known that natural sorbent
of zeolite is more effective in water purification and
filtration. Due to their permanent negative charges
as well as the interconnection of channels and
cages, zeolites and other clay minerals have a
potential for adsorption of positively charged
contaminants such as heavy metals from the
environment [8, 16, 18]. However, the use of
zeolite and clay minerals for removing negatively
charged NO3 ions from contaminated water is not
efficient. Several studies have shown that
enhancing adsorption capacity of various materials
can be achieved by physical, chemical or thermal
treatments [7, 8, 19, 20, 21]. In recent years,
attempts have been made to functionalize natural

ABSTRACT
The capacity of natural adsorbents to remove
anionic contaminants from water is limited. This
limitation can be overcome by modifying the
surface of the minerals with organic cations. In this
research, zeolite (clinoptolite) and naturally
occurring deposits of aluminum silicate collected
from Saudi Arabia was modified using
Hexadecyltrimethyl
ammonium
bromide
(HDTMABr) to be used for removing the nitrate
(NO3) from aqueous solutions. The batch method
has been employed, using metal concentrations of
5-100 mg L-1 and adsorbent mass of 2-16 g L-1. The
results showed that surfactant modification of
clinoptolite or naturally occurrence deposits using
HDTMABr resulted in a significant increase in the
adsorption capacity of the adsorbent. The present
data of surfactant modified zeolite (SM zeolite) and
surfactant modified deposit (SM deposit) fit the
Langmuir (Type 1 and 2), Freundlich and Temkin
models well with a correlation coefficient, r2 =
0.914-985. The both modified adsorbents of SM
deposit at initial NO3   PJ /-1 and especially
SM zeolite at initial NO3 of 5-100 mg L-1 showed
higher affinity for NO3 compared to the natural
unmodified samples. Results suggest that surfactant
modified naturally occurrence deposits and
especially zeolite might be a potential material for
nitrate removal from water.

KEYWORDS:
Natural sorbents; zeolite, deposit, Nitrate, Anionic
contaminants

INTRODUCTION
In Saudi Arabia, ground water is a major
source of water for both urban and agricultural use.
In such arid country, the water resources face
serious troubles because of anthropogenic activity
that results in adverse impact on ecosystems and in
turn on water resources. The main sources of water
pollution are industrial, municipal and agricultural
3438
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Co is initial metal concentration in solution
(mg L-1), V is volume of initial metal solution used
(L), and m is mass of adsorbent (g).
Sorption isotherm parameters were obtained
by the least squares analysis using the Langmuir,
Freundlich, and Linear isotherms described by the
following equations [26, 27].
Linear model: qe = KdCe
Langmuir (Type 1) model: Ce/qe=1/(bQ) +
Ce/Q
Langmuir (Type 2) model: 1/qe = (1/Q) +
(bQCe)
Langmuir (Type 3) model: qe = Q-(qe/bCe)
Freundlich model Log qe = log Kf + (1/n) log
Ce
Temkin model: qe=a+b lnCe
Where: Ce = equilibrium solution phase
concentration (mg L-1), qe = equilibrium solid phase
concentration (mg kg-1), Q = Langmuir isotherm
sorption capacity (mg kg-1), b = enthalpy related
sorption constant (L mg-1), n = sorption intensity
constant, Kf = sorption capacity constant (L mg-1),
and Kd = linear distribution coefficient computed
from the slope of the isotherm line (L kg-1), a and b
= constant related to energy and capacity of
adsorption.
The influence of adsorbent mass on NO3
adsorption onto various adsorbents was carried out
by using 50 mL of nitrate solution of 25 mg/L at pH
7. The solutions were shaken in plastic containers
containing 0.1 g, 0.2 g, 0.5 g, and 0.8 g of the
adsorbent, which are equal to 2, 4, 10, and 16 g/L.

sorbents using cationic surfactant for increasing
their capacity to remove anionic contaminants from
aqueous solutions and water [22, 23, 24].
Therefore, the aim of the present work is to develop
inexpensive, highly available, and effective NO3
ions adsorbents from naturally occurring deposits of
aluminum silicate and zeolite, which were modified
chemically using Hexadecyltrimethyl ammonium
bromide (HDTMABr).

MATERIALS AND METHODS
Preparation and characterization of
surfactant-modified sorbents. The naturally
occurring deposits of aluminium silicate were
collected from Shama Mountain, Saudi Arabia. The
natural zeolite used in this study was clinoptilolite.
The materials were washed with deionised water to
remove dirt. Washed naturally occurring deposits
and zeolite were then allowed to dry.
Hexadecyltrimethyl
ammonium
bromide
(HDTMABr) was used for surface modification. A
pre-weighed amounts of adsorbents samples was
mixed with hexadecyltrimethyl ammonium bromid
(HDTMABr) solution in 1:2 (solid: liquid) ratio.
The concentrations of HDTMABr used for the
preparation of surfactant modified zeolite and
sediment were 0.01 M. The mixture of materials
and surface-modifying solution was shaken for 72
h. Then, the solution was vacuum filtered, and the
residual solid was washed with deionised water and
air dried.
X-ray diffraction (XRD) analysis (XRD-7000
Shimadzu)
was
used
to
identify
any
crystallographic structure in the adsorbents.
Moreover, Fourier transformation infraredanalysis
(Nicolet 6700 FTIR) of the adsorbent samples was
performed in the wave number range of 500±4000
cm±1 in order to characterize their surface functional
groups.

RESULTS
Characterization of the sorbents.XRD
analysis was employed to determine the structural
properties of the adsorbents. The XRD of the
adsorbents is shown in Figure 1. The XRD spectra
of the naturally occurring deposit and zeolite
samples have different peaks. The results indicated
that natural zeolite was dominated by clinoptilolite
and appeared to be almost pure. The XRD spectra
of naturally occurring deposit illustrated the
presence of chabazite (at 4.25 Å), feldspar (at 3.19
Å) and quartz (at 3.34 Å). By comparing the XRD
data of the cationic surfactant modified samples
with those of unmodified, it was observed that there
is closely analogy between them with slight
GHYLDWLRQLQڧDQGG-spacing values.
FT- IR spectra of natural zeolite and locally
occurring deposits are presented in Fig. 2. The
results indicate that the band at the band near 3590
cm-1 is due to the presence of water molecules in
the matrix of natural zeolite and the band at 1629
cm-1 ( H-O-H deformation band). The band at 1022
is mainly due to T-O-T (T= Si and/or Al). An FTIR
analysis of the naturally occurring deposits showed
peaks at 996 and 1094 cm-1 indicating the presence

Adsorption experiments.A 0.5 gram of
unmodified and surfactant modified adsorbents of
natural zeolite and sediment was weighted and put
into 50.0 ml glass bottles. Nitrate ion solutions of
different placed in a shaker for 24 h. Blank
solutions containing no adsorbent were also
included. The pH of the initial solution was
maintained at pH of 7. The NO3 concentrations of
the
supernatant
solutions
were analyzed
calorimetrically using the nitrophenol-disulfonic
acid yellow color method [25].
The amount of NO3 adsorbed by the various
adsorbents was determined by using the following
equation:
qe = V(Co-Ce)/m
where qe is NO3 concentration on the
adsorbents (mg g-1) at equilibrium, Ce is NO3
concentration in solution (mg L-1) at equilibrium,
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of Si-O stretching (Fig. 2). The obtained peak at
approximately 762 and 784 suggests the presence
of Si-O stretching of quartz. The bands at 648 and
722 cm-1 are the characteristic of Si-O stretching of
feldspar. The bands at 530 cm-1 is the characteristic
of Si-O stretching of feldspar. Feldspar is frequent
constituents in the clay deposits. The obtained peak
corresponding the 591 cm-1 might be due to the OSi-(Al)-O bending vibration for microcline and the
obtained peak at 648 cm-1 is due to the Al-O

coordination vibrations indicates the presence
of orthoclase feldspar.
The peaks around 3400 cm-1, 2850 and 2920
-1
cm appeared in the SM deposit and SM zeolite
indicate asymmetric and symmetric stretching
vibration of ±CH2 of alkyl chain and bands between
1200 and 1600 cm-1 suggest a vibration of
trimethylammonium quaternary group CN (CH3)3+.
It has been reported that the peak at 2800 cm-1 is
also pronounced for pure HDTMA±Br [28].
Q
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FIGURE 1
X-ray diffraction patterns of unmodified and modified sorbents (C: clinoptolite; CH: Chabazite; Q:
Quartz; F: Feldspars).
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FIGURE 2
FTIR analysis for unmodified and modified sorbents
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TABLE 1
Langmuir, Freundlich and Temkin parameters for NO 3 sorption onto the sorbents

Unmodified zeolite
SM zeolite
Unmodified deposit
SM deposit

Unmodified-zeolite
SM zeolite
Unmodified deposit
SM deposit

Linear
Langmiur (Type 1)
KL
r2
qm
Ka
r2
0.044
0.735
18.0
0.004
0.069
0.201
0.913
9.06
0.102
0.985
0.013
0.486
1.99
0.038
0.829
0.013
0.559
1.87
0.825
0.999
Langmiur (Type 3)
Freundlich
qm
Ka
r2
1/n
Kf
0.296
0.055
0.158
1.03
0.052
7.44
0.143
0.848
0.728
0.335
0.936
3.00
0.000
0.717
0.092
1.60
4.11
0.732
0.208
0.844

r
0
0
0
0

explained by chemisorptions with physical forces.
Hence, the order of isotherm equations obeyed by
the present data is Langmuir (Type 1) > Langmuir
(Type 2) > Freundlich > Temkin isotherm for SM
zeolite and Langmuir (Type 1) > Temkin >
Freundlich > Langmuir (Type 2) > Freundlich
isotherm.
In this study, dimensionless constant
separation factor (RL) was calculated to predict the
feasibility of the Langmuir isotherm. The R L is
calculated by the following equation:
RL = 1/(1+bC0)
where b is the Langmuir constant and Co is the
initial nitrate concentraWLRQ PJÂƐ-1). The value of
RL indicates whether the isotherm is irreversible
(RL = 0), favorable (0 < RL < 1), linear (R L = 1) or
unfavorable (RL >1). RL values between 0 and 1
were obtained suggesting the present sorption
system is favorable.
The relationship between RL and C0 showed
that the RL values decreased with an increase in the
C0 values (data not shown). Based on Langmuir
(type 1), the values of RL calculated in the
investigated range of the initial added NO3
concentrations are determined to be in the range of
0.09±0.66 for SM zeolite and of 0.012-0.19 for SM
deposit. Meanwhile, based on Langmuir (type 2),
these values of RL are in the range of 0.038-0.44 for
SM zeolite and of 0.096-0.68 for SM deposit. This
result suggests that the investigated surfactantmodified adsorbents are suitable for removal of
NO3 from aqueous solutions. These results agree
with previous conclusions that the surfactantmodified adsorbents are of importance due to
creating binding sites with high affinity and
adsorption efficiency in removal of anionic
contaminants from aqueous solutions and water
[29].

Adsorption isotherms and models. The
equilibrium data isotherm analysis for NO3
adsorption onto the surfactant-modified and
unmodified zeolite and deposit are shown in Fig. 3.
Results indicate that the adsorbent has a high
affinity for NO3 adsorption for SM zeolite. The
equilibrium data have been analyzed by linear
regression of various isotherm model equations
including Linear, Langmuir (Types 1-3),
Freundlich, and Temkin. The computed related
parameters from the values of slopes and intercepts
of the respective linear plots are shown in Table 2.
The present data of SM zeolite and SM deposit fit
the Langmuir (Type 1 and 2), Freundlich and
Temkin models well with a correlation coefficient,
r2 = 0.914-985 (Table 1). In Langmuir (type 1), the
average adsorption capacity (qm) obtained for the
SM zeolite and SM deposit is 9.06 and 1.87 mg/g,
respectively. However, in Langmuir (Type 2), these
values accounted for 4.83 and 1.48 mg/g by SM
zeolite and SM deposit, respectively.
The Freundlich isotherm model, based on
multilayer adsorption, described the data well for
SM zeolite with r = 0.948 and SM sediment with r
= 0.97. The Freundlich adsorption constants (KF)
obtained from the linear plot were 0.335 and 0.844
for SM zeolite and SM deposit, respectively. The
Freundlich coefficient (1/n), which should be less
than 1, has values of 1.37-4.81, suggesting the
favorable adsorption of NO3 onto the surfactantmodified adsorbents.
The linear plot for Temkin adsorption
isotherm, which contains the features of
chemisorption, relatively described the present
isotherm adsorption data for the surfactantmodified adsorbents (r = 0.930±0.981). This
indicated that the adsorption of NO3 onto the
adsorbents of SM zeolite or SM sediment might be
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Langmiur (Type 2)
Ka
r2
0.011
0.990
0.255
0.983
0.005
0.959
0.094
0.914
Temkin
r2
a
b
0.897
-1.41
2.43
0.948
1.08
3.46
0.770
-0.311
1.03
0.970
0.964
0.503
qm
-4.46
4.83
-8.07
1.48
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FIGURE 3
Equilibrium sorption isotherms for NO 3 adsorption onto the investigated sorbents

unmodified adsorbents, the Kd values tended to
increase up to initial concentrations of 25-50 mg L-1
and then decreased with the further increases of
initial concentrations. The higher Kd value that was
pronounced for lower metal concentrations is
mainly ascribed by the sorption sites of high
selectivity and strong bonding energies. However,
the lower Kd values with increasing initial
concentrations indicate that energetically less
favorable sites with increasing metal concentration
[8, 14].

Distribution coefficients and removal
efficiency. Table 2 shows Kd values as a function of
initial NO3 ions concentrations. The highest Kd
values were found for NO3 sorption onto surfactant
modified adsorbents followed by unmodified one,
indicating a high metal retention by the solid phase
through sorption and chemical reactions. Overall,
the lowest Kd values were more pronounced for the
local sediments than those for natural zeolite. For
both surfactant modified adsorbents, their values of
Kd decreased with the increasing initial
concentrations of NO3 ions. Meanwhile, for

TABLE 2
Effect of sorbents on changes in NO 3 sorption efficiency and distribution coefficients (K d) in relation
with initial concentrations and adsorbent mass.

Initial concentrations (mg L-1)
5
10
25
50
100
Initial concentrations (mg L-1)
5
10
25
50
100
Adsorbent mass (g/L)
2
4
10
16

Unmodifiedzeolite
Distribution coefficients
0.05
0.05
0.10
0.12
0.04
Removal efficiency (%)
34.0
32.9
50.4
53.6
31.0
Removal efficiency (%)
28.7
32.0
50.4
63.1
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SM

Unmodified deposit

SM deposit

1.15
0.81
0.60
0.46
0.23

0.04
0.05
0.09
0.04
0.02

4.90
0.81
0.16
0.06
0.02

92.0
89.0
85.7
82.3
69.3

30.0
32.0
48.5
29.8
14.3

98.0
89.0
61.2
36.0
18.5

58.6
65.8
85.7
90.8

28.3
36.9
48.5
50.2

28.4
43.1
61.2
66.3
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The removal efficiency of sorbents for NO3
ions is shown in Table 2. It was noticed that the
removal
efficiency
depends
on
initial
concentrations, sorbent type and mass of adsorbent.
The percentage removal of NO3 was affected by
initial metal concentrations. The percentage
removal of NO3 decreased as the initial metal
concentrations were increased. A higher adsorption
at lower initial concentrations may be due to the
high adsorption affinity between the NO3 ions and
the sorbent. At higher initial concentrations, the
availability of binding sites for adsorbing metal
ions might tend to be decreased and may prevent
further adsorption of NO3 ions onto the adsorbent
surfaces. Another cause may have been a
progressive decrease in the proportion of covalent
interactions and an increase in the proportion of
electrostatic interactions at sites with a lower
affinity for NO3 as its initial concentrations
increased. At the initial metal concentration of 5 mg
l, the higher removal efficiency for NO3 ions was
more pronounced for sorbent of SM sediment
(98%) followed by SM zeolite (92%) than that for
both unmodified adsorbents (30-34%). At the initial
concentration of 10 mg l, both the surfactant
modified adsorbents showed also higher and equal
removal efficiency of 89% than that for unmodified
adsorbents (32-32.9%). As the initial metal
concentration increased (> 10 mg L-1), the
adsorption of NO3 onto the SM zeolite showed a
higher adsorption efficiency of 69.3- 85.7% for SM
zeolite than that for unmodified zeolite (31-50.4),
SM sediment (18.5-61.2) and unmodified sediment
(14.3-48.5). The high NO 3 adsorption efficiency for
SM zeolite could be due to functionalize
clinoptolite. Several studies have been reported on
the use of HDTMA in modifying various
adsorption materials [30, 31, 32]. The surface
modification of adsorbents by using positivelycharged HDTMA can induce functional groups,
resulting in attracting and adsorbing negativelycharged nitrate ions [30, 32]. It has been suggested
that a modification of zeolite by organic cations can
increase the adsorption capacity of zeolite to
remove anionic contaminants from aqueous
solutions and water, mainly due to replacing the
charge balancing cations on zeolite surface by
quaternary amines having higher affinity towards
anions [22, 23, 30]. Adsorption of anions by
modified zeolites is attributed to the anion
exchange, a process which is controlled by
diffusion of the anions from the bulk of the solution
to the surface of the zeolite, a phenomenon which
depends on the concentration of the species [28,
29].
The results showed that NO3 adsorption
efficiency increased gradually with increasing mass

of adsorbents, to a highest increase at 16 g
Lí1 for the all unmodified and surfactant modified
adsorbents (Table 2). It was generally observed the
highest increase rate was pronounced up to 10 g L-1.
After this highest increase rate, the removal
efficiency tended to decrease sharply and reached
the highest values with the highest adsorbent mass
of 16 g L-1. These results suggest that the
relationship between adsorbent dosage and removal
efficiency was related to increases in the number of
adsorption sites. With increasing adsorption mass,
the lower increase rate can be explained by the
active sight being overlapped and resulting in
reduced effective surface area required for sorption.
According to world health organization [33],
the maximum NO3 concentrations recommended
for drinking purposes in groundwater are above the
limit of 50 mg L-1. Additionally, the safe drinking
water limit and no environmental pollution
problems expected account for 10 mg L-1 and 4 mg
L-1, respectively. In this study, the remaining
equilibrium NO3 concentrations as a function of
initial NO3 concentrations and adsorbent mass are
shown in Fig. 4. At initial concentration of 5 mg L-1
for all adsorbents and 10 mg L-1 for the surfactant
modified adsorbents, the remaining NO3
concentration was below the limit of no
environmental pollution problems expected. At
initial concentration of 25 mg L-1, the remaining
NO3 concentration was below the limits of safe
drinking water and no environmental pollution
problems expected for both surfactant modified
adsorbents. At initial concentration of 25 mg L-1,
the remaining NO3 concentration was below the
limits of safe drinking water and no environmental
pollution problems expected for both surfactant
modified adsorbents. However, at 50 mg L-1 for SM
zeolite, the remaining NO3 concentration was below
the limits of safe drinking water. At initial
concentration of 100 mg L-1, the remaining NO3
concentration was below the maximum allowable
concentration for SM zeolite, but it still above the
limits of safe drinking water and no environmental
pollution problems expected.
At initial concentration of 25 mg L-1 with
adsorption mass of 2-16 g L-1 for SM zeolite, the
remaining NO3 concentrations were below the limit
of safe drinking water. With increasing SM zeolite
PDVV   J /-1), the remaining NO3
concentrations were below the limit of no
environmental pollution problems expected.
However, witKLQFUHDVLQJ60VHGLPHQW J/-1)
and unmodified zeolite (16 g L-1) mass, the
remaining NO3 concentrations were below the limit
of safe drinking water, but it still above the limit of
no environmental pollution problems expected.
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FIGURE 4
Effect of initial NO3 concentrations and sorbent mass on nitrate removal

higher and equal removal efficiency of 89% than
that for unmodified adsorbents (32-32.9%). As the
initial metal concentration increased (> 10 mg L-1),
the adsorption of NO3 onto the SM zeolite showed a
higher adsorption efficiency of 69.3- 85.7% than
that for unmodified zeolite (31-50.4), SM sediment
(18.5-61.2) and unmodified sediment (14.3-48.5). It
is very interesting to note that the surfactant
modified deposit can be used to decrease the NO3
concentrations recommended for drinking purposes

DISCUSSION AND CONCLUSIONS
This work presented the results of the NO3
adsorption from aqueous solution using a naturally
occurring deposits and zeolite modified with
organic cation (HDTMABr). The surfactant
modified deposits and especially zeolite were
suitable for the removal of NO3 from aqueous
solutions. At the initial concentration of 10 mg L-1,
both the surfactant modified adsorbents showed
3444
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in groundwater, especially with relatively low
initial concentrations and increasing adsorbent
mass.
[10]
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DETERMINATION OF ANIONIC SURFACTANT
ADSORPTION CAPACITY OF EXPANDED PERLITE FROM
AQUEOUS SOLUTION
Caglayan Acikgoz1*, Deniz Akin Sahbaz1,2, Senay Balbay1
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2
Afyon Kocatepe University, Faculty of Engineering, Department of Chemical Engineering,03200, Afyonkarahisar, TURKEY.

Surfactants are major constituents of detergent
so that it is frequently present in domestic and
industrial wastewater. The surfactants cause foams
in rivers and surface waters, thereby reducing the
oxygen penetration in water and posing
environmental risks to aquatic organisms. They
need to be removed from wastewater to avoid
environmental damages. Adsorption is a
conventional method for surfactant removal from
the water environment. Perlite is an amorphous
volcanic glass that has relatively high water content
and is typically formed through the hydration of
obsidian. It occurs naturally and has the unusual
property of greatly expanding when heated
sufficiently. Expended perlite have been used as an
economical adsorbent in adsorption process due to
its low cost and large surface area. The aim of this
study was to determine an anionic surfactant
adsorption capacity of expended perlite from
aqueous solution. For these purposes, linear alkyl
benzene sulphonic acid (LABSA) was used as a
surfactant and the effects of pH, temperature,
concentration of LABSA, amount of adsorbent and
contact time on adsorption capacity of expended
perlite were investigated. The adsorption kinetic
was found to follow the pseudo second order
kinetic model. The equilibrium adsorption data
were well described by the Freundlich isotherm
model. Finally, the thermodynamic parameters
including, the change of GibbV IUHH HQHUJ\ ¨*ƕ),
HQWKDOS\ ¨+ƕ  DQG HQWURS\ ¨6ƕ) of adsorption
were calculated. The results showed that the
adsorption of LABSA on expended perlite was
feasible, spontaneous and exothermic at 15±45°C.

organisms due to the ability to foam and need to be
removed from water to avoid enviromental
damages [1]. Human health is also affected when
surfactants arrive into drinking water [2].
A number of techniques, namely chemical
oxidation [3], ultrafiltration and ion-exchange [4],
microbiology treatment [5], chemical coagulationflocculation [6], adsorption and magnetic seperation
[7] have been used to remove surfactants from
aquatic environment. Among them, adsorption is
considered as one of the most influential processes.
Numerous alternative materials have been
investigated to adsorb surfactants from aqueous
solution such as alumina [8], activated carbons
[1,9,10], magnetic alginate beads [7,11], silica gel
[12] and perlite [13].
Perlite is an amorphous volcanic glass that has
the unusual characteristic of expanding and
becoming porous when it is heated. Perlite can be
expanded up to 20 times its original volume when
heated rapidly at 760-1100°C. Expanded perlite has
special properties such as high porosity, chemical
inertness, non-toxicity and low density [14]. Perlite
is very cheap and easily available in Turkey
markets. Perlite is receiving increasing attention as
alternative adsorbents for removal of dyes and
heavy metals from water [14-17].
In the present study, expanded perlite particles
were evaluated for their potential to the removal of
linear alkyl benzene sulphonic acid (LABSA) from
aqueous solutions. The impact of adsorbent dosage,
contact time, initial LABSA concentration and
temperature on adsorption capacity were
investigated.
Additionally,
the
adsorption
isotherms, kinetics and thermodynamics were
deduced from the experimental results.

KEYWORDS:
Adsorption; Perlite; Surfactant; LABSA

MATERIALS AND METHODS

ABSTRACT

Preparation of adsorbent and adsorbate.
Expanded perlite samples were obtained from
ø]PLU 7XUNH\ The chemical composition of the
perlite found in Turkey is given in Table 1 [18].
The expanded perlite was used as adsorbent without
any chemical treatment. The expanded perlite
samples were washed with deionized water to

INTRODUCTION
Surfactants, or surface active substances, are
used extensively in varieties of industrial cleaning
processes as well as in consumer products.
Surfactants have toxic effects on some aquatic
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remove fine grains and water insoluble particles
and dried for 24 h at 110°C. Then the dried perlite
samples were mechanically sieved and segregated
particles in the range of 0.85-1.6 mm.

The structure of LABSA is shown as below:

TABLE 1
Chemical composition of perlite.
Constituent
Percentage
SiO2
71-75
Al2O3
12.5-18
Na2O
2.9-4.0
K2O
4.0-5.0
CaO
0.5-2
Fe2O3
0.1-1.5
MgO
0.03-0.5
TiO2
0.03-0.2
PbO
0.0-0.5
MnO2, SO3, FeO, Ba, Cr
0.0-0.1

Adsorption experiments. Concentrations of
LABSA were determined by measuring the
absorbance characteristic wavelength using UVspectrophotometer
(JENWAY
7310).
The
percentage of LABSA removal (%) and amount of
LABSA adsorbed per unit of adsorbent at a
predetermined time t (qt) were calculated by Eq. (1)
and (2), respectively [16]:
݈ܽݒ݉݁ݎܣܵܤܣܮሺΨሻ  ൌ

The surfactant used as adsorbate in this study,
LABSA, is an anionic surfactant with molecules
characterized by a hydrophobic and a hydrophilic
group.
The
molecular
formula
is
CH3(CH2)11C6H4SO3H.

ݍ௧ ൌ

ሺబ ି ሻൈ

ሺబ ି ሻ
బ

ൈ ͳͲͲ

(1)

(2)
where C0 is the initial concentration of
LABSA (mg/L), Ct is the concentration of LABSA
at any time (mg/L), V is the volume of the solution
(L) and W is weight of adsorbent (g).
ௐ

(a)

(b)
FIGURE 1
Effects of adsorbent dosage on the adsorption of LABSA onto expanded perlite (a) and LABSA removal
(b) (LABSA concentration: 60 mg/L, pH: 9, agitation speed:100 rpm, temperature: 15°C, contact time:
180 min, volume of sample: 50 mL).
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FIGURE 2
Effect of contact time and initial LABSA concentration on the adsorption of LABSA onto expanded
perlite (adsorbent: 2 g/L, pH: 9, agitation speed:100 rpm, temperature: 15°C).
the LABSA solution and expanded perlite particles
[19].

RESULTS AND DISCUSSION
Effect of adsorbent dosage. The effect of
adsorbent dosage (varying from 2 g Lí1 to 10 g Lí1)
on the adsorption of LABSA onto expanded perlite
and LABSA removal are presented in Figure 1.
The amount adsorbed (qe) decreased from 13.66 mg
gí1 to 3.12 mg gí1 when the adsorbent dosage was
increased from 2 g Lí1 to 10 g Lí1. The decrease of
adsorption was due to the concentration gradient
between adsorbent and adsorptive [19]. The
percentage removal of LABSA from the solution
increased from 45.5 to 51.9 as the adsorbent dosage
increased from 2 g L-1 to 10 g L-1. The increase in
removal of LABSA due to the availability of more
surface area caused by increasing adsorbent dosage
[19,20].

Adsorption kinetics. Two kinetic models,
commonly used in the literature, were applied to
experimental kinetic data in order to investigate the
behaviour of LABSA on expanded perlite. These
models are Lagergren pseudo first order and pseudo
second order equations.
The first model is the pseudo first order rate
equation [21]:
 ሺݍ െ ݍ௧ ሻ  ൌ   ݍ െ  ݇ଵ ݐ

where qe and qt refer to the amount of LABSA
adsorbed (mg/g) at equilibrium and at any time, t
(min), respectively, and k1 is the equilibrium rate
constant of pseudo first order model (1/min). The
plots of ln (qe ± qt) versus t were used to calculate
the pseudo first order rate constant (Table 1).

Effect of contact time and initial LABSA
concentration. The effect of contact time on the
amount of LABSA adsorbed was investigated at
40-100 mg L-1 initial concentration of LABSA. It
can be observed from Figure 2 that the LABSA
adsorption increases with the increase of treating
time and attained equilibrium within 180 minutes.
The amount of LABSA adsorbed onto expanded
perlite evidently increased with increasing initial
LABSA
concentration.
Increased
initial
concentration enhanced the adsorption uptake of
LABSA from 8.1 mg/g to 30.3 mg/g. This was
caused by an increase in the mass gradient between

The second model is the pseudo second order
rate equation [21]:
௧
ଵ
௧
ൌ
(4)
మ 


మ 



where k2 is the rate constant of the pseudo
second order adsorption model (g/mg.min). Figure
3 shows the curve-fitting plot of Eq. (4) (t/qt vs. t)
and the parameters k2, qe and R2 values were
determined (Table 2).
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FIGURE 3
The pseudo second order kinetic model for LABSA adsorption onto expanded perlite for different initial
LABSA concentrations (adsorbent: 2 g/L, pH: 9, agitation speed:100 rpm, temperature: 15°C).
TABLE 2
Parameters of the Lagergren first order and pseudo second order models for adsorption of LABSA onto
expanded perlite.
Initial LABSA
concentration
(mg/L)
40
60
80
100

qe,exp
(mg/g)
8.13
15.22
22.68
30.31

Lagergren first order kinetic model
qe,cal
k1
R2
(mg/g)
(min-1)
4.39
0.0150
0.7412
9.02
0.0173
0.9650
18.02
0.0166
0.9254
27.00
0.0191
0.9794

The values of the correlation (R2) for the
pseudo first order model obtained are not high at
the whole concentration range. Furthermore, large
differences between experimental (qe,exp) and
calculated (qe,cal) values of the equilibrium
adsorption capacity were also observed. The pseudo
second order model showed a better fit with
experimental data, and the second order model
showed a higher correlation coefficient (R2) than
that of first order model. Therefore, the adsorptions
agreed with the pseudo second order model rather
than pseudo first order model.

the Langmuir binding constant, which is related to
the energy of adsorption, KF (mg/g (L/mg)1/n) and n
are the Freundlich constants characteristics of the
system, indicating the adsorption capacity and the
adsorption intensity, respectively.
TABLE 3
Adsorption isotherm constants for the
adsorption of LABSA on the expanded perlite
Freundlich Adsorption
Isotherm
KF
n
R2
[mg/g (L/g)1/n]

Adsorption isotherm models. Langmuir and
Freundlich isotherm models were used to describe
the equilibrium adsorption. The linear forms of
Langmuir and Freundlich isotherm models are
represented by Eq. (5) and (6), respectively [22]:



ൌ





ଵ

ଵ
ಽ

 ݍ ൌ  ቀ ቁ  ܥ     ܭி


0.0022

0.3838

0.9974

Langmuir
Adsorption
Isotherm
R2
0.9306

Figure 4 shows the linear regression plots of
the Langmuir (Fig. 4 (a)) and Freundlich (Fig. 4
(b)) isotherms, including the R2 and fitted equation.
The R2 values of the plots indicated that the
experimental data had higher agreement with the
Freundlich model (R2=0.9974) than with the
Langmuir (R2=0.9306). The parameters of
Freundlich adsorption isotherm, evaluated from the
linear plot, are presented in Table 3. According to
the assumption of Freundlich model, adsorption

(5)
(6)

where Ce is the equilibrium concentration of
LABSA in solution (mg/L), qe is the adsorbed value
of LABSA at equilibrium concentration (mg/g), qm
is the maximum adsorption capacity (mg/g), KL is
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Pseudo second order kinetic model
qe,cal
k2
R2
.min-1)
(mg/g)
(g.mg-1
8.19
0.0108
0.9902
15.92
0.0058
0.9952
23.75
0.0020
0.9827
33.22
0.0012
0.9818
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οܩι ൌ  οܪι െ ܶοܵι
(9)
where R is the universal gas constant (8.314
J/mol.K), T is the absolute temperature (in Kelvin)
and KC is the equilibrium constant. The values of
¨+DQG¨6FDQEHFDOFXODWHGIURPWKHVORSHDQG
intercept using the plotted graph of ln K L versus
1/T. The calculated constants are also illustrated in
Table 4.
7KH QHJDWLYH YDOXH RI ¨6 -111.72 J/mol.K)
suggests a decrease in the randomness at the
solid/solution interface during the adsorption. The
neJWLYHYDOXHVRI¨+ -31.4 kJ.mol-1) indicate the
exothermic nature of adsorption process.

takes place on heterogeneous sites and is not
restricted to the formation of a monolayer [23].

Ă

CONCLUSION
This study shows that expanded perlite can
afficiently remove surfactants from aqueous
solutions. The equilibrium uptake was increased
with increasing the initial concentration of
surfactant in solution. Under the optimal conditions
(pH:9; 298 K; 100 mg/L initial LABSA
concentration), the experimental maximum
adsorption capacity achieve 30.3 mg/g. The
adsorption isotherm could be well fitted by
Freundlich model, moreover, according to the
results obtained from the comparison of kinetic
models, the pseudo second order kinetic model had
the best agreement with the experimental data.

ď
FIGURE 4
Langmuir (a) and Freundlich (b) adsorption
isotherms of LABSA on expanded perlite
(adsorbent: 2 g/L, pH: 9, initial LABSA
concentration: 40-100 mg/L, agitation speed: 100
rpm, temperature: 15°C).
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ABSTRACT

INTRODUCTION

A study to investigate the stability in yield and
other morphological parameters associated with
modified double cross maize hybrids compared
with their respective standard parental hybrids
across three locations of Khyber Pakhtunkhwa that
is, Agricultural University Peshawar (AUP),
Agricultural Research Station (ARS), Baffa,
(Mansehra) and Cereal Crops Research Institute
(CCRI), Pirsabak (Nowshera), was conducted
during 2008-2009. Production of modified double
cross hybrids of maize having improved yield was
carried out during spring crop season of 2008 at
Malakandher Research farm of KP Agricultural
University Peshawar. Genotype x environment
interaction was studied for yield and yield
parameters in five modified double cross maize
hybrids and their respective parental maize hybrids.
Genotype main effect was highly significant for all
the parameters except anthesis-silking interval
(ASI), while significant genotype x environment
effect was observed for all parameters. The
genotype x environment (linear) interaction
component showed high significance for all the
characters studied except ear diameter and 300kernel weight. This indicated significant differences
among the genotypes for linear response to
environments. Based on stability parameters and
over all mean, the performance of modified hybrid
P-3025 excelled other parental hybrids as well as
modified hybrids. Selection of modified hybrid P3025 for ear length, fresh weight plot-1 and grain
yield could enhance the grain yield in the target
environments.

Maize being the highest yielding cereal crop in
the world is of significant importance for countries
like Pakistan, where rapidly increasing population
has already out stripped the available food supplies.
In Pakistan maize is third important cereal after
wheat and rice. Maize accounts for 4.8% of the
total cropped area and 3.5% of the value of
agricultural output. In Pakistan maize is planted on
an area of 1.016 million hectare with an average
production of 3037 kg ha-1. In Khyber
Pakhtunkhwa (KP) province maize is grown on an
area of 0.5161 million hectares and average
production of 1780 kg ha-1[1]. Maize in Pakistan is
cultivated as a multipurpose food and forage crop,
generally by resource poor farmers using marginal
land, limited inputs, with significant portion of
harvest distant for home/farm consumption.
Increased maize production per unit area is the
primary objective in most of the maize-breeding
programs which can be achieved by growing
improved cultivars and adopting improved package
of production technology. In spite of maize great
potential for high yield, its yield in Pakistan in
general and in KP in particular is very low as
compared to other maize producing countries of the
world. Some of the reasons for this lag in
productivity are availability of superior maize
germplasm, lack of production technology,
unavailability of suitable maize hybrids and
varieties for the target environments as well as high
prices of maize hybrids. The production of superior
hybrid seed is a lengthy, time consuming and
laborious job, and the hybrids available in the
market are quite expensive and beyond the reach of
an ordinary farmer. As the standard single and
double cross hybrids are comparatively expensive,
therefore some new avenues need to be explored to
produce

KEYWORDS:
Stability analysis, modified double cross maize hybrids,
genotype x environment interaction, yield and related
traits
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TABLE 1
Description of environments and sowing years
Environment
1
2
3
4

Year
2008
2009
2009
2009

Environments (Locations)
Malakandher farm, KP Agricultural University Peshawar.
Malakandher farm, KP Agricultural University Peshawar.
Agricultural Research Station, Baffa, Mansehra.
Cereal Crop Research Institute, Pirsabak, Nowshera.

TABLE 2
List of modified double cross hybrids and their respective parental hybrids
Modified Double Cross Maize
Hybrids
ICI-974
Pioneer-3025
CS-201
WD- 3 x 6
CS-King

Parental Hybrids
ICI-974
Pioneer-3025
CS-201
WD- 3 x 6
CS-King

that linear regression should be regarded as a
measure of the response of a particular genotype,
whereas deviation from regression should be
considered as a measure of stability of genotype
with the lowest deviation being the most stable.
The objective of this study was the production
of modified double cross hybrids of maize having
improved grain yield and to investigate the stability
in yield and other morphological parameters
associated with modified double cross maize
hybrids compared with their respective standard
parental hybrids across different maize growing
areas of K P.

modified double cross maize hybrids which could
be comparatively less expensive than the standard
single and double cross maize hybrids.
The importance of evaluating potential
genotypes in different environments (locations and
years) before selecting desirable ones for release
and commercial cultivation has been recognized
earlier. A desirable cultivar is one that does
maintain high yielding ability over a wide range of
environments within its intended area of
production. In such situations, stability analysis is
needed which is defined as the ability of a certain
variety to maintain stable yield under changing
environmental conditions [2].
Several approaches are available to determine
the stability of genotypes over wide range of
environments. Finlay and Wilkinson (1963) [3],
utilized a regression technique to estimate stability
in barley. They suggested linear regression
associated with high mean yield as measure of
stability. Genotypes with regression coefficient of
1.0 and high mean yield indicate average stability
and general adaptation. On the other hand,
genotypes with low mean yield are poorly adapted
to all environments. Regression coefficient above
1.0 describes genotypes with increasing sensitivity
to environmental changes and greater specificity of
adaptation to high yielding environments.
Regression coefficients below 1.0 provide a
measure of greater resistance to environmental
changes and therefore increasing specificity of
adaptability to low-yielding environments. Eberhart
and Russell (1966) [4], considered a stable
genotype to have a slope equal to unity and
deviation from regression equal to zero. They
reported that the deviation from regression, a
second stability parameter appears very important
as the genotype x environment interaction (linear)
sum of squares was a small portion of the genotype
x environment interaction. This approach has been
extensively used by several breeders emphasizing

MATERIALS AND METHODS
This experiment was carried out on five maize
hybrids at the Malakandher Research Farm of KP
Agricultural University Peshawar Pakistan during
March 2008. The first part of experiment was the
development of modified double cross hybrids from
the available maize hybrids, where five different
single cross maize hybrids of nearly similar
maturity were sown in isolation in such a way that
two rows of maize hybrids were used as female
which were followed by an alternate row of male
hybrid parent. Male hybrid rows were sown from
the bulk comprising seed of all hybrid parents in
equal proportion. Before flowering female parent
rows were detasseled to prevent self-fertilization.
Male parent hybrids were allowed to open pollinate
the silks of the plants used as female parent. Early
maturing ears of female parents were selected
accompanied with other superior attributes for
further evaluation in a replicated experiment over
two locations.
The evaluation and stability trial of modified
double cross hybrids was conducted during July
2008 and 2009 using randomized complete block
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parental hybrids across different maize growing
areas of Kr P. As the modified hybrids and their
respective parents were having different genetic
makeup, although similar maturity and expresses
differently across different environments, therefore
they were evaluated to identify the superior
modified hybrids. Data on different parameters
were statistically analyzed and results are given in
Table 3. The pooled analysis of variance across
four environments for anthesissilking interval, ear
diameter, ear length, fresh weight, 300-kernel
weight and grain yield showed significant
differences among genotypes, environments and
genotypes by environment interaction, indicating
the presence of wide variability among the
genotypes. The linear component of G x E was
significant indicating that the major portion of
interaction was linear in nature and prediction over
the environments was possible. Highly significant
differences among the genotypes and environments
as well as interaction of genotype with
environments indicated the need to develop
cultivars that are adaptive to specific environmental
conditions and identify cultivars that are
exceptional
in
their
stability
across
environments.Overall mean values for different
parameters are given in Table 4-6. Mean values for
anthesissilking interval varied between 1.75 and
2.67 days, minimum ASI (1.75) being observed for
hybrid P-3025 and hybrid WD 3x6, followed by the
modified hybrid ICI-974 (1.92 days), whereas
hybrid CS-King attained maximum ASIdifference
(2.67). Maximum and minimum mean ear diameter
was observed in modified hybrid P-3025 (4.67 cm)
and WD-3x6 (4.19 cm). Mean values for ear length
ranged between 16.0 cm to 18.2 cm. Maximum
mean ear length was attained by the modified
hybrid P-3025, followed by modified hybrid CS201 (18.0 cm) while minimum mean ear length
across four environments was observed for hybrid
WD- 3x6. Mean fresh weight at harvest varied
between 4.74 and 7.85 kg plot-1.
Maximum mean fresh weight plot-1 was
observed for the hybrid ICI-974 followed by hybrid
P-3025 (7.77 kg plot-1) and modified hybrid P-3025
(7.65 kg plot-1). Maximum 300-kernel weight was
observed for hybrid P-3025 (99.76 g) followed by
modified hybrid P-3025 (97.48 g) while minimum
300-kernel weight of 88.35 g was observed in WD3x6. Mean grain yield ranged from 5.98 t ha-1 to
9.05 t ha-1 in modified hybrid WD 3x6 and hybrid
P-3025 respectively with an overall mean yield of
7.48 t ha-1Table 6.Overall mean values for different
parameters are given in Table 4-6. Mean values for
anthesissilking interval varied between 1.75 and
2.67 days, minimum ASI (1.75) being observed for
hybrid P-3025 and hybrid WD 3x6, followed by the
modified hybrid ICI-974 (1.92 days), whereas
hybrid CS-King attained maximum ASIdifference
(2.67). Maximum and minimum mean ear diameter

design with three replications. Five modified
double cross maize hybrids and their respective
parental hybrids were planted in two rows with
plant-to-plant distance of 25 cm and row-to-row
distance of 75 cm. Nitrogen and Phosphate fertilizer
were applied, at the rate of 41 kg and 20 kg hac -1
respectively, at the time of seed bed preparation just
before sowing . Next doze of fertilizer was side
dressed at knee high stage of the crop.
Experimental plot was irrigated as and when
needed. However, adequate moisture was
maintained during the entire growing period
particularly during flowering. Standard culture
practices were applied from sowing to harvest.
Detail of the four environments and sowing year is
presented in the Table 1 and the list of modified
double cross maize hybrids and their respective
parental hybrids used in this study were given in
Table 2.
Anthesissilking interval was calculated from
the difference between days to 50% pollen
shedding and days to 50% silking. Average ear
diameter of five ears was recorded by
verniercalliper at the point of maximum thickness.
Average ear length, in cm, of five randomly chosen
ears was taken from each plot. Fresh weight of ears
in kg plot-1 along with number of ears for each
entry was recorded at the time of harvest in the
field. Three hundred kernel weight of uniformly
dried sample was taken by using electronic balance.
Grains were harvested at full crop maturity and
grain yield ha-1 was determined with the help of the
following formula:
Grain yield (t ha-1) = Field wt. x (100 ± grain
moisture content) x 0.8 x 43 x 10,000
n x 85 x 7.5
where
0.8 = Shelling percentage
43 = Standard number of plants in two central
rows/plot
85 = Standard value for grain moisture
7.5 = Area of sub plot
10,000= Area of hectare in square meters
n = Number of plants harvested
Statistical analysis.The experimental data are
subjected to the analysis of variance appropriate for
RCB design using statistical software M Stat C.
Upon significant F-value, the data is further
VXEMHFWHG WR (EHUKDUW DQG 5XVVHOO¶V PRGHO IRU
stability analysis [5].
Yij = P%L,MįLM

RESULTS AND DISCUSSION
The present study investigated the production
and stability in yield and other morphological
parameters of the modified double cross maize
hybrids compared with their respective standard
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TABLE 3
Pooled analysis of variance for stability of Anthesissilking interval (ASI), Ear diameter, Ear length,
Fresh weight plot-1, 300-kernel weight and grain yield over four environments.
Source of variation

df

ASI

Ear
diameter

Ear length

Genotypes (Gen)
Environment (Env)
Gen x Env
Env. + (Gen x Env)
Environment (Linear)
Gen x Env (Linear)
Pooled deviation from
regression
Pooled error

9
3
27
30
1
9
20

1.060*
21.431**
0.838*
0.965
2.143
2.511**
0.211

0.405**
0.190
0.049*
0.019
0.016
0.026
0.016

7.808**
97.858**
2.616*
4.039
9.761
10.67**
0.769

80

0.299

0.027

1.101

Fresh weight
plot-1
12.270**
236.40**
3.208**
8.842
23.644
24.214**
1.185
1.190

300 kernel
weight

Grain yield

173.887**
109.091
65.59*
24.764
13.641
21.22
26.914

12.357**
93.736**
2.769*
3.920
9.3421
10.8661**
0.5237

27.78

1.2493

*, **=Significant and highly significant at 5 and 1 % respectively

regression coefficient (bi) is greater than one the
genotypes is said to be sensitive to environment
changes but adopted to favorable environments. If it
is less than one it indicates above average stability.
If this is accompanied by the high mean value then,
the genotype is said to be better adapted to widely
differing conditions for unfavorable environment
[3]. On the other hand, deviation around the
regression line is considered as a better measure of
stability. With respect to the non-linear component
of the G x E interaction, the genotype with the
lowest standard deviation will be the most stable
and vice-versa.
The datDRQWKHWKUHHVWDELOLW\SDUDPHWHUVLHPHDQ
SHUIRUPDQFH ଲ;L  UHJUHVVLRQ FRHIILFLHQW EL  DQG
deviation from regression (S2di), for different traits
are presented in Table 4-6.The regression
coefficient values indicated a wide range of
stability among the modified maize hybrids and
their parents for all parameters studied during this
investigation. The deviation from regression for
anthesissilking interval (ASI) was significant only
for the modified maize hybrid CS-201. Anthesissilking interval is a trat used mostly in screening
genotypes
for
tolerance
to
unfavorable
environments.
It is a measure of nicking (synchronization) of
pollen shed with silking. The regression coefficient
of modified hybrid ICI-974 for ASI was nonVLJQLILFDQW  DQGKDG a smaller deviation
from regression (S2di= -0.187), and thus possessed
fair stability. There was an indication that selection
for a character such as ear width could lead to
considerable improvement in the yield [6]. Based
on the stability parameters modiILHG K\EULGV &6 ଲ; FPEL  DQG3- ଲ; FP
bi=1.04) could be considered stable for ear diameter
as it gives regressioncoefficient equal to unity and
also deviation from regression is nearly equal to
zero.

was observed in modified hybrid P-3025 (4.67 cm)
and WD-3x6 (4.19 cm). Mean values for ear length
ranged between 16.0 cm to 18.2 cm. Maximum
mean ear length was attained by the modified
hybrid P-3025, followed by modified hybrid CS201 (18.0 cm) while minimum mean ear length
across four environments was observed for hybrid
WD- 3x6. Mean fresh weight at harvest varied
between 4.74 and 7.85 kg plot-1. Maximum mean
fresh weight plot-1 was observed for the hybrid ICI974 followed by hybrid P-3025 (7.77 kg plot-1) and
modified hybrid P-3025 (7.65 kg plot-1). Maximum
300-kernel weight was observed for hybrid P-3025
(99.76 g) followed by modified hybrid P-3025
(97.48 g) while minimum 300-kernel weight of
88.35 g was observed in WD-3x6. Mean grain yield
ranged from 5.98 t ha-1 to 9.05 t ha-1 in modified
hybrid WD 3x6 and hybrid P-3025 respectively
with an overall mean yield of 7.48 t ha-1 Table 6.
Once the genotype x environment interaction
was found to be significant, the next test is to
identify stable genotypes, with minimum
interaction with the environments. Several stability
models have been developed to identify the stable
genotype. Eberhart and Russell (1966) [4] model is
the one which has been used in maize and in other
crops by several researchers. According to their
model a variety is said to be stable when regression
coefficient (bi) is equal to one, deviation from
regression (S²di) as close to zero as possible
accompanied with high mean performance. It has
been suggested that selection of stable genotype
depends upon genotype having less interaction with
environments [5].
The above three measures of assessing the
stability of genotype viz., mean, regression
coefficient (bi) and the mean square deviation
(S²di) were employed in assessing the stability of
genotypes included in the present study. The linear
regression (bi) could simply be regarded as the
measure of response of a particular genotype, if
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TABLE 4
0HDQV ଲ;L 5HJUHVVLRQUHVSRQVHLQGLFHV EL DQGGHYLDWLRQIURPUHJUHVVLRQ 6 2di) for various maize
genotypes.
Modified
double cross hybrids

AnthesisSilking interval

Ear diameter (cm)

0HDQ
ଲ;L

bi

S2di

0HDQ
ଲ;L

bi

ICI-974
P-3025

1.92
2.17

0.81
1.51*

-0.187
-0.246

4.63
4.67

0.17
1.04

-0.028
-0.026

CS-201
WD 3x6
CS King

2.50
2.00
2.17

0.72
0.85
1.44*

0.640*
-0.295
-0.143

4.54
4.17
4.57

0.96
1.70
0.58

-0.024
0.037
0.009

S2di

Parental hybrids
ICI-974
P-3025

2.08
1.75

1.17
1.41*

0.046
-0.265

4.59
4.64

0.28
0.71

\-0.016
-0.017

CS-201
WD 3x6

2.25
1.75

0.36**
0.45*

-0.290
-0.036

4.42
4.19

2.42**
1.78

-0.008
-0.020

CS King
Average

2.67
2.12

1.25
1.00

-0.096

4.41
4.41

0.32
1.00

-0.026

4.34<X< 4.48

0.02<b<1.98

Confidence
interval

1.86<X< 2.38

0.69<b< 1.31

PHDQ ଲ;  J  EL !  ZLWK QRQ-significant
deviation from regression (S2di) are considered
below average in stability. Such genotype tends to
respond favorably to better environments but give
poor yield in unfavorable environments. Hence, it
could be more suitable for favorable environments.
Low value of bi (0.05) made modified hybrid P3025 suitable for unfavorable environment due to
its high PHDQ YDOXH ଲ;  J  EXW KLJKO\
significant deviation from regression made it
unstable and hence cannot be considered stable.
Grain yield is the most important trait in the
development of maize hybrids. Identification of a
genotype with high grain yield and stability is of
immense value. Variances in genotype mean were
used to evaluate stability of grain yield across
environments and regression coefficients (bi)
deviations from regression (S²di) are presented in
Table 6. Significant differences in genotype
responses to environments were observed in the
linear regression coefficients (bi) for grain yield
(Table 6). The regression coefficient (bi) values of
the 10 genotypes used in this study ranged from
0.29 to 1.57 (Table 6) and there was no genotype
with b-values equal to 1.0. Thevariations in bivalues suggested that the genotypes responded
differently to the varying environments.
Variability among environments is an
important factor and mostly determines the
usefulness of b values [8] and [9]. The regression
coefficient values of modified hybrid P-3025 were
close to 1.0 (bi~1=0.93) with mean average yield
(8.44 t ha-1) at four locations greater than grand
mean.
+\EULG,&,- X
ଲ =8.08 t ha-1) had the highest
(1.28) regression coefficient. The grain yield of this
genotype was affected by varying environmental.

Ear length being a yield component in maize
could considerably affect grain yield via other yield
components like kernel numbers etc [7]. A perusal
of stability parameters for ear length (cm) indicated
that out of ten genotypes, modified hybrid CS201 (18.0 cm) and hybrid P-3025 (17.9 cm)
registered higher ear length and showed bi value
equal to unity (1.01 and 0.98 respectively).
ModLILHG K\EULG 3- ଲ;  FP  DOVR KDV
regression coefficient value bi lies in the confidence
interval. Also they showed non-significant
deviation from regression near zero. Therefore,
these genotypes could be considered stable for this
parameter across all the environments.
It is evident from Table 5 that hybrid ICI-974
and modified hybrid P-3025 were comparatively
stable and widely adapted, for fresh weight at
harvest, with high mean performance (7.85 kg and
7.65 kg plot-1, respectively), average responsiveness
(bi ~ 1), and non-significant deviation from
regression line (S2di ~ 0). Modified hybrid P-3025
was also stable for other yield contributing traits
(Table 5) and could be utilized for the various
environments to achieve higher and stable seed
yLHOGLQFUHPHQW$QRWKHUKLJKSHUIRUPLQJK\EULG3 X
ଲ =7.77 kg), having regression coefficients
less than unity (bi=0.86), were found unstable due
to highly significant deviation from regression
(S2di).Ultimate grain yield of a plant depends
mainly on kernel weight through various other
component characters. Among the genotypes
evaluated for 300-kernel weight, modified hybrid
CS-King showed bi value close to 1.0 and had
small deviation from regression (S2di) and hence
was comparatively stable in performance across the
environments and had mean kernel weight (94.51 g)
above the grand mean, K\EULG 3- ZLWK KLJK
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TABLE 5
0HDQV ଲ;L 5HJUHVVLRQUHVSRQVHLQGLFHV EL DQGGHYLDWLRQIURPUHJUHVVLRQ 6 2di) for various maize
genotypes.
Ear length (cm)

Modified
double cross
hybrids

0HDQ ଲ;L

bi

ICI-974
P-3025
CS-201
WD 3x6
CS King

17.4
18.2
18.0
16.1
17.5

1.18
0.78
1.01
0.87
0.65

ICI-974

16.5

0.91

P-3025
CS-201
WD 3x6
CS King

17.9
16.5
16.0
16.7

0.98
1.64**
0.66
1.29

Average
Confidence
interval

17.05
16.55<X<17.55

1.00
0.52<b< 1.48

Fresh weight at harvest (kg plot-1)
S2di
-0.505
-1.067
0.834
-1.096
-0.558
Parental hybrids
-0.947
1.324
0.470
-0.766
-1.004

0HDQ
ଲ;L
6.52
7.65
6.35
4.74
6.38

bi

S2di

1.16
0.94
0.84
1.11
0.89

0.227
-0.950
-0.792
-0.202
0.463

7.85

0.98

-1.109

7.77
6.26
5.54
5.91

0.86
1.33*
0.91
0.96

4.711**
-0.625
-1.029
-0.748

6.49
5.86<X< 7.12

1.00
0.78<b<1.22

TABLE 6
0HDQV ଲ;L 5HJUHVVLRQUHVSRQVHLQGLFHV EL DQGGHYLDWLRQIURPUHJUHVVLRQ 6 2di) for various maize
genotypes.
Modified double
cross hybrids

300-kernel weight (g)

Grain yield (t ha-1)

0HDQ ଲ;L

Bi

ICI-974
P-3025
CS-201
WD 3x6

94.54
97.48
93.65
88.67

0.35
0.05
0.22
1.65

-26.848
109.92**
-1.499
-14.150

CS King

94.51

0.78

-3.848

S2di

0HDQ
ଲ;L
8.101
8.448
7.240
5.984

1.15
0.93
0.66*
1.42*

-1.192
-1.189
-8.872
-7.672

8.044

0.53*

-1.045

8.088
9.058
7.006
6.393
6.467
7.483

1.28*
0.29**
1.57*
1.12
1.02
1.00

0.827
0.074
-0.988
-0.873
-1.213

bi

S2di

Parental hybrids
ICI-974
P-3025
CS-201
WD 3x6
CS King
Average
Confidence
interval

94.15
99.76
89.34
88.35
88.83
92.92
89.93<X<
95.91

0.31
1.37
1.44
1.64
2.17
1.00
-0.4
<b < 2.4

0.0215
-4.832
-24.179
-20.224
-23.020

7.065<X<7.901

0.77<b< 1.23

TABLE 7
Grain yield (t ha-1) of modified double cross maize hybrids and their respective parental hybrids
during 2008-09 across four environments (locations).
Modified double
cross hybrids

KP Agri.Uni,
Peshawar 2008

ICI-974
P-3025
CS-201
WD 3x6
CS King

7.58
7.57
7.44
4.61
7.28

ICI-974
P-3025
CS-201
WD 3x6
CS King

8.20
8.29
5.90
5.12
5.96

KP Agri.Uni,
Peshawar 2009
5.74
6.83
5.69
3.73
7.08
Parental hybrids
5.59
8.30
3.69
4.26
4.40
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ARS, Baffa,
Mansehra. 2009

CCRI Pirsabak,
Nowshera. 2009

10.65
10.63
8.77
9.57
9.07

8.44
8.76
7.06
6.03
8.75

11.58
9.08
10.15
8.64
8.75

6.99
10.56
8.28
7.55
6.75
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investigation based on stability parameters.
Turkish J. Agric. For., 23, 97-105.
[3] Finlay, K.W. and Wilkinson, G.N. (1963) The
analysis of adaptation in plant breeding
programmes. Aus. J. Agric. Res, 14, 742-754.
[4] Eberhart, S.A. and Russell, W.A. (1966)
Stability parameters for comparing varieties.
Crop Sci, 6, 36-40.
[5] Allard, R.W. and Bradshaw, A.D. (1964)
Implication
of
genotype-environment
interaction. Crop Sci, 4, 503-57.
[6] Williams, J.C. Penny, L.H. and Sprague, G.F.
(1965) Full sib and half sib estimates of genetic
variance in an open pollinated variety of corn.
Crop Sci, 5, 125-129.
[7] Herczecjji, M. (1970) Importance of yield
components in the phenotype. In: Some
Methodological
Achievements
of
the
Hungraian Hybrid Maize Breeding, pp. 229236.
[8] Pfahler, P.L. and Linskens, H.F. (1979) Yield
stability and population diversity in oats
(Avenasp). Theo. and App. Gen, 54, 1-5.
[9] Sharma, R.C., Smith, E.L., Mc New, R.W.,
(1987) Stability of harvest index and grain
yield in winter wheat. Crop Sci, 27, 104-108.
[10] Eberhart, S.A. and Russell, W.A. (1969) Yield
and stability for a 10-line diallel of single cross
and double cross maize hybrids. Crop Sci, 9,
357±361.
[11] Guillen-Portal,
F.R.
Russell,
W.K.
Baltensperger, D.D. Eskridge, K.M. D'CrozMason, N.E. andNelson, L.A. (2003) Best
types of maize hybrids for the western high
plains of the USA. Crop Sci, 43(4), 2065-2070.

conditions significantly and yield increased when
the conditions were favorable and decreased to
below average when the conditions were
unfavorable. Small value of regression coefficient
(bi=0.22), non-significant deviation from regression
line (S2di ~ 0) DQG KLJK YDOXH RI PHDQ JUDLQ \LHOG
ଲ;  W KD-1), made hybrid P-3025 suitable for
high yield under unfavorable environmental
conditions
Any generalization regarding the stability of a
genotype for all the traits is quite difficult. The
genotypes used in this study did not exhibit a
uniform stability and response pattern for different
traits. Different genotypes responded differently for
different parameters. Overall, the performance and
stability of modified hybrid P-3025 across different
environments excelled other parental hybrids as
well as modified hybrids. Selection of modified
hybrid P-3025 for ear length, fresh weight plot-1
andgrain yield could enhance the yield and it could
be recommended as suitable and stable genotype
for all four locations. Eberhart and Russell (1969)
[10] suggested that, if the traits associated with high
yield showed stability, the selection of genotype
only for yield could be effective.

CONCLUSIONS
As mentioned earlier that the production of a
superior hybrid seed is a lengthy, time consuming
and laborious job, if method of modified double
cross hybrid production is adopted, the farmer may
get seed of good quality at affordable price. It is
justified fromstability analysis and table of
averagemaize grain yield, across four locations
(Table 7), that production of modified double cross
hybrids could be beneficial, as the yield of modified
double cross hybrids were almost at par with their
respective parental maize hybrids. This study also
indicated that modified double cross maize hybrids
are as stable, across four locations, as compared to
their respective single cross parental hybrids.
Double cross maize hybrids were generally more
stable than the single cross maize hybrids [11].
However further studies are needed to confirm the
adaptation of modified double cross hybrid across
multiple environments
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RADIONUCLIDES LEVELS IN MARINE SEDIMENT AND
SEAGRASS IN THE NORTHERN GULF OF AQABA, RED SEA
Eman Al-Absi 1* , Riyad Manasrah 1 , Mohammad Wahsha 2, Mamoun Al-Makahleh 3
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Department of Coastal environment, Faculty of Marine Sciences, The University of Jordan-Aqaba branch, Jordan
2
Marine Science Station, The University of Jordan-Aqaba Branch, Jordan
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, 369.6 nG h-1, 0.453 mSv y -1, 2.483 mSv y -1, 2.176,
4.136, 1.587×10-3, 5.405, and 7.322, respectively.

ABSTRACT
This study investigated the activity concentrations of natural and artificial radionuclides in marine
sediment and seagrass form the northern Gulf of Aqaba, aiming at evaluating the radiation levels and their
environmental risks. Samples of sediment and
seagrass were selected at four representative locations
according to human activities in each site. The levels
of 238U, 235U, 40K and 137Cs were analyzed using
Gamma ray spectroscopy techniques, whereas the
levels of 232Th and 90Sr were determined by Inductively Coupled Plasma Mass Spectroscopy (ICP-MS)
and beta spectroscopy, respectively. The activity concentrations in sediment for all sites were below detection limit (BDL) - 725.3, BDL - 50.7, BDL - 43.2,
and 93.9 - 579.6 Bq kg -1 for 238U, 232Th, 235U and 40K,
respectively. Besides, the activity of 109Cd ranged
between 12.5 and 588.1 Bq kg -1. The results showed
that the highest level of radioactivity was at Phosphate Area (PHA) due to anthropogenic activities.
The activity concentrations for 238U, 235U, 226Ra, 232Th
and 210Pb in the surface layer of sediment at Phosphate Area (PHA-S) were 725.3, 43.2, 623.2, 50.7
and 430.0 Bq kg -1, respectively. On the other hand,
the highest concentration of 40K in sediment was
579.6 Bq kg -1, which was recorded at the surface
layer of Marine Science Station site (MSS-S). The
highest concentration of 238U was detected in seagrass
at PHA, which was 253.1Bq kg -1. Besides, high levels of 137Cs and 40K in sea grass were obtained at Tala
Bay site as 5.0 and 861.8 Bq kg -1, respectively. The
calculations of radiation hazard assessment of all investigated sediment samples showed that PHA-S had
the highest values. The values of radium equivalent,
absorbed dose, annual effective dose, annual gonadal
dose, external and internal hazard indices, excess lifetime cancer risk, representative gamma index and
activity utilization index at PHA-S were 805.0 Bq kg -

KEYWORDS:
Radioactivity, Aqaba, sediment, seagrass, uranium, thorium, Potassium, Cesium.

INTRODUCTION
Radioactivity is present everywhere since the
creation of earth (billions of years) [1,2]. It is found
in rocks, soil, sediment, water, oceans, rivers, and
even in our homes [3]. In marine environment, radionuclides transferred through seawater by terrestrial
radiation that originates predominantly from the upper 30 cm of the soil [4,5] and cosmic rays, which fall
out of the atmosphere into marine environment by
direct or indirect processes. Three primordial longlived radionuclides are known as sources of natural
radioactivity: 238U, 232Th and 40K [1]. In aquatic ecosystems, uranium has a different behavior from thorium that uranium dissolves in seawater whereas thorium does not. Thorium is usually found connected
with other solid material [6,7]. Both 226R and 40K dissolve in seawater so they have a considerable importance in studying radioactivity [8]. Natural radionuclides especially 238U and its progenies are settled
at the seafloor through many processes like fixation
on suspended particulate matter and sedimentation,
direct precipitation of colloidal forms, adsorption on
clay minerals and complexion with organic material
[2]. On the other hand, anthropogenic radionuclides
are produced from man-made activities (nuclear and
non-nuclear industries) such as phosphate industries,
coal combustion, cement production, and other industries [3,9]. 137Cs and 90Sr can be used as anthropogenic radioactive pollution indicators [10]. They were
resulted as fission products that have reached the natural environment in larger quantities from human
activities like nuclear weapons, research reactors and
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order to construct baseline information for radioactivity in this area and to detect if there is any artificial
contamination by TENORMs.

nuclear accidents such as Fukushima (on March, 11,
2011) and Chernobyl nuclear power plant accident
(on April, 26, 1986). As a result, large amounts of
cesium were released into the atmosphere [10,11,12]
and an increase of the 90Sr deposition took place [13].
Another toxic radionuclide that is considered as
a probable human carcinogen is cadmium (109Cd)
[14,15]. Cadmium can mainly be found in the earth's
crust. It is formed as a byproduct during the extraction of zinc, copper, and lead [14,16] and enters the
environment directly through the ground because it is
found in bio industrial manures and pesticides [16]. In
addition, large amounts of cadmium can enter the
environment by mining, smelting, oil and coal combustion, and waste incineration [14]. 109Cd and its
compounds are considered as a toxic material by both
ingestion and inhalation [15]. In marine ecosystems
cadmium can bio-accumulate in mussels, oysters,
shrimps, lobsters and fish. Also, cadmium content in
coastal marine sediments and consequently aquatic
organisms is highly variable due to the precipitation
of authigenic cadmium as sulfide [16,17]. Cadmium
strongly adsorbs to organic matter in soils and it may
be adsorbed by clay minerals or it may be precipitated
as cadmium carbonate, hydroxide, and phosphate. It
has been shown that cadmium concentrations were
limited by cadmium carbonate in neutral and alkaline
soils. On the other hand, many factors can enhance its
mobility, such as low: pH, hardness, suspended matter levels and salinity [15,16]. Therefore, measuring
radioactivity in marine sediment plays an important
role that can lead to a better management and radiation protection for biota in these ecosystems [18].
The Gulf of Aqaba is the only seaport in Jordan,
where several activities occurred in this area. This
may represent major sources for contamination in
marine environment such as tourism and dumping of
litter due to lack of control and awareness, fishing,
shipping processes, oil and hazardous material spills
and phosphate industry [19]. All activities and mainly
the exportation of phosphate ore increase the levels of
radionuclide contaminants because Jordan is considered as the fifth largest producer and the third largest
exporter of phosphate rocks [19,20]. Therefore, these
contaminants include both naturally occurring radioactive materials (NORM) and/or technologically enhanced NORM (TENORM) [18].
Many studies had been presented worldwide to
determine both the natural and artificial radioactivity
in marine environment. Unfortunately, few studies
investigated the radioactivity levels at the Jordanian
coastline in Aqaba [19]. The purpose of this study is
to determine the levels of radioisotopes in sediment
and seagrass samples collected from different sites
along the coastline of the Gulf of Aqaba (Fig. 1); in

MATERIALS AND METHODS
Study area. The Gulf of Aqaba is a unique
semi-enclosed water body located at the northern end
of the Red Sea. ,WLVORFDWHGEHWZHHQࡈ - 29ࡈ 30' N
and 34ࡈ 30' - 35ࡈ E. The maximum depth of the Gulf is
about 1800 m; its length is 180 km and its width
ranged between 14 and 26 km [19]. The study area
lies within the Jordanian coast of the Gulf that is 26.5
km long. Sediment and seagrass samples were collected from four sites: Tala Bay (TB), Public Beach
(PB), Marine Science Station (MSS) and Phosphate
Area (PHA). The general information of sites is
shown in Table 1.
The seasonal variation of the sea surface temperature in the Gulf is about 6-7 °C with mean value
of about 23.9 °C. The upper 200 m of the water column has different water mass characteristics during
summer and winter. During summer, the stratification
exists, while mixing condition dominates during winter. Below 200 m the water is homogenous during
summer and winter [21-23]. The Gulf of Aqaba is
located within the very warm portion of Sahara bioclimatic zone. The climate is arid with high evaporation (200 - 365 cmyí1) and negligible precipitation
(~2.2 cmyí1) and runoff [24,25]. The area is influenced by the airflows from the Indian monsoonal
trough and the Mediterranean low-pressure system
[26]. Winds during all seasons of the year are fairly
similar in terms of magnitude (4 - 5.5 msí1) and direction (90% northerly winds). During summer, winds
represent a diurnal cycle, while no signals appear
during winter and spring seasons [27-29]. The water
inflow and outflow of the Gulf of Aqaba are controlled by sea level and density differences between
the Gulf and the Red Sea. On the other hand, the sea
level changes of the Gulf are determined by the water
balance of the Red Sea, which depends on a real decrease of water volume due to intensive evaporation
from sea surface, the variation of a positive component of water exchange through Bab el Mandeb and
Suez Canal and the water redistribution in the sea due
to the wind [28,30].
Sample collection and preparation. Twentyfour samples of sediment and seagrass were collected
at four selected sites from the Gulf of Aqaba by scuba
diving using grab sampler at a depth ranged between
5 and 7 m below sea surface. According to the procedures described by Benton Jones (2001) [31] and
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MS to determine the concentrations of 232Th. A portion of powdered samples (0.25g) has been subjected
to a complete digestion in the microwave (Ethos 1Milestone) in closed containers made of Teflon.
Based on Wahsha et al. (2014) [34] and references
within, the breakdown was performed in digested
with acidic solution (2 mL HF, 8 mL HNO3 and 2mL
H2O2). A certified reference material (CRM) of 5.285
± 0.596 ȝJ g-1 was used for measuring the concentration of 232Th. A conversion for units was used such
that (1 ȝJJ-1 Th = 4.06 Bq kg-1).

Margesin and Schinner (2005) [32], sediment samples
were collected from the upper horizon at a depth of
approximately 25 cm. Each sediment sample was a
composite of 5 subsamples collected in a given sector
(4 m2). Samples were taken at the site, mixed, packed
in containers, and then transported to the laboratory.
Seagrass samples have been collected according to
Benton Jones (2001) [31] with some minor modifications. At least five specimens of selected plant species
(at the early vegetative phase and normal morphological appearance) were sampled at each site with their
corresponding sediment clod. Samples were packed
in plastic bags and transported to the laboratory.
Seagrass species were classified according to Walters
and David (1996) [33] as "Halophila stipulacea". All
samples were dried in an oven at 105 °C overnight.
They were crushed, homogenized and sieved through
63-100 μ mesh sieve. Then they became ash gradually at about 550 °C. All ash samples were sealed for
one month to reach secular equilibrium.

Beta spectroscopy by Separation of Strontium-90 and Liquid Scintillation Counting (LSC).
'XH WR WKH SXUH ȕ-emitting property of 90Sr (EȕPD[ =
546 keV), determination of this radionuclide without
prior chemical isolation and purification is impossible. Although interference happened between many
elements such as calcium, barium, magnesium, and
radium, calcium is considered as the most significant
interfering element with radium.
Calcium is contained in gram amounts in most
environmental samples, whereas strontium is contained in milligram amounts or even less [13]. The
measurement of 90Sr activity is performed by liquid
scintillation counting (LSC). Radiochemical separation steps were carried out before measuring radioactivity of 90Sr by LSC. An aliquot of about 2 g of sediment ash was taken for the analyVHVWRWKLVȝ/RI
Sr carrier was added. A solution of 8M HNO3 (30
mL) was prepared and 70% concentrated HNO3 was
added to the sample. The samples were dissolved by
HNO3, followed by heating and stirring on a hot
plate. Then it was evaporated and the residue was
dissolved by 1M HNO3 (70 mL) and heated for 1
hour. To the boiling filtrate 10 g of oxalic acid were
added. The pH was then adjusted to be 8 with a solution of NH3. This procedure (dissolving, heating, and
evaporating) was repeated 3 times, and the final residue was taken up in 40 ml of 8M HNO3. This solution
was used in the Sr extraction procedure. Sr was separated via Sr resin columns. The solution was washed
by 35 mL of H2O. After that, 0.3 g of oxalic acid was
added to it, and the pH was adjusted to be 8 with a
solution of NH3. The strontium oxalate precipitate
was filtered on a weighed filter paper, After this step
the precipitate was dissolved in 1 mL of 1M HNO3.
The solution was mixed with 15 mL Instagel plus
cocktail solution and counted, together with a blank,
in the liquid scintillation counter (PerkinElmer).

Gamma ray spectroscopy by Highly Pure
Germanium Detector (HPGe). The activity concentrations of 238U, 232Th, 40K, and 137Cs were measured
by using gamma ray spectroscopy based on highly
pure germanium detector (HPGe) of 15% relative
efficiency (Canberra). The resolving power of the
spectrometer was 1.8 keV for 1332.5 keV gamma-ray
line of 60Co. Energy and efficiency calibration of
gamma spectroscopy system were carried out in the
same geometrical configuration used for sediment and
seagrass samples by using a set of a standard mixed
source containing 241Am, 109Cd, 139Ce, 57Co, 60Co,
137
Cs, 113Sn, 85Sr, 88Y, 54Mn and 65Zn (Czech Metrological Institute). The HPGe detector was housed in a
lead shield with a thickness of 4.2 cm, Aluminum
shield with a thickness of 1mm and copper with a
thickness of 1mm to reduce background radiation.
The gamma ray spectra emitted from sediment samples were found in 16,000 channels of the PC for a
time period of 60,000s. Each spectrum was analyzed
by the Genie 2000 analysis software program. The
gamma-ray line 92.59 keV and 63.3 keV were used to
determine the activity concentration of 238U whereas,
185.72 keV and 143.77 keV were used to determine
the activity concentration of 235U. The gamma-ray
lines of 186.21 keV, 46.54 keV, 1460.82 keV, 661.65
keV, and 88.03 keV were used to determine the activity concentration of 226Ra, 210Pb, 40K, 137Cs and 109Cd,
respectively.
Inductively Coupled Plasma-Mass Spectroscopy (ICP-MS). The samples were analyzed by ICP-
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FIGURE 1
The selected sites at Tala Bay (TB), Public Beach (PB), Marine Science Station (MSS) and Phosphate Area
(PHA) along the coastline of the Jordanian side of the Gulf of Aqaba.
geo-chemical properties of the marine environment
such as organic matter content, pH, and particle size
(type of sediment) [3,8]. The results show that low
concentrations were found in bottom samples at each
site, which indicates that activity concentrations were
decreased with large depths due to many anthropogenic activities that take place at the surface layers
along the Jordanian coastline. As found by Ababneh
et al. (2010), high values of 238U and its progenies
were found in Phosphate Area (PHA) due to the
shipment processes and phosphate loading [19]. It
was found that Tala Bay (TB) and Public Beach (PB)
received the lowest level of activity concentrations
when they were compared with PHA and Marine Science Station (MSS). The ranges of activity concentrations for 238U in TB and PB were 24.4 - 29.7 Bq kg -1,
which was lower than the world average of 33 Bq kg 1
[35,36], whereas the levels of activity concentrations
at PHA and MSS were higher than the world's wide
value. A radioactive equilibrium was found between
238
U and 226Ra since 226Ra/238U = 0.98 and the correlation coefficient was 0.999 as shown in Table 7. Also,
222
Rn daughters (214Pb and 214Bi) were found almost
equal with a strong correlation coefficient of 0.995,
which means that a radioactive equilibrium was occurred (mean activity ratio of 214Pb/214Bi was 1.05).
The activity concentrations of 238U in seagrass were
51.2-253.1 Bq kg -1. Our results for activity concentrations in seagrass agree with the fact that uranium
can bio-concentrate in certain food crops and in terrestrial and aquatic organisms [14]. So, seaweed can
be considered as a bio-indicator for marine contamination. High levels of 226Ra were found at PHA because of the separation process used to extract

RESULTS AND DISCUSSION
The characteristics of all sediment samples
(sample code, depth below sea level, total organic,
sediment type and color) are listed in Table 1. The
total organic matter was ranged between 0.85% and
1.94%. Also, sediment type and color was varied
from location to another due the differences in the
physical, chemical, and geological properties of marine sediments [3,8].
The activity concentration (A) in of a particular
radionuclide was calculated using the following equation:

A(Bq kg -1 )

C
HmPJ t

Where, C is the net counts of the sample after subtraction of background, H is the efficiency of the
detector for a specific gamma ray energy, PJ is the
absolute transition probability of that specific gamma
decay, m is the mass of sample (kg), and t is the
counting time (s).
U series (238U, 234U, 226Ra, 214Pb, 214Bi and
Pb). The activity concentrations of 238U series radionuclides were quantitatively determined in all sediment and seagrass samples in Bq kg -1 of ash weight
as shown in Table 2. The range of concentrations in
sediment samples for 238U was (BDL-725.3) Bq kg-1.
Wide variations were observed in the activity concentrations for each radionuclide in this radioactive series
because of fluctuations in the physical, chemical and
238

210
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TABLE 1
General description of the collected sediment samples in the northern Gulf of Aqaba.
Sample code
TB-S
TB-B
PB-S
PB-B
MSS-S
MSS-B
PHA-S
PHA-B

Depth below sea level (cm)
0 - 12
13 - 25
0 - 12
13 - 25
0 - 12
13 - 25
0 - 12
13 - 25

Total organic %
1.51
1.29
1.94
1.88
0.93
0.85
1.81
1.64

Sediment type*

Color*

Sandy

Brown to gray

Sandy

Brown to gray

Sandy

Brown to gray

Clay

Gray to black

TB-S: Tala Bay-Surface, TB-B: Tala Bay-Bottom, PB-S: Public Beach-Surface, PB-B: Public Beach-Bottom, MSS-S: Marine Science
Station-Surface, MSS-B: Marine Science Station- Bottom, PHA-S: Phosphate Area-Surface, PHA-B: Phosphate Area-Bottom.
*: as found by Ababneh et al. (2010) [19]

TABLE 2
Activity concentrations of 238U series radionuclides (Bq kg-1) in marine sediment and seagrass in the northern
Gulf of Aqaba.

Sediment

Seagrass

Location
TB-S
TB-B
PB-S
PB-B
MSS-S
MSS-B
PHA-S
PHA-B
TB
PB
MSS
PHA

238U

234U

226Ra

214Pb

214Bi

210Pb

29.7±7.3
28.1±6.1
24.9±6.6
24.4±5.2
<27.7
91.0±8.0
725.3±26.3
651.0±23.9
109.7±20.6
81.4±19.5
51.2±5.9
253.1±16.8

*ޒ
ޒ
ޒ
ޒ
ޒ
ޒ130
2569.0+686.2
2433.7+585.4
<2960
<2970
<894
ޒ

34.9±6.9
28.4±6.8
<21.6
<17
61.3±7.5
<22.4
623.2±65.7
578.0+66.3
<72.6
<72.9
42.5±6.0
ޒ

16.9±0.8
13.3±0.8
7.8±0.6
7.0±0.6
34.9±1.1
29.6±1.1
619.0±8.3
577.7±7.8
12.3±2.2
11.6±2.7
17.2±0.8
147.4±3.4

13.6±1.1
12.3±1.1
9.0±1.1
5.7±0.9
27.9±1.3
24.7±1.2
803.0±7.3
768.4±7.0
11.9±3.7
<13.8
15.0±1.0
147.4±3.3

ޒ
ޒ
ޒ
ޒ
ޒ
ޒ
430.0±73.4
414.6±88.1
<362
<363
<109
131.2±61.9

*: < means Below Detection Limit (BDL)

uranium from ores. 226Ra is the major contaminant in
uranium mill tailings [14]. Radium preferentially adheres well to soil particles especially in sandy soil but
it is even less mobile in clay soils, which explain the
reason of results shown in Table 2. 226Ra was BDL in
seagrass at PHA since the type of sediment there is
clay.

cles. In general, it has high concentrations in sandy
soils and less mobility in clay soils [14], which may
clarify the results given in Table 3. A strong correlation coefficient (0.951) was found between 220Rn
daughters (228Ac and 212Pb) whereas; the mean activity ratio of 228Ac/212Pb was 1.43. The activity concentrations of 232Th in seagrass were BDL-41.7 Bq kg -1.
A significant variation was found between the levels
of 232Th radionuclides in seagrass samples. Data have
not indicated that it biomagnifies in seagrass. Also,
232
Th is insoluble in sea water unlike 238U and 226Ra,
so considerable differences were found for the concentrations of 238U and 232Th radionuclides. In addition, the mean activity ratios of 232Th/238U and
232
Th/226Ra were 0.57 and 0.63, which indicates that
disequilibrium cases were happened between them.

232
Th series (228Ac, 212Pb, 212Bi and 208Tl). Activity concentrations of 232Th series radionuclides
were also determined quantitatively in sediment and
seagrass samples in Bq kg -1 of ash weight. The results are reported in Table 3. 232Th concentrations
varied from BDL to 50.7 Bq kg -1 in sediment samples. High concentration of 232Th was found at PHAS (50.7 Bq kg-1), which was higher than the world
wide average of 45 Bq kg-1 for 232Th [35,36]. Thorium preferentially adheres very tightly to soil parti-
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TABLE 3
Activity concentrations of 232Th series radionuclides (Bq kg -1) in marine sediment and seagrass in the northern Gulf of Aqaba.

Sediment

Seagrass

Location
TB-S
TB-B
PB-S
PB-B
MSS-S
MSS-B
PHA-S
PHA-B
TB
PB
MSS
PHA

232Th

228Ac

212Pb

212Bi

208Tl

27.1±2.7
43.4±4.4
*<2.4
13.6±1.5
45.7±4.7
29.3±3.0
50.7±7.2
16.0±1.6
<2.4
12.7±1.4
41.7±4.2
<2.4

22.5±1.5
23.4±1.5
7.6±1.1
6.7±1.0
67.7±2.5
68.0±2.4
25.2±2.4
24.3±2.3
20.9±5.3
15.7±9.7
19.0±1.3
42.7±2.9

17.4±0.9
16.8±0.9
6.0±0.6
6.2±0.6
59.8±2.3
60.8±2.3
11.4±1.1
12.1±1.0
21.3±2.0
16.6±2.0
24.5±1.1
61.5±2.6

18.4±2.9
17.0±2.6
<14.4
7.6±2.2
42.6±3.7
51.2±3.9
<26.2
18.2±4.4
26.3±7.8
<51.8
18.1±2.6
42.0±5.3

8.0±0.5
8.3±0.5
2.7±0.4
2.7±0.3
24.9±0.8
25.2±0.8
5.1±0.8
5.7±0.8
7.7±1.5
4.2±1.5
10.2±0.5
27.1±1.1

*: < means Below Detection Limit (BDL)

will decrease. The levels of 40K in seagrass varied
between 299.1 and 861.8 Bq kg -1. Potassium is considered as an essential nutrient for plant growth [14].
Besides, 40K was accumulated and magnified in
seagrass tissues through normal biological processes
(Table 4) since it behaves in the environment like
other potassium isotopes [14].

235

U (Uranium-235) and Depleted Uranium
(DU). The activity concentrations of 235U in sediment
samples ranged between BDL and 43.2 Bq kg -1 (Table 5). A strong correlation coefficient of 0.997 was
found between 235U and 238U as shown in Table 7.
High levels were found in samples from PHA, which
was about more than four folds the concentrations
found by Ababneh et al. (2010) [19]. It is worth to
examine if the sediment was contaminated by depleted uranium (DU) or not. The absence of DU in sediments means that the value of 235U/ 238U ratio (UR)
DQG85DUH DQGUHVSHFWLYHO\>@
The values of UR and 1/UR are given in Table 4. In
all sediment samples UR ranged between 0.0396 and
0.0707 while 1/UR varied from 25.3 to 14.1, which
indicates that no contamination were found in marine
sediment at the Gulf of Aqaba by depleted uranium.
235
U was not exist in seagrass at all locations except at
PHA (range: BDL - 17.3 Bq kg -1) due to the processes of production of uranium ore which contains 235U.

137

Cs and 90Sr (Cesium-137 and Strontium-90). All
sediment samples were analyzed for the TENORM
(137Cs and 90Sr) since these radionuclides are considered as hazardous byproducts of nuclear fission. 137Cs
was analyzed by gamma spectroscopy for all sediment and seagrass samples. 137Cs was BDL in all sediment samples but it was existed in all seagrass samples. The results agree with the fact that cesium can
bio-magnify in aquatic food chains [14]. Therefore, it
was expected that 137Cs was absorbed via seagrass
roots and biomagnified at seagrass tissues. It means
that a contamination by 137Cs is existed due to the
global atmospheric fallout as a result of past nuclear
weapons tests. On the other hand, sediment samples
from phosphate sites were only analyzed for their
contents of 90Sr by beta spectroscopy since this location seems to receive extremely high levels of various
pollutants along the Jordanian coast. Also, since the
chemical behavior of strontium is very similar to that
of calcium, strontium can be concentrated in bones
with a high risk of development of leukemia [13].
Therefore, the determination of the levels of 90Sr is
necessary in marine environment. 90Sr levels were
below 0.01 Bq kg -1. Therefore, it is obvious that
there is no significant amounts of this hazardous radionuclide were existed at the Gulf of Aqaba.

40

K (Potassium-40). The activity concentrations
of K in sediment samples were ranged between 93.9
and 579.6 Bq kg -1 (Table 5). Potassium is the seventh
most abundant element in the crust of the earth and
the sixth most abundant element in solution in the
oceans [14]. This explains the reason of high levels of
40
K in all sites. These levels were found to be comparable in all sites, which was greater than the worldwide average of about 420 Bq kg-1 [35,36], except for
the samples at PHA site. Low levels of 40K were
found in sediment at PHA site because of high levels
of 238U existed there. Negative correlation coefficient
of -0.939 was found between 238U and 40K (Table 7),
which indicates that when the activity concentration
of 238U increases, the activity concentration of 40K
40
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TABLE 4
Uranium ratios (UR and 1/UR) in marine sediment samples in the northern Gulf of Aqaba.
UR (235U/238U)
----------0.0643
0.0574
-----0.0396
0.0596
0.0650

location
TB(S)
TB(B)
PB(S)
PB(B)
MSS(S)
MSS(B)
PHA (S)
PHA(B)

1/UR
----------15.6
17.4
-----25.3
16.8
15.4

TABLE 5
Activity concentrations of 235U, 40K, 137Cs, 90Sr and 109Cd (Bq kg -1) in marine sediment and seagrass samples
in the northern Gulf of Aqaba.

Sediment

Seagrass

Location

235U

40K

137Cs

90Sr

109Cd

TB-S

<1.3

488.6±18.3

ޒ

NM

49.4±6.1

TB-B

<1.3

502.7±18.8

ޒ

NM

39.9±6.5

PB-S

1.6±0.4

449.7±17.9

ޒ

NM

22.0±4.8

PB-B

1.4±0.3

422.2±16.4

ޒ

NM

12.5±4.3

MSS-S

<1.3

579.6±20.8

ޒ

NM

87.4±9.3

MSS-B

3.6±0.4

461.7±17.5

ޒ

NM

85.4±9.1

PHA-S

43.2±3.0

93.9±13.0

ޒ

<0.01

524.1±24.6

PHA-B

42.3±3.1

111.4±12.5

ޒ

<0.01

588.1±25.1

TB

<4.3

861.8±48.7

5.0±1.9

NM

<73.7

PB

<4.3

523.9±42.1

4.4±1.9

NM

<71.5

MSS

<1.1

299.1±13.8

1.2±0.5

NM

47.2±6.2

PHA

17.3±0.9

437.1±24.3

2.7±1.1

NM

231.1±15.9

<: means Below Detection Limit (BDL), NM: means not measured
109
Cd (Cadmium-109). Activity concentrations
of 109Cd were (12.5 - 588.1), and (BDL - 231.1) Bq
kg -1 for sediment and seagrass, respectively (Table
5). High levels were found in sediment samples of
PHA-S and PHA-B because of the production of
phosphate ore, which is considered as a source for
cadmium waste streams. Also, low pH enhance cadmium uptake by plants [16]. Therefore, cadmium
uptake by seagrass was the highest at PHA site.
Strong positive correlation coefficients of 0.953,
0.998 and 0.989 were found between 238U, 226Ra and
235
U from one side and 109Cd from the other side, respectively. This means that 109Cd levels in marine
sediments are strongly correlated with the existence
of uranium and its progenies. The levels of 109Cd
found in marine samples were far away from the minimum level of hazard, which was of orders of low
PLFURFXULH ȝ&L (1 Ci =3.7×1010 Bq) [38]. Therefore,

it seems that the existence of 109Cd in marine sediment and seagrass could not be considered as a significant hazard for people and environment.
Comparisons between the present study and other worldwide studies were made for the activity concentrations of natural and artificial radionuclides in
marine sediment (Table 8). The results of the present
study were comparable with a study by Ababneh
(2010) [19], which were carried out at the Jordanian
coastline, the Gulf of Aqaba. Other studies were conducted by Saudis and Egyptians [3,6,39,40] at the
Red Sea but there were variations between the results
due to different human activities in each country.
Transfer factor (TF). The transfer of radionuclides factor (TF) is the ratio of activity concentration
of certain radionuclide in seagrass to its activity con3467
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Where, AU , ATh and AK are the activity concentration Bq kg-1 of 238U, 232Th and 40K, respectively.
This concept allows the use of a single index to describe the gamma ray output from different mixtures
of 238U, 232Th and 40K in a sample. It has been assumed that 10 Bq kg-1 of 226Ra, 7 Bq kg-1 of 232Th and
130 Bq kg-1 of 40K produces the same gamma dose
rate. Raeq in sediment samples ranged between 59.5
and 805.0 Bq kg-1 as shown in Table 6. Raeq values in
sediment samples of phosphate area are more than the
double of the internationally accepted limit of 370 Bq
kg-1 [6,7,8,43,44].

centration in sediment [41,42], which can be written
as:

TF

A seagrass
A sediment

The activity concentration of sediment was calculated
directly from the first 20 cm depth [41] or exactly by
assuming that one-third of the activity came from 712 cm layer and the rest came from 12-22 cm layer
[42]. Radionuclide bioaccumulation exists in aquatic
organisms when TF > 1. The higher the TF value, the
more mobile and available of this element is in the
surrounding ecosystem [41]. TF for many radionuclides were calculated for samples of PHA site. The
TF was 0.35, 0.40, 0.31, 4.65, and 0.44 for 238U, 235U,
210
Pb, 40K, and 109Cd, respectively. The TF for 40K
was greater than unity, which means that 40K was bioaccumulated in seagrass and available in marine environment.

The total absorbed dose rate (DR). The absorbed gamma dose rate in air at 1m above ground
level due to terrestrial gamma rays are calculated
from concentrations of 238U, 232Th, and 40K in sediment assuming that the contributions from the activity
of 235U, 137Cs, and 90Sr to the total dose are very little
[41]. It was computed by [35,36,45]:
DR (nGyh-1) = 0.462AU + 0.604ATh+ 0.0417AK
Where AU, ATh and AK are the activity concentrations of 238U, 232Th, and 40K in (Bq kg-1), respectively. In this equation 0.462, 0.604, and 0.0417 represents the conversion factors used to calculate the
absorbed gamma dose rate in air per unit activity concentration in (nGyh-1 per Bq kg-1). The values of dose
rates in sediment samples are ranged between 30.3
and 369.6 nGyh-1 as shown in Table 6. The lowest
dose rates were found in the surface layer of public
beach, whereas the highest dose rates were at the surface layer of Phosphate area. The dose rates in many
locations exceeded the internationally recommended
level by UNSCEAR 2000 (United Nations Scientific
Committee on the Effects of Atomic Radiation) of 55
nGy h-1 [36,45].

Statistical analysis. All sites of sediment and
seagrass were analyzed for their contents of 238U radionuclides by SigmaStat software using nonparametric comparison test (Kruskal-Wallis test).
There was statistically a significant difference between all sites with P < 0.05 except sediment of MSSS and MSS-B sites. There was no significant difference between MSS-S and MSS-B. This was expected
because these locations were chosen due to the variations between their physical, chemical, and geological
properties. On the other hand, Pearson product moment correlation coefficients were calculated between
radionuclides at sediment samples (Table 7). Strong
positive correlations with P < 0.05 were found between Uranium (238U) and its progenies with 235U,
Uranium (238U) and its progenies with 109Cd, respectively. In contrast, strong negative correlations with P
< 0.05 were found between 238U and its progenies
with 40K. In addition, there was no significant relationship between the concentrations of 238U and 232Th
in sediment even though their natural series decay
together in nature. This may be due to their different
behaviors in marine environment and the contamination by phosphate dust especially at PHA site.

Annual effective dose equivalent (AEDE). The
annual effective dose to the population due to radioactivity in sediment samples was estimated using the
dose coefficient of 0.7 Sv Gy-1 and outdoor occupancy factor of 0.2 reported by the UNSCEAR 2000 reports. The annual effective dose equivalent was calculated by:
AEDE (mSv y-1) = DR(nGy h-1)×
8760 (h year-1)×0.2×0.7 Sv Gy-1×10-6

Radiological hazard calculations.
Radium equivalent activity (Raeq). Radium
equivalent activity (Raeq) is a widely used radiological hazard index. It is a convenient index used to assess the exposure to radiation. It is calculated by the
following equation:
Raeq(Bq kg-1) = AU +1.43ATh+0.077 AK

The values of AEDE in sediment were varied
from 0.037 to 0.453 mSv y-1 as indicated by Table 6.
The international level of AEDE is 0.07 mSv y-1
[36,44].
Annual gonadal dose equivalent (AGDE). The
gonads, the activity bone marrow and the bone surface cells are considered as organs of interest as
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TABLE 6
Radiological parameters in marine sediment samples in the northern Gulf of Aqaba.
Sample
ID

238U

Bq

232Th

kg-1

Bq

kg-1

40K

Bq

kg-1

Ra eq
Bq

DR

kg-1

nGy

h-1

AEDE

AGDE

y-1

mSv y-1

mSv

Hex

Hin

ELCR
×10-3

IȖU

AUI

TB(S)
TB(B)
PB(S)
PB(B)
MSS(S)
MSS(B)
PHA(S)
PHA(B)

29.7
28.1
24.9
24.4
BDL
91.0
725.3
651.0

27.1
43.4
BDL
13.6
45.7
29.3
50.7
16.0

488.6
502.7
449.7
422.2
579.6
461.7
93.9
111.4

106.1
128.9
59.5
76.4
110.0
168.4
805.0
682.5

50.5
60.2
30.3
37.1
51.8
79.0
369.6
315.1

0.062
0.074
0.037
0.045
0.063
0.097
0.453
0.386

0.358
0.426
0.218
0.265
0.373
0.549
2.483
2.113

0.286
0.348
0.161
0.206
0.297
0.455
2.176
1.844

0.367
0.424
0.228
0.272
0.297
0.701
4.136
3.604

0.217
0.258
0.130
0.159
0.222
0.339
1.587
1.352

0.795
0.956
0.466
0.580
0.843
1.207
5.405
4.574

0.642
0.826
0.268
0.424
0.600
1.233
7.322
6.218

Max.
Min.
Mean
SD ±

725.3
BDL
200.3
302.6

50.7
BDL
28.5
17.2

579.6
93.9
388.7
182.6

805
59.5
267.1
297.8

369.6
30.3
124.2
136.2

0.453
0.037
0.152
0.167

2.483
0.218
0.848
0.906

2.176
0.161
0.722
0.805

4.136
0.228
1.254
1.628

1.587
0.130
0.533
0.585

5.405
0.466
1.853
1.961

7.322
0.268
2.192
2.855

External hazard index (Hex). The external hazmentioned in UNSCEAR report [44]. Therefore,
ard index (Hex) enables estimation of the hazard from
AGDE values give us indications about the threats to
natural gamma radiation on the terrestrial mainland
these important organs in the human body. The annuand also the hazard to the workers who handle the
al gonadal dose equivalent due to natural radionusediment. The external hazard index (Hex) due to the
clides in sediment samples was computed by:
gamma rays emitted from the samples is also used to
AGDE (mSv y-1) =
assess the radiation hazard to all human beings [43]
(3.09AU+4.18ATh+0.314AK)×10-3
and is given by:
The values of AGDE in sediment varied from
Hex = (AU /370) + (ATh /259) + (AK /4810)
0.218 to 2.483 mSv y-1 as shown in Table 6. The
The main objective of this index is to limit the
permissible level for AGDE is 0.3 mSv y-1 as reported
radiation dose to the accepted dose limit of 1 mSv y-1
by UNSCEAR 2000 [36]. Therefore, it was expected
[46]. Phosphate area is considered as a hazardous
that people and workers at phosphate area were exregion for workers because the values of external
posed to high dose equivalent levels that may cause
hazard index for sediment samples exceeded unity.
fatal cancers of gonads, blood (leukemia), bone marrow and bone surface cells [43].
TABLE 7
Pearson correlation coefficients between the concentrations of radionuclides in marine sediment samples in
the northern Gulf of Aqaba.
Radionuclides
238U
226Ra
214Pb
214Bi
235U
232Th
228Ac
212Pb
212Bi
208Tl
40K
109Cd

238U

226Ra

214Pb

214Bi

235U

232Th

228Ac

212Pb

212Bi

208Tl

40K

109Cd

1
0.999
0.985
0.983
0.997
0.149
0.488
0.194
0.384
0.210
-0.939
0.953

1
1
0.999
1
-0.288
-0.129
-0.504
-0.040
-0.562
-0.961
0.998

1
0.995
0.999
0.183
0.464
0.185
0.368
0.213
-0.881
0.98

1
0.998
0.175
0.408
0.120
0.334
0.149
-0.904
0.974

1
0.500
0.611
0.304
0.404
0.364
-0.936
0.989

1
0.630
0.535
0.668
0.562
0.067
0.294

1
0.951
0.990
0.962
-0.006
0.589

1
0.980
0.996
0.284
0.319

1
0.982
0.185
0.535

1
0.258
0.352

1
-0.793

1

Bold font means P > 0.05
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TABLE 8
Comparison between the present study and worldwide values of activity concentrations ranges and/ or means
of 238U, 232Th, and 40K (Bq kg-1) in marine sediment samples in the northern Gulf of Aqaba.
238U

226Ra

232Th

40K

235U

137Cs

90Sr

Reference

11.3-676.7

5-598.06

3.6-32.8

71.5-860.6

0.4140.11

<0.010.69

---

19

16.97

11.42

22.48

641.08

---

3.47

---

3

35.46

3.31

1.84

34.34

1.75

0.14

---

39

22.7

21.1

12.4

930

1.0

1.2

---

40

38.5
(34-110)
---

419.4
(214-641)
---

---

---

---

6

---

27.4
(18-48)
2.1-5.08

---

---

---

41

48.2

49.3

60.7

1278

---

1.44

---

46

---

55.2

40.9

622.8

---

169.7

---

11

---

---

---

---

---

---

0.401.60

13

---

19.2
(14.629.6)

17.9
(14.821.7)

337.5
(179.5464.5)

2.67
(1.7-3.7)

3.35
(3.3-4.08)

---

10

---

---

---

---

---

BDL-5.69

0.020.14

52

11.83-22.68

---

10.725.02

222.89535.07

1.012.87

0.14-2.8

---

53

---

19.16

21.26

224.26

---

---

---

43

3.67

---

37.23

387.17

---

---

---

45

36
(19-48)

34
(11-57)

782
(363-1024)

---

---

---

8

Venezuelan Coast

---

11.4
(2.6-28.9)

153.43
(15-421.2)

---

< 0.9

---

7

Present Study

<27.7-725.3

<17-623.2

75
(31-145)
14.52
(4.241.8)
<2.450.7

93.9-579.6

<1.343.2

BDL

BDL

Location
The Gulf of Aqaba,
Jordanian Coastline
The Gulf of Aqaba,
Saudi Coastline, KSA
Farasan Island,
Southern Red Sea,
KSA
Red Sea Coastline,
Egypt
Egyptian Red Sea
Coast
Red Sea, Sudan
Sharm El-Sheikh,
South Sinai, Egypt
Eastern Black Sea
region, Turkey
southern shores of
Iran
Ramsar, Iran
Arabian Gulf, AlKhafji, Mneefa, KSA
Northern coast of
Oman Sea
Area of rivers state,
Nigeria
East Coast of Tamilnadu, India
Near shore of Vizag,
South East India

---

external exposure alone [45]. 222Rn is a gaseous
daughter of 226Ra, that poses a threat for the respiratory organs [43,45]. This hazard can be controlled by
the internal hazard index (Hin), which is calculated
by:
Hin = (AU /185) + (ATh /259) + (AK /4810)
The permissible value for Hin in sediment must
be less than unity for safe areas. Hin values were
ranged between 0.228 and 4.136. All regions were
considered to be safe except phosphate region. This

In other words, a significant radiation exposure
was received by humans due to the radioactivity at
phosphate area. This indicates that many diseases
such as erythema, skin cancer and cataracts may infect the workers and users of sediment in that hazardous region [43].
Internal hazard index (Hin). The Internal hazard index (Hin) is another index that is defined in such
a way to minimize the maximum permissible concentration of 226Ra to half the values appropriate for the
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where fU, fTh and fK are fractional contributions to the
total dose rate in air due to gamma radiation from
238
U, 232Th and 40K, respectively. In the NEA-OECD
report, typical activities for 238U, 232Th and 40K in
sediment are determined to be 50, 50, 500 Bq kg-1,
respectively [50]. The AUI for sediment samples varied from 0.268 to 7.322 as shown in Table 6. All values were below 2 in all regions except phosphate area, which corresponds to an annual effective dose <
0.3 mSv y-1.

indicates that a respiratory tract diseases [43,45] such
as asthma can infect people in that area.
Excess lifetime cancer risk (ELCR). The
ELCR gives the probability of developing cancer over
a lifetime at a given exposure level. This value can
give us indications about the number of cancers expected in a given number of people on exposure to a
carcinogen at a given dose. High values of ELCR
means that the rate at which a human can get cancer
of breast, prostate or even blood will be increased
[43]. The ELCR is given by:
ELCR = AEDE ×DL×RF

CONCLUSIONS
where, DL is the duration of life (70 years) and RF is
the risk factor (fatal cancer risk per Sievert). For stochastic effects, the ICRP (International Commission
on Radiological Protection) Publication 60 [47] and
NCRP (National Council on Radiation Protection)
Report No. 116 [48] used 0.05 Sv-1 as a value of RF
for public. The ELCR values in the present study
were ranged between 0.130 ×10-3 and 1.587 ×10-3 as
given in Table 6. The world average of ELCR is
0.29×10-3 [49] which was much lower than the calculated values at phosphate area. Therefore, the probability that a person can get cancer is high at that area.

A comprehensive study for the NORM and
TENORM was carried out for marine sediment and
seagrass from four selected locations along the coastline of the Gulf of Aqaba. Although different human
activities are running at the four locations, phosphate
industry is considered as a major source of pollution
for marine ecosystems. High concentrations of natural
and artificial radionuclides were found there. Therefore, it is highly likely that humans may be threatened
by radiological hazards due to high dose rates and
annual effective dose. All calculations for radiation
hazard assessment at Phosphate Area exceeded the
worldwide permissible limits. Therefore, there should
be national plans for minimizing these hazards in
order to preserve marine biota and consequently humans. The results attained by this study should be of
considerable value to construct a base line data for
radioactivity at the Gulf of Aqaba. Also, additional
studies are expected to provide further information on
various ecotoxicological aspects in order to estimate
the risk of adverse environmental and health effects
around the area of consideration.

Representative Gamma Index (IȖU). It is used
to estimate the hazard from Gamma ray associated
with natural radioactivity. It can be calculated by:
IȖr = (AU /150) + (ATh /100) + (AK /1500)
This index may give us indications about risk of
Gamma ray since these rays have high penetration
ability to materials and even the human body. It causes severe damages to the cells of human beings.
Therefore, an increase in the Representative Gamma
Index greater than the world's standard value of unity
may cause a severe damage to human beings and
hence causes cancers [43]. Iyr values were given in
Table 6 and they ranged from 0.466 to 5.405. People
at phosphate area seemed to receive high doses of
gamma radiation which was approximately more than
five times the standard accepted level of unity. Unfortunately, this means that fatal cancers will affect
them.

ACKNOWLEDGEMENTS
The authors wish to thank and appreciate technicians at Jordan Atomic Energy Commission (JAEC)
for their help in analysis. Also, special thanks to staff
and divers at Marine Science Station for their help in
sampling.

Activity utilization index (AUI). In order to
simplify the calculations of dose rates in air from the
three natural radionuclides, activity utilization index
is defined. It has been calculated by:

AUI
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ABSTRACT

INTRODUCTION

The concern over exposure to drinking water
contaminants and the resultant adverse effects on
human health has prompted several studies
evaluating the quality of drinking water sources.
This work, was, therefore, aimed at generating
baseline data on the water quality status of borehole
waters in the Federal Polytechnic, Bida, Northern
Nigeria. The water samples were collected and
analyzed for physicochemical and bacteriological
parameters using standard methods by APHA.
World Health Organization (WHO) and Federal
Environmental
Protection
Agency
(FEPA)
acceptable limits for drinking water were used in
their
comparisons
and
evaluation.
All
physicochemical parameters in the borehole water
samples were within WHO and FEPA
recommended standards, except for the slightly
elevated levels of nitrate. The concentration of total
coliform and faecal coliform obtained from the
water samples exceeds WHO standard of
10MPN/100ml and 0MPN/100ml respectively for
drinking water. Eschericha coli, Enterobacter,
Klebsiella, Baccillus, and Klebsiella were found in
Small gate borehole, Sheraton hostel borehole,
Hostel G borehole, Nicon hostel borehole, and
Administrative block boreholes, respectively.
However, the bacteriological characteristics of all
these boreholes did not conform to WHO standards
for drinking water, thereby making all the boreholes
sampled unfit for drinking. Adequate treatment
method is recommended before these water sources
are consumed in order to avoid epidemic of water
related diseases. Other implications of findings for
theory development, practice, and further empirical
studies are discussed.

Water is an essential element in the
maintenance of all forms of life, and most living
organisms can survive only for short periods
ZLWKRXW LW $ VLJQLILFDQW SURSRUWLRQ RI WKH ZRUOG¶V
population use water for drinking, cooking,
personal, and home hygiene [1]. Water can be
obtained from a number of sources, among which
are streams, lakes, rivers, ponds, rains, springs, and
wells [2]. Water is the most known and most
abundant of all known chemical substances, which
occur naturally on the surface of the earth. It is
fundamentally important to all plants, animals and
man [3]. It is a prime solvent and its properties
determine many natural phenomena. Water could
be found in three states; solid as ice, liquid as water
and gas as water vapour. It covers about three
quarter of the total earth crust [4, 5]. Water can be
obtained from a number of sources, among which
are streams, lakes, rivers, ponds, rain, springs,
ocean and wells [6,7].
Traditionally, the most important of the
quality characteristics has been the concentration of
dissolved salts because of the relationship between
salt and land productivity. Later, health related
characteristics such as presence of disease-causing
microorganisms became important. More, recently,
the introduction of anthropogenic chemicals, that
have impact on health when present in trace
amounts, has become a problem [4]. Of all the
water sources on earth, only 3% are good (in terms
of quality or freshness). These include: surface
water (rivers, lakes, streams and reservoirs) and
groundwater [4]. With the decline in the use of
surface water for drinking water supply due to
contamination, there is an increase in the reliance
on ground water as drinking water source.
Unfortunately, little attention is being paid to
drinking water quality issues and quantity remains
the priority focus during water supply projects. The
need to define the quality of water has developed
with the increasing demand for water which is
suitable for specific uses and conforms to desired
quality [8]. Although water quality and water

KEYWORDS:
Physiochemical parameters, bacteriological parameters,
water quality, water standard, coliform, borehole.
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local government is Nupe. (The world gazetter,
2007).

quantity are inextricably linked, water quality
deserves special attention because of its
implications on public health and quality of life [9].
However, the increasing demand on water
resources coupled with the deterioration of water
quality has resulted in an increase of environmental
pollution control studies [10].
Water quality may be defined as
microbiological, physical and chemical properties
of water that determine its fitness for different and
specific use(s). If one of these properties is out of
balance, the wDWHU TXDOLW\ LV DIIHFWHG ¶¶:DWHU
4XDOLW\¶¶LVDWHFKQLFDOWHUPWKDWLVEDVHGXSRQWKH
characteristics of water in relation to guideline
values of what is suitable for consumption and for
all usual domestic purposes, including personal
hygiene. These properties are determined by
substances which are either dissolved in water or
suspended in the water.
The quality of groundwater is a function of
natural processes as well as anthropogenic
activities. Nitrate compounds, heavy metals,
pesticides, etc that are contained in our drinking
water can also constitute undesirable pollutants
when they are not within World Health
Organization (WHO) guidelines for drinking water
[11]. Regular control of water intakes by
distribution network operators guarantees the
desired effectiveness of the water treatment process
[12]. This work was, therefore, aimed at generating
baseline data on the water quality status of borehole
waters in the Polytechnic.

Sample collection. Borehole water from five
(5) different locations (Small gate borehole,
Sheraton hostel borehole, Hostel G borehole, Nicon
hostel borehole, and Admin block borehole) within
the Federal Polytechnic, Bida, Northern Nigeria,
was collected. All plastic and glass wares utilized
were pre-treated by washing with dilute HCl
(0.05M) and later rinsed with distilled water. They
were then air-dried in a dust-free environment. At
the collection points, containers were rinsed with
relevant samples twice and filled with samples and
then corked tightly. A total of fifteen (15) samples
were collected aseptically and the samples were
collected three (3) times each from the boreholes.
Physiochemical parameters determination.
Odour, taste, and color were determined by the use
of the sensory evaluation panel as described by the
method of APHA [13]. pH, temperature, and
conductivity were determined in situ using Jenway
(model type HANNAH 1910) multi-purpose tester.
Total Alkalinity and Total Hardness were
determined using the titrimetric methods as clearly
described by APHA [14]. Dissolved Oxygen (DO)
and Biological Oxygen Demand (BOD) were done
using the titrimetric method (Wrinkler) as clearly
described by [15]. Turbidity, Total dissolved solids,
Nitrate, and Phosphates were determined as
described by FAO [16].
Determination of bacteriological quality.
The determination of the bacteriological quality of
the water samples was carried out using Membrane
Filtration and Most Probable Number (MPN)
methods as described by [5, 17]

MATERIALS AND METHODS
The study sites. The study was carried out in
Federal Polytechnic Campus Bida local government
area of Niger State, Nigeria. Bida is the second
largest in Niger State with the population of
178,840 (2007). It is located southwest of Minna,
capital of Niger State, and is a dry arid town. The
vegetation is basically savanna rain and grass lands.
The main occupation of the people of Bida is
predominantly farming that is crop production and
animal husbandry. A good number of occupants are
also in the civil service and private
organization.The climate for Bida is characterized
by rainfall during raining seasons and
comparatively hot during dry seasons. The
temperature of Bida is between ʹ͵Ԩto͵ͳԨ. The
indigenous language spoken by inhabitants of Bida

Membrane filtration techniques. The
membrane filtration unit was set up and a sterile
disk (membrane filter) was placed in filtration unit,
100ml of the water sample to be tested was poured
into the funnel, and passed through the Millipore
filter by the aid of the vacuum pump, the funnel
was removed and the filter disk, handle with sterile
forceps, was placed on the pad previously
impregnated with medium (Mac Conkey Agar).
The plates were incubated inverted at ͵Ԩ for
24hours, at which the number of coliform can be
determined. The experiment was carried out on the
remaining water samples; the experiment was
repeated after 48hours for accuracy.

3476



© by PSP

Volume 25 ± No. 9/2016, pages 3475-3483

Fresenius Environmental Bulletin






KEY

BIDA (Study Site)

reddish purple to yellow and gas production was
checked for by entrapment of gas in the Durham
tube. The MPN was then determined from the MPN
table for the three set of tube.
Confirmed test: Confirmed test was carried
out by transferring a loopful of culture from a
positive tube from presumptive test into a tube of
Brilliant Green Lactose Bile (BGLB) broth (oxoid)
with Durham tubes. The tubes were incubated at
37ºC for 24-48 hours for total coliform and 44.5ºC
for faecal coliforms and observed for gas
production.
Completed test: Completed test was carried
out by streaking a loopful of broth from a positive
tube onto Eosine Methylene Blue (EMB) agar plate
for pure colonies. The plates were incubated at
37ºC for 24-48 hours. Colonies developing on EMB
agar were further identified as faecal coliforms
(Escherichia coli). Colonies with green metallic

Most probable number/Examination of
total and feacal coliform. Presumptive test: Total
coliform and faecal coliform were enumerated by
multiple tube fermentation tests as described by
APHA (2005). Coliform count was obtained using
the three tube assay of the Most Probable Number
(MPN) technique. Presumptive coliform test was
carried out using MacConkey broth (Oxoid). The
first set of the five tubes had sterile 10ml double
strength broth and the second and third sets had
10ml single strength broth. All the tubes contained
Durham tube before sterilization. The three sets of
the tubes received 10ml, 1ml and 0.1ml of water
samples using sterile pipettes. They were carefully
labeled and incubated at 37ºC for 24-48 hours for
estimation of total coliforms and at 44.5ºC for
faecal coliforms for 24-48 hours and examined for
acid and gas production. Acid production was
determined by colour change in the broth from
3477



© by PSP

Volume 25 ± No. 9/2016, pages 3475-3483

Fresenius Environmental Bulletin





oxygen is a necessary element to all forms of life;
the lower the concentration, the greater the stress.
Oxygen levels that remain below 1-2 mg/l for a few
hours can result in large fish kills.
Biological oxygen demand (BOD) fell within
the recommended guideline of [1]. According to [8]
BOD classification of 1-2mg/l as very good, with
less organic matter present; 3-5mg/l as moderately
clean; 6-9mg/l as poor, somewhat Polluted
(indicates organic matter is present and bacteria are
decomposing this waste); etc, the water samples
were moderately clean and safe for drinking. When
organic matter such as dead plants, leaves, grass
clippings, manure, sewage, or even food waste is
present in a water supply, the bacteria will begin the
process of breaking down this waste. When this
happens, much of the available dissolved oxygen is
consumed by aerobic bacteria. BOD is a measure of
the oxygen used by microorganisms to decompose
this waste. If there is a large quantity of organic
waste in the water supply, there will also be a lot of
bacteria present working to decompose this waste.
Electrical conductivity is the normalized
PHDVXUH RI WKH ZDWHU¶V DELOLW\ WR FRQGXFW HOHFWULF
current. This is mostly influenced by dissolved salts
such as sodium chloride and potassium chloride.
The sources of conductivity may be an abundance
of dissolved salts due to poor irrigation, minerals
from rain water run-offs, or other discharges.
Electrical conductivity is a measure of the Total
dissolved solids (TDS) of a water body. TDS and
conductivity are closely related in the sense that the
more salts are dissolved in the water, the higher the
value of the conductivity. In this study, the highest
mean TDS value of 36.43 mg/l had the
corresponding highest mean conductivity of
54.67μs/cm. The low conductivity values of the
samples implied that the dissolved salts were
minimal. Total dissolved solids affect the taste of
our water. The low level of conductivity could be
attributed to the low level of total dissolved solids.
The two parameters (TDS and conductivity) fell
within the limits of [11, 18] recommendations.
Turbidity is the material in water that affects
the transparency or light-scattering capacity of the
water. It is the reflection of the total suspended
solids or particles contained in water. The low level
of turbidity could account for the reason why the
entire appearance of the water samples were very
clear and having no odour.
No amount of phosphate in water is believed
to have effects on human health [22]. However, too
much amounts of phosphate in water could cause
eutrophication. The level of phosphate in all the
water samples is low. Therefore, they are good both
for drinking and other purposes. Nitrate can reach
both surface water and groundwater as a
consequence of agricultural activity (including
excess application of inorganic nitrogenous
fertilizers and manures), from wastewater disposal

sheen were confirmed to be faecal coliform bacteria
with rods shape.
Data Analysis and Presentation. The range,
mean and standard deviation for each parameter
and station were calculated. Community attributes
(metrics), physical and chemical features of stations
were compared using one way ANOVA on log (x +
1) transformed data. Significant ANOVAs (P <
0.05) were followed by post hoc {Tukey Honest
(HSD)} tests to identify differences between station
means.

RESULTS AND DISCUSSION
Physicochemical
Characteristics
of
Borehole Water. A summary of the results of
physico-chemical analyses is presented in Tables 1.
These values were placed alongside Federal
Environmental Protection Agency (FEPA) limits
and World Health Organization (WHO) guideline
values [18,19]. ANOVA indicated significantly
calculated F values in all the Physicochemical
parameters sampled for the five boreholes, except
the minerals. However, significant differences (P<
0.05) among the five boreholes were indicated by
Turkey's HSD significant difference tests.
The colour, odour, and taste of these water
samples are unobjectionable. These fall within the
standard that is acceptable to international bodies
like W.H.O, FEPA, and EPA. Odour in water is
usually caused by volatile substances associated
with organic and inorganic chemical materials such
as algae and hydrogen, respectively [20]
The pH values in the study areas (5.11-7.21)
indicated slightly acidic and to slightly alkaline
(near neutral) nature of the ground waters and are
well within the limits prescribed by [19] for various
uses, including drinking, and that of pH of most
natural waters [21]. It is, therefore, desirable since
low pH corrodes the pipe and causes acidosis
(which results in peptic ulcer) while high pH may
cause incrustation and also affects the mucous
membrane.
Dissolved Oxygen (DO) is the amount of
oxygen dissolved in water. It takes the advantage of
the fact that the heavier the organic matter content
of the water, the greater the expected growth of
aerobic organisms in it and the less the oxygen
content of it after growth. The DO in this study
ranges from 5.22 to 6.77 mg/L. This range did not
show any organic pollution or thermal pollution as
the values were within the permissible limit of
WHO and FEPA standards. A higher DO indicates
better water quality. This showed that the boreholes
were not densely organic matter packed; otherwise,
it would have been consumed to an extent during
microbial decomposition. Adequate dissolved
oxygen is necessary for good water quality as
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exposure of infants up to approximately 3±6
months of age [23]. All the boreholes sampled
recorded values higher than the recommended
values of both WHO and FEPA. The high level of
Nitrate gave an indication that the groundwater
must have been contaminated with nitrate, either by
agricultural run-offs, dumping of refuse or from
waste water.

and from oxidation of nitrogenous waste products
in human and animal excreta, including septic tanks
(Where latrines and septic tanks are poorly sited,
these can lead to contamination of drinking-water
sources with nitrate). The guideline value (50
mg/litre) for nitrate is based on the occurrence of
methaemoglobinaemia, or blue-baby syndrome, in
bottle-fed infants caused by excess nitrate/nitrite

TABLE 1
Physicochemical parameters of selected Borehole water in the Federal Polytechnic, Bida.
Sampled Stations1,2
Parameters3

SGB

SHB

HGB

ABB

Odour

UO

UO

UO

UO

UO

Taste

TL

TL

TL

TL

TL

Colour

UO

UO

UO

UO

UO

Temp (°C)

28.67±0.333a

26.33±0.333b

26.67±0.333b

25.33±0.333b

25.67±0.333b

(28.00-29.00)

(26.00-27.00)

(26.00-27.00)

(25.00-26.00)

(25 - 26.00)

5.11± 0.003a

6.41±0.006d

7.21±0.003e

6.29± 0.003c

6.21± 0.006b

(5.11-5.12)

(6.40-6.42)

(7.20-7.21)

(6.29-6.30)

(6.20-6.22)

5.22 ±0.04a

4.94±0.086a

6.10±0.058b

6.33±0.285b

6.70±0.055b

(5.16-5.30)

(4.81-5.10)

(6.00-6.20)

(6.00-6.90)

(6.61-6.80)

pH

DO (mg/L)

BOD (mg/L)

Turbidity (NTU)

TA (mg/L)

TH (mg/L)

Phosphate(mg/L)

Nitrate (mg/L)

Cond (μs/cm)

TDS (mg/L)

Copper (mg/L)

Iron (mg/L)

Mang (mg/L)

Lead (mg/L)

1.95±0.029a

1.61±0.018c

1.72±0.012b

1.67±0.012bc

1.30±0.015d

(1.90-2.00)

(1.58-1.64)

(1.70-1.74)

(1.65-1.69)

(1.28-1.33)

1.49±0.00a

0.003±0.003d

0.003±0.003d

0.29±0.007b

0.18±0.010c

(1.48-1.50)

(0.00-0.01)

(0.00-0.01)

(0.28-0.30)

(0.17-0.20)

4.77±0.037a

5.21±0.010c

4.77±0.033a

5.23±0.033c

5.03±0.0333b

(4.70-4.82)

(5.20-5.23)

(4.70-4.80)

(5.20-5.30)

(5.00-5.10)

5.03±0.033a

9.57±0.033b

15.27±0.007d

10.33±0.033c

5.07±0.067a

(5.00-5.10)

(9.50-9.60)

(15.20-15.40)

(10.30-10.40)

(5.00-5.20)

8.60±0.012a

9.21±0.00b

10.27±0.001c

8.39±0.003d

7.14±0.030e

(8.58-8.62)

(9.21-9.21)

(10.26-10.28)

(8.39-8.40)

(7.10-7.20)

58.98±0.012a

63.20±0.009c

72.28±0.009e

70.00-0.003d

60.49±0.007b

(58.96-59.00)

(63.18-63.21)

(72.27-72.30)

(70.00-70.01)

(60.48-60.50)

21.33±0.333a

28.67±0.333c

54.67±0.667d

24.67±0.333b

21.00±0.577a

(21.00-22.00)

(28.00-29.00)

(54.00-56.00)

(24.00-25.00)

(20.00-22.00)

14.23±0.233a

19.07±0.233c

36.43±0.433d

16.47±0.233b

14.01±0.398a

(4.00-14.70)

(18.60-19.30)

(36.00-37.30)

(16.00-16.70)

(13.32-14.70)

0.007±0.003a

0.010±0.000a

0.01±0.006a

0.00±0.00a

0.00±0.00a

(0.00-0.01)

(0.01-0.01)

(0.00-0.002)

(0.00-0.00)

(0.00-0.00)

0.007±0.003a

0.00±0.00a

0.007±0.003a

0.007±0.003a

0.007±0.003a

(0.00-0.01)

(0.00-0.00)

(0.00-0.01)

(0.00-0.01)

(0.00-0.01)

0.01±0.00a

0.00±0.00a

0.00±0.00a

0.00±0.00a

0.00±0.00a

(0.01-0.01)

(0.00-0.00)

(0.00-0.00)

(0.00-0.00)

(0.00-0.00)

0.00±0.00a

0.00±0.00a

0.00±0.00a

0.00±0.00a

0.00±0.00a

(0.00-0.00)

(0.00-0.00)

(0.00-0.00)

(0.00-0.00)

(0.00-0.00)
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Table 1 Continued
Parameters3

F ANOVA

FEPA

WHO

Odour

UO

UO

Taste

UO

UO

UO

UO

P value

Colour
Temp (°C)

a

15.3

2.59E-17

30

27

pH

2.786E04a

3.49E-20

6-9

6.5-9

DO (mg/L)

29.2a

1.71E-05

4-6

14

BOD (mg/L)

166.40a

4.21E-09

30

<4

Turbidity (NTU)

9294.29a

8.435E- 18

-

5

TA (mg/L)

53.372a

1.036E- 06

100

500

TH (mg/L)

7421.05 a

2.598E-17

100

500

Phosphate(mg/L)

5541.56a

1.175E-06

NL

NL

Nitrate (mg/L)

5.006E05a

1.864E-26

20

50

Cond (μs/cm)

894.100a

1.009E-12

TDS (mg/L)

864.46a

1.193E-12

Copper (mg/L)

2.875

0.080

1.5

Iron (mg/L)

1.000

0.452

0.30

Mang (mg/L)

-

-

0.05

Lead (mg/L)

-

-

0.05

100

2000

1000

1

SGB = Small gate borehole; SHB=Sheraton hostel borehole; HGB=Hostel G borehole; NHB=Nicon hostel borehole; ABB= Admin

block borehole
2

Data are the means ± SE of triplicate determinations with minimum and maximum values in parenthesis. Different lowercase letters

in a row show significant differences (P< 0.05) indicated by Turkey's HSD significant difference tests. a indicates significantly
calculated F value detected by ANOVA
3

Temp = Temperature; Mang = Manganese; DO = Dissolved Oxygen; BOD =Biological Oxygen Demand; TA = Total Alkalinity; TH

= Total Hardness; Cond = Conductivity; TDS = Total dissolved solids; UO = Unobjectionable; NTU = Nephelometric turbidity units;
NL= No limits
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result corroborates the finding of [26] that the MPN
coliform index per 100ml of water samples
collected from selected boreholes in Ilorin
metropolis ranged from 0 to 16MPN/100ml. [27] in
a related study isolated some members of coliform
in some sources of water for domestic uses in
Calabar metropolis. [28] also obtained high faecal
coliform from wells and boreholes water in some
peri-urban communities in Kumasi, Ghana.
The high plate counts observed in borehole
water indicated the presence of organic matters and
related nutrient sources. The primary sources of
bacterial contamination might include the surface
run-off, sewage treatment facilities, natural
soil/plants bacteria, the use of fertilizer on farm
lands and improper management activities of the
inhabitation like washing, refuse dump, feacal
droppings, dipping of different materials inside the
water sources [22]. These sources are also
responsible for high values of nitrates and therefore,
suggested direct correlation between the high
values of nitrates and high bacterial/coliform values
obtained in this study. The sample collected from
Nicon Hostel had the highest number of coliform.
Various groups of bacteria were isolated and
identified during the study. They include
Escherichia coli, Enterobacter sp., klebsiella sp.
and Baccillus sp. Small gate borehole, Sheraton
hostel borehole, Hostel G borehole, Nicon hostel
borehole, and Administrative block boreholes had
Eschericha
coli,
Enterobacter,
Klebsiella,
Baccillus, and Klebsiella found in them,
respectively. These organisms are important human
pathogens associated with a variety of infectious
diseases such as gastroenteritis, typhoid fever,
dysentery, cholera, urinary tract infections etc [29,
30]. Their presence raises serious public health
concern because they are known causative agents of
many water borne diseases and indicates that these
water sources are not potable. Their entry into
water sources could be attributed to seepages from
nearby septic tanks, as opined by [27] or through
deliberate and indiscriminate deposition of animal
waste and human faeces into streams as commonly
observed in some riverine areas.

Total alkalinity (mg/l) for all the borehole
sources sampled in this study was very low and
acidic according to the tabulation of total alkalinity
and its cultural significance [21], where- 0-9 is
strongly acidic; 10-50 is very low alkalinity; 50-200
is high alkalinity; 211-500 is optimum. The total
alkalinity values which conferred acidity status on
the boreholes is also in conformity with the pH
values which also indicated that the boreholes are
acidic, though slightly. This low values agree with
+ROGHQ DQG *UHHQ¶V >@ YLHZ WKDW DONDOLQH ZDWHUV
are not typical of Africa. Large amount of alkalinity
imparts bitter taste to water. Hardness of water is
due to the presence of dissolved salts of metals
(except the salts of alkali earth metals, such as
sodium and potassium), notably those of calcium,
magnesium and iron, in water. The low level of
hardness corresponded with the low level of total
dissolved solids, indicating little or no dissolved
metals.
Hard water requires more soap and
synthetic detergents for home laundry and washing,
and contributes to incrustation and scaling in
boilers and industrial equipment. [25] suggested
that 0-60mg/l is soft; 61-120mg/l as moderately
hard; 121-180mg/l as hard; and 180mg/l as very
hard (CaCO3). The Total alkalinity and Total
hardness of the water samples agreed with the
standards of [18, 19] for drinking water.
The concentrations of heavy metals and
minerals (iron, lead, manganese and copper) in the
water samples were generally low compared with
the WHO and FEPA standards. This result did not
show any evidence of the heavy metal pollution as
their concentrations were very low.
Bacteriological Characteristics of Borehole
Water. The summary of the results of the
bacteriological analyses of the selected boreholes in
the Federal Polytechnic, Bida is shown in Table 2.
The concentration of total coliform and faecal
coliform obtained from the water samples exceeds
WHO standard of 10MPN/100ml and 0MPN/100ml
respectively for drinking water. [1] specified that
potable drinking water should be devoid of total
coliform in any given sample. This indicates that
none of the boreholes is safe for drinking. This

TABLE 2
Bacterial Count Through Membrane Filtration (MF) and Most Probable Number (MPN) Methods.
Sample Locations
MF (Cfu/ml)
MPN (Cfu/ml)
Small Gate Borehole
18
28
Sheraton Hostel Borehole
7
9
Hostel G Borehole
6
15
Nicon Hostel Borehole
Numerous
93
Administration Block Borehole
7
20
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[4] Nelson, J. O. (2002). Groundwater
phenomenon in Nigeria.Assessment of the
potential health impacts.African Journal of
Microbiology Research, 3(1), 015-021.
[5] Mbagwu, U. (2003). The Analytical chemistry
of foods. New York: Champ and Hall.
[6] Uzomah, S. O. & Scholz, C. U. (2002).
Microbiological evaluation of the quality of
tap water in Nigeria. Research Journal of
Microbiology, 4(10), 355-360.
[7] Bichi, C. U., Erah, P. O. & Oteze, G. E.
(2002). The quality of groundwater in Benin
City.A baseline study on inorganic chemicals
and microbial contaminants of health
importance in borehole and open wells.
Tropical Journal of Pharmaceutical Reseach,
1(2), 75-82.
[8] SIT (2008). Stevens Institute of Technology:
Centre for Innovation in Engineering and
Science Education, Article on water quality,
46-48
[9] Warren, V. (Jr) & Mark, J. H. (1998). Water
Supply And Pollution Control (6th Ed.).
California:
[10] Arslan, O., Murat, Y., Ayhan, U. & Selvinaz,
Y. (2010). Evaluating Seasonal Variations of
Water Quality Variables in Rivers within the
Duzce
Watershed,
Turkey.
Fresenius
Environmental Bulletin, 19, 2138 ± 2144.
[11] WHO (1996). Guidelines for drinking water
quality, Health Criteria and other supporting
information: World Health Organization.
Switzerland: Author.
[12] Józef, K., Maria, W., Katarzyna, G &
6áDZRPLU
6
 
0DQJDQHVH
Concentrations in underground
Water
intended for Human consumption. Fresenius
Environmental Bulletin, 19(4), 558 - 562.
[13] APHA (1992). Standard methods for the
examination of Water and Waste Water:
American Public Health Association (17th
ed). Geneva: Author
[14] APHA (2005). Standard methods for the
examination of Water and Waste Water:
American Public Health Association (21st ed).
Washington DC: Author
[15] Dubey, R. C & Maheshwari, D. K. (2004).
Practical Microbiology. New Delhi, India: S.
Chand & Company.
[16] FAO (1997). Chemical Analysis Manual for
Food and Water: Food and Agricultural
Organization (5th edition). Rome:. Author.
[17] Rajini, K., Roland, P., John, C. & Vincent R.
(2010). Microbiological and physicochemical
analysis of drinking water in George town.
Nature and Science, 8 (8)261-265.
[18] Federal Environmental Protection Agency
(FEPA) (1991). Guideline and Standard for
Environmental Pollution Control in Nigeria.
Abuja: Author, 238pp.

CONCLUSION AND RECOMMENDATIONS
Underground water is believed to be the purest
form of water because of the purification properties
of the soil. However, source of contamination could
be due to improper design and construction of
boreholes, shallowness, and proximity to toilet,
refuse dump sites, and various human activities
which can serve as source of contamination.
Concerns by student and non-student members
of Federal Polytechnic, Bida community over the
quality of their drinking water sources necessitated
this study. This quest was factored by the observed
proximity of these boreholes to potential sources of
water pollution along with the activities that take
place around these water sources.
The physicochemical parameters of all the
sampled boreholes conformed to WHO and FEPA
standards for drinking water. However, the
bacteriological characteristics of all these boreholes
did not conform to WHO and FEPA standards for
drinking water, thereby making all the boreholes
sampled unfit for drinking. Adequate treatment
method is recommended before these water sources
are consumed in order to avoid epidemic of water
related diseases. This will involve adequate
treatment through chlorination or ozonization
before the water is made available to students and
other consumers.
The geologist drilling boreholes have to be
educated on the importance of ensuring that dump
sites are not used for drilling of boreholes.
Moreover, the populace needs to be educated on the
importance of maintaining clean and hygienic
environment around the borehole to ensure the
safety of water from such boreholes.
In addition, there should be consistent
surveillance and monitoring of the borehole water
supplies within the university campus for a possible
detection of any adverse changes in quality.
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EFFECT OF IRRIGATION METHODS ON NITROGEN AND
PHOSPHORUS LOSS BY RUNOFF IN PADDY FIELD
THROUGH EPHEMERAL STORM PROCESS
Zhanyu Zhang 1,2*, Genxiang Feng 1,2, Lili Kong3, Wagan Bakhtawar1,2
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3. Water resource department of Jiangsu Province, Nanjing, Jiangsu, P.R. China

resulted in large amounts of nitrogen and
phosphorus loss in dissolved and particle forms,
which cause eutrophication in water bodies [4-5]. The
contributing factors of agricultural non-point source
nutrient losses have been widely studied [6-7], most
of these previous studies have determined the
efficiency of nitrogen use and loss from paddy
fields using controlled release nitrogen fertilizer
under flooded conditions [8-11]. However, few
studies have focused on paddy fields with water
saving irrigation management. Shallow wet
irrigation (SWI) as one of the water saving
irrigation management had been pioneered in China
since 1980s [12]. During the rice-growing season, the
soil in paddy fields under SWI remains non-flooded,
usually 60±80 % of the time; thus, no standing
water is found after the re-greening of rice
seedlings except during the periods of harvesting
rain, pesticide, and fertilizer applications [13-14].
Field experiments showed that SWI was effective
in saving water without causing yield reduction
[15-16]
. However, the processes of nutrient losses,
especially the dynamic characteristics of nitrogen
and phosphorus loss by runoff within a SWI system
have not been well studied. Previous studies have
reported that the dynamic changes of runoff
formation and nutrient loss are related to rainfall
and water level when runoff occurs [17-18]. Since the
agro-ecosystem, including the soil properties, soil
water cycle and soil nitrogen transformation and
losses are changed by the wet±dry cycles and
shallower water layer of SWI [19]. These factors
likely result in different characteristics of nitrogen
loss by typical storm events from paddy fields.
Moreover, it is reported that storm events are the
main cause leading to serious soil erosion and
nutrient loss [20-21]; however, the processes of runoff
and nutrient losses, especially the dynamic
characteristics of nutrient loss by runoff within a
typical storm event have not been well studied. This
study aims to understand the dynamics of runoff
and nitrogen and phosphorus loss during a typical

ABSTRACT
A comparison experiment was conducted to
explore the impacts of irrigation methods on
surface runoff loss, nitrogen and phosphorus loss by
runoff through a typical storm event. The irrigation
treatments included: (a) conventional flooded
irrigation (CFI) and (b) shallow wet irrigation
(SWI). Results indicated that runoff peak of SWI
was relatively lagging and the peak value was lower
compared with CFI, the cumulative runoff flux of
SWI accounted for 51.7% that of CFI. During the
runoff process, nitrogen and phosphorus
concentrations decreased with the runoff process in
both CFI and SWI plots. The mean TN (total
nitrogen) and TP (total phosphorus) concentrations
for SWI were 1.12 and 1.33 times of that for CFI,
while the accumulated transfer flux of TN and TP
for SWI decreased by 42.35% and 48.53%,
respectively compared with that for CFI. PN
(particle nitrogen) was the main form of nitrogen
loss in the early period of runoff; while DN
(dissolved nitrogen) gradually became more
dominant at the end of the storm event. PP (particle
phosphorus) was the main form of phosphorus loss
throughout the whole storm event. There were
linear relationships between the transfer fluxes of
TN and TP and the runoff flux. The correlation for
TN was higher in the SWI plot, while that for TP
was higher in the CFI plot.
KEYWORDS:
surface runoff, nitrogen and phosphorus loss, transfer
fluxes, shallow wet irrigation

INTRODUCTION
Agricultural non-point source pollution is one
of the important reasons of water eutrophication [1-3].
The excessive use of fertilizers in agriculture has
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six test plots. Each test plot was 7 m wide and 70 m
long with an average slope of 1/500 along the
longer side and an average slope of 1/2000 along
the shorter side. In order to prevent runoff from one
plot to another, bunds of 40 cm high were built
around each plot and plastic films were buried
about 70 cm deep in the earth along the bunds.
During the experiment period, local traditional
fertilization practices were adopted, compound
fertilizer was applied at quantity of 825 kg ha-1
(equivalent to pure N 132 kg ha-1, equivalent to
pure P 52.5 kg ha-1); Urea was applied quantity of
300 kg ha-1 (equivalent to pure N 138.6 kg ha-1).
The controlled thresholds in different stages for
SWI are shown in Table 2.

storm event and to provide a basis for the
estimation of overall contribution of nitrogen and
phosphorus loss in the SWI system.

MATERIALS AND METHODS
Study area. The small watershed, Baimachahe,
is located in one of the branches of the Baima River
watershed, which is in Lishui &RXQW\ ƍNˈ
ƍE), Jiangsu, China. The study area has a
representative transitional monsoon climate from
northern subtropical to middle subtropical with an
annual mean temperature of 15.48ć and an annual
rainfall of 1087.4 mm, about 52.6% of which falls
from June to October each year. The zonal soil is
mainly yellow brown earth, and soils are mainly
waterloggogenic paddy soil in both the uplands and
the paddy fields (specific physical and chemical
properties are listed in Table 1). The total area is
about 4.087 km2 and most of the land is used for
farming, in which paddy fields account for 50%.

Monitoring of rainfall and runoff flow. The
process of rainfall was monitored by an automatic
rainfall gauge with a data logger (SJ1 type, Nanjing
Hydrologic Instrument Company, China), placed
near the outlet of the watershed. Rainfall was
recorded at an interval of 10 min. Diversion PVC
pipes were installed at the drain outlet of each field
for collecting water samples. The overland flow
was measured by using a cylindrical water gauge
and artificial drainage methods.

Experimental design. In order to analyze the
influence of irrigation methods on nitrogen and
phosphorus loss by runoff from paddy field, two
experimental treatments were designed in this area,
viz. (a) conventional flooded irrigation (CFI) and (b)
shallow wet irrigation (SWI). Three repetitions
were carried out for each treatment and altogether

Water sampling. The water sampling at the
outlets of paddy field were carried out manually
during the course of overland flow. Generally, two

TABLE 1
Basic physical properties of initial soil profile.
Soil depth
(cm)

Mechanical composition /%

Soil layer

Clay

Silt

Sand

Arable layer
Plow pan

0-15
15-30

24.1
18.9

67.4
66.3

8.6
14.8

Soil bulk
density
/g cm3
1.29
1.64

Organic
matter (%)

pH

1.38
0.44

5.5
6.9

TABLE 2
Controlled thresholds in different stages for SWI
Growing
period
Lower limit

Regreenin
g
2)

60%șs1

Jointing
and
heading
75%șs2

100%șs1

100%șs1

100%șs2

100%șs3

100%șs3

0-20cm

0-20cm

0-30cm

0-40cm

0-40cm

Tillering
Initial

5mm

70%șs1

Upper limit

30mm

Root depth

-

Late
1)

Flowering

Milking

80%șs3

70%șs3

Yellow
ripeness
Naturally
drying

1: șs1, șs2, andșs3 represent average volumetric soil moisture for the 0±20, 0±30, and 0±40 cm layers,
respectively;
2: In the case of pesticide, fertilizer applications and rainfall, standing irrigation water at a depth of up to 5 cm is
maintained for less than 5 days.
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repetitions were collected at one time and about 40
water samples were collected for one outlet in each
rainfall runoff event. The sampling times mainly
occurred in the initial stage, the peak stage and the
fall back stage of runoff. All water samples were
immediately taken to the laboratory and stored
below 4Ԩ conditions before the chemical analysis
of TN (total nitrogen), NN (nitrate nitrogen) and
AN (ammonium nitrogen); TP (total phosphorus),
DP (dissolved phosphorus) and PP (particle
phosphorus). The TN concentration was determined
by
alkaline
potassium
persulfate
digestion-spectrometry, NN concentration by
ultraviolet spectrometry and AN concentration by
1HVVOHU¶V UHDJHQW SKRWRPHWU\ 7KH '1 GLVVROYHG
nitrogen) could be considered the sum of NN and
AN because the dissolved organic nitrogen was
limited in runoff water [22]. The content of PN
(particle nitrogen) in runoff water was obtained by
subtracting the content of DN from the content of
TN. The TP was measured in the unfiltered samples
according to the indophenol blue method. For DP
analysis, 100 mL water was re-filtered with a 0.45
ȝm filter, then DP was determined with the
molybdate blue method. PP was obtained by
subtracting the content of DP from the content of
TP [23].

are the instantaneous runoff volume at ith and
q
i1
(i+1)th sampling time, L s-1; ci and c i1 are the
instantaneous
nitrogen
and
phosphorus
concentrations at ith and (i +1)th sampling time,
mg l-1; A field is the area of runoff monitoring
area, m2; 't is the time interval between ith and
(i+1)th sampling time, min; j is the different
nitrogen and phosphorus form; n is the total number
of water samples.
Statistical analysis. An analysis of variance
(ANOVA) was performed to analyze the
differences in the concentrations and transfer fluxes
of N and P in runoff water under different
treatments (Stat Soft Inc., 1995). Standard deviation
was adopted to obtain the average runoff rate and
the average N and P concentration at the outlet of
each plot and to identify the variation degree of N
and P concentration with time during a runoff event.
Linear correlation analysis was performed between
N and P transfer flux through runoff and the
corresponding runoff flux during a runoff event.

RESULTS AND DISCUSSION
Characteristics of rainfall runoff at the
paddy land outlets. In this study, the typical
rainstorm event occurred during July 11 2011, was
chosen here to study the effect of different
irrigation methods on nitrogen and phosphorus loss
through runoff. The precipitation of this rainstorm
event was 60.2mm and the maximum rainfall
intensity was 25.8mm/h. Rainfall occurred in
tillering stage of rice during which, the mean water
layer for CFI and SWI were 55 and 15 mm,
respectively. The dynamical variations of
instantaneous runoff rate in the CFI and SWI plots
in the rainstorm event are shown in Figure1. There
was a remarkable runoff peak in each plot and the
runoff peak always lagged behind the rainfall peak.
The occurrence of runoff peak for SWI was delayed
compared with CFI. In addition, the surface runoff
and runoff coefficient among SWI and CFI plots
are shown in Table 3. The accumulated runoff flux

Estimating methods. The runoff flux,
nitrogen and phosphorus transfer fluxes in the
rainfall event were estimated according to the
following equations:
r

R / A field

n 1
t
³0 q t dt / A field | ¦ ª«¬ q i  q i 1 u 't i / 2 º»¼ / A field
i 1

(1)
Mj

F /A
j
field

ª n 1
º
« ¦ ª« ci q i  ci 1 qi 1 / 2º» u 't i » / A field
¬
¼
¬« i 1
¼»

(2)
where R is the cumulative runoff volume during a
runoff event, m3; r is the runoff flux during a
runoff event, mm; F is the cumulative nitrogen
and phosphorus loss through runoff during a runoff
event, mg; M j is the transfer flux of nitrogen and
phosphorus during a runoff event, mg m-2; qi and
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FIGURE 1
Variations of instantaneous runoff rate and precipitation with time in the plot of CFI and SWI

TABLE 3
Differences of surface runoff and runoff coefficient among SWI and CFI plots.
Accumulated
Runoff
runoff flux
coefficient1)
-1
Ls
mm
a2)
a3)
SWI
0.77±0.05
0.32±0.19
20.56±1.28a
0.34
b
a
CFI
1.67±0.12
0.54±0.43
39.75±0.90b
0.66
P value
0.000
0.46
0.000
1. Ratio of accumulated runoff flux to accumulated precipitation in the whole rainfall runoff event.
2. Means followed by the same letter within each column are not significantly different at P < 0.05, the same
below.
3. Means ± standard deviations, the same below.
Treatment

Peak flow

Instantaneous
runoff rate

and phosphorus concentration. Figure 2 shows
the variations of TN, NN and AN concentrations in
runoff water in CFI and SWI plots. It can be
realized that the variation of nitrogen
concentrations in runoff water responded strongly
to the runoff process in each plot. The
concentrations of TN, NN and AN was decreased
obviously at the earlier period of the runoff process.
Then the peak value and valley value of TN, NN
and AN concentration occurred alternately. The
variation of NN concentrations was similar to TN,
which were both higher than that in CFI plot during
the whole runoff process. On the contrary, the AN
concentration in the SWI plot was lower than that
in the CFI plot almost during the whole runoff
process. However, from the point of the whole
process of rainfall runoff, the nitrogen
concentrations in both CFI and SWI plots decreased
compared with the beginning time of the runoff
process.
The statistical analysis results of nitrogen
concentrations are shown in Table 4. The mean TN
and NN concentrations for SWI were 1.12 and 1.15
times of that for CFI. While the mean AN

of SWI was 20.56mm, which accounted for 51.7%
that of the CFI. This was because the water depth in
the SWI plot was shallower than the CFI plot, then
the field hysteresis storage capacity was higher than
the CFI plot, which resulted in the delay of runoff
occurrence and reduced the runoff flux. By
comparing the instantaneous runoff rate of each plot,
it was apparent that the instantaneous runoff rate
with time was also influenced by the water layer
before the runoff occurrence: the shallower the
water layer, the lower the sensitivity of the
instantaneous runoff rate to the rainfall intensity,
but the difference was not significant. Moreover,
the runoff coefficient also appeared to vary
consistently with the accumulated runoff flux, this
could have been caused by the similar plant
coverage and the antecedent soil moisture of each
treatment. In other words, the processes of surface
runoff under different irrigation method were not
synchronized. For the CFI plot, the runoff flow
occurred earlier, and the peak flow and
accumulated runoff flux was increased.
Effect of irrigation methods on nitrogen
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The results above was due to the effects of
rain splash erosion brought a large number of
particle nitrogen to the surface runoff, which
increased the DN concentration for SWI.
Furthermore, the shallower water depth in SWI plot
improved the air condition in the soil, the
nitrification was enhanced. Therefore, the NN
concentration in SWI plot was higher than that in
the CFI plot.
Figure 3 shows the variations of TP, DP and
PP concentrations in runoff water in CFI and SWI
plots. The variation of TP and PP concentrations in
runoff were similar in the two plots except for the
beginning of the runoff process. Both TP and PP
concentrations reached the peak value when the
runoff peak occurred in the CFI plot, while the peak
value of TP and PP concentrations in the SWI plot
occurred before the runoff peak occurrence and
then decreased gradually. This result was due to the
initial water layer in SWI plot was shallow, which
enhanced the hit kinetic energy of raindrops and
then improved the splash erosion, thus increased the
TP and PP concentration. The DP concentration in
SWI plot was lower than that in CFI plot during the
whole runoff process. This might because a thicker
water layer can improve the dilution and dissolution
effects of phosphorus. Statistical analysis results of
the mean phosphorus concentrations are shown in
Table 5. The mean TP and PP concentrations for
SWI were 1.33 and 1.30 times of that for CFI. The
results above was due to the effects of rain splash
erosion brought a large number of particle
phosphorus to the surface runoff, which increased
the PP and TP concentrations for SWI. The DP
concentration varied from 0.028 to 0.099 mg L-1 in
the SWI plot, there was only a slight variation of
DP concentration. While the mean DP
concentration decreased 32.65% compared with
that of CFI. This result
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FIGURE 2
Variations of nitrogen concentrations in runoff with
time in the plots of CFI and SWI

TABLE 4
Differences of nitrogen concentrations in runoff water among two irrigation methods.

Treatme

TN (mg/L)

nt

Mean±SD

NN (mg/L)

AN (mg/L)

Range

Mean±SD

Range

Mean±SD

Range

1.405-1.90

2.429±0.327a

1.876-3.10

SWI

8.573±0.826a

7.309-9.848

1.592±0.15a

CFI

7.679±0.816a

6.623-9.203

1.390±0.20a

1.156-1.95

3.030±0.394a

2.254-3.85

P value

0.253

-

0.234

-

0.112

-
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interactions. Therefore even the runoff brought
more surface soil to the SWI plot, there was no
higher DP concentration.
Effect of irrigation methods on the
accumulated transfer flux of nitrogen and
phosphorus. Table 6 showed that there were
significant differences in the accumulated transfer
fluxes of N and P among the different irrigation
methods. For this typical rainstorm event, the
accumulated loss of TN, NN and AN through
runoff in SWI plot decreased by 42.35%, 40.37%
and 59.91%, respectively compared with that in
CFI plot. Moreover, the accumulated loss of TP,
DP and PP in SWI plot decreased by 48.53%,
65.52% and 45.71%, respectively compared with
that in CFI plot. These results indicated that the
SWI system could reduce a massive N and P loss
load by reducing the accumulated runoff flux.
In this storm event, PN and PP were the major
forms of N and P loss. Comparative results of PN
and DN losses are shown in Figure 4a. The figure
indicates that PN was higher than DN in the early
period of runoff formation, with a maximum ratio
of PN/DN varying from 3.2 and 2.68 in the SWI
and CFI plots, respectively. But the ratio decreased
gradually with rainfall progress, ending at a
minimum value from 0.39 to 0.26 in the SWI and
CFI plots, respectively. This shows that nitrogen
losses may vary substantially in different irrigation
methods, even during the same storm event, due to
the variation of rainfall intensity and water layer as
well as nitrogen behavior. In the earlier period of
runoff event, soil particle loss significantly
increased PN loss, while at the later period of the
event DN was the main form of N loss.
Comparative results of PP and DP losses are
shown in Figure 4b. Throughout the study, the ratio
of PP/DP was high in the early period of runoff
formation, with a maximum ratio varying from
12.70 to 7.90 in the SWI and CFI plots, respectively.
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FIGURE 3
Variations of phosphorus concentrations in
runoff with time in the plots of CFI and SWI

indicated in the shallow water layer in the SWI plot
enhanced the soil adsorption by soil-water
TABLE 5
Differences of phosphorus concentrations in runoff water among two irrigation methods.

Treatme

TP (mg/L)

DP (mg/L)

nt

Mean±SD

Range

Mean±SD

Range

Mean±SD

Range

SWI

0.538±0.24a

0.112-1.010

0.049±0.012a

0.028-0.09

0.489±0.15a

0.084-0.936

CFI

0.406±0.34a

0.188-0.793

0.065±0.028a

0.030-0.12

0.376±0.11a

0.159-0. 691

P value

0.612

-

0.414

-

0.352

-
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TABLE 6
Accumulated loss of N and P (mg m-2) in runoff among two irrigation methods
Treatment

TN

NN

AN

TP

DP

PP

SWI

182.15±2.63b

34.70±0.74a

51.42±1.02a

11.36±1.38a

1.10±0.09a

10.25±1.15a

CFI

315.96±8.30a

58.19±2.90b

128.25±8.33b

22.07±2.96b

3.19±0.16b

18.88±2.38b

P-value

0.000

0.000

0.000

0.005

0.000

0.005

runoff. The relationships between runoff flux and
TN, TP transfer fluxes through runoff are shown in
Figure 5. It can be seen that there were linear
relationships between the transfer fluxes of TN and
the runoff flux in the CFI and SWI plots, where the
determination coefficients were 0.689 and 0.848,
respectively, and there were significant differences
among the two determination coefficients. Such
differences were primarily caused by the
differences of loss mechanisms of various N forms.
In addition, significant linear relationships between
the transfer fluxes of TP and the runoff flux were
found in the CFI and SWI plots, where the
determination coefficients were 0.973, and 0.918,
respectively.
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FIGURE 4
Dynamic changes of PN/DN (a) and PP/DP (b)
losses (mg m-2) in runoff during the storm events
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The ratio decreased gradually with rainfall progress,
and ended at a minimum value varying from 2.97 to
5.35 in the SWI and CFI plots, respectively.
Therefore, PP was the main form of P loss by
runoff in this study area.
From a general view, PN and PP are the main
form of nutrient losses during the storm event, DN
gradually became more dominant at the end of the
storm event since the ratio of PN/DN was lower
than 1. While the ratio of PP/DP remained higher
than 1, which showed that SP was the main form of
P loss throughout the whole storm event.
Meanwhile, the ratios of PN/DN and PP/DP in the
SWI plot were generally higher than that in the CFI
plot, which indicated that the form of N and P loss
by runoff were influenced by the water layer before
the runoff process.
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FIGURE 5
Relationships between runoff flux and TN(a),
TP(b) transfer fluxes through runoff.
The difference of the two determination coefficients
are caused by the difference of runoff process
among the two irrigation methods. The TP transfer
flux kept increasing with the runoff in CFI plot.

Relationships between runoff flux and
nitrogen and phosphorus transfer fluxes through
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While in the SWI plot, since the initial water layer
was shallower, the water layer kept increasing
without runoff occurred, the soil phosphorus kept
dissolving in the water, the TP increased with the
runoff when the there was runoff occurrence. Since
the TP concentration was relative high, the variation
of TP loss load was not obvious even when the
runoff rate wane. Finally, the TP loss load was
decreased by the dilution effect of continuous
runoff.
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BIODEGRADATION OF ESSENTIAL OIL BY
ENTEROBACTER SP. INDUCES PLANT GROWTH AND
INHIBITS DAMPING-OFF PATHOGENS
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degrade chitin synergistically, into the extra-cellular
environment [5, 6, 7, 8]. The volatile oils of some
conifers also contain carvacrol and thymol [9]. It
has been indicated that the antioxidant activity of
the essential oils of the above-mentioned herbs are
due to the carvacrol, its isomer thymol and some
other phenols [10, 11]. Chamberlain and Dagley
[12] found that Pseudomonas spp. strains were able
to degrade thymol and carvacrol. They proposed
also a metabolic pathway for thymol involving
meta-ring opening of a trihydric phenol, 3hydroxythymo-1,4-quinol to 3,7-di-methyl-2,4,6trioxo-octanoate. The hydrolysis of the latter,
catalyzed by-ketolase yields acetate, 2-ketobutyrate
and isobutyrate. -ketolases encompass ten known
enzymes that hydrolyze carbon-carbon bonds of diketo compounds. The selective antimicrobial
effect of EO vapour on microorganism population
results surviving micro-flora profiles, which
induces decomposing of the essential oil as carbon
source and producing different metabolites.
The most common soil-borne pathogens
infecting young seedlings in the greenhouses are
Rhizoctonia solani and Fusarium moniliforme
causing damping-off disease in Turkey. There is no
sufficiently effective pesticide to control these
pathogens. In the present study our findings showed
decomposition of the essential oil and its major
components, which can be associated with the
superiority of the Enterobacteriaceae family
members.
To the best of our knowledge, there is no
information on bacterial biodegradation of the
essential oil and growth promoter effect of its
degraded metabolites on crops. In this study, the
effect of metabolites at post-degradation process
considering two different concepts including its
plant growth promoting rhizobacteria effect
(PGPR) and fungitoxic effects on soil-borne
pathogens were examined.

ABSTRACT
The soil microflora shelters community of
dynamic microorganisms affecting biological
activities of plant pathogens. Essential oil of
Thymbra spicata oil is known to have antibacterial
property. However, Enterobacter sp., which is able
to decompose essential oil of Thymbra spicata and
its main component carvacrol, was identified using
16S rDNA analysis. To elucidate this inhibitory
effect, antifungal properties of secreted metabolites
were investigated using bioautography of culture
filtrates production of indole acetic acid (IAA) and
chitinase. Chitinase expression was confirmed
using SDS-PAGE staining by protein extraction
from culture mediums. Therefore, we detected that
biodegraded metabolites have also plant promoting
effect on plants and inhibitory effect to Fusarium
oxysporum and Rhizoctonia solani. These findings
suggested that Enterobacter sp. is an IAA and
chitinase producer that induces plant growth and
biological agent to soil-borne pathogens.

KEYWORDS:
Assimilation, biodegradation, plant growth regulators,
plant pathogens

INTRODUCTION
A number of essential oil constituents have
inhibitory effect on plant pathogens [1]. Many
studies on microorganisms able to assimilate of
essential oils that have been already published [2],
but these studies remained in a limited area that
could not intensively be reflected to scientific area
and not integrated into in practice [3, 4].
Recycling of chitin from disposed materials
and dead organisms result mainly from the activity
of chitinolytic microorganisms. Species of the
genera Serratia, Bacillus, and Vibrio have been
reported to secrete several chitinolytic enzymes and
chitin-binding proteins, which are thought to
3493
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performed in media (40 ml per each medium type)
up to 2, 4 and 6 days after inoculation.

MATERIALS AND METHODS
Bacterial isolation. Bacteria was isolated
from the endorhizosphere soil of Thymbra spicata
var. spiciata plants and performed in a solid and
liquid culture medium (A) (which only carbon
sources modified from King et al. [13]) containing
50, 100, 250 and 500 ppm essential oil of T. spicata
besides peptone 20g, K2SO4 10g, MgCl2 1.4g,
glycerol 10ml L-1, agar 13.6 in distilled water
1000mL pH 7.2 at 25ºC for 48 hours in vitro
conditions. A colony able to grow in a medium
containing 500 ppm EO [14, 15, 16, 17] was
detected and further studies was carried out on this
colony.

Detection of indole-3-acetic acid production
using different carbon sources and PGPR effect
of bacteria. The method by Torres-Rubio et al. [18]
was used for detection and to estimate of indole-3acetic acid (IAA) production. Essential oil, glycerol
and carvacrol were used to be carbon sources in
culture mediums. Control mediums were not
inoculated. 5 ml of bacterial suspension was
separated from liquid medium at 48, 96, and 144 h
after inoculation hours. The suspension was
centrifuged at 9500 rpm for 20 min at 5° to discard
pellets. After 30 minutes, aliquot was measured by
spectrophotometer (Shimadzu UV-160 A) at 530
nm after mixing with Salkowski reagent (2:1)
indicating pink color according to colour change.
Concentrations were calculated according to plotted
calibration curve. The bacterial suspension was
adjusted to 2.7x108 CFU ml-1. Furthermore, another
pot experiment was conducted to investigate
whether bacteria had any PGPR effect on roots.

Bacterial identification. To identify the
bacterium, a polymerase chain reaction (PCR) was
performed to amplify the 16S rRNA gene from the
genomic DNA of strain Enterobacter as described
in reference 7KH IRUZDUG SULPHU ZDV ¶TGGCTCAGAACGAACGCTGGCGGC-¶ DQG
the
reverse
primer
was
¶&&&$&7*&&7&&&*7$$**$*7-3.
The
temperature cycle was at 94°C for 30 s, 55°C for 1
min, and 72°C for 1 min 30 s for 30 cycles and 5
min at 72°C for extension. The PCR product was
cloned in a pGEM-T easy vector (Promega,
Madison, WI, USA). The nucleotide sequence of
the 16S rRNA gene was determined by an ABI
Prism 377 DNA sequencer (PE Applied
Biosystems, MA, USA) and compared with
published 16S rRNA sequences using Blast search
at Genbank data base of NCBI (Bethesda, MD,
USA). Our results were also confirmed with the
results
of
Deutsche
Sammlung
von
Mikroorganismen und Zellkulturen GmbH.

Observing plant height and root mass
enhancement with in vivo experiments. As
another marker of IAA production, remarkable
increasing of plant height and root mass
enhancement were visually observed in another
experiments conducted with cucumber (Cucumis
sativus) seedlings compared to control under in vivo
conditions. Cucumber seeds were sown into a
mixture of soil, peat soil and perlit (2:2:1). The soil
was not sterilized to protect the microbial flora.
Bacteria were grown as described in Assessing of
Bacterial Assimilation. Bacteria inoculated liquid
culture medium with essential oil was drenched to
plants through the roots, 144 hours later
inoculation. Water alone was control. They were
introduced to plants by 1/1000 dilution with water.
Plants were grown in 26±ºC with relative humidity
60% ±5 and under 14 hours day light. Twenty days
later, 10 plants were randomly selected and fresh
and dry weight of the plants (fresh / dry leaf weight,
fresh / dry root weight, root length, and leaf area
index) were measured. Leaf area index were
measured using a software of Comparative Plant
Ecology The Unit in Sheffield University. The data
was statistically evaluated using Duncan test [19].

Fungal plant pathogens. Tested soil-borne
fungal plant pathogens Rhizoctonia solani Kühn
and Fusarium moniliforme Sheldon were provided
from previous pathogen collections [9].
Assessing of bacterial assimilation. The
Enterobacter sp. was inoculated to 3 different
liquid medium A to evaluate its HVVHQWLDO RLO¶V
assimilation capacity. Therefore, ingredients of
culture medium A were different according to
carbon source. These A mediums contained
glycerol 10 ml L-1 alone, T. spicata essential oil
(extracted from previous studies [9]) (500mg L-1)
and carvacrol (%98, Sigma±Aldrich, CAS Number:
499-75-2) 500mg L-1 seperately. The suspension of
bacterium was adjusted to ca. 4x109 colony forming
units (CFU) ml-1, of suspension 1 ml was inoculated
into each 125 ml flask and was grown in shaking
culture (105 rpm) for 6 days at 25ºC. There was no
bacterial suspension in control flasks. Bacteria were

Detection of post-degradation metabolites
and their fungitoxic effect. Extraction was done
according to Burkhead et al. [20], adjusting pH to 3
with diluted HCI in liquid mediums. Of mediums 8
ml sample was pipetted into glass screw-capped
tubes and 1.5 ml ethyl acetate was added into tubes
mixed thoroughly with vortex. Then extracts were
centrifuged at 9500 rpm for 20 min at 5ºCȝO
extract was spotted onto aluminum thin layer
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mg L-1), carvacrol (500 mg L-1), glycerol (10 ml L1
) and glycerol+carvacrol (5 ml L-1 glycerol and
250 mg L-1 carvacrol) were separately used in
medium A as carbon sources. Control groups were
not inoculated with bacteria. Of inoculated
mediums, samples were collected at 48, 96, 154 and
240 h after inoculation, pH and chitinase activity
were measured. Chitinase activity measurement
was done according to Isaacson and :HEVWHU¶V[21].
The activity in culture mediums was measured on
the basis of the release of p-nitrophenol from
labeled substrates. Testing chitinase activity, in 50mM potassium phosphate buffer, 1-mM substrate
solution was dissolved with p-nitrophenyl-N-acetylȕ-D-glucosaminide (0.34 mg/ml) (pH 6.7). All the
measurements were done using an Elisa plate
reader (Thermo Labsystems Multiskan Spectrum)
at 410 nm after incubation for 1 PLQ DW Û&
Chitinase activity was measured both in samples
containing bacteria and after removing bacteria by
centrifuge of liquid media.

chromatography (TLC) sheets (Kieselgel 60 F254
20x20 cm). The plates were developed in TLC tank
containing 100 ml chloroform: acetone (9:1) [20],
and were allowed to develop until the solvent,
which was 15 cm above the loading point. The
plates were immediately marked with a pencil.
Then the plate was allowed to dry. When the dried
plates were viewed under UV radiation (254nm), Rf
values of the spots were determined. The
bioautography method was used spraying mixture
of dextrose and spores of F. moniliforme Sheldon
grown in PDA for 7 days at 24 0C to detect the
fungitoxic compounds [20]. Bioautography method
was made with three replicates to validate the
antimicrobial substance.
Inhibitory effect of post degradation
products on soil-borne pathogens. The liquid A
mediums were tested to assess the inhibitory
compounds in assimilation products to soil
pathogens R. solani, F. moniliforme. The bacterium
was performed in liquid A medium (pH 7.2)
containing different carbon sources that were
essential oil and essential oil+glycerol seperately.
The inoculated mediums were grown using a rotary
shaker for a week (25ºC, 105 rpm min-1). Of liquid
mediums, 266 ml was mixed with sterilized 734 ml
PDA, and the total amount was 1000 ml. Of the
flasks 15 ml mixture was dispersed into agar
medium and poured into plates. Disks with (10
mm diameter) mycelium of performed pathogens
Rhizoctonia solani Kühn, Fusarium moniliforme
Sheldon were released onto center of petri dishes
and performed for 3 days in 27ºC. Of the same solid
mediums 15 mL was used in in vitro assays. The
control mediums contained no bacterial filtrate.
Moreover, the inhibitory effect of bacterium on soil
borne pathogens, which can be associated with
secondary (degraded) metabolites, was also
investigated using liquid A mediums (pH 7.2)
containing different carbon sources. At this time,
bacterium was performed in liquid media (pH 7.2)
containing no glucose, 2% glucose, and 0.1%
glucose+500 ppm T. spicata oil separately. These
mediums were also introduced adjusting three
different ratios ((5ml; 15ml)1/4, (10ml:10ml) 1/2,
(15ml:5ml) 3/4). Of the flasks totally 20 ml mixture
was dispersed into agar medium and poured into
plates. All plate experiments were carried out with
5 replicates and measurements were done
perpendicular to the side of fungus-mycelium
growth as given above. The data was recorded at 7
days after inoculation. The experiments were
carried out according to Completely Randomized
Design, Duncan test was done for evaluations of the
mean value differences (P<0.05) [19].

Staining of chitinase activity on SDS-Page
electrophoresis. Prepared SDS gel (BIO-Rad, 10
wells) was used. Electrophoresis was performed at
60 V in the first 2 h, then at 110 V for 1 h more,
after which the gel was removed from the
electrophoresis
tank.
When
SDS-PAGE
electrophoresis was finished, one was fixed and
stained with CBB R-250 dye (2.5.1). The other was
immersed and shaken twice in 25% (V/V)
isopropanol in 10 mM acetate buffer (pH 5.0) for
10 min, and equilibrated in 10 mM acetate buffer
(pH 5.0) for 15 min before activity staining. The
activity staining of chitinase was mainly according
to the method of Trudel and Asselin [22]. The 1 %
(W/V) agarose gel (pH 5.0) containing 0.01%
(W/V) deacetyl glycol chitin was overlaid with the
equilibrated polyacrylamide gel. After incubation at
37°C for 1 h, the agarose gel was dipped in 0.01%
(W/V) Fluorescent brightener 28 (designated as
Calcofluor white M2R in the original paper)
fluorescent dye (F-3543, Sigma Chemical Co.) in
50 mM Tris buffer (pH 8.3) for 5 min and then
washed with distilled water several times to remove
excess fluorescent dye. The active chitinase in an
agarose gel appeared dark on a bright background
under UV light.
Protein patterns. Prepared SDS gel (Fa. BIORad, 10 wells) was used for determination of
protein patterns. The electrophoresis tank was filled
with 1% SDS puffer (Roth Co.). Combs were
removed from stacking gel, taking care not to
disturb the well dividers. The samples (5 μl) and
standard protein as marker (low molecular weight±
marker, Pharmacia calibration Kit; 14.4, 20.1, 30,
43, 67, and 94 kD were applied in 1:1 (v/v) sample
buffer in well dividers.

Detection of chitinase activity of bacteria in
different eediums. Essential oil of T.spicata (500
3495
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Detection of indole-3-acetic acid production
using different carbon sources and PGPR effect
of bacteria. Uninoculated mediums failed to
produce any IAA (Table 1). IAA was assessed in
inoculated A mediums except for the ones
containing glycerol since bacteria did not produce
IAA in the mediums containing glycerol alone to be
a carbon source. IAA quantity was 19.2 μg ml-1 in
the medium containing carvacrol alone (Table 1).
The medium containing only essential oil IAA
quantity was nearly equal amount as detected in
medium containing carvacrol that was 19.7 μg ml-1
(Table 1).

Staining of gel with Coomassie Brilliant
Blue. After the run, the gel was placed into
coomassie solution (0.25 g Coomassie ± blue, 400
ml methanol 70 ml glacial acetic acid, 1 l distilled
water) since proteins are not directly visible and
incubated for 1 h at room temperature. Coomassie
blue dye binds to protein non-specifically.
Corresponding protein bands can be detected as
blue bands on a clear background [23]. Thereafter,
the gel was placed in the destaining solution (100
ml isopropanol, 100 ml glacial acetic acid, and 800
ml distilled water) under gentle shaking for 4 h to
remove the background, prior to evaluation and
photography. Protein electropherograms of samples
were compared visually with the marker. After
removing the solution, the bands of visible protein
bands were fixed with 50% glycerol solution and
stored in a refrigerator.

Observing plant height and root mass
enhancement with in vivo experiments. In
sterilised soil, there was significant difference on
plant heights between control and inoculated A
medium (P<0.05). The highest fresh weight was in
plants treated with inoculated A medium (Table 2).
The difference was also noticeable in view of root
weight and fresh weight, leaf area index within
treatments (Table 2). The green leaf weight was
332.32 mg/plant for the application of inoculated
medium containing essential oil and 189.63
mg/plant for the tap water. This difference is
indicative for growth promotive effect.

RESULTS
Identification of bacteria. Identification of
bacterium was made using 16S rDNA analysis and
determined as Enterobacter sp. 16S rRNA gene
sequence showed also high similarity (98-100%) to
Enterobacter sp. according to BLASTn program.

TABLE 1
IAA (μg/ mL) production by bacteria performed using different carbon sources according to hours post
inoculation.
Time (hour)
48
96
144

EB
10.7±0.4
20.4±1.6
19.7±1.3

GB
0
0
0

CB
12.1±0.8
20.5±2.2
19.2±1.3

EB; bacteria performed in medium A containing essential oil alone,
GB; bacteria performed in medium A containing glycerine alone,
CB; bacteria performed in medium A containing carvacrol alone,
Econt; medium A containing essential oil alone,
Gcont; medium A containing glycerine alone,
Ccont; medium A containing carvacrol alone.
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Econt
0
0
0

GCont
0
0
0

CCont
0
0
0
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TABLE 2
The statistical analysis after application of inoculated medium containing essential oil (EB) and control
group (tap water) on cucumber plant (sd=standart deviation). * in same row with different letters show
statistically difference according to Duncan test (P<0.05).
*Measured properties

EB±sd

Control±sd

Green plant weight (mg/plant)

1930±330A

1160±150B

Green leaf weight (mg/plant)

332.32±37A

189.63±34B

Dry leaf weight (mg/plant)

35.89±80A

24.11±5B

Green root weight (mg/plant)

92.78±41A

29.88±8B

Dry root weight (mg/plant)

16.02±4.9A

8.96±2.2B

Root length (mm/plant)

144.6±45.9A

99.6±31.2B

Plant area measurement (cm2/leaf)

2.945±0.34A

1.73±0.27B

Inhibitory effect of post-degradation
assimilation products on soil-borne pathogens.
Our results showed less growth of R. solani on
inoculated mediums containing essential oil
compared to control. Inhibition was determined in
inoculated mediums containing essential oil and
glycerol. The effect of bacteria was statistically
significant at 0.05 level compared to control (Table
3). The effect of bacteria against F. moniliforme
was investigated, inoculated mediums gave rise to
statistically significant (P<0.05) inhibition, which
was compared to control. Inoculated mediums
containing both essential oil and glycerol showed
the highest inhibition zone respectively when
compared with each other. Medium containing
essential oil alone had the highest inhibition effect
within controls (Table 3). The mediums introduced
by adjusting three different ratios (1/4, 1/2, 3/4)
showed similar results as given Figs 1, 2. Especially
inoculated mediums showed the highest inhibition
zones compared to uninoculated ones. R. solani and
F. moniliforme showed less growth in inoculated
mediums containing 0.1% glucose + 500 ppm
essential oil than control plates (Fig. 1-2).
Moreover, a recession in growth of mycelium
shows some antimicrobial compounds production
in inoculated mediums with %2 glucose in all
ratios.

Detection of post-degradation products and
their fungitoxic effect. Six days of inoculation was
optimum time for detecting effective compounds
after performing bacteria in A medium, which was
determined with previously studies [14]. The
samples after performing were subjected to TLC
sheets. There was no similar zone in samples of
uninoculated mediums, however, the effective
compounds in different liquid mediums containing
essential oil, glycerol and carvacrol resulted in
appearance of the spots on TLC sheets at 0.32, 0.37
and 0.31 Rf values under UV radiation (254 nm).
Carvacrol appeared both in inoculated and
uninoculated TLC sheets at Rf 0.8 in. Inhibition
zones that appeared around the spots remarkably
inhibited fungal growth after its performing in
liquid culture with different carbon sources
containing essential oil, glycerol and carvacrol. The
spots were identically same in terms of Rf values at
around of 0.47, 0.45 and 0.49 under UV radiation
(254 nm). Carvacrol portions extracted through
inoculated and uninoculted mediums showed
inhibition zones at Rf 0.8.
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TABLE 3
Growth of the pathogens on plates containing different carbon sources. EB; bacteria was perfomed in a
medium containing essential oil, GB; bacteria was performed in a medium containing glycerine, EGB;
bacteria was perfomed in a medium containing both essential oil and glycerine. Ce; no bacteria but
medium contains essential oil alone, Cg; no bacteria but medium contains glycerine alone, Cc; no bacteria
but medium contains carvacrol alone. Control; PDA medium alone (± =standart deviation).
Mycelium diameters (mm) of the pathogens on plates according to different
carbon sources
EB
GB
EGB Ce
Cg
Cc
Control

Tested pathogens
R.solani

22.2±7.45 D

29.0±4.73 CD

0E

33.7±3.89 C

76.6±0.89 A

51.8±11.97 B 77.0 A

F.moniliforme

6.6±9.03 C

2.2±1.48 C

0C

24.3±8.32 B

52.5±3.80 A

47.5±8.40 A

43.6±8.24 A

*Groups in same row with different letter show statistically differences (P<0.05) according to Duncan test.
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FIGURE 1
The effect of bacterium filtrate against R. solani (a; bacteria was performed in A medium containing no
glucose (control), b; 2% glucose, c; 0.1% glucose + 500 ppm essential oil respectively). *Astericks show
statistically differences (P<0.05) compared to control groups according to Duncan test.
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FIGURE 2
The effect of bacterium filtrate against F. moniliforme. (a; bacteria was performed in A medium
containing no glucose (control), b; 2% glucose, c; 0.1% glucose + 500 ppm essential oil
respectively).*Astericks show statistically differences compared to control groups (P<0.05) according to
Duncan test.

experimental period. Although no chitinase activity
was detected in medium containing glycerol,
inoculated mediums showed a gradual increase at
154 and 240 hpi in all mediums. This result
indicates attacking of bacteria to pre-exist chitin in
the medium. This was confirmed by no detected
chitinase activity in medium containing glycerol
when bacteria were removed from the medium
(Table 4). The chitinase production of bacterium
was associated with the observed inhibitory effect
on tested pathogens. In vitro test results showed
accordance with chitinase activity measurements.
pH values of the inoculated medium A showed
changes according to carbon sources. pH values in
inoculated medium A containing glycerol alone
were less than inoculated medium containing
essential oil or carvacrol (Table 4).

Detection of Chitinase Activity of
Bacterium in Different Mediums. None of the
control groups showed chitinase activity in the
experimental period. The pH of all mediums
increased in the mediums except medium
containing glycerol alone. This case can be
associated with differentiation of bacterial
metabolism by different carbon sources. The
highest chitinase activity was always in inoculated
mediums with glycerol and carvacrol at all hpi
(Table 4). Later on, the highest activity was
observed in inoculated medium containing essential
oil (4.64) and inoculated medium with carvacrol
(4.54) respectively. Inoculated mediums except for
mediums containing glycerol alone showed
chitinase production, but mediums containing no
bacteria showed the lowest chitinase activity in the
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TABLE 4
Changes in chitinase activity of mediums containing living bacteria and different ingredients. Hours post
inoculation (HPI) and carbon sources are listed on left column. Bacteria; contains only bacterial
suspension without culture medium. Control Medium; contains only culture medium, bacteria have been
removed after performing from culture by centrifuge. Bacteria+Medium; it contains bacteria and culture
medium, Gly+Carvacrol; medium contains glycerol and carvacrol, pH; pH values of the inoculated
mediums (2x106 CFU ml-1).

HPI

48

96

154

240

Carbon
Sources

Bacteria

Control
Medium

Bacteria +
Medium

pH

Essential oil
Glycerol
Carvacrol
Gly+Carva
Essential oil
Glycerol
Carvacrol
Gly+Carva
Essential oil
Glycerol
Carvacrol
Gly+Carva
Essential oil
Glycerol
Carvacrol
Gly+Carva

1.88
1.47
1.29
2.45
1.48
1.39
1.04
1.95
1.27
2.10
0,88
2.22
1.51
2.66
1.08
2.71

0.36
0,02
0,50
0,24
2.06
0,06
1.80
3.98
1.98
0,13
2.32
4.68
2.40
0.28
2.84
5.09

2.27
2.05
1.77
2.83
3.73
1.34
3.14
5.12
3.88
2.05
3.35
6.79
4.64
2.48
4.54
7.64

8,07
5,31
8,11
6,85
8,60
4,66
8,77
8,50
9,33
4,73
9,34
9,15
9,48
4,72
9,41
9,52

treatment the chitinase expresion was higher in two
bands from protein bands when bacteria was
incubated in medum containing essential oil,
cavracrol and glycerol (Fig. 3 ), The protein bands
were confirmed the heights of expressed proteins
on SDS- PAGE Fig 4.

SDS-Page Electrophoresis Results of
Chitinase Activity. In SDS Page electrophoresis
studies in uninoculated mediums, there was no
chitinase expression. At 48 h of treatment the
chitinase expression was detected on around of 30
kD and 43kD protein (Fig. 3). At the 2nd day of

C

1

2

3

4

5

6

FIGURE 3
The confirmation of chitinase expression using SDS-Page electrophoresis
The active chitinase in an agarose gel appeared dark on a bright background under UV light. C. The
chitinase expression in uninoculated and without carbon source mediums
1. The chitinase expression in culture medium containing essential oil (bacteria inoculated) at 48 hpi
2. The chitinase expression in culture medium containing essential oil (uninoculated) at 48 hpi.
3. The chitinase expression in culture medium containing essential oil at 48 hpi (bacteria inoculated)
4. The chitinase expression in culture medium containing cavracrol at 48 hpi (bacteria inoculated )
5. The chitinase expression in culture medium containing glycerol+essential oil at 48 hpi. (bacteria inoculated)
6. The chitinase expression in culture medium containing glycerol at 48 hpi (bacteria inoculated)
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5

6

M

43 kD
30 kD

FIGURE 4
The protein patterns on SDS-Page gel electrophoresis
SDS gel electrophoresis was performed using a vertical mini- prepared gel (Bio-Rad Inc.) . The gel was
fixed with 12.5% TCA and stained with CBB R-250 dye. M. Marker C. The protein pattern in untreated
plants

also shown to tolerate 3% NaCl as well as resistant
to inhibition by the streptomycin in another study
[30]. The production of ammonia is frequently
reported for PGPR, a process most probably
resulting from the deamination (ammonification) of
the amino acids present in the peptone which is
used for this assay [31]. It has been suggested that
ammonia may have a role in antagonism against
competing flora, particularly the fungi [30, 32]. In
our study, an Enterobacter sp. was also
demonstrated to be a microorganism with very
good potential for the promotion of plant growth.
Lack of its host specificity is a good attribute for
microbial inocula, which may be used for the
cultivation of a wide range of crops. Zakria et al.
[31] reported that another strain of Enterobacter sp.
(strain 35) isolated from sugarcane has a
successfully ability to colonize and promotion on
the growth of Brassica oleracea (broccoli), a dicot.
Endophytes offer a wide range of benefits to plants
by promoting growth via several mechanisms, such
as the production and regulation of levels of
phytohormones, including IAA and ethylene [33,
34]. Since our isolate is a member of
Enterobacteriacea family, the same properties can
be suggested.
The high level production of the plant growth
hormone (auxin), IAA in vitro is noteworthy.
Recent findings have revealed that auxin
biosynthesis plays essential roles in many
developmental processes in plants including
gametogenesis, embryogenesis, seedling growth,
vascular patterning, and flower development [35].
IAA production is a major tool employed by PGPR.
IAA is one of the most physiologically active
auxins. IAA is a common product of L-tryptophan
metabolism by several microorganisms including
PGPR [4, 36, 37, 38]. The observed PGPR effect of
our strain on plant growth can be correlated well

DISCUSSION
In nature, a concentration gradient of plant
volatile organic compounds is present from the
releasing plant part to its environment. Essential
oils vary in their chemical compositions containing
only monoterpenes compared to ones with a large
amount of monoterpenoids [24]. We selected
essential oils of Thymbra spicata var. spicata and
carvacrol as major compounds of it. Little
information is known about the biodegradation of
this volatile components. As known all the
components are degradeable by microorganisms.
Carvacrol, a component of Thymbra spicata L. var.
spicata oil, is also degradable [2]. Pseudomonas
sp., Bacillus sp., Alcaligenes sp. and many
microorganisms are capable of utilizing terpenes or
monoterpenes [25, 26]. However, this is the first
and original finding on Enterobacter sp. using
carvacrol as its carbon source. The Enterobacter sp.
species was identified using 16S rDNA sequence
according to different databases [27]. In our study
the same method was employed and our isolate was
identified to be Enterobacter sp. It is known, on
Enterobacter sp. that its ability on utilizing of a
wide range of sugars may contribute to its success
for adaptation to roots of different plants. Plants are
known to exude a wide range of substances [28].
The generally, the Enterobacter genus is one of the
most common genera of bacteria isolated as plant
endorhizosphere bacteria. It has been reported to be
endorhizosphere bacteria in maize, rice, cotton,
cucumber, common bean, broccoli and sweet potato
[29, 30]. Furthermore the efficiency of PGPR is
critically dependent on the tolerance ability under
saline conditions in many soils, as well as it
displays resistance to numerous antibiotics
competing in microbial flora, Enterobacter sp. was
3501
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source preference). These factors include host
specifity, the population dynamics and pattern of
host colonization, the movement within host
tissues, and the ability to induce resistance.
It can be synergistic effect of carbon sources
used together on the metabolites produced by
bacteria. Preliminary studies gives some predictions
on the metabolic products when carbon source is
glucose or terpenoid compounds. Many researchers
indicated
that
several
species
of
the
Enterobacteriaceae glucose is oxidized to
gluconate and to 2-ketogluconate [48, 49, 50, 51]
and also reducing compounds can be produced
from gluconate [52, 53]. Also a few bacterial
species, including Acetobacter melanogenum,
Gluconobacter oxydans, and Janthinobacterium
lividum, have showed production of 2,5diketogluconate as an end product after glucose
oxidation [54, 55, 56]. Decomposing of several
terpenoid compounds, including R-carvone, Scarvone, cumene, carvacrol, thymol, R-limonene,
S-limonene, p-cymene, and trans-cinnamic acid, by
Arthrobacter sp. strain has published [57] that these
are commonly in plants such as citrus, juniper,
oregano, thyme and other aromatic plants [58].
Though genus was different in previous studies,
Enterobacter sp. showed also similar properties.
It is also detected that adjusting pH to 7.2
indicated changes due to the acidic property of the
fatty acids in essential oil and carvacrol at the
beginning of the biodegradation experiment.
Chadwick and Burg [59] and Gehring et al. [60]
also indicated that IAA causes a decrease in pH and
an increase in the cytosolic Ca2+ concentration in
all the tissues. So that, pH changing to basic level
or increasing can be suggested on bacteria in
growing phase [61]. Bacteria are known to be a
microorganism
maintaining
near-neutral
intracellular pH level [62], but this case is
considerably different when the cell is subjected to
an acidic environment [63]. Creating an optimum
condition effort by itself can be assumed for
bacteria, which seems to be a competence to
survivor. On the other hand our data originaly
represents the quite quantity of the IAA and
chitinase productions per a bacterial colony since
the CFU/ml at the beginning were measured. This
data indirectly gives correlation between the IAA
production and its effect on plant height by the
bacteria. In another study, a common protozoa in
soil Acanthamoeba sp. induced changes in root
morphology of watercress (Lepidium sativum L.)
seedlings, which was also correlated well with its
hormonal effects and increased the proportion of
IAA producing rhizosphere community [64].
Within phytohormones IAA may indirectly
improve P acquisition by plants by increasing root
growth [65].

with the IAA production. Moreover, IAA has
fungitoxic property on plant pathogens besides its
PGPR effect [39, 40]. The secretation quantitiy of
IAA plays crictical role on inhibiton of pathogen
growth [41].
Bioautography is a useful technique in
detection of the inhibitory compounds [42]. The
bioautographic
findings
showed
identical
compounds having antimicrobial properties of
Enterobacter sp. after biodegradation of essential
oil. Directly spraying of conidial suspensions onto
TLC plates has been an easy technique for detection
of fungitoxic compounds [43, 44]. Our study
showed a bacterial biodegradation, which can be
associated with production of antimicrobial
compounds released after assimilation of essential
oil. This case was also proved with bioautography
on bacterial metabolites containing IAA and
chitinase.
The studies carried out on petri assays using
Enterobacter sp. performed in medium containing
essential oil, carvacrol and/or glycerol resulted in
product changes depending on the carbon source
during the bacterial biodegradation. Bioactive
compounds were only detected with essential oil or
carvacrol. Particularly, a correlation can be
assumed within essential oil and/or carvacrol with
IAA and chitinase production. Chitin is backbone
of fungi cells providing rigidity and structural
support to the thin cells of the microorganism.
Chitinase is a chitin-degrading enzyme, which is an
important tool for the resistance in bacterial
invasion against fungus. Our data represents
chitinase production associated with essential oil
and carvacrol biodegradation. In the studies,
glycerol was preferred due its prominent property
for industrial usage and its biodegradation in
environment. In another study it has also been used
detecting and isolating a bacterium capable of
metabolizing glycerol trinitrate (GTN) which is
highly explosive compound [45]. Correspondingly,
on our Enterobacter sp. the same capabilities may
be suggested. However, the highest production of
chitinase enzyme was observed in medium
containing glycerol and carvacrol. This case was
clearly confirmed by SDS-PAGE electrophoresis
labelling. As a carbon source this case can be
associated with the choice of the bacteria since
glycerol is easily degradable compound. The
raising of acidity level in medium containing
glycerol can be related to converting ethanol by
oxidative decomposition, which is a reason for pH
decreasing in medium [46]. In assessing the
inhibitory effect of Enterobacter sp. resulting from
secondary metabolites, 0.1% glucose was also
tested with 500 ppm essential oil to enhance the
viability chance of the bacterial to be a imperative
carbon source [47] before exposing to high
concentrated essential oil (without any carbon
3502
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CONCLUSION
Producing environmental friendly and nontoxic effective molecules using smart biologics is a
desire of all researchers in the world and its positive
reflection of them in practice related to agricultural
implementations seems to be possible in near future
[66]. Our study demonstrate that non-pathogenic
bacteria belonging to Enterobacter sp. species can
be used as strategic tool for preventing the spread
of soil-borne pathogens and to promote plant
growth; however, the mechanism of this
preventative effect still needs to be clarified using
advanced techniques in further studies.
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A SURVEY OF GROSS ALPHA AND BETA
MEASUREMENTS IN DRINKING WATERS IN EREGLø,
TURKEY
Mehmet Emin Korkmaz, Osman Agar *
Karamanoglu Mehmetbey University, Department of Physics, 70100 Karaman, Turkey

This analysis makes it possible to monitor samples
for radioactivity levels. Due to this fact, the
reference levels IRU JURVV Į DQG ȕ DFWLYLWLHV LQ
drinking waters are 0.5 Bq/L and 1 Bq/L,
respectively [4]. The drinking water under studied
samples is suitable for human consumption if
estimated values are lower than the recommend
levels of gross alpha and beta activity and therefore
there is no need in order to reduce radioactivity [5].
Until now, many studies have been performed
on radioactivity in drinking [6±9], tap [10], thermal
spring [11,12] and surface [13] waters collected
from different parts of world and Turkey in order to
determine the activity concentrations of water
consumed and assess the health risk of public. To
the best of the knowledge, there is no information
available about the activity values of gross alpha
and beta for waters in (UH÷OL region, Konya in
Turkey.
Ere÷li is a region situated in south of central
Anatolian of Turkey between the longitudes of 34°
¶ E and the latitudes of  ¶ N (average
elevation: 1050 m above sea level). It covers an
area of about 2260 km2 and has a population of
approximately 150 000 (65% living in urban areas).
The spring water of this region is both consumed by
WKH SHRSOH OLYLQJ LQ (UH÷OL DQG XVHG WR LUULJDWH
farmland. Due to this fact, this study attempts to lay
out data on environmental radioactivity under
investigated area through annual effective dose and
measurements of activities for gross alpha and beta
in drinking waters.

ABSTRACT
This study shows a monitoring of
radioactivity in drinking water samples collected
IURP(UH÷OL region in Turkey. Gross radioactivity
measurements in waters are evaluated. The gross
alpha and beta activity concentrations of 21
different water samples are determined by using
a gas-flow proportional counter. The levels of
gross alpha and beta concentrations in drinking
waters range widely changing from 0.003 Bq/L to
0.036 Bq/L and from 0.013 Bq/L to 0.045 Bq/L,
respectively. The estimated values of gross alpha
and beta activities are compared with
recommended for drinking waters WHO (World
Health
Organisation)
guideline
activity
concentration. Additionally, the annual effective
dose equivalent (DRw), associated with radiation
exposure through ingestion, are estimated the health
risk for the adult, children and lactation members in
(UH÷OL region.
KEYWORDS:
Radioactivity, drinking water, gross alpha, gross beta,
(UH÷OL

INTRODUCTION
The water plays a fundamental role in the
research area of environmental science and
radioactivity as it is not only daily use for human
consumption but also ability to transport pollutants
[1]. Radioactive elements present in waters mainly
arise from the presence of primordial radionuclides
such as, 40K, and the radionuclides from the 238U
and 232Th and their progenies LQ WKH HDUWK¶V FUXVW
Thus, it contains both alpha and beta emitters in
widely ranging activity concentrations which are
responsible for a generally small fraction of the
total dose exposed from natural radioactivity [2,3].
Gross alpha activity mainly arises from uranium
and thorium isotopes while the main source of beta
activity is attributed to decay of radioactive
potassium (40K) isotope in waters.
Gross alpha and beta analyses are widely
useful parameters as the preliminary monitoring of
the radiological characterization in water samples.

MATERIALS AND METHODS
Sample collection and preparation. In the
study, levels of gross alpha and beta activity for
drinking waters under investigation are carried out
by the EPA-900 method [14] which has established
drinking water standards to keep safe public health.
This method covers the measurement of gross alpha
and beta particle activities in water. In order to
estimate concentrations the gross alpha and beta in
waters, 21 different water samples are collected
randomly from predetermined locations in the
VXUURXQGLQJRI(UH÷OL.RQ\DLQ7XUNH\Before
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measurement, it is followed procedure used in our
previous study [15].

N
60 * Eff * V

Gross alpha
activities

Gross beta

Emitters
238
U
234
U
230
Th
226
Ra
210
Po
232
Th

(1)

Dose Conversion Factors
4.5×10í
4.9×10í
2.1×10í
2.8×10í
1.2×10í
2.3×10í

210

Pb
Ra

228

activities

6.9×10í
6.9×10í

RESULT AND DISCUSSION
The results of gross alpha and beta activities
for the drinking water samples collected from
surrounding of (UH÷OL 7XUNH\ DUH SUHVHQWHG LQ
Tables 2. The gross alpha activity ranges between a
minimum of 0.003 ± 0.001 Bq/L (S10) and a
maximum of 0.036 ± 0.009 Bq/L as shown in Table
2. Concentrations changed from 0.013 ± 0.005
Bq/L (S15) to 0.045 ± 0.008 Bq/L (S1) are
measured for gross beta activities under studied
samples. The gross alpha and beta activities have
average values of 0.017 Bq/L and 0.029 Bq/L for
drinking waters. In addition, Figure 1 demonstrates
the variations of gross alpha and beta activities in
water samples. As given in Figure 1, this study
represents that gross alpha mean values are lower
than gross beta values for the (UH÷OL UHJLRQ
$FFRUGLQJ WR :+2¶V FULWHULa (0.5 Bq/L for alpha
activity and 1 Bq/L for beta activity) and the related
national regulations, the drinking water samples are
found to be acceptable and therefore any action is

(2)

In order to calculate annual effective doses,
the following equation was used [17,18]:

AW .IRW .IDF

60 xV( SampleofVolume )

TABLE 1
The dose conversion factors recommended by
the WHO (in mSv/Bq)

where N is the net count rate of gross alpha and
beta (cpm), Eff is the counting efficiency of gross
alpha and beta (%), V is volume of sample and 60 is
conversion factor from minute to second in this
equation.

DRW

1

equivalents are estimated for lactation age (babies
<1 years), children (2 ± 17 years) and adults (17
years<age) who drink water of 250, 350 and 730 L
per year, respectively. Eventually, the individual
effective dose equivalents are determined for adults
who drink water of 2 L per day.
The total indicative dose (TID) is estimated
for three classes of ages using the approach given in
Table 1. IDF is the annual effective dose conversion
factors (mSv/Bq). The gross alpha activity is
assumed to be gained from 238U, 234U, 230Th, 226Ra,
210
Po and 232Th isotopes. The gross beta activity is
assumed to be gained from 210Pb and 228Ra isotopes.
For this calculation, it is considered the following
dose conversion factors recommended by the WHO
[4,19,20]:

Analytical methods. A multi-detector
alpha/beta counting system (PIC-MPC 9604±Įȕ
counter) is employed for the assessments of activity
concentrations of gross alpha and beta in all water
samples. Each unit on system contains four
completely independent detectors which have gas
flow window-type counters equipped with an
ultrathin window. A gas mixture (90% argon and
10% methane) and stainless-steels planchettes are
used for measurements. In order to attenuate the
external radiation, the lead shielding is utilized. The
operating voltage on the detector is set as 1515 V.
An empty planchet is put into the detector to get
background counting. Each sample is counted for
900 min.
The minimum detectable activities are
calculated by using the equation above15:
Where MDAĮ,ȕ are minimum detectable
activity of both alpha and beta, cpmĮ ȕ%.* is alpha
and beta background count rate, EffĮ,ȕ is the
efficiency of alpha and beta, V is the volume of
sample and 60 is conversion factor. The obtained
MDA values of gross alpha and beta is 0.037 Bq/L
and 0.045 Bq/L, respectively.
In order to calibrate of the low level counting
system, standard solutions known activities of
241
Am (450 Bq) and 90Sr (600 Bq) for alphas and
betas have been used. The calibration of the low
level counting system used in the measurements
was carried out. The results were expressed in
Bq/L. The following equation was used to
determine gross alpha and gross beta activity
concentrations and corresponding uncertainties
[16]:

AD , E ( BqL1 )

*

(3)

where DRW is the annual effective dose (AED)
HTXLYDOHQW ȝ6Y\HDU  AW is concentration of gross
alpha and beta activity (mBq/L), IRW is the intake
of drinking water for person in one year. The AED
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comparable to the data from both different parts in
Turkey and some international data in Table 3. The
average levels of gross alpha concentrations in
drinking water samples are lower than the observed
concentrations of Erzincan [7], Bolu [20], Tekirdag
[21],
Sanliurfa
[22],
Gaziantep
[23],
.DKUDPDQPDUDú>@,WDO\>@*KDQD>@6SDLQ
[28] and Serbia [29] but higher than those of Brasil
[26] and Malaysia [30]. Similarly, the average
levels of gross beta activity in drinking water
samples higher than Spain [28] and Italy [25] but
lower than those of Erzincan [7], Bolu [20],
Tekirdag [21], Sanliurfa [22 Gaziantep [23],
.DKUDPDQPDUDú >24], Brasil [26], Ghana [27],
Serbia [29] and Malaysia [30].
The annual effective dose equivalent (DRw) is
a parameter associated with radiation exposure
through ingestion of the all water samples. The
health risk the adult, children and lactation
members in study area can measure by means of
DRw parameter. The average DRw values from
radionuclide emitters are presented in Table 4 and
Figure 2 a±b. The annual effective doses from 238U,
234
U, 230Th, 226Ra, 210Po, 232Th, 210Pb and 228Ra are
0.54, 0.59, 2.54, 3.39, 14.53, 2.78, 14.44 and 14.44
ȝ6Y\HDUIRUDGXOWPHPEHUV
6.97, 1.34, 6.9 DQG  ȝ6Y\HDU IRU FKLOG
members, 0.19, 0.20, 0.87, 1.16, 4.48, 0.95, 4.94
DQG  ȝ6Y\HDU IRU ODFWDWLRQ DJH PHPEHUV
respectively.
According
to
this
results,
contributions of the drinking water samples to DRw
from alpha (238U, 234U, 230Th, 226Ra, 210Po, 232Th)
and beta (210Pb and 228Ra) emitters indicate that the
annual effective doses for the mentioned-above
three age groups are below the WHO recommended
UHIHUHQFHOHYHORIȝ6Y\HDUIRUDOOVDPSOH

not necessary for any further detailed measurements
of individual radionuclide activities.
TABLE 2
The measured concentrations of gross alpha and
beta activity (in Bq/L) in drinking waters
Sample

Gross alpha

Gross beta

S1

0.027 ± 0.010

0.045±0.008

S2

0.014 ± 0.008

0.017±0.006

S3

0.020 ± 0.007

0.022±0.008

S4

0.019 ± 0.006

0.027±0.007

S5

0.036 ± 0.009

0.041±0.009

S6

0.013 ± 0.005

0.015±0.005

S7

0.011 ± 0.005

0.029±0.010

S8

0.014 ± 0.007

0.030±0.006

S9

0.026 ± 0.007

0.031±0.009

S10

0.003 ± 0.001

0.017±0.007

S11

0.007 ± 0.003

0.016±0.005

S12

0.015 ± 0.006

0.028±0.009

S13

0.024 ± 0.007

0.043±0.010

S14

0.017 ± 0.006

0.024±0.008

S15

0.006 ± 0.001

0.013±0.005

S16

0.032 ± 0.007

0.044±0.010

S17

0.023 ± 0.008

0.038±0.009

S18

0.010 ± 0.005

0.017±0.007

S19

0.011 ± 0.006

0.039±0.010

S20

0.012 ± 0.005

0.025±0.008

S21

0.010 ± 0.005

0.041±0.010

Avarage

0.017

0.029
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The estimated values for this study area are
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FIGURE 1
The variation of the gross alpha and beta activities concentrations versus sample numbers
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TABLE 3
Comparisons of average values of gross alpha and beta activities (Bq/L) in water samples with literature
Region

Water type

Gross alpha

Gross beta

References

Erzincan

Drinking

0.0477

0.104

[7]

Bolu

Drinking

0.06811

0.16944

[20]

Tekirdag

Drinking

0.044

0.1

[21]

Sanliurfa

Drinking

0.038

0.1324

[22]

Gaziantep

Drinking

0.0493

0.1284

[23]

.PDUDú

Drinking

0.035±0.111

0.109±0.363

[24]

Italy

Drinking

0.008±0.349

0.025±0.273

[25]

Brasil

Drinking

0.001±0.400

0.120±0.860

[26]

Ghana

Drinking

0.0423

0.1732

[27]

Spain

Drinking

0.03±0.880

0.04±2.28

[28]

Serbia

Drinking

0.029-0.21

0.4

[29]

Malaysia

Drinking

0.004±0.02

0.082±0.35

[30]

(UH÷OL

Drinking

0.017

0.029

This study

;ĂͿ

;ďͿ
FIGURE 2
7KHHVWLPDWHGDQQXDOHIIHFWLYHGRVHVRI D DOSKDDQG E EHWDHPLWWHUVLQGULQNLQJZDWHUV ȝ6Y\HDU
which can be used as a baseline to figure out
possible changes in environmental radioactivity
caused by natural, industrial, nuclear and other
made-human activities, the concentrations of gross
alpha and beta activity in drinking water samples
FROOHFWHGIURPGLIIHUHQWSRLQWVRI(UH÷OLUHJLRQ
Turkey are estimated. Moreover, this study area is
quite close to Akkuyu Nuclear Power Plant (NPP)
which will be operated in Mersin [31]. In future,
this work will be an important contribution to the
field since there is no available information about
activity concentrations reported in water samples in
this study area so far.
In this study, all of the activity concentrations
data obtained is lower than the WHO recommended
limits. Furthermore, it can be determined that the
annual effective doses exposed by lactation,
children and adult members are below the WHO.

TABLE 4
The average annual effective doses from
radionuclide emitters for different age groups
ȝ6Y\HDU
Emitters
238
U
234
U
230
Th
226
Ra
210
Po
232
Th
210
Pb
228
Ra

Adult
0.54
0.59
2.54
3.39
14.53
2.78
14.44
14.44

Children
0.26
0.28
1.22
1.63
6.97
1.34
6.92
6.92

Lactation
0.19
0.20
0.87
1.16
4.48
0.95
4.94
4.94

CONCLUSIONS
In order to check the compliance with national
and international regulation and obtain useful data
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[12] Acar, 2 .DOID 20 <DOoÕQND\D g DQG
Türker, A.R. (2013) Determination and
evaluation of gross alpha and beta activity
concentrations and metal levels in thermal
waters from Ankara, Turkey. Turkish Journal
of Chemistry 37, 805±811.
[13] Zorer, O.S., Ceylan, H. and Dogru, M. (2009)
Gross
alpha
and
beta
radioactivity
concentration in water, soil and sediment of the
Bendimahi River and Van Lake (Turkey).
Environmental Monitoring and Assessment
148, 39 ± 46.
[14] Krieger, L.H. (1976) Interim Radiochemical
Methodology from Drinking Water, Research
reporting series. 4, Environmental monitoring
EPA-650/4-75-008, USA.
[15] Korkmaz, M.E., Agar, O. and Sahin M. (2016)
Gross Į and ȕ activity concentrations in
various water from Karaman. Turkey.
Environmental
Earth
Science
DOI:
10.1007/s12665-015-4909-2.
[16] Saleh, H. and Abu Shayeb, M. (2014) Natural
radioactivity distribution of southern part of
Jordan (Ma0an) Soil. Annals of Nuclear
Energy 65, 184±189.
[17] USA-EPA, (1988) Federal Guideline report
No. 11. Limiting Values of Radionuclide
Intake and Air Concentration and Dose
Conversion Factors for Inhalation, Submersion
and Ingestion. EPA 520/1-88-020 Washington,
DC, USA.
[18] Sajo-Bohus, L., Gomez, J., Capote, T.,
Greaves, E.D., Herrera, O., Salazar, V. and
Smith, A. (1997) Gross alpha radioactivity of
drinking water in Venezuela. Journal of
Environmental Radioactivity 35(3), 305±312.
[19] Al-Amir, S. M., Al-Hamarneh, I. F., Al-Abed,
T. and Awadallah, M. (2012) Natural
radioactivity in tap water and associated agedependent dose and lifetime risk assessment in
Amman, Jordan. Applied Radiation and
Isotopes 70, 692±698.
[20] Korkmaz Gorur, F. and Camgoz, H. (2014)
Natural radioactivity in various water samples
and radiation dose estimations in Bolu
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[21] Kam, E., Yarar, Y. and Bozkurt, A. (2010) A
study of background radioactivity level for
Tekirdag, Turkey. Radiation Protection
Dosimetry 138(1), 40±44.
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EFFECT OF CONTACT TIME, SOLUTION pH, DOSAGE OF
ADSORBENT, AND REGENERATION ON ADSORPTION
BEHAVIOR OF LEAD USING NITRIC ACID
TREATED CARBON MATERIAL
Yingjie Dai1, 2*, Changjie Du 1, Haijiao Yu 1, Danfeng Zhang 1, Shunitz Tanaka2
1

Laboratory of Environmental Remediation, College of Resources and Environment, Northeast Agricultural University, No.59 Mucai Street
Xiangfang District, Harbin 150030, China
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Graduate School of Environmental Earth Science, Hokkaido University, Kita-10, Nishi-5, Kita-ku, Sapporo 060-0810, Japan

and living tissues, causing various diseases and
disorders [3]. $TXHRXVHIÀXHQWVHPDQDWLQJIURPWhe
mining industry and metal plating factories contain
dissolved heavy metals. If these discharges are
emitted without treatment, it may have an adverse
impact on the environment [4].
There are various methods for removing heavy
metals from aqueous solutions including chemical
or electrochemical precipitation, membrane
¿OWUDWLRQ LRQ H[FKDQJH liquid extraction or
electrodialysis, pH adjustment with lime or alkali
hydroxides, coagulation±sedimentation, adsorption
on minerals and reverse osmosis [5-8]. Compared
with the other methods, adsorption of heavy metal
ions onto insoluble compounds as adsorbent is the
most effective and widely used in the treatment of
wastewater containing heavy metals [9]. Activated
carbon is widely employed as a conventional
adsorbent due to its high adsorption capacity for a
variety of metal ions. However, it is expensive, and
therefore, the research on the production of cheaper
adsorbents is required.
The objective of this research was to
investigate the removal of Pb (II) from aqueous
solution by using chemically treated CM released
during the combustion of woody biomass. The
LQÀXHQFH RI VHYHUDO SDUDPHWHUV VXFK DV contact
time, initial pH, dosage of adsorbent, and
temperature were investigated. The kinetics and
adsorption equilibrium of Pb (II) for chemically
treated CM were obtained from batch experiments.

ABSTRACT
Adsorption of Pb (II) onto the chemically
treated carbon material (Ox±CM) released during
the combustion of woody biomass was examined
and the effects of contact time, pH of solution,
adsorbent dose and temperature were investigated.
The adsorption isotherms of Pb (II) on Ox±CM
were compared with that of untreated CM. The
results of the present study indicate that the removal
ratios of Pb (II) on CM and Ox±CM after 2 h were
16.6 % and 97.5 %, respectively with initial Pb (II)
concentration of 25 mg/L at adsorbent dosage of
0.4 g/L at 25 °C and optimum pH of 5.0. The
H[WHUQDO S+ VLJQL¿FDQWO\ LQÀXHQFHG 3E (II)
adsorption and maximum adsorption was observed
approximately at pH 5.0. The adsorption rate was
very quick with the equilibrium of adsorption being
achieved within about 5 min. As the result, this
study shows that the Ox±CM has high adsorption
ability for Pb (II) ion.
KEYWORDS:
Carbon material; Adsorption; Lead; Isotherm; Kinetics

INTRODUCTION
The pollution of the environment with toxic
heavy metals is spreading through the world along
with industrial progress [1]. Heavy metals have
been widely used in industrial processes such as
metal plating, mining activities, smelting, battery
manufactures [2]. They are nonbiodegradable and
their toxicity is slow and long lasting. 7KHVSHFL¿F
problem associated with heavy metals in the
environment is their accumulation in the food chain
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FIGURE 1
SEM images of the CM (a) and Ox±CM (b).
of the adsorbents, these high porosity and large
surface are essential for the high efficiency of the
adsorbents. The SEM images of CM reveal a partial
rope-like structure, however the surface of Ox±CM
have no rope±like structure, due to the oxidization
with the nitric acid (8 M).

MATERIALS AND METHODS
Materials. The adsorbent CM prepared from
the combustion of woody biomass used in this work
was obtained from gasification power plant
(Thomas Koch Corporation, Denmark) in Oshu
City (Japan). The CM was extracted from the
bottom of the furnace in the wood biomass
gasification power plant. In order to investigate the
effect of functional groups on the surface of CM,
oxidized CM was prepared according to the
reported method [10]. That is, CM was mixed with
8 M nitric acid (15 ml/g CM) at 90 °C for 6 h to
produce acidic functional groups on the surface.
Afterwards, the oxidized CM was boiled with
deionized water until the pH was stable. After
drying at 110 °C, the oxidized CM was heated at
350 °C in air for 4 h to decompose the remaining
nitrate ion. The oxidized CM was labeled Ox±CM.
The adsorbents were dried for 12 h in an oven
maintained at a constant temperature of 110 °C
prior to use. A stock solution of Pb (II) used in this
study was prepared by dissolving an accurate
quantity of Pb(NO3)2 in deionized water. All
chemicals used in this study were of analytical
grade and solutions were prepared using deionized
and distilled water. Standard solution of Pb (II)
 PJ/  IRU ÀDPH DWRPLF DGVRUSWLRQ
spectrometry was obtained from Beijing NCS
Analytical Instruments Co. Ltd. To adjust the pH,
0.1 M HCl and 0.1 M NaOH solutions were used.

Procedure of adsorption experiment. The
adsorption features of the adsorbents (CM and
Ox±CM) were investigated as a function of contact
time, initial pH, and adsorbent dose. The adsorption
equilibrium and kinetics were obtained from batch
experiments, XVLQJP/ÀDVNVFRQWDLQLQJP/
of Pb (II) ion solutions and 10 mg of the adsorbents
at 25 °C. $IWHUVKDNLQJWKHÀDVNVIRUSUHGHWHUPLQHG
time intervals, the Pb (II) solution was separated
from the adsorbents by centrifugation at 4500 rpm
for 10 min using a centrifuge (IEC61010±2±020,
Kubota, Japan). The concentrations of samples
were measured using DQ ÀDPH DWRPLF DEVRUSWLRQ
spectrometry (Model AA6800, Shimadzu Japan) at
283.3 nm during the time courses. The pH values
were adjusted to the required value with 0.1 M HCl
or 0.1 M NaOH hourly throughout the experiment.
Desorption and regeneration experiments.
To study the cycle use of the adsorbent, the Pb
(II)±loaded adsorbent (Ox±CM) by the adsorption
of an initial Pb (II) concentration of 25 mg/L was
treated with 0.1M HCl (20 ml/g Ox±CM), which
KDVEHHQUHSRUWHGWREHDQHI¿FLHQWPHWDOGHVRUEHQW
[11] and then be used in another adsorbing test.
After elution, the Ox±CM was washed gently three
times with deionized water to remove the trace of
HCl. The adsorption±desorption cycle was repeated
three times by using the same Ox±CM and initial
concentration of Pb (II) used in this experiment.
'HVRUSWLRQ HI¿FLHQF\ RI Pb (II) from the Ox±CM
was calculated as the ratio of the amount of the

Physical and chemical characteristics of
CM and Ox±CM. The surfaces of CM and
Ox±CM were observed by using a low±vacuum
Scanning Electron Microscope (SEM) (5 kV,
3000X), S±3400N (Hitachi Ltd. Tokyo, Japan). The
SEM images of CM and Ox±CM are shown in
Figure 1. It shows the surface texture and porosity
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desorbed Pb (II) to the amount of the adsorbed Pb
(II).

The removal ratios of Pb (II) on Ox±CM were quite
low at pH of 1.5 to 3.0. However, with the increase
LQS+DVLJQL¿FDQWHQKDQFHPHQWLQDGVRUSWLRQ was
recorded. The optimum pH for Ox±CM±Pb (II)
system was found to be 5.0 with the removal of
about 97.5 % Pb (II) from the solution with initial
Pb (II) concentration of 25mg/L. The pHpzc of
Ox±CM was 3.8, and it was consistent with the
decline of adsorption of Pb (II) below pH 4,
because the surface of Ox±CM would be positively
charged when the solution pH is less than pHpzc
leading to electrostatic repulsive force between the
Ox±CM surface and Pb (II) cations [13]. However,
the removal ratio increased with increasing solution
pH since more metal binding sites could be exposed
with negative charges, with subsequent attraction of
metal ions with positive charge and adsorption
occurring onto the adsorbent surface. A decrease in
adsorption of Pb (II) by adsorbent was noticed
above pH 6.0. Experiments were carried out up to
pH value of 8.0 because metal precipitation
occurred at higher pH values and interfered with the
accumulation [14]. Therefore, all the later
experiments were carried out at pH 5.0.

RESULTS AND DISCUSSION
Effect of contact time. Mixtures of (25 mL)
of Pb (II) (25 mg/L) and CM (10 mg) or Ox±CM
(10 mg) in an aqueous solution, were shaken for
either 0-, 5-, 10-, 20-, 30-, 60-, 90-, 120- min
intervals at 25 °C and 165 rpm to examine the
relationship between the percentage of Pb (II)
adsorbed and contact time. The removal ratio was
calculated by dividing the amount of Pb (II)
adsorbed on CM and Ox±CM by the initial amount
of Pb (II) in the solution. Figure 2 shows the effect
of contact time on the extent of adsorption of Pb
(II) by the CM and Ox±CM. The removal ratios of
Pb (II) for CM and Ox±CM after 2 h were 16.6 %
and 97.5 %, respectively. The removal ratio of Pb
(II) ion on two adsorbents ZDVUDWKHUIDVWLQWKH¿UVW
5 min, but then the ratLRVLJQL¿FDQWO\GHFUHDVHGDQG
eventually reached a plateau after 5 min. The data
obtained from this experiment was further used
successfully to evaluate the kinetics of the
adsorption process.

FIGURE 3
Effect of pH of solution on the adsorption of Pb
(II) on CM and Ox±CM (shaking time 24 h for
25 mL of Pb (II) (25 mg/L), adsorbent dose =0.4
g/L, at 25 °C).

FIGURE 2
Effect of adsorption time on Pb (II) adsorption
by CM and Ox±CM (initial concentration of Pb
(II) (25 mg/L), adsorbent dose=0.4 g/L, pH 5.0,
at 25 °C).

Effect of adsorbent dose. Adsorbent dose is
an important parameter in the removal of Pb (II) by
adsorption. 7KH LQÀXHQFH RI adsorbent dose on Pb
(II) adsorption by CM and Ox±CM was estimated.
As shown in Figure 4, when the adsorbent doses
were increased from 0.08 to 0.56g/L the
percentages of Pb (II) adsorbed increased from
6.1 % to 16.6 % on CM and from 47.2 % to 97.5 %
on Ox±CM, respectively. It is obvious that the
removal of Pb (II) is not increased considerably

Effect of pH on Ox±CM. Studies have shown
that pH is an important factor affecting adsorption
of heavy metals [12]. In order to establish the effect
of pH on the adsorption of Pb (II) by Ox±CM, the
batch equilibrium studies at different pH values
were carried out in the range of 1.5±8.0 (Figure 3).
The result shows the effect of pH on the removal of
Pb (II) onto the Ox±CM from aqueous solution.
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of the Pb (II) was maintained at around 97 %. The
results indicated that the Ox±CM loaded with the
Pb (II) could be regenerated, and be used repeatedly
many times.

when adsorbent doses are higher than 0.4 g/L. Thus,
optimum dose of CM and Ox±CM for adsorption of
Pb (II) is found to be 0.4 g/L. The increase of the
adsorption efficiency of metal ion is due to the
greater availability of the binding sites or surface
area [15].

CONCLUSION
We examined the adsorption properties of Pb
(II) by using chemically treated carbon materials
released during the combustion of woody biomass.
The removal ratios of Pb (II) for CM and Ox±CM
after 2 h were 16.6 % and 97.5 %, respectively. The
adsorption rate was very quick with the equilibrium
of adsorption being achieved within about 5 min.
The externaO S+ VLJQL¿FDQWO\ LQÀXHQFHG 3E ,, 
adsorption and maximum adsorption was observed
approximately at pH 5.0. The optimum dose of CM
and Ox±CM for adsorption of Pb (II) is found to be
0.4 g/L. The results indicated that the Ox±CM
loaded with the Pb (II) could be regenerated, and be
used repeatedly many times. As the result, this
study shows that the carbon material prepared from
the combustion of woody biomass could be used for
adsorption of large quantities of Pb (II) that are
accidentally spilled into the environment.


FIGURE 4
Effect of adsorbent dose for the adsorption Pb
(II) on CM and Ox±CM (shaking time 24 h for
25 mL of Pb (II) (25 mg/L), pH 5.0, at 25 °C)
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FIGURE 5
Three cycles of adsorption/desorption for Pb (II)
adsorption by Ox±CM (shaking time 24 h for 25
mL of Pb (II) (25 mg/L), adsorbent dose=0.4 g/L,
pH 5.0, at 25 °C).
Desorption and regeneration. Regenerative
functions of the Ox±CM are summarized in Figure
5. The results showed that in three
adsorption/regeneration cycles using Ox±CM, the
adsorbed Pb (II) was mostly released after the
regeneration, and the capacity for the Pb (II)
absorption remained unchanged. After three cycles
of adsorption-elution, the adsorption capacity was
UHJDLQHG FRPSOHWHO\ DQG WKH GHVRUSWLRQ HI¿FLHQF\
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A low±cost adsorbents for removing heavy
metals from aqueous solutions, which are abundant,
require little processing, and are mostly waste
material from industry, agriculture or forest, have
been searched [3]. A large number of wastes have
been widely used as adsorbent for the adsorption of
heavy metals, such as papaya wood [4], maize leaf
[5], teak leaf powder [6], sago waste [7], banana
and orange peels [8], sawdust [9], rice husk ash and
neem bark [10], peanut hull pellets [11]. Some of
the advantages of these materials are high
adsorption efficiency, low cost, simple technique
and selective adsorption of heavy metals [3].
On the other hand, carbon materials (CM)
released during the combustion of woody biomass
had been reported before. Dai et al. (2010) prepared
this CM to remove nitrobenzene (NB) and
methylene blue (MB) from aqueous solution [12].
Although adsorption of organic compounds (NB
and MB) onto CM has been investigated, there are
very scarce reports on the use of CM for Pb (II)
removal from aqueous solution. The objective of
this research was to investigate the removal of Pb
(II) from aqueous solution by using chemically
treated CM released during the combustion of
woody biomass.

ABSTRACT
Adsorption of Pb (II) onto the chemically
treated carbon material (Ox±CM) released during
the combustion of woody biomass was examined.
The adsorption isotherms of Pb (II) on Ox±CM
were compared with that of untreated CM. The
values of parameters obtained for Pb (II) from the
Langmuir isotherm saturated adsorption amount
and adsorption equilibrium constant were 10 mg/g,
0.1223 L/mg on CM and 119 mg/g, 0.1611 L/mg on
Ox±CM, respectively. The adsorption mechanisms
can be contributed by ion±exchange interaction at
the interface occurs between Pb (II) and carbon
material prepared from the combustion of woody
biomass. As the result, this study shows that the
Ox±CM has high adsorption ability for Pb (II) ion.
KEYWORDS:
Carbon material; Adsorption; Lead; Isotherm; Kinetics

INTRODUCTION
Lead is widely used in many important
industrial applications, such as storage battery,
manufacturing,
printing
pigments,
fuels,
photographic
materials
and
explosive
manufacturing. Lead, one of the most toxic heavy
metals, is accumulated mainly in bones, brain,
kidney and muscles and may cause many serious
disorders like anaemia, kidney diseases, nervous
disorders and sickness unto even death [1]. The
current drinking water standards for lead by
Environmental Protection Agency (EPA) and World
Health Organization (WHO) are 0.05 mg/L and
0.01 mg/L, respectively. For this reason, the
discharge of industrial wastewaters containing Pb
(II) to waterways or sewage systems is stringently
regulated in order to reduce environmental impact
[2].

MATERIALS AND METHODS
Materials. The adsorbent CM prepared from
the combustion of woody biomass used in this work
was obtained from gasification power plant
(Thomas Koch Corporation, Denmark) in Oshu
City (Japan). The CM was extracted from the
bottom of the furnace in the wood biomass
gasification power plant. In order to investigate the
effect of functional groups on the surface of CM,
oxidized CM was prepared according to the
reported method [13]. That is, CM was mixed with
8 M nitric acid (15 ml/g CM) at 90 °C for 6 h to
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produce acidic functional groups on the surface.
Afterwards, the oxidized CM was boiled with
deionized water until the pH was stable. After
drying at 110 °C, the oxidized CM was heated at
350 °C in air for 4 h to decompose the remaining
nitrate ion. The oxidized CM was labeled Ox±CM.
A stock solution of Pb (II) used in this study was
prepared by dissolving an accurate quantity of
Pb(NO3)2 in deionized water. All chemicals used in
this study were of analytical grade and solutions
were prepared using deionized and distilled water.
Standard solution of Pb ,,  PJ/ IRUÀDPe
atomic adsorption spectrometry was obtained from
Beijing NCS Analytical Instruments Co. Ltd. To
adjust the pH, 0.1 M HCl and 0.1 M NaOH
solutions were used.

TABLE 1
Physical and chemical properties of CM and
Ox-CM

Physical and chemical characteristics of
CM and Ox±CM. The Brunauer±Emmett±Teller
(BET) surface area and pore distribution of CM and
Ox±CM were measured using a surface analyzer
AUTOSORB 6AG, (Yuasa Ionics Co., Osaka,
Japan). The BET surface areas and the micropore
surface areas were evaluated using the t±plot
method based on N2 adsorption isotherms [14,15].
The surface areas of mesopores and macropores
were calculated by subtracting the micropore
surface areas from the BET surface area. Total pore
volume was calculated using Density Functional
Theory (DFT) based on N2 adsorption isotherms
[16]. The numbers of acidic functional groups and
basic sites on the surface of CM and Ox±CM were
determined using the method developed by
Boehm[17]. The point of zero charge (pHPZC) for
the CM before and after oxidation was determined
using the pH drift method [18].

RESULTS AND DISCUSSION
Physical and chemical characteristics of
CM and Ox±CM. To compare the surface
polarities of the CM with that of the Ox±CM, we
measured acidic and basic functional groups, the
BET surface area, pore size distribution, total pore
volume, and pHPZC (see Table 1). The amount of
acidic functional groups on Ox±CM (1.763 mmol/g)
was significantly increased than that of non±treated
CM (0.063 mmol/g), however the amount of basic
functional groups on Ox±CM (0.143 mmol/g) was
decreased by the nitric acid oxidation. The total
BET surface area of Ox±CM (745 m2/g) was
slightly smaller than that of CM (851 m2/g). The
surface areas of micropore on CM and Ox±CM
were 597 m2/g and 167 m2/g, respectively. Because
micropore walls of CM were collapsed, moreover,
mesopore and macropore of CM were extended by
the oxidation treatment using high concentration
nitric acid (8M). The pHPZC values of CM, and
Ox±CM were 10.7 and 3.8, respectively. These
results indicate that CM is positively charged over a
wide pH range, i.e., from acid to basic regions,
while the surface charge of Ox±CM is either
positive or negative, depending on the pH.

Procedure of adsorption experiment. The
adsorption equilibrium and kinetics were obtained
IURP EDWFK H[SHULPHQWV XVLQJ  P/ ÀDVNV
containing 25 mL of Pb (II) ion solutions and 10
mg of the adsorbents at 25 °C. After shaking the
ÀDVNV IRU SUHGHWHUPLQed time intervals, the Pb (II)
solution was separated from the adsorbents by
centrifugation at 4500 rpm for 10 min using a
centrifuge (IEC61010±2±020, Kubota, Japan). The
concentrations of samples were measured using an
ÀDPH DWRPLF DEVRUSWLRQ VSHFWURPHWU\ (Model
AA6800, Shimadzu Japan) at 283.3 nm during the
time courses. The pH values were adjusted to the
required value with 0.1 M HCl or 0.1 M NaOH
hourly throughout the experiment.

Adsorption isotherm for adsorbents . The
equilibrium adsorption isotherm is one of the most
important data to understand the mechanism of the
adsorption. The effect of temperature on the
adsorption isotherm of Ox±CM was investigated
using a solution of Pb (II).
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L/mg for Ox±CM, respectively. The total BET
surface area of Ox±CM (745 m2/g) was slightly
smaller than that of CM (851 m2/g), however, Q0 of
Ox±CM was about 12 times larger than that of CM,
respectively. This result was probably due to the
stronger interaction between the adsorbent
(Ox±CM) and the adsorbing molecule (Pb (II)),
since the surface ion±exchange interaction of CM is
greater than that of CM, as described in section 3.3.
TABLE 2
Langmuir isotherms parameters for Pb (II)

FIGURE 1
Adsorption isothermal curve of Pb (II) on CM
and Ox±CM (shaking time 24 h for 25 mL of Pb
(II) (10 to 100 mg/L), adsorbent dose=0.4 g/L,
pH 5.0, at 25 °C).

The results obtained from this study were
found to be higher than that of many corresponding
adsorbents reported in the literature [19-23](Table
3). The results obtained from this study were found
to be higher than that of some adsorbents such as
aFWLYDWHG VOXGJH PRGL¿HG E\ chaff (12.4 mg/g),
waste bakers yeast in ethanol (17.5 mg/g), crab
shell (19.8 mg/g), powder activated carbon (20.7
mg/g),caulerpa lentillifera (28.7 mg/g). Therefore,
compared with these materials in Table 3, Ox±CM
used in this study has a higher adsorption ability for
Pb (II).

As indicated in Figure 1, the isothermal curve
of Pb (II) for CM and Ox±CM showed a typical
Langmuir±type pattern. The relationship between
the reciprocal of the amount of Pb (II) adsorbed on
CM or Ox±CM and the reciprocal of the
equilibrium concentration of Pb (II) in the solution
was linear. The parameters in equation (1), which
were determined from adsorption isotherms for CM
and Ox±CM are summarized in Table 2.

㸦
Mechanism of adsorption of Pb (II) ion by
Ox±CM. Adsorption mechanism of heavy metals
ions onto the activated carbon was summarized in
terms of electrostatic interaction and ion±exchange
[24]. Our explanation of the mechanism of Pb (II)
binding by the Ox±CM is therefore summarized in
terms of an electrostatic interaction model with the
acidic functional groups, namely the ion±exchange



1㸧

Here, qe is the amount adsorbed (mg/g); Q0,
the saturated adsorption amount (mg/g); KL, the
adsorption equilibrium constant (L/mg); and Ce, the
adsorption equilibrium concentration (mg/L). Table
2 showed the values of parameters obtained for Pb
(II) from the Langmuir isotherm Q0 and KL were 10
mg/g, 0.1223 L/mg for CM and 119 mg/g, 0.1611
TABLE 3

Maximum uptake capacity for the adsorption of Pb (II) onto various adsorbents
Adsorbents

Uptake capacity (mg /g)

pH

Reference

Chaff

12.4

5.5

[21]

Waste bakers yeast in ethanol

17.5

5.0

[20]

Crab shell

19.8

5.5

[19]

Powder activated carbon

20.7

±

[22]

Caulerpa lentillifera (Green macroalga)

28.7

5.0

[23]

119.0

4.0

This study

Oxidized carbon material prepared from
the combustion of woody biomass
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model. There were few significant differences
among the BET surface area of the two materials
(in Table 1). However, Table 2 displays the
difference of ability for adsorption of Pb (II) on CM
(10 mg/g) and Ox±CM (119 mg/g) when the acidic
functional groups are varied. From the experimental
results (Figure 1), these properties combined with
the adsorption results revealed that the surface
functionality rather than the BET surface area of
two adsorbents was important. The surface
concentration of acidic functional groups
(carboxylic groups, lactonic groups and phenolic
groups) of Ox±CM was 1.763 mmol/g, however,
that of CM was 0.063 mmol/g (in Table 1). We
conjectured all the acidic functional groups can
function as the binding sites for capturing Pb (II)
ion. The molar ratio of the available acidic
functional groups of Ox±CM to the captured Pb (II)
was found to be approximately 3:1; this gives an
evidence to support this conclusion. In other words,
Ox±CM behaved as an ion±exchanger with acidic
functional groups as the functioning sites. The fact
that the sorption isotherm for Pb (II) ion on Ox±CM
¿WWHG well with the Langmuir adsorption model
(R2=0.9907) also supports this conclusion. On the
other hand, Kadirvelu et al. pointed out carboxylic
surface groups on carbonaceous adsorbents seem
especially involved in the adsorption processes for
heavy metals ions in aqueous solution [25]. Sato et
al. study acidic site such as carboxylic groups in
which cationic heavy metals effectively adsorbed
via ion±exchange with protons of carboxylic groups
on activated carbon surface and the ion±exchange
mechanism has been supported [26], whereas
lactonic and other oxygen functional groups are not
contributed to the heavy metals adsorption very
much particularly in acidic and neutral aqueous
solution in the literature [27].

between Pb (II) and carbon material prepared from
the combustion of woody biomass. As the result,
this study shows that the carbon material prepared
from the combustion of woody biomass is an
inexpensive
and
environmentally
friendly
adsorbent.
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HISTOPATHOLOGY OF RAINBOW TROUT
(Oncorhynchus mykiss) AND STURGEON (Acipenser baerii)
EXPOSED TO SUBLETHAL CONCENTRATIONS OF
CEMENT
Ilker Zeki Kurtoglu*, Sevki Kayis, Kubra Ak, Songul Gencoglu, Ahmet Duzgun, Gokay Ulutas, Akif Er
5HFHS7D\\LS(UGR÷DQ8QLYHUVLW\)DFXOW\RI)LVKHULHV6FLHQFHV'HSDUWPHQWRI$TXDFXOWXUH5L]H7XUNH\

life at aquatic ecosystem in a negative way. In order
to evaluate these effects at macro and micro levels
and take the necessary precautions, different studies
are conducted, and preventive measures are applied
by Turkish environmental authorities and
organizations. Despite this, lots of negative cases
are observed during the construction work around
aquatic areas.
The amount of the issued reports which are
related to negative effects on water sources like
stream
bed
remediation
studies,
bridge
constructions, tunnel constructions, discharge of
ready mixed concrete manufacturing facilities into
water sources are increasing day by day. The readymixed concrete is prepared by mixing proper
amounts of aggregate compounds, cement, some
kind of additional chemicals and water in the readymixed concrete plants.
,WZDVVWDWHGWKDWWKHUH VKRXOGEHD³:DVKLQJ
%DUUHO´DQGD³6HWWOLQJ3RRO´LQWKHIDFLOLW\Dnd the
recycling process must be applied in order to regain
the aggregates in the wastewater and the concrete
mixer. It is stated that the types of waste materials
give damage by leading to the prevention of the
development of spawns and larvae of other
organisms.
So far, the micro and macro effects of the
construction work in inland waters of Turkey have
not been studied in detail. Environmentalists and
fish farms which are acting in these types of water
sources cannot prove their damages which are
related to the construction work. The chemicals
which have been studied to determine the potential
negative effects on fish are, generally pesticides [1,
2, 3, 4], fertilizer combinations [5], disinfectants
[6], and nanoparticles [7] in recent years. These
material groups have been in active interaction with
the natural environment.
In this context, the aim of this study is to
determine the potential negative effects of the
cement, which is the unchanging element of
concrete construction, in terms of toxicology and
histopathology
studies
in
rainbow
trout
(Oncorhynchus mykiss) and Siberian sturgeon
(Acipenser baerii). These data will be helpful in
solving the future problems in wetlands.

ABSTRACT
In the present study, histopathologic effects of
the cement mixing with water in aquatic
environment on rainbow trout (Oncorhynchus
mykiss) and Siberian sturgeon (Acipenser baerii)
has been examined. Both of the two fish species
were exposed to 125 and 500 mg/l of concentrated
cement for 96 hours. LC50 values were calculated
0.44 g/l for trout (O. mykiss) and 0.62 g/l for
Siberian sturgeon (A. baerii) at the end of the
experiment for 96-hour test period. No mortality
was observed in control groups. Multiple
deformations became remarkable in the gills of
both species. However, some hyperplasia was
observed on secondary lamellae of gills of both fish
species. Hyperplasia rates were found to be much
higher in the sturgeon individuals than the trout
individuals. Also, lamellar fusion was another
important pathology in the gills of the sturgeon
individuals. Few necroses have been encountered
on the lamellas of the trout gills. Multiple fat
granules were observed in the trout liver tissue,
melanomacrophage centers and necrosis on
sturgeon liver tissue treated with 500 mg/l cement.
As a result, this study expressly shows that both of
the two species, Siberian sturgeon and rainbow
trout,
cannot
tolerate
cement-sourced
contamination.

KEYWORDS:
Aquatic Sustainability, Cement, Histology, LC50,
Pathology, Toxic Effect.

INTRODUCTION
Aquatic ecosystems in the inland waters,
retaining walls constructed to avoid floats and
overflows, concrete constructions made for
hydroelectric power plant (HEPP) projects, the
water mixed with concrete coming from
manufacturing materials of concrete constructions,
which are constructed into the stream beds like
bridge constructions to aquatic ecosystem affect the
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MATERIALS AND METHODS

RESULTS

Fish Material. In this study, rainbow trout
(Oncorhynchus mykiss) and Siberian sturgeon
(Acipenser baerii) were obtained from Recep
7D\\LS (UGR÷DQ 8QLYHUVLW\ $TXDFXOWXUH 5HVHDUFK
and Application Center. Ninety trout individuals
(40 g of average weight) and 30 sturgeons (120 g of
average weight) were received for toxicological
experiments.

Experimental Water and pH values. The
water temperature was 10r0.5°C at the beginning
of the study and it was fixed at this value till the
end of the study. The pH value of the water was
measured as 7.3 at the beginning for each fish
species. It was measured as 9.5 after adding cement
at 125 mg/l cement concentration trial; and as 10.5
after adding 500 mg/l cement concentration.

Experimental Design. The experiments were
performed in 70 lt tanks. The tanks were designed
to include10 fish in each tank with 2 recurrences.
Water temperature and pH values were measured
before trials and after adding cement. 125 and 500
mg/L concentrated cements were added to the tanks
in this study. At the same time, control groups were
formed for each species [8].

Macro Findings. It has been observed that
trout (Oncorhynchus mykiss) gets stressed since the
beginning of adding the cement. Also, it has been
observed that they were much calmer and stressfree in comparison with the trout when changes in
the fish was monitored during the experiment. No
cataracts formation was observed inside the eyes of
the fish during the experiment. Unbalanced floating
and floating on water surface were observed in both
species. Mortality have been reported since the first
day in the trout groups which were treated with 500
mg/L dosage.

Calculating the LC50 Value. The study was
designed to calculate the concentrations that would
kill 50% of the fish in the experiment in 96 hours.
This process has been performed by Probit
Analysis, which is a program within the SPSS 10.0
Statistical Software.

Histologic Studies. In the assessment of the
fish tissue sections, first of all, alterations at gills
were examined when the pathologies were checked.
Multiple deformations were observed in the gills of
both species. Apart from that, hyperplasia were
observed in the gill lamellas of both species, too. In
sturgeon, hyperplasia ration was found higher than
in trout. Also in sturgeon gills, lamellar fusion was
observed as another important pathology. In the
trout, cellular necroses were seen rarely in the
lamellae of gills (Figure 1). Multiple fat granules
were observed in the trout liver tissue treated with
500mg/l dosage of cement. Melanomacrophage
centers and necrosis were observed in the sturgeon
liver treated with 500 mg/l dosage (Figure 2).

Histologic Studies. After the experiments,
each group of the fish have been treated with
benzocaine (25 mg/l) before mortality; and their
livers, kidneys, spleens and gill tissues were fixed
with 10% neutral buffer formalin (NBF). After 24
hours, the tissues were kept at 50% ethyl alcohol
solution for 48 hours. Then the tissues went through
alcohol series and they were incubated at 65°C
water temperature in paraffin for overnight. The
tissue samples were embedded in paraffin for the
tissue section process. In the tissue section process,
WKH WLVVXHV ZHUH VOLFHG LQWR  ȝP WKLFNQHVV
deparaffinization process was applied and tissues
were subjected to 30%, 50%, 70% and 100%
alcohol series. Tissue sections were stained with
hematoxylin and eosin, fixed with entellan and
histopathologic changes were examined [3].

LC50 Value. LC50 value was calculated as
0.44 g/l for the trout (Oncorhynchus mykiss) and
0.62 g/l for the Siberian sturgeon (Acipenser baerii)
at the end of the 96 hours experimental period. No
mortality was observed in the control groups.
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FIGURE 1
Histopathology in the gills of the trout and the sturgeon fish species, which were used in the experiments,
A; Trout control group, B, C; gill tissue of trout applied 500mg/l dose, (md) multiple deformations, (hp)
hyperplasia, (n) necrosis, D; sturgeon control group, E, F; gill tissue of sturgeon applied 500 mg/l dose,
(md) multiple deformations, (hp) hyperplasia and lamellar fusion have been shown with black arrow.

FIGURE 2
Histopathologies of the liver and the kidney tissues of the trout and the Siberian sturgeon in trials; A:
Trout control group, D: Trout liver tissue treated with 500mg/l dosage, (fg) fat granules B; liver of
sturgeon control group, E; Sturgeon liver treated with 500 mg/l dosage, (mc), melanomacrophage centers,
C; sturgeon fish control group, F; sturgeon fish kidney tissue treated with 500 mg/l dosage, (n), necrosis.
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cement-sourced toxic effects. In this context,
it has been concluded that the sturgeon is more
resistant to toxic effects than the trout under same
environmental conditions.
Effects of different abiotic and biotic factors
that affect fish have been examined extensively in
histological studies [14, 15, 16]. Destructions made
at tissues by manure, bacteria, virus and parasites
have been reported [1, 2, 3, 4]. This study enables
the histological comparison of the responses to
toxic effect of two different species. Gills of fish
are the preliminary impact area of contaminated
toxicants in water. In this study, malformations and
low level hyperplasia were observed at the trout
gills, severe hyperplasia and low malformation
were observed at sturgeon gills. Severe fat vacuoles
at trout livers and only melanomacrophage
formation at sturgeon livers were observed when
the pathologies were considered in the liver and
kidney tissues. Few necroses receive attention in
the sturgeon when kidney tissues of each species
are examined. According to these data, although the
trout have fewer damages than the sturgeon in gill
tissues during treatment with toxic material, they
could enter stress conditions much earlier and they
had high mortality levels than the sturgeon. This
can be explained by the differences of weight rates
and oxygen requirements of the two species. Also
vacuolization was observed in liver tissue which
can occur due to high mortality rate in the trout. It
is a known fact that the aquatic ecosystem does not
consist of macro living creatures. In future studies,
which and how toxic materials affect the aquatic
ecosystem, flora and fauna in a must be studied.
This study is about how fish can be affected in the
media where there are cement-added products,
which is the most important part of the
anthropogenic activities. This study has clearly
demonstrated that fish species, the sturgeon and the
trout, cannot tolerate cement-sourced toxicities. It is
necessary that, in future studies that will be
conducted in watery areas, the necessary
precautions must be taken, and it must also be
studied that how the other living creatures are
affected by the toxic effects.

DISCUSSION AND CONCLUSIONS
The water pH level of 6-9 affects the normal
physiological functions of the aquatic organisms,
including the exchange of ions with the water and
respiration. The acceptable range of pH in aquatic
life, particularly in fish, depends on numerous other
factors including prior pH acclimatization, water
temperature, dissolved oxygen concentration, and
the concentrations and ratios of various cautions
and anions. Some aquatic organisms (e.g. certain
species of algae) have been found to live at pH 2
and lower, and others at pH 10 and higher.
Although fish had been found at pH values from 410, for maximum productivity, the pH level should
be maintained between 6.5 and 8.5. The pH values
between 9 and 10 can result in partial mortality for
the rainbow trout (Oncorhynchus mykiss), the
brown trout (Salmo trutta) and the salmon [9]. The
pH range is not directly lethal to freshwater fish as
5.0-9.0. Chronic exposure to pH values above 10
can be harmful to all salmonids, and pH values
higher than 9, can be harmful for some other
species [10].
Domestic and industrial effluents discharges
are considered one of the most significant threats of
the aquatic environments worldwide [11]. High pH
levels between 9 and 14 can be harmful for the
living species by denaturing cellular membranes.
Because alkalinity and pH are so closely related,
changes in pH can also affect alkalinity, especially
in poorly buffered waters [12].
Productivity and financial worries are the most
important topics for developing countries in the
case of utilizing natural sources efficiently. In this
sense, aquatic resources are revised for especially
obtaining energy, facilitating transportation and
community safety by taking the reclamation works
into account. Aquatic organisms can be affected
after these activities usually at a later time period.
Concrete and cement in the concrete are the main
and fixed materials for nearly all activities in water.
Many fish massacre have been reported at different
times because of concrete activities in aquatic
environments. Although there are various scientific
studies which have examined the effects of cement
on fish, the data in the literature are still limited.
[13] investigated the toxic effects of Portland
cement in Salmonid fish in his study; and reported
that 60% of the animals died in 24 hours after
applying 100 mg/l dosage at 15°C. The researcher
observed the pH value and stated that it exceeded
10.5 in his study, but he did not evaluate how toxic
effects occur on tissues histologically. In the
present study, the LC50 value was calculated for the
trout as 0.44 gr/l at 10r0.5°C for 96 hours period
and the pH value was 10.5 at 500 mg/L trial. There
was no detailed information on the toxic effects of
the cement in sturgeon, and this study enabled to
compare responses of the trout and the sturgeon to
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EVALUATION OF SULFANILIC ACID REMOVAL FROM
AQUEOUS SOLUTIONS BY ACTIVATED CARBON AND
POLYMERIC RESINS
Yue Sun*, Deqiang Yin, Junfen Luo, Yan Xu
School of Civil Engineering, Southeast University, Nanjing, 210096, China

pollutants is the industrial effluent accompanying the
manufacture of organic chemicals. Sulfonated
aromatic amines, as a family of the widespread
environmental pollutants with high toxicity and
carcinogenicity, are used extensively in the
production of dyes, pharmaceuticals, pesticides, ion
exchange resins and optical brightners [1-3]. Another
important source of sulfonated aromatic amines is
formed during the biodegradation of several
sulfonated nitrogen containing organic compounds
such as azo dyes under anaerobic conditions [4].
Sulfanilic acid (SA) is a representative compound of
sulfonated aromatic amines, and produced in large
quantities and easily enters the surface waters because
of its high water solubility [5]. Due to environmental
and health concerns, SA-contaminated wastewaters
need to be treated prior to their discharge.
The removal of SA from its waste effluents has
been accomplished mainly by advanced oxidation and
biodegradation [6-12]. However, SA can be very
slowly destroyed by strong oxidants such as
ozonation and Fenton reagent, and the negatively
charged sulfonate group on aromatic ring is known to
suppress biodegradation by most heterotrophic
microorganisms due to the low permeability of SA
through bacterial membranes. It has been
demonstrated in many cases that sorption is an
effective and economical approach to remove many
pollutants from wastewaters, and activated carbon has
been widely employed for removal of aromatic
contaminants from waste streams. In the past few
decades, polymeric resins have been gradually used
as an alternative to activated carbon in field
applications to remove aromatic pollutants from
wastewaters. But up to now, only few studies about
SA removal using some common adsorbents were
published [5, 13], and it is unclear whether the
conventional adsorbents are effective for SA removal
from water or not. Therefore, it is necessary to
understand which adsorbent should be used to
effectively eliminate it once water is polluted by SA.
The aim of this work is to compare the sorption
behavior of SA on the different adsorbents including
activated carbon and polymeric resins, and evaluate

ABSTRACT
The feasibility of using granular activated
carbon (GAC), weakly basic anion-exchanger (D301)
and aminated hypercrosslinked polymeric resin (AH1) to remove sulfanilic acid (SA) from water was
investigated. Adsorption isotherms, kinetics, effects
of solution pH and coexisting NaCl, as well as
regeneration tests were carried out through batch
method. Most favorable adsorption was observed at
solution pH around 3, and further increase or decrease
of solution pH resulted in a reduction of sorption
capacity, while the polymeric sorbents AH-1 and
D301 were more sensitive to solution pH than GAC.
Equilibrium adsorption data fitted well to the
Langmuir isotherm, and the maximum uptakes
decreased in the following order: D301 > AH-1 >
GAC. All the sorption kinetic data followed the
pseudo-second-order rate equation well, and AH-1
possessed the fastest sorption rate. Coexisting NaCl
exerted a negative effect on the adsorption process,
and relatively better salt-resistance property of AH-1
as well as GAC than that of D301 could enable AH-1
and GAC to be used effectively in removal of SA
from aqueous solution at a high salinity level.
Moreover, AH-1 and D301 were amenable to an
entire regeneration by NaOH solution, whereas only
about 50% regeneration efficiency was observed for
GAC. Results of column adsorption tests reinforced
the feasibility of AH-1 for potential industrial
application, and SA could be readily recovered by
further treatment of the concentrated regenerant
solution.
KEYWORDS:
activated carbon,
adsorption

polymeric

resin,

sulfanilic

acid,

INTRODUCTION
In the past decades, water pollution by organic
compounds has been of increasing concern in many
countries. One of the largest sources of organic
3528
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conducting a mass balance on the solute before and
after the test.

their feasibility for SA removal from aqueous
solutions. The sorption isotherms and kinetics for SA
using the granular activated carbon (GAC), weakly
basic anion-exchanger (D301) and aminated
hypercrosslinked polymeric resin (AH-1) were
examined in detail, and the effect of solution pH and
coexisting NaCl on the performance of the tested
sorbents was particularly concerned. Moreover, the
regeneration performance of the three sorbents as
well as the column adsorption for SA removal from
industrial wastewater by AH-1 was also investigated.

Column tests. Column experiments were
carried out with a glass column (32 mm diameter and
360 mm length) equipped with a water bath to
maintain a constant temperature. A 100 mL portion of
AH-1 was packed into the column for further use. A
Lange-580 pump (China) was used to ensure a
constant flow rate. After adsorption, 2.0 bed volumes
(BV) of 1.0 M NaOH solution followed by 3.0 BV
deionized water was used for desorption at 318 K.
The SA industrial effluent was passed through the
column at a flow rate of 2.0 BV/h, and the desorption
flow rate was controlled at 1.0 BV/h.

MATERIALS AND METHODS
Materials. Sulfanilic acid (SA) and other
reagents were purchased from Shanghai Chemical
Reagent Plant (China) in A.R. grade. The weakly
basic anion-exchanger D301 and the aminated
hypercrosslinked polymeric resin AH-1 were kindly
provided by Nange Environmental Technology Co.
(China), and the coconut-shell granular activated
carbon (GAC) was purchased from Jinbei Fine
Chemical Co. (China).

Analyses. Surface area and pore size
distribution of adsorbents were determined by using a
Micromertics 2010C automatic analyzer (Australia).
X-ray photoelectron spectroscope (XPS) was used to
determine the protonation degree of tertiary amino
group on AH-1 when the sorbent was placed in
solution with different pH values. After being
separated from solutions, the sorbent samples were
vacuum-dried in an oven at 313K until constant
weights. The analysis was made with an ESCALB
MK-II X-ray spectrometer (U.K.) equipped with Mg
KĮ X-ray source (1253.6 eV protons). In batch
sorption test, content of SA in water was determined
at the wavelength of 240 nm using a Helious Betra
UV-vis spectrophotometer (U.K.). Before analysis,
pH values of all the samples were adjusted to 12±0.5
to minimize the disturbing effect of solution pH.
While in column test, content of SA was determined
by use of HPLC (Waters 600, USA, Nov-Pak C18
column, flow phase: methanol/0.1 M phosphoric acid
= 50/50, wavelength: 240 nm, flow rate: 1 mL/min).

Method. Batch adsorption experiments. Batch
adsorption tests were carried out in 250 mL glass
flasks. 0.100 g of adsorbent was introduced to a 100
mL solution containing known initial concentration of
SA. The flasks were completely sealed and placed in
a constant temperature shaker at 298 K and shaken at
150 rpm for 24 h to ensure the adsorption process
reaching equilibrium. Diluted HCl or NaOH solution
was used to adjust the solution pH and NaCl was
introduced into the flask before adsorption when
necessary. As for kinetic study, 0.500 g of adsorbent
and 500 mL of SA solution at an initial concentration
of 1000 mg/L were introduced into a 1000 mL conical
flask quickly and shaken at a speed of 150 rpm at 298
RESULTS AND DISCUSSION
K continuously, and a 0.2 mL aliquot of solution was
sampled from the flasks at various time intervals to
determine adsorption kinetics. Adsorbent from the
Characteristics
of
adsorbents.
Some
kinetic study was transferred to another flask after
characteristics of the tested adsorbents are presented
filteration and 500 mL of 1.0 M NaOH solution was
in Table 1. Both AH-1 and GAC had large specific
used for desorption at 318 K. The amount of solute
surface area, pore volume, micropore region and
loaded on the adsorbent particles was calculated by
TABLE 1
Characteristics of adsorbents
Property
BET surface area (m2/g)
Micropore surface area (m2/g)
Pore volume (cm3/g)
Tertiary amino group (mmol/g)
Average pore diameter (nm)

GAC
897.4
489.5
0.609
0
2.72

AH-1
822.7
491.3
0.679
1.51
3.30
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D301
31.8
2.7
0.279
3.78
16.62
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FIGURE 1
Effect of pH on sorption of SA onto sorbents (a) and correlation of pH with fraction of molecular state of SA
and protonation degree of tertiary amino group on AH-1 (b).
property. As shown in Fig. 1b, the results of XPS
analysis revealed that the protonation degree of the
functional group, i.e. ±N(CH3)2 on AH-1 decreased
remarkably with increasing solution pH. In the mild
acidic media, for example pH 3, AH-1 had quite a few
net positive charge due to protonation of ±N(CH3)2 on
it (denoted as AH-1+), and effectively adsorbed
deprotonated form of adsorbate (SA± and SA-)
through electrostatic attractive interaction. With the
solution pH value further increasing, the net positive
charge of AH-1 decreased obviously, which led to the
reduction of the uptake. Contrarily, when pH values
were lower than about 3, with the solution pH value
decreasing, net positive charge of AH-1 increased, in
the meanwhile, positive charge density of SA
molecule increased, which casued against adsorption
because of electrostatic repulsion between the net
positively charged sorbent surface and protonated
amino group of SA. Thereafter, maximum sorption
capacity of SA onto AH-1 was observed at about pH 3,
and further increasing or decreasing solution pH
would be unfavorable to adsorption. D301 had the
same functional group as AH-1, thus it showed the
similar pH-dependent sorption characteristic.

small average pore diameter. Furthermore, compared
to GAC, the two polymeric adsorbents possessed
stronger polarity for the presence of the tertiary amino
group on their network.
Effect of solution pH on SA sorption. The pHdependent trend of the sorption capacity at an initial
SA concentration of 1000 mg/L is shown in Fig. 1a. It
can be seen that the adsorption capacity of either AH1 or D301 was very sensitive to solution pH and the
uptake initially increased notably with raising pH up
to about 3 and then decreased dramatically with the
further increasing solution pH. In the case of GAC,
the maximum sorption amount also reached at about
pH 3, but the uptake changed very gradually with
varying solution pH.
According to pKa1 (0.59) and pKa2 (3.23) of SA
in aqueous solution, the values of molar percentages
of SA present in different form as a function of pH are
predicted in Fig. 1b. The cationic species +NH3-ArSO3H (SA+) dominates at lower pH values, the
zwitterion form +NH3-Ar-SO3- (SA±) is the principal
species in moderate acidic medium, and the anionic
species NH2-Ar-SO3- (SA-) is the main form at higher
pH values. In general, two parallel adsorption
mechanisms, namely dispersive interaction and
electrostatic interaction were reported to explain the
adsorption of organic compounds on activated
carbons [14]. The fact that SA uptake of GAC
changed slightly with varying solution pH, indicated
electrostatic interaction did not play a predominant
role in this case. AH-1 had the similar surface area
and pore structure to GAC, thus its significantly
different pH-dependent sorption trend from GAC
could be explained in terms of its surface chemical

Adsorption isotherms. Fig. 2 shows the
equilibrium adsorption isotherms of SA onto the
adsorbents at 298 K. The equilibrium adsorption data
were fit into the Freundlich and Langmiur equations
respectively as [15]
ln Qe = ln KF + 1/n ln Ce
(1)
Ce / Qe = Ce / Qm + 1 / (KLQm)
(2)
where Qe is the equilibrium adsorption capacity
of the adsorbent (mg/g); Ce is the equilibrium
concentration of adsorbate (mg/L); KF, n, Qm and KL
3530
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TABLE 2
Regression parameters of Freundlich and Langmuir isotherm equations at 298 K.
Sorbent
Freundlich constants
Langmuir constants
n
KF
R2
Qm (mg/g) KL (L/g)
R2
GAC
2.094
7.096
0.9795
204.8
4.642
0.9936
AH-1
4.801
59.18
0.9093
224.7
39.42
0.9995
D301
4.103
90.43
0.9520
396.4
53.06
0.9983
following order: D301 > AH-1 > GAC. Taken into
account their similar surface area and pore structure,
higher adsorption capacity of AH-1 than that of GAC
could be attributed to the chemical surface
heterogeneity of the two sorbents. It was reasonable
that the largest amount loaded on D301 was owing to
the largest amount of tertiary amino groups on its
network, and electrostatic interaction played a
predominant role in this case.
Adsorption kinetics. Fig. 3a presents the plot of
SA removal versus contact time for the three
adsorbents at initial concentration of 1000 mg/L
within a total contact time of 420 min.
The kinetic data for all the adsorbents were
represented by the pseudo-first-order and pseudosecond-order model [15]
ln (1 ± Qt / Qe) = - k1 t
(3)
1 / (Qe ± Qt) = k2 t + 1 / Qe
(4)
where Qt is the adsorption uptake (mg/g) of SA
at time t and Qe is the equilibrium uptake (mg/g), k1
and k2 are the pseudo-first and pseudo-second order
equation rate constants, respectively. The values of
the rate constants and the relevant parameters are
listed in Table 3.

FIGURE 2
Adsorption isotherms of SA onto sorbents at 298 K.
are the characteristic constants. The correlative
relevant parameters and correlation coefficient (R2) of
both the isotherm equations are listed in Table 2.
As can be seen from table 2, Langmuir
equations were more reliable than Freundlich
equations because all the correlation factors (R2) of
the former were greater than those of the latter. The
values of Qm, the maximum monolayer coverage of
adsorbent in the Langmiur theory, indicated that the
adsorption capacity towards SA decreased in the

FIGURE 3
Sorption kinetic curves of SA on sorbents (a) and pore size distribution of sorbents (b).
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TABLE 3
Kinetic parameters for adsorption of SA onto adsorbents at 298 K.

Adsorbent
D301
AH-1
GAC

Pseudo-first-order model
k1
R2
(min -1)
0.0072
0.8596
0.0066
0.8529
0.0057
0.9121

Pseudo-second-order model
104k2
Qe (mg/g)
(g/mg·min)
Calculated
Experimental
2.000
405.1
401.3
2.865
213.2
217.7
2.072
166.9
164.3

Higher correlation coefficients of the pseudosecond order model and the calculated Qe values close
to the experimental data indicated that SA sorption
could be interpreted as a pseudo-second order process.
The k2 values in Table 3 showed that AH-1 possessed
the fastest adsorption. The average pore diameter of
AH-1 was larger than that of GAC, additionally, as
shown in Fig. 3b, AH-1 had larger macropore and
mesopore region than GAC, which could act as
diffusion channel for adsorbate, leading to a larger
rate constant of AH-1 than that of GAC. The average
pore diameter of D301 was larger than that of AH-1,
but the sorption rate of the former was smaller than
that of the latter. Notably, the average pore diameter
was measured using dry sorbent beads, but in aqueous
solution, the tertiary amino group on sorbent matrix
would extend as well as adsorb water then build up
³ZDWHU FOXVWHUV´ GXH WR LWV K\GURSKLOLF FKDUDFWHU
which might lead to a decrease of the accessibility of
the pores and then diffusion would slow down [16].
The tertiary amino group content on D301 was about
2.5 times of that on AH-1, so AH-1 possessed better
kinetic character than D301, although average pore
diameter of the latter was larger.

R2
0.9950
0.9854
0.9889

FIGURE 4
Effect of NaCl on sorption of SA onto adsorbents.
Desorption. The adequate regeneration of the
exhausted adsorbent is essential from the economic
point of view. The results of regeneration tests
showed that SA anions were rapidly desorbed from
AH-1 as well as D301 by addition of 1.0 M NaOH
solution, and a desorption equilibrium was
approximately achieved within 60 min, while that for
GAC was nearly 180 min. The desorption efficiencies
of AH-1, D301 and GAC within 180 min were 99.4%,
97.4% and 51.7%, respectively. The high desorption
efficiencies and rates ensured both the polymeric
sorbents could be used repeatedly.

Effect of NaCl on SA sorption. Taken into
account the fact that inorganic salts always coexist
with sulfonated aromatic amines at a relatively high
level in the industrial wastewaters, selective sorption
properties of adsorbents are of particular importance
for their application. Here, we tested the effect of
NaCl as a representative of competitive inorganic
salts on the uptake of SA onto the three sorbents. As
shown in Fig. 4, the SA uptake decreased
significantly with adding NaCl in solution, and
gradually reached to a magnitude when further raising
the NaCl content. Less effect of salinity on AH-1 and
GAC sorption than D301 might be attributed to the
enhanced sorption of SA driven by dispersion force
corresponding to their larger specific surface area.
The relatively better salt-resistance property of AH-1
and GAC thus enabled them to be used effectively in
the removal of SA from wastewater with a high
strength of inorganic salts.

Column treatment of SA chemical effluent.
The main properties of the SA chemical effluent
generated in the production process of sulfonamide
from Changshou Chemical Plant (China) were as
follows: pH, 1; SA, 5600 mg/L; NaCl, 8%. AH-1 was
selected to test its reliability for SA removal from the
chemical effluent due to its large capacity in aqueous
solution at a high salinity level and satisfactory
regeneration behavior. The effluent pH was first
adjusted to about 3 by diluted NaOH solution and
filtered for AH-1 adsorption. Fig. 5 depicts the
breakthrough adsorption curve of a fixed-bed column
packed with AH-1 for a feeding solution. After
adsorption, leakage of SA appeared at 12 BV, and the
3532

© by PSP

Volume 25 ± No. 9/2016, pages 3528-3534

Fresenius Environmental Bulletin

solution. Among the tested sorbents, AH-1 possessed
considerable adsorption capacity, high adsorption rate,
relatively good salt-resistance property and efficient
regeneration performance. Column test results further
demonstrated that AH-1 was capable of effectively
removing SA from industrial wastewater at a high
salinity level.

SA removal efficiency was over 96%. Fig. 5 also
gives the elution curve of SA from AH-1. A complete
column regeneration of AH-1 was readily achieved by
2 BV of 1.0 M NaOH solution followed by rinsing
with 3 BV of water.
The spent NaOH effluent containing high
content SA in anionic form was then subjected to
acidification, filtration and desiccation for SA
recovery, and more than 90% of SA in the industrial
effluent could be recovered as a raw product (> 90%
in purity). Continuous adsorption-regeneration runs of
an identical AH-1 bed were also performed to test its
stable applicability. The superposition of SA
breakthrough curves in the 1st and 5th run (Fig. 5)
indicated that AH-1 could be effectively regenerated
for repeated use with no capacity loss.
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however on the other hand, it did inevitable
pollution and harm to the environment in some
degree [1,2]. In mining and smelting processes of
uranium mine, it will emerge some solid wastes that
contains natural radionuclides, for example
uranium-containing residues and tailings, which are
the radioactive pollutants that should not be ignored
[3]. Containing uranium and its daughter products,
uranium tailings sand possess the radionuclide
content that is 2 ~ 3 orders of magnitude higher
than that of background value. The uranium in
uncovered uranium tailings sand can be distributed
onto soil surface by soil wash or penetrate into
groundwater because of raining, creating great
negative effect to the local water safety and
ecological environment[4,5]. Uranium tailing
gangue and barren rock contain not only
radionuclides that is of long half life such as 238U,
226Ra, 230Th, and 210Po, but also contain the
nonradioactive poisonous and harmful heavy metals
including Pb, Cd, Zn, and Cu [6]. In tailings pond,
heavy metals may be shifted into downstream soil
through processes of rainwater leaching and
percolation, creating a long-term negative effect to
soil.
At present, researchers from home and abroad
have made in-depth analysis on pollution effect of
ordinary heavy metal upon environment and related
environment restoration method, and obtained
remarkable achievements [7, 8]. However, since the
radionuclide and accompanying heavy metal
pollutions are different from ordinary heavy metal
pollution, there are less reports on their effect upon
soil environment as well as their distribution
characteristic, nor there are even less researches on
the issue of combined pollution of the radionuclides
and accompanying heavy metals. Therefore, the
research on the pollution status and distribution
characteristics of heavy metals and radionuclides is
of great theory and practical significance. All these
researches are of practical guiding significance to
the studies on the further transferring heavy metals
and radionuclides from soil into plants, on the
adsorption mechanism of heavy metals and

ABSTRACT
In this paper, the downstream farmland soil in
tailing pond of a certain uranium mine area of
China was selected as the research object. We
researched the distribution characteristics and
correlation
between
heavy
metals
and
radionuclides, and obtained major results as below:
Through comparing with the background value of
soil element in Jiangxi province, we can see that the
contents of Cuǃ Cr ǃ Zn ǃ Pb and radionuclides
including 238U, 226Ra and 232Th in soil all exceed the
soil background value. The contents of 238Uǃ226Ra
ǃ 232Th and Cu ǃ Cr ǃ Zn generally exhibit a
decreasing trend as the deepening depth of
sampling point; Moreover as the distance between
sampling point and tailings dam increases, the
contents of such elements also show a generally
decreasing trend; while the Pb content enjoys an
unspecific change. In researched soil, 238U is
significantly related with 232Th, and for heavy
metals, there are also several correlated groups such
as Cu-Cr, Cu-Zn, Cu-Pb and Cr-Zn. Therefore, we
can see that homology and combined pollution may
exist between 238U and 232Th, and correlations also
exist among Cu, Cr, Zn and Pb, indicating the
existence of homology and combined pollution
within.

KEYWORDS:
Uranium Mine Area Soil; Heavy Metal; Radionuclide;
Distribution Characteristics; Correlation Analysis

INTRODUCTION
Since 1950s, with the development of science
and technology, the strength paid for uranium
mining in China is getting bigger year by year.
Indeed, uranium mining made a significant
contribution for China's national defense
development and nuclear power development,
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FIGURE 1
Distribution chart of sampling points in riceland soil
radionuclides were analyzed by high purity
germanium - gamma spectrometer.

radionuclides in soil, on preventing heavy metals
and radionuclides pollutions and on fixing the
related environmental restoration method.
By selecting the downstream riceland soil of a
certain uranium tailings pond in south China as the
research object, the research in this paper can truly
reflect the degree of soil pollution caused by
uranium mining, and the research results provided a
representative significance. Through analyzing the
distribution characteristics and correlation between
heavy metals and radionuclides, we explored the
possibility of combined pollution of heavy metals
and radionuclides.

RESULTS
Content analysis of heavy metals in soil.
Table.1 below shows the measurement result of 4
elements in 72 soil samples collected from
downstream riceland of uranium tailings pond, and
the comparative analysis between the heave metal
content in soil sample and standard content value.
The soil environmental quality standard is
quoted from national soil environmental quality
standard˄GB 15618-1995˅˖
Level I standard: Guarantee the natural
ecological system, and maintain the soil
environment quality threshold under natural
background;
Level Ċ standard: Guarantee agriculture
production, and maintain the soil limit value for
human health;
Level Ċ standard: Guarantee the agroforestry
production, and maintain the soil critical value for
plant normal growth.
In downstream rice soil of tailings pond, the
average contents of Cr ǃ Zn and Pb reach the
national level Ċ soil standard, the content of Cu in
most soil reaches the national level Ċ soil standard,
and content of Cu in regional soil reaches the
national level ċ soil standard. In addition, through
comparing with the background value of soil
element in Jiangxi province, we can see that the
contents of heavy metals such as CuǃCrǃZn and
Pb in soil all exceed the soil background value,

MATERIALS AND METHODS
Considering that the researched soil area is
big, the mesh-points method was adopted in this
experiment. We set totally 12 sampling points with
horizontal distance of 50-100m and longitudinal
distance of around 200m between each two points,
and for each sampling point, we collected soil
sample at different depths. At each sampling point,
we dug a soil profile with vertical depth of 1m, and
collected soil samples here at depths of 0ˈ20ˈ40
ˈ60ˈ80ˈ100cm, respectively. Therefore, totally
we got 72 samples. The distribution of sampling
points is shown in Fig.1. Weighing approximately
1kg, each soil sample was sealed in plastic bag and
labeled with sample No, sampling depth, sampling
location, and sampling date.
The heavy metals in soil were analyzed by
atomic absorption spectrometry (AAS), while
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TABLE 1
The content of heavy metals in comparison with the standard
Element

Cu˄mg/kg˅

Cr˄mg/kg˅

Zn˄mg/kg˅

Minimum Value
Maximum Value
Average
level I˄˅
Soil environmental
quality standard
level Ċ˄˅
˄pH<6.5˅
level ċ˄˅
Soil background value of
Jiangxi province

32.29
68.00
47.16
35
50
400

118.34
148.78
132.12
90
250
400

96.58
132.84
109.59
100
200
500

Pb
˄mg/kg˅
30.34
48.25
39.37
35
250
500

20.3

45.9

69.4

32.2

Content in soil
sample

increasing trend. Since the soil sample is collected
for riceland that is under farming, the upper layer
soil and lower layer soil will be remolded and
mixed with each other during the riceland
cultivation, as well as the surface soil will become
loose during this period, causing heavy metal in
surface soil transferring into deep layer soil due to
the rain water dripping and filtration, so that the Cu
content will gradually grow with the deepening
depth under the effect of soil adsorption and
intercept. In addition, the plant roots can secrete
some metal-binding protein and some particular
organic acid, which both can react with Cu2+ in
rhizosphere for complexation reaction, so as to fix
the metal in soil, causing the Cu content at 20-60cm
depth is higher than that in any other soil depths.

indicating that the downstream soil land is polluted
by heavy metals in some degree.
Spatial Distribution Characteristics of
Heavy Metals in Soil. In this research, we
measured the contents of 4 heavy metals ˄CuǃCr
ǃ Zn ǃ Pb ˅ in downstream riceland soil of
uranium tailings pond, and concluded that the
distribution characteristics of Cu, Cr, Zn are similar
with each other. As a result, we selected the Cu and
Pb that both exist accompanying uranium as
researched elements, and analyzed the spatial
distribution characteristics of the heavy metals in
soil.
Spatial Distribution Characteristics of Cu.
According to Fig.2, we can see that along the
horizontal direction from south to north, the Cu
contents in soil samples collected from sampling
points at the same depth remain unchanged;
However, from the sampling point 4 to 5 and to 6,
the Cu content gradually decrease. According to the
sampling points distribution chart 1, we can see that
there is a sewage treatment plant built near
sampling point 4, and parts of processed sewage are
poured into streams near riceland. As time goes on,
the heavy metal containing sewage will penetrate
into riceland soil and increase the heavy metal
content in local soil. As the increase of distance
away from the sewage treatment plant, the heavy
metal content will gradually decrease due to the
adsorption and filtration function of the soil.
Along the longitudinal direction, the Cu
content exhibits a generally decreasing trend as the
distance between sampling point and tailings pond
is getting father. In addition, with the deepening
depth of sampling point, the Cu content will firstly
increase and then decrease. At the soil depth of 2060cm, there is a relative bigger Cu content value, in
shallow soil depth, the Cu content shows an

Spatial distribution characteristics of Pb.
Along the horizontal direction from south to north,
the Pb content at the same soil depth remains
roughly unchanged. However, with the increasing
depth of sampling point, the Pb content will
gradually decrease. Since Pb is easy to be fixed by
being bound with soil colloid, the heavy metal Pb is
not easy to be transferred under the sole influence
of soil adsorption and filtration.
According to Fig.3, it can be seen that at the
same soil depth, the Pb content from sampling point
near tailings pond is relatively higher, and will
remain roughly unchanged as the distance between
sampling point and tailings pond increases.
however, as the sampling point is deepening, the Pb
content exhibits a decreasing trend, which is
different from the change tread of other heavy
metals-firstly grow and then decrease. This is
mainly because that the Pb element is more stable
and less affected by human activities but affected
by the sole function of soil adsorption and
interception. Therefore, the Pb content is decreasing
with the increase of sampling depth.
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FIGURE 2
Lateral distribution characteristics of Cu

pond will be polluted by radionuclides in different
degrees. In this research, the typical downstream
riceland soil was selected as the sampling points,
through the high purity germanium - gamma
spectrometer, we can analyze the radionuclides

Contents of radionuclides in soil. In the
process of uranium mining, we find that tailings
pond is the major storage site for radioactive solid
wastes. Under the leaching and infiltration function
of the rain, the downstream riceland soil of tailings
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including 238U, 226Ra, 232Th and 40K, and obtained
the content ranges, which are 2.579E-08~4.739E05g/g,
1.127E-12~1.609E-11g/g,
5.446E08~5.674E-05g/g and 0.00010493~0.03543063g/ g,
respectively.
Comparing the contents of
radionuclides in researched soil and the soil
radionuclides background value of Jiangxi province
[9], the results show in Table.2, we can see that the

contents of radionuclides including 238U ǃ
226
Ra and 232Th all exceed the soil background value
of Jiangxi province to respectively 2.2, 2.9 and 1.2
times bigger, while leaving 40K being roughly the
same as the background value. The results show
that the downstream riceland soil in researched area
is polluted by radionuclides in some degree.

FIGURE 3
Vertical distribution characteristics of Pb
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TABLE2
Comparison table of radionuclides content

radionuclides
Average
value
of
researched riceland soil
(g/g)
soil
radionuclides
background
value
of
Jiangxi province (g/g)

238

U

226

232

Ra

Th

40

K

1.00E-05

4.67E-12

1.97E-05

0.02

4.57E-06

1.48E-12

1.66E-05

0.02

FIGURE 4
Spatial distribution of 238U in riceland soil
The content of uranium in surface soil is larger
than that in any other layer of soil, which is mainly
due to the effect of soil adsorption and interception.
In addition, the surface soil is affected by human
activities in largest degree, while the parent
materials in deep soil layer are relatively less
affected by human activities, causing the element
content distribution in deep soil layer remaining
unchanged [10].
Since in this research, the researched area is
the riceland soil that is under farming. At the soil
depth of 20cm, there exists the most developed
plant root system, which can secrete some chelating
agents to react with radionuclides in soil, and form
the stable chelate compound, so as to fix uranium in
shallow soil. In addition, the plant root system can
secrete various organics, which can react with
tetravalent uranium and uranyl ion to form stable
coordination compounds, so as to fix uranium near
root environment [11].

Distribution characteristics of radionuclides
in soil. Spatial distribution characteristics of
238
U. According to Fig.4, it can be seen that along
the horizontal direction from south to north, the
contents of 238U at the same depth are roughly the
same; While along the horizontal direction from
west to east, the contents of 238U at the same depth
will decrease as the distance between sampling
point and tailings pond is getting large. This is
mainly because that the radionuclide-bearing
sewage from tailings pond infiltrates into riceland,
and due to the increased distance between sampling
point and tailings pond as well as the function of
soil adsorption and interception, the content of 238U
will be decreasing. In addition, except sampling
point 4, the content of 238U decrease with the
deepening sampling depth. There is a sewage
treatment plant near sampling point 4, and most
sewage are discharged into the streams near
sampling point 4, which is the reason for the
irregular content of 238U in sampling point 4.
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Spatial distribution characteristics of 226Ra
Along the horizontal direction from south to north,
the contents of 226Ra at the same depth are roughly
the same; While along the horizontal direction from
west to east, the contents of 226Ra at the same depth
will decrease as the distance between sampling
point and tailings pond is getting large. This is
mainly because that the radionuclide-bearing
percolating water from tailings pond infiltrates into
riceland via tailings dam, and due to the increased
distance between sampling point and tailings pond
as well as the function of soil adsorption and
interception, the content of 226Ra will be gradually
decreasing. In addition, with the deepening depth of
sampling point, the content of 226Ra shows a
decreasing trend except for that at sampling point 4,
and the reason has been explained as above.

research, we conducted correlation analysis
between heavy metals and radionuclides, so as to
analyze whether there is a combined pollution of
heavy metals and radionuclides in the researched
area and to know the migration characteristics
between them, providing references for preventing
combined pollution of heavy metals and
radionuclides. In this research, we selected the
heavy metals including Cu, Cr, Zn, Pb and the
radionuclides in soil samples collected from
sampling points 2, 4, 5, 6 and 8 at the depths of 0,
40, 100cm, respectively, and analyzed the
correlation between heavy metals between
radionuclides and between heavy metals and
radionuclides using Pearson correlation coefficient,
the correlation analysis results are shown in
Table.3.
From Table.3, we can see that in the
downstream riceland soil, the 238U is significantly
correlated with 232Th; 238U, 232Th are correlated
with Cu, Pb and Zn in some degree; In terms of
inter-metals correlation, there are also several
correlated groups such as Cu-Cr, Cu-Zn, Cu-Pb and
Cr-Zn, other heavy metals are poorly correlated
with each other. Therefore, a preliminary deduction
can be made that the homology and combined
pollution may exist between 238U and 232Th,
between radionuclides of 238U & 232Th and the
heavy metals of Cu, Pb and Zn, as well as among
Cu, Cr, Zn and Pb.

Spatial distribution characteristics of 232Th.
Along the horizontal direction from south to north,
the contents of 232Th at the same depth exhibit a
decreasing trend, because the 232Th is more easy to
become stable form than other radionuclides; Also
along the horizontal direction from west to east, the
contents of 232Th at the same depth will decrease as
the distance between sampling point and tailings
pond is getting large, because as the distance
between sampling point and tailings pond increases,
the radionuclide-bearing percolating water from
tailings pond will be adsorbed or intercepted by
soil. In addition, due to the function of soil
absorption and interception, the content of 232Th
shows a decreasing trend (except for that at
sampling point 4, and the reason has been explained
as above.) with the deepening depth of sampling
point.

DISCUSSION AND CONCLUSIONS
In the downstream riceland soil of tailings
pond, the content of heavy metals like Cr, Zn, Cu,
Pb and radionuclides like 238U, 226Ra, 232Th all
exceed the soil background value of Jiangxi
province, indicating that this researched area are
polluted by heavy metals and radionuclides in some

Correlation between heavy metals and
radionuclides. Among elements, those with strong
mutual affinities or similar occurrence modes
normally show excellent mutual correlation. In this

TABLE 3
The correlation analysis of heavy metals and radionuclides in paddy soil (Pearson correlation coefficient)
Element
238
U
226
Ra
232
Th
40
K
Cu
Cr
Zn
Pb

238

U
1
a
0.778**
0.494
0.517*
0.168
0.428
0.579*

226

Ra

1
a
a
a
a
a
a

232

Th

1
0.159
0.592*
0.065
0.427
0.588*

40

K

1
0.182
0.289
0.107
0.369

Cu

Cr

Zn

Pb

1
0.615*
0.758**
0.692**

1
0.581*
0.050

1
0.495

1

a Of variables, there is at least one constant, so it cannot be computed
** significant correlated at 0.01 horizontal level(bilateral)
* significant correlated at 0.05 horizontal level(bilateral)
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degree; The contents of Cu, Cr and Zn exhibit a
decreasing trend as the distance between sampling
point and tailings pond is getting large, while the
contents of Pb from sampling points at the same
depth show an irregular variation; The contents of
Cu, Cr and Zn firstly grow and then decrease with
the deepening soil depth, wherein a larger value
exists within the depth range of 20-60cm, however
the content of Pb will decrease with the deepening
sampling depth; The contents of 238U ǃ 226Ra ǃ
232
Thǃ40K display a general decreasing trend with
the deepening sampling point, and the content of
uranium is large in surface soil than that in deep
layer of soil. In addition, with the increasing
distance between sampling point and tailings pond,
the contents of radionuclides also show a general
decreasing trend; Significant correlation exist
between 238U and 232Th, between radionuclides of
238
Uǃ 232Th and heavy metals of Cu, Pb and Zn,
between heavy metals like Cu-Cr, Cu-Zn, Cu-Pb
and Cr-Zn, indicating the possibility of combined
pollution of heavy metals and radionuclides in this
researched area. Therefore, further research should
be conducted on the influence of combined
pollution on the farmland bionts in this researched
area.
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SPATIAL VARIATION OF SURFACE SEDIMENT
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of the sediment nutrient composition is critical for
understanding and predicting whether a lake
ecosystem is in equilibrium with its external
nutrient load and for allowing a timely response to
changes in external loading [15, 16].
Lake Taihu, the third largest freshwater lake in
China, is a shallow, eutrophic, subtropical lake [8].
The lake can be divided into several regions
according to spatial differences in physical±
chemical conditions and the plankton community
structure [12].The number of studies on sediment
nutrients in Lake Taihu is limited [3, 9, 10, 12, 17],
and the sampling locations in these previous studies
only focused on a few lake areas or sampling sites
and did not address the whole lake. Although Trolle
et al. [15] sampled the whole lake, their sampling
sites were widely spaced, and each represented a
relatively large area (70 km2). In our present study,
high density sampling was carried out due the
heterogeneity of the sediment, and the sampling
sites were spaced only 5 km apart; therefore, the
distributions of sediment nutrients presented in our
study provide a more realistic representation of the
actual horizontal distributions in Lake Taihu.
Furthermore, little is known about whether
variation of sediment nutrients among all lake
regions or between regions is site-specific or what
ecological factors influence these variations.
We investigated the levels of surface sediment
nutrients in Lake Taihu from 120 sampling sites
spaced 5 km apart. The main objective was to
comprehensively investigate the spatial distribution
of surface sediment nutrients in the lake and
confirm whether variation among all lake regions
and between regions is site-specific. In addition, we
believe that the comparison of sediment nutrients
from different sites (lake areas) can be used to
identify ecological factors affecting these
variations. These baseline data are also valuable for
designing the management and conservation
policies of Lake Taihu.

ABSTRACT
We investigated the spatial variation of
sediment nutrients in Lake Taihu, China. Surface
sediments were collected at 106 sampling site,
spaced about 5 km apart in Jan 2014. The results
showed that the TN, TP, and TOC concentrations of
surface sediments throughout Lake Taihu generally
varied between 0.941 and 3.708 mg N/g dry weight
(dw), 0.220 and 2.100 mg P/g dw, and 0.27% and
2.85% dw, respectively. There were significant sitespecific variations of nutrient concentrations among
all lake regions and between regions. The mean
concentrations of TN and TP in the northern region
were higher than those of other regions, while the
mean concentrations of TOC in the eastern region
were higher than those of other regions. Algal
bloom, wind-induced waves, and intra-habitat
heterogeneity may explain these variations in
nutrient concentrations in sediment. These baseline
data are important in designing the management
and conservation policies of the eutrophic lake.

KEYWORDS:
lake Taihu, nutrient, spatial variations, surface sediment.

INTRODUCTION
Eutrophication is a serious environmental
problem in aquatic ecosystems with accelerating
concentrations of nitrogen, phosphorus, and organic
pollutants [19]. An excess of these nutrients may
lead to diverse problems such as an increase in the
occurrence and extent of algal blooms, loss of
oxygen, and odour problems, which ultimately
degrade aquatic ecosystems and alter ecosystem
structure and function [1, 18]. Sediments are
ecologically important components of the aquatic
ecosystem as well as a sink and source of nutrients,
which play a key role in maintaining the lake
trophic status and biodiversity [13, 14]. Knowledge
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FIGURE 1
Location of 120 sampling sites in Lake Taihu, China.
brought to the laboratory, and immediately stored
IUR]HQ DW í& IRU SUHOLPLQDU\ ODERUDWRU\
handling.

MATERIALS AND METHODS
Study area, and surface sediment
collections. Lake Taihuu (30e55Ą40ą̢31e32
Ą58ąN and 119e52Ą32ą̢120e36Ą10ąE)
is a large (2,238 km2), shallow (maximum water
depth<3.3 m, mean depth=1.9 m), eutrophic,
freshwater lake in China. To compare the spatial
variation of sediment nutrients in the entire lake, we
sampled 120 sites spaced about 5 km apart within
the lake. The sites were grouped into five
representative regions: northern lake (N), western
lake (W), lake center (LC), southern lake (S), and
eastern lake (E). Region W included sites T026±
T029, T045±T050, T070±T075, and T087±T089;
region N included sites T001±T025; region S
included sites T076±T078, T083±T086, T091±
T095, T098±T102, and T114±T119; region LC
included sites T030±T044, T051±T057, and T064±
T069; and region E included sites T058±T063,
T079±T082, T096, T103±T113, and T120 (Fig. 1).
We collected106 sedimentary samples in Lake
Taihu with a Peterson grab sampler from January of
2014; the other 14 sites (T034, T035, T040, T041,
T043, T050, T052±T054, T070, T097, and T110±
T112) yielded no sediment samples. The surface
sediments (0±2 cm) were collected with a slicing
disc, transferred into sterile plastic containers,

Chemical analysis of sediment. Subsamples
of sediments were subjected to various chemical
analyses for total nitrogen (TN), total phosphorus
(TP), and total organic carbon (TOC). About 10 g
of each sample was freeze dried using a
LABCONCO freeze drier. The analytical methods
for the different variables (values expressed as
mg/g dry weight (dw), unless stated otherwise)
were analyzed according to standard methods [2] as
follows: TOC concentration in sediments was
determined using a CNHO-S elemental analyzer
(Leeman Company); TN was determined by
K2Cr2O7±H2SO4 digestion method; and TP was
determined by molybdate reagent colorimetry after
HClO4-H2SO4 digestion [4].
Statistical analyses. The differences in
nutrient levels of sediments in different lake regions
(Table 1) were determined using Wilcoxon signedrank nonparametric test with SPSS (Statistical
Program for Social Sciences) 13.0 software, with
significant levels set at p< 0.05 and very significant
at p< 0.01.

TABLE 1
Significant differences of TN, TP, and TOC concentration in sediments between pairs of five lake regions,
northern lake (N), western lake (W), lake center (LC), southern lake (S) and eastern lake (E).

TN
TP
TOC

N±W
í1.823
í0.873
í2.291*

N±LC
í2.183*
í2.326*
í2.275*

N±S
í2.258*
í2.263*
í2.307*

N±E
-0.845
í2.285*
í2.045*

W±LC
í1.976
í2.216*
í0.123

W±S
í1.896
í2.164*
í0.201

W±E
í1.875
í2.085*
í2.301*

LC±S
í1.235
í0.935
í0.215

LC±E
í2.245*
í0.628
í2.283*

S±E
í2.349*
í0.269
í2.678**

The significant levels are represented as significant, p< 0.05 (*) and very significant, p< 0.01(**)
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TN concentrations of surface sediment was
observed between N with LC and S, and between E
with LC and S (p<0.05); significant differences in
TP concentrations of surface sediment were
observed between N with LC, S, and E, and
between W with LC, S, and E (p<0.05); and
significant differences in TOC concentrations of
surface sediment were observed between N with W,
LC, and S, and between E with W, LC, and S
(p<0.05).
Internal loading in Lake Taihu from sediment
nutrient release has become increasingly severe [7].
Sediment dredging is an important measure used to
control internal nutrient loadings in eutrophic lakes
[6]. To determine whether a lake can be dredged,
regional and site-specific differences of the
sediment nutrients must be known [6]. Therefore,
we investigated these horizontal nutrient
concentration gradients in surface sediments of
Lake Taihu using the TN, TP, and TOC data from
the 106 sites. Our results showed that the spatial
distribution of nutrients in surface sediment was
site-specific among all regions as well as between
regions, and there were significant regional
differences in the concentrations of nutrients in
surface sediment from the five regions of Lake
Taihu.

RESULTS AND DISCUSSION
Spatial distributions of TN, TP and TOC
concentration in 106 surface sediments (Fig. 2)
across all Lake Taihu generally varied between 0.94
and 3.71 mg N/g dw, 0.14 and 2.10 mg P/g dw,
0.27 and 2.85% dw, respectively. As are shown in
Table 2, in region N, TN, TP and TOC
concentration of sediment ranged from 1.63 to
3.71mg/g, 0.30 to 2.1 mg/g and 0.92 to 2.85%, with
a mean of 2.21mg/g, 0.49 mg/g and 1.20%; in
region W, from 1.44 to 2.32 mg/g, 0.35 to 0.54
mg/g and 0.68 to 1.02%, with a mean of 1.95 mg/g,
0.42 mg/g and 0.91%; in region LC, from 0.94 to
2.88 mg/g, 0.14 to 0.65 mg/g and 0.27 to 1.47%,
with a mean of 1.74 mg/g, 0.33 mg/g and 0.92%; in
region S from 1.13 to 2.22 mg/g, 0.22 to 0.66 mg/g
and 0.64 to 1.79%, with a mean of 1.71 mg/g, 0.36
mg/g and 0.87%; and in region E from 1.25 to 3.05
mg/g, 0.21 to 0.49 mg/g and 0.51 to 2.39%, with a
mean of 2.20 mg/g, 0.34 mg/g and 1.54%.
Generally, the lake regional average TN, TP and
TOC concentration of sediment in Lake Taihu
decreased
according
to
N>E>W>LC>S,
N>W>S>E>LC, E>N>LC>W>S, respectively
(Table 2). Regional differences in the
concentrations of TN, TP, and TOC in surface
sediment were reported from the five regions of
Lake Taihu (Table 1). A significant difference in

FIGURE 2
Spatial distributions of TN, TP and TOC content in 106 sites of surface sediments in Lake Taihu.

TABLE 2
Descriptive statistics for environmental data for the 106 investigated stations of sediments in Lake Taihu,
with minimum, maximum, mean values.
Parameter

northern lake

western lake

range

range

mean

range

mean

range

mean

range

mean

mean

lake center

eastern lake

TN(mg/g)

1.63-3.71

2.20

1.44-2.32

1.95

0.94-2.88

1.74

1.13-2.22

1.71

1.25-3.05

2.20

TP(mg/g)

0.30-2.10

0.49

0.35-0.54

0.42

0.14-0.65

0.33

0.22-0.66

0.36

0.21-0.49

0.34

TOC (%)

0.92-2.85

1.20

0.68-1.02

0.91

0.27-1.47

0.92

0.64-1.79

0.87

0.51-2.39

1.54
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Xukou bay of the eastern lake is dominated
by floating macrophytes, and it is generally the
clearest region of Lake Taihu.

Four main reasons may account for these
differences. First, the site-specific variation of
sediment TN, TP, and TOC among a lake region
might be mainly due to generally higher sediment
nutrient concentrations in the inner bay than those
in the outer bay, which may be attributed to the
differences in land use and external and internal
loadings. For example, site T002 was located at the
Liangxihe River discharge point into Meiliang Bay,
where the surrounding land use includes tourism,
urban development, and vegetation coverage, all of
which increase anthropogenic inputs. In
comparison, site T009 was located at the inlet of
Meiliang Bay, where land use around the outer bay
includes agricultural and vegetation coverage,
which leads to nonpoint agricultural pollution. The
nutrient concentrations may therefore be related to
the sediment contaminants status, and higher
nutrient concentrations were normally found in
seriously polluted areas.
Second, we suggest that wind-induced waves
are also a main reason for the site-specific variation
of sediment TN, TP and TOC among a lake region.
Waves are frequent in Lake Taihu due to its
shallow waters and special shape [8]. In this lake,
wind-induced waves frequently disturb the water±
sediment interface, leading to intensive exchange of
nutrients and organic matter particles between the
water column and surface sediments. Due to its
large size, however, the exchange frequency of
different sites in Lake Taihu may vary. Thus,
significant environmental gradients in the sediment
were observed between different sampling sites
within a lake region, which could lead to the sitespecific
variations
in
sediment
nutrient
concentration within the same region.
Third, the site-specific variation of sediment
TOC between regions may be due to significant
variations in the organic fractions of the sediment
between the macrophyte-dominated and the algaedominated areas. In the macrophyte-dominated area
of Lake Taihu, the organic fractions of the sediment
mainly formed from decomposing and dead
residues of large vascular plants. In contrast, the
organic fractions of the sediment of the algaedominated area mainly derived from the suspended
particulate matter of urban sewage and the organic
remains of algae [5].
Finally, these variations in sediment TN, TP,
and TOC between regions may be related to algal
bloom. In the northern region of Lake Taihu,
especially in the most eutrophicated Meiliang Bay,
cyanobacterial blooms, most of which were
Microcystis, occurred in general from March to
November with the highest biomass of Microcystis
observed from June to September. Previous study
has shown that the decomposition of algal bloom
can influence the concentrations of nutrients in the
sediment, causing increases in TN, TP, and organic
matter [12]. By contrast, the East Taihu Bay and

CONCLUSIONS
Based on the investigated data using a large
number of sampling sites, there were site-specific
variations of nutrients in the sediment among all
regions of the lake as well as between regions in
Lake Taihu. The average concentrations of TN and
TP in the northern regions of the lake were higher
than those of other regions, while the mean
concentrations of TOC in the eastern region of the
lake were higher than those of other regions. We
also discussed the main reasons that could account
for these variations. These baseline data would
provide useful information for the remediation
strategies of the eutrophic lake.
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STOCHASTIC ENERGY (TECHNICAL) EFFICIENCY AND
CO2 EMISSIONS OF DRIED APRICOT FARMS IN TURKEY
Orhan Gunduz*
Inonu University, Battalgazi Vocational Schools, Malatya, 44210, Turkey

inefficiency,
environmental
hazards
and
agricultural unsustainability.
There are a number of methods to estimate the
energy efficiency. SFA is one of them and has been
used to measure the energy efficiency in
agricultural production. Rahman and Hasan [2]
employed the SFA for the energy productivity and
efficiency of wheat farming areas of Bangladesh
while accounting for the environmental constraints
affecting production. Rahman and Rahman [3] also
applied SFA model to estimate energy productivity
and efficiency of maize cultivation in Bangladesh
to account for the socio-economic and
environmental factors affecting choice of the
growing season (summer versus winter) as well as
production performance of the farmers. Rahman
and Barmon [4] used the stochastic input distance
function model to estimate energy productivity and
HIILFLHQF\ RI µJKHU¶ SUDZQ-rice-fish) farming
system in Bangladesh. These studies reveal the
usefulness of SFA in measurement of technical
efficiency of energy use in agricultural production.
To investigate the energy use efficiency and to
determine the environmental aspects of inefficient
energy consumption, energy input±output analyses
are commonly employed [5]. There are many
researches on energy use efficiency in various
agricultural crops including apricot in Turkey [615], but no research has evaluated the energy
efficiency and greenhouse gas emission together.
This study was carried out to evaluate energy
efficiency together with CO2 emission in dried
apricot farms. The main objectives of the study
were (a) to estimate energy consumption, (b) to
measure the energy (technical) efficiency using
SFA, c) to calculate the amount of CO2 emission
and (d) to find some solutions for optimal energy
use and CO2 emission in dried apricot cultivation.

ABSTRACT
Dried apricot farmers use intensive
agricultural inputs, leading to concerns about
efficiency of farms and global warming. In this
paper, we investigated the farms in Malatya
Province of Turkey, the leading dried apricot
producing province, at three important dimensions:
i) calculating the input-output energy ii) measuring
the energy efficiency performance using a
stochastic frontier approach (SFA), and finally iii)
estimating the greenhouse gas emissions. Data used
in the research were collected from 46 randomly
selected farmers. Results showed that input and
output energies in total were 17,653.83 MJ ha-1 and
39,231.76 MJ ha-1, respectively. The highest
amounts of input energies were used for nitrogen
and fungicides. The econometric analysis (SFA)
revealed that the mean score of energy (technical)
efficiency of farms was 69%, indicating that
elimination of inefficiencies can increase energy
output up to 31%. To ensure the full energy
(technical) efficiency in the dried apricot
cultivation, policies that consider the socioeconomic and cultural characteristics of the farmers
should be developed. The total CO2 emission was
440.37 kg CO2 eq ha-1 for dried apricot production.
The machinery and diesel fuel should be used in
optimal level to decrease CO2 emissions.

KEYWORDS:
Energy use, Stochastic frontier analysis, Inefficiency,
CO2, Malatya province.

INTRODUCTION
Apricot (Prunus armeniaca L.) is a fruit that
can be consumed both fresh and dried. Turkey is
leading country in the world in terms of land
devoted to apricot growing. Major apricot growing
province in Turkey is Malatya. About 50% of fresh
and 95% of dried apricots are produced in this
province [1]. Dried apricot farmers use large
amounts of inputs such as labor, chemicals,
fertilizers, machinery and fuel. Intensive input use
causes many problems such as technical

MATERIALS AND METHODS
Data collection and sampling. The present
study was conducted in Malatya province of Turkey
which is located within 38o 25ǯ N latitude and 38o
20ǯ E longitude and has an elevation of 3185 feet
above sea level.
Data used in the research were collected from
dried apricot farmers through personal interview
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TABLE 1
Input-output energy equivalents used in the dried apricot production
Item

Unit

A. Inputs
1. Labor
2. Machinery
3. Diesel fuel
4. Chemical fertilizers
a. Nitrogen (N)
b. Phosphorus (P2O5)
c. Potassium (K2O)
5. Farmyard manure
6. Chemicals
a. Fungicides
b. Insecticides
7. Water for irrigation
8. Electricity
9. Sulfur

Energy equivalent
(MJ unit-1)

h
h
l
kg

kg
kg
m3
kWh
kg

B. Outputs
1. Apricot fruit
2. Apricot pit

kg
kg

N * s2 *t 2

( N  1) * d 2  s 2 * t 2

(1)

where n is the required sample size, N is the
number of dried apricot farmers producers in target
population, s is the standard deviation of farmland, t
is the t value at 90% confidence level (1.65), and d


[17]
[17]
[18]

78.10
17.40
13.70
0.30

[18]
[18]
[18]
[9]

216.00
101.20
0.63
11.93
1.12

[19]
[19]
[17]
[20]
[17]

3.36
9.00

[8]
[17]

Stochastic frontier analysis approach to
farm level energy efficiency. The SFA approach
involving econometric estimation of parametric
function was proposed by Aigner et al. [22], and
Meeusen and van den Broeck [23]. The SFA
production function can be written as [24]:
Yi f ( X i ; E ) exp(H )
(2)

is the precision, where ( x X ) (10%) is the
permissible error. Thus, calculated sample size in
this study was found to be 46.
Analytical framework. The analytical
framework of the study consists of three
approaches: (a) an accounting approach that
provides the measures of energy input-output
performance, (b) an econometric estimation of the
energy productivity and energy (technical)
efficiency, referred to energy efficiency hereafter,
using a stochastic production frontier approach, and
(c) calculation of the greenhouse gas emission as
CO2.

In the SFA model used to determine the farm
level energy efficiency and defined in Eq. (2), Yi
denotes the output energy for the ith farm (i = 1, 2,
 « n); Xi is a (1 x k) vector of functions of
physical energy input quantities used by the ith
farm; ȕ is a (k x 1) vector of unknown parameters to
be estimated and İ is the error term.
In the Eq. (2), the stochastic error term is farm
specific and is composed of two independent
components, H vi  u i . The vi¶V DUH UDQGRP

Energy input-output performance using
accounting approach. In order to determine the
input and output energy of dried apricot production,
the amounts of human labor, machinery, diesel fuel,
chemical fertilizers, chemicals, manure, irrigation
water, electricity, and sulfur were used as inputs,
and apricot and apricot pits as output. Energy
equivalents given in Table 1 were used to estimate
the energy input and output values for dried apricot

variables (temperature, humidity, frost, etc.)
assumed to be distributed independently and
identically N(0,

V v2 ),

and they are independently

distributed of the technical inefficiencies ui¶V WKH
ui¶V¶V DUH QRQ-random variables associated with
3549



1.96
62.70
47.80

production by multiplying the amounts of inputs by
them.
In Table 1, the energy equivalent of apricot
fruit was for fresh apricot fruit production. In order
to determine the dried apricot energy equivalents,
we multiplied this value by 3, since one kg of dried
apricot is obtained from 3 kg of fresh apricot [21].
Therefore, dried apricot energy equivalent was
determined as 10.08 in the study.

method. The sample size was determined using
simple random sampling technique using the
following formula [16]:

n
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ratio test (LR) and variance parameters,

technical inefficiency in production (socioeconomics or environmental factors, etc.), and they
are assumed to be independently distributed as

Gamma ( J

and Sigma square (

truncations of the N(Zi į V u ) distribution.

V

In this definition, ui¶V have been defined by
Battese and Coelli [24] using the following
formula:

A Cobb-Douglas production function in which
both the output and inputs were expressed in
logarithmic form was used to estimate the
stochastic production frontier. Hence, the all
estimated coefficients reflect the partial output
elasticities [25]. Thus, the empirical model of the
study was designed as follows:

2

ui

ziG

(3)
where, zi is a (1 x m) vector of explanatory
variables that may influence the technical
inefficiency of ith farm, į is an (m x 1) vector of
unknown parameters to be estimated.
In this manner, the technical efficiency (TE)
of energy of the ith farm is defined as:

TEi

e

xi E  vi  u i

e xi E  vi

e

ui

2

V V

V u2 /(V v2  V u2 ) );

2
v

2
u ).

10

ln Qi E 0  ln ¦ E j X ji  vi  u i (i=1,....,46) (5)
j 1

where lnQi is the natural logarithm of total energy
output of dried apricot (includes pit energy), Xij is
the jth energy input for the ith farmer (j=1,2,...,10).
Then the inefficiency model was formed as:

(4)

TEi has a value ranged from 0 to 1, and when
ui = 0, ith farm is technically efficient.
Similar to Rahman and Hasan [2], Rahman
and Rahman [3] and Rahman and Barmon [4], we
have employed the stochastic production frontier
including socio-economic factors model to measure
the farm level technically energy efficiency using
Maximum
Likelihood
Estimation
(MLE)
procedure.
For the econometric model specification,
diagnostic tests were estimated using likelihood

6

ui

G 0  ¦G j z ji

(6)

j 1

where zi is the socio-economic factor of ith farmer
(j=1,2,...,6), į is unknown parameters.
Descriptive statistics of the energy output and
inputs used in the model and socio-economic
factors affecting the energy inefficiency were
shown in Table 2.

TABLE 2
Descriptive statistics of variables used in the stochastic energy efficiency analysis.
Parameter

Std. Dev.

Q

10,694.04

3,378.02

ȕ1
ȕ2
ȕ3
ȕ4
ȕ5
ȕ6
ȕ7
ȕ8
ȕ9
ȕ10

2,024.54
1,852.72
2,593.87
3,680.46
386.52
198.51
2,541.49
3,443.55
221.78
34.72

947.50
1,080.03
826.20
2,825.39
552.05
211.14
1,660.64
2,066.61
84.19
14.31

Inefficiency model
Determinants of energy inefficiency
Tractor ownership (if farmer has a tractor 1, otherwise 0)
Education level of farm head (year)
Age of farm head (year)
Experience on dried apricot production (year)
Received the agricultural advisory (if yes 1, otherwise 0)
Apricot land/farm land (%)

į1
į2
į3
į4
į5
į6

0.39
6.61
48.98
21.41
0.61
0.59

0.49
3.49
10.15
8.22
0.49
0.29

3550



Mean

Efficiency model
Output energy
Dried apricot output energy (kg ha-1)
Input energy variables
Labor (MJ ha-1)
Machinery (MJ ha-1)
Diesel fuel (MJ ha-1)
Nitrogen (N) (MJ ha-1)
Phosphorus (P2O5) (MJ ha-1)
Potassium (K2O) (MJ ha-1)
Farmyard manure (MJ ha-1)
Fungicides (MJ ha-1)
Insecticides (MJ ha-1)
Sulfur (MJ ha-1)
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TABLE 3
GHG coefficients used in the agricultural production inputs.
Input
1. Machinery
2. Diesel fuel
3. Chemical fertilizers
a. Nitrogen (N)
b. Phosphorus (P2O5)
c. Potassium (K2O)
4. Chemicals
a. Fungicides
b. Insecticides
5. Electricity

Unit
MJ
l
kg

References
[27-28]
[29-30]

1.300
0.200
0.200

[27-28]
[27-28]
[27-28]

3.900
5.100
0.608

[27-28]
[27-28]
[5]

kg

kWh

(11.47%) and machinery (10.49%). The chemical
fertilizer consumed most was nitrogen, which
constituted 20.85% of the total energy inputs. The
chemical group consumed most was fungicides
because fungal diseases are very common in the
apricot production. The results of Esengun et al.
[17] supported our findings in that they found
energy inputs consumed most were involving
chemical fertilizers and chemicals.
The total energy output of dried apricot
production was found to be 39,231.76 MJ ha-1. The
output energy was made up of dried apricots (82%)
and apricot pits (18%).

Because electricity variable was used only by
some of the farms and irrigation for water variable
was assumed to be the same for all farms (540 m3),
they were omitted from the model.
The parameters of the models were estimated
using the FRONTIER version 4.1 computer
program [26].
The calculation of greenhouse gas emission
approach. The amounts of GHG emission from
inputs in dried apricot cultivation per hectare were
calculated using CO2 emission coefficient of
agricultural inputs (Table 3). The amount of
produced CO2 was calculated by multiplying the
input application rate (machinery, diesel fuel,
chemical fertilizer, chemicals and electricity) by its
corresponding emission coefficient given in Table
3.

Factors affecting energy efficiency of dried
apricot farms. The estimated results of the
stochastic frontier model using Cobb-Douglas
production function are given in Table 5. The
diagnostic tests carried out by two steps revealed
that our model was satisfactory. At the first step,
Log-likelihood ratio test (LR) was applied to test
the null hypothesis (H0) that the Cobb-Douglas
stochastic frontier production function was not
suitable for estimation of energy efficiency in the
dried apricot farms. The Chi-square distribution of
LR test was statistically significant at 0.01 level.
So, the H0 hypothesis was rejected. Second,
YDULDQFH SDUDPHWHUV LQFOXGLQJ VLJPD VTXDUH ı 2)
DQG JDPPD Ȗ  ZHUH HVWLPDWHG &DOFXODWHG VLJPD
VTXDUH ı2) was 0.064 and significant at 0.01 level.
It was revealed that the goodness of fit of the model
ZDV VDWLVIDFWRU\ &RHIILFLHQW RI JDPPD Ȗ  ZDV
estimated to be 0.999 and was statistically
significant, which meant that 99% of the variance
in the dried apricot energy outputs were mainly due
to the technical inefficiency.

RESULTS AND DISCUSSION
Energy input-output analysis in dried
apricot production. The input and output used in
dried apricot production and calculated energy
input-output values using the coefficients from
Table 1 are given in Table 4. Total energy
consumption in dried apricot was 17,653.83 MJ ha-1
(Table 4). In the previous studies on the apricot,
Gezer et al. [8] and Gundogmus [11] found
22,340.95 MJ ha-1 and 22,811.68 MJ ha-1 of total
energy consumption, respectively. Esengun et al
[17] calculated this value as 28,647.03 MJ ha-1 and
17,884.72 MJ ha-1 for small and large farms,
respectively.
The highest amount of consumed energy
inputs were related to chemical fertilizers (24.16%),
chemicals (20.77%), diesel fuel (14.69%), labor
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TABLE 4
Amount of input-output energy used in the dried apricot operations
Inputs / outputs

Amount
(per hectare)

A. Inputs
1. Labor (h ha-1)
2. Machinery (h ha-1)
3. Diesel fuel (l ha-1)
4. Chemical fertilizers
a. Nitrogen (N) (kg ha-1)
b. Phosphorus (P2O5) (kg ha-1)
c. Potassium (K2O) (kg ha-1)
5. Farmyard manure (kg ha-1)
6. Chemicals
a. Fungicides (kg ha-1)
b. Insecticides (kg ha-1)
7. Water for irrigation (m3 ha-1)
8. Electricity (kWh ha-1)
9. Sulfur (kg ha-1)
Total input energy
B. Outputs
1. Apricot fruit (kg ha-1)
2. Apricot pit (kg ha-1)
Total output energy

%

1,032.93
29.55
54.26

2,024.54
1,852.72
2,593.87

11.47
10.49
14.69

47.12
22.21
14.49
8,471.64

3,680.46
386.52
198.51
2,541.49

20,85
2,19
1,12
14.40

15.94
2.19
540.00
28.12
31.00

3,443.55
221.78
340.20
335.47
34.72
17,653.83

19,51
1,26
1.90
0.20
100.00

3,182.75
794.40

32,082.14
7,149.62
39,231.76

81.78
18.22
100.00

72.3% in grape production using Data Envelopment
Analysis (DEA) approach. On the other hand,
Nabavi-Pelesaraei et al. [31] calculated a higher
energy efficiency score in orange energy
productivity for Guillan province of Iran. Rahman
and Hasan [2] calculated technical (energy)
efficiency of 88% for wheat farms in Iran using
SFA approach. Our findings showed that dried
apricot farms had a low efficiency in energy use
and approximately 30% of energy input could be
saved.
Distribution of technical efficiency scores of
dried apricot farms was illustrated in Fig. 1. Based
on the results, none of the farms had full efficiency
score of one. The technical (energy) efficiency level
of the seven farms (about 15%) were higher than
90%. Besides, 10 farms (about 22%) had an
efficiency score between 80% and 90%, and eight
farms (about 17%) had very low scores of less than
50%.

Labor had the highest coefficient (elasticity
values) among all variables (Table 5). This suggests
that labor was intensively used in dried apricot
production in Malatya instead of machinery. The
coefficient of the labor was 0.403, meaning that an
increase of 1% in the labor energy increased the
dried apricot energy productivity by 0.403%. This
result is in agreement with the finding of Rahman
and Hasan [2] that labor influenced the output
energy considerably.
Machinery energy use was less than some
other inputs in Table 4. The coefficient of
machinery was estimated to be -0.156 and
statistically significant. The elasticity value
(coefficient) showed that an increase of 1% in
machinery use decreased the output energy (dried
apricot productivity) by 0.156%.
Influence phosphorus and potassium fertilizers
on output energy was statistically significant. While
the effect of phosphorus was positive, potassium
had a small negative influence. In addition, sulfur,
which is used as a preservative and gives the dried
product a bright orange color [17], was statistically
significant. The increase in sulfur use caused a
decrease in the output energy by 0.141%.

Determinants of energy inefficiency. In
Table 6, the results of inefficiency model expressed
in Eq. 6 are presented. Two of the six factors in the
model were not significant. In addition, the
coefficients of all variables, except agricultural
advisory, were positive. Tractor ownership was
included to estimate the impact of tractor use on the
level of energy inefficiency. Contrary to
expectation that the tractor use would increase the
output energy level, the tractor ownership
positively affected the energy inefficiency.

Energy efficiencies of dried apricot farms.
Technical (energy) efficiency scores, which were
estimated using stochastic frontier approach, ranged
between 0.354 and 0.999 (mean = 0.693), implying
that dried apricot farms had an average energy use
efficiency of 69.3% (Table 5). Khoshroo et al [19]
estimated a similar technical (energy) efficiency of
3552
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TABLE 5
The MLE of stochastic energy efficiency analysis in dried apricot farms

6.995
0.403
-0.156
0.090
0.003
0.060
-0.086
0.049
0.039
-0.003
-0.141

Std.
error
0.999
0.086
0.075
0.110
0.024
0.024
0.037
0.047
0.074
0.067
0.094

V v2  V u2 )

0.064

0.014

4.725***

V /(V  V ) )

0.999

0.002

4,081.473***

Parameter

Coefficient

ȕ0
ȕ1
ȕ2
ȕ3
ȕ4
ȕ5
ȕ6
ȕ7
ȕ8
ȕ9
ȕ10

Constant
Labor
Machinery
Diesel fuel
Nitrogen (N)
Phosphorus (P2O5)
Potassium (K2O)
Farmyard manure
Fungicides
Insecticides
Sulfur

t ratio
6.994***
4.683***
-2.090**
0.818
0.134
2.452**
-2.331**
1.034
0.530
-0.038
-1.499*

Diagnostic tests
Sigma square ( V
Gamma ( J

2

2
u

2
v

2
u

Log likelihood (Log L) function
/LNHOLKRRGUDWH /5 WHVW Ȥ2)

6.414
15.943***

Frequency of farms

Efficiency score estimates
Mean stochastic technical efficiency
0.693 (69.3%)
Std. dev.
0.186
Min.
0.354
Max.
0.999
***,** and * indicates 0.01, 0.05 and 0.10 level of significance, respectively.

10
9
8
7
6
5
4
3
2
1
0

Efficiency scores
FIGURE 1
Distribution of the energy efficiency scores of dried apricot farms
and utilization of information on improved
technologies by farmers. Age of the farm head
positively affected the energy inefficiency. This
result reveals that the older the farmers get,
especially in Turkey, the more difficult it is for
them to adapt to technological innovations.
The share of apricot land size in the farmland
is an important variable in technical energy
inefficiency. In the farms with large land devoted to

Years of education and age of farm head
variables were included to the model to determine
the impact of managerial skill on the output energy
inefficiency level. Coefficient for the years of
education was negative, whereas the coefficient of
age was positive. This result showed that technical
energy inefficiency of dried apricot farms decreased
depending on years of schooling, suggesting that
increased level of education provided acquisition
3553
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TABLE 6
The estimated results of factors affecting the energy inefficiency.
Std.
error
Constant
į0
-2.083
0.526
Tractor ownership
į1
0.288
0.138
Education level of farm head
į2
-0.070
0.022
Age of farm head
į3
0.024
0.010
Experience on dried apricot
į4
0.012
0.011
Agricultural advisory
į5
-0.058
0.130
Apricot land/farm land
į6
0.485
0.263
***,** and * indicates 0.01, 0.05 and 0.10 level of significance, respectively.
Parameter

Coefficient

t ratio
-3.960***
2.088**
-3.150***
2.311**
1.099
-0.450
1.841*

apricot, higher amounts of dried apricots are
produced and they have more energy output.
Results showed that, contrary to a priori
expectation, this variable had a positive effect on
the technical (energy) inefficiency. In other words,
if the share of apricot land in the farmland
increased, the technical (energy) efficiency of farms
GHFUHDVHG7KLVFRXOGEHGXHWRWKHIDUPHUV¶KDELWV
of using traditional farming methods.

reported by Nabavi-Pelesaraei et al. [32] for
hazelnut production. The GHG emission value of
diesel fuel was followed by the machinery (about
30%), fungicides and nitrogen (about 14% each)
and electricity (about 4%). These results revealed
that intensive and overuse of machinery and fuel in
dried apricot cultivation led to the increase of GHG
emission.

Greenhouse gases emissions. Greenhouse gas
emissions (as CO2 equivalents) of dried apricot
production in sampled farms was calculated using
the coefficient in Table 3. The reasoned inputs to
the GHG were machinery, diesel fuel, artificial
fertilizers, chemicals and electricity. The results of
the GHG emission are given in Table 7. There was
no research on the GHG emissions in dried apricot
production in literature, so it was not possible to
make comparisons to another research in the
literature. However, there were a few research on
fruit production such as hazelnut [32], strawberry
[5], and nectarine [33]. As shown in Table 7, total
GHG emission of dried apricot cultivation was
440.37 kg CO2 eq ha-1 in Malatya province. The
highest share of this value (34%) belonged to the
diesel fuel. This was in agreement with 33.84%

CONCLUSION
In this paper, we measured the energy
efficiency and GHG emission of dried apricot farms
in Turkey. The total average input and output
energies of dried apricot growing were 17,653.83
MJ ha-1 and 39,231.76 MJ ha-1, respectively. In
other words, output energy was twice the use of
input energy. Dried apricot farms had a technical
efficiency of 69%. Greenhouse gas emission in the
dried apricot production, on the other hand, was
calculated to be 440.37 kg CO2 eq ha-1. The
reduction of wastes in input energy can increase the
efficiency in the operations of farms. Such an
improvement will lower the production costs of the
produce and contribute to the economic

TABLE 7
Greenhouse gas emission (GHG) of dried production inputs.
GHG coefficient
(kg CO2 eq ha-1)
131.54
149.77

Inputs
1. Machinery
2. Diesel fuel
3. Chemical fertilizers
a. Nitrogen (N)
b. Phosphorus (P2O5)
c. Potassium (K2O)
4. Chemicals
a. Fungicides
b. Insecticides
5. Electricity
Total
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%
29.87
34.01

61.26
4.44
2.90

13.91
1.01
0.66

62.18
11.18
17.10
440.37

14.12
2.54
3.88
100.00
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[12] Erdal G, Esengun K, Erdal H, Gunduz, O.
Energy use and economical analysis of sugar
beet production in Tokat province of Turkey,
Energy 2007; 32 (1): 35-41.
[13] $NGHPLUù$NFDR]+.L]LOD\+An
analysis of energy use and input costs for
apple production in Turkey. J Food Agric
Environ 2012; 10 (2): 473-9.
[14]
Kulekci
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Inputoutput energy analysis in pistachio production
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[15] Kizilaslan H. Input±output energy analysis of
cherries production in Tokat Province of
Turkey. Appl Energ 2009; 86 (7-8): 1354-8.
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Englewood Cliffs, (NJ, USA): Prentice Inc;
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production of Turkey. Energ Convers Manage
2007; 48 (2): 592-8.
[18] Ortiz-&D×QDYDWH - +HUQDQ] -/ Energy for
biological systems. In: CIGR handbook of
agricultural engineering: Energy and biomass
engineering, Vol. V. Section II. Published by
American Society of Agricultural Engineers
1999; p. 13±42. (accessed at 18.03.2014 via
http://www.cigr.org/documents/CIGRHandbo
okVol5.pdf)
[19] Khoshroo A, Mulwa R, Emrouznejad A, Arabi
B. A non-parametric Data Envelopment
Analysis approach for improving energy
efficiency of grape production. Energy 2013;
63 (1): 189-94.
[20] Singh H, Mishra D, Nahar NM. Energy use
pattern in production agriculture of a typical
village in Arid Zone India²Part I. Energ
Convers Manag 2002; 43 (16):2275±86.
[21] Demirtas N, Ozturk K, FidaQù&RODN66DKLQ
S, Yilmaz KU, Gokalp K. Apricot growing,
Directorate of Apricot Research Station,
Publication no:2, 2006, Malatya, Turkey (In
Turkish)
[22] Aigner DJ, Lovell CAK, Schmidt P.
Formulation and estimation of stochastic
frontier production function models. J
Econometrics 1977; 6 (1): 21-31.
[23] Meeusen W, van den Broeck J. Efficiency
estimation from cobb-douglas production
functions with composed error. Int Econ Rev
1977; 18 (2): 435-44.
[24] Battese GE, Coelli TJ. Frontier production
functions, technical efficiency and panel data:
with application to paddy farmers in India. J
Prod Anal 1992: 3(1-2): 153-69.
[25] Kumbhakar S, Lovell K. Stochastic frontier
analysis. Cambridge Univ. Press, Cambridge,
UK, 2000.

sustainability of apricot growing farms, and
support the environmental sustainability through
decreasing greenhouse gas emissions.
The result of SFA model also revealed that
five energy inputs (labor, machinery, phosphorus,
potassium and sulfur) significantly affected the
efficiency of farms. We confirmed SFA as a very
useful tool for benchmarking and improving the
energy efficiency and suggest its use for research
on energy efficiency of farms.
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accidental chemical waste spills, and gasoline from
fishing boats [6-8]. Present heavy metals may take
part in the water column or it might be accumulated
in sediments by many years. Fishes have been
suggested as observable species for the
biomonitoring of the pollution on land because they
may gather hydrophobic organic compounds in
their tissues, directly from water, sediments and/or
through their food. As the heavy metals come
together in tissues, the fish consumers may face a
health risk [9-14]. In the last few decades, the
concentrations of heavy metals in fish have been
extensively studied in different parts of the world.
Most of these studies concentrated mainly on the
heavy metals in the edible part (fish muscles).
However, other studies reported the distribution of
metals in different organs like the liver, kidneys,
heart, gonads, bone, digestive tract and brain.
The aim of this study was to analyse and
evaluate the levels of the selected trace elements in
water, sediment and different parts of a kind of fish
(gill, muscle and liver) at the Karacaören(I) Dam
Lake in Turkey. Karacaören(I) Dam Lake is
important in terms of being the survival of the
species, irrigation, energy to obtain, water tank
location for Antalya province. In addition, there are
many tourist facilities around the lake; the presence
of a large number of aquaculture cages in the lake is
an important source of income for the local people.

ABSTRACT
Concentrations of twelve trace metals were
determined in sediments, water and tissues of carps
(Cyprinus carpio L., 1758) which were captured at
four locations from the Karacaören(I) Dam Lake.
The muscle, liver and gill of the fish samples were
prepared by using microwave digestion technique
and the analysis of trace metals was performed with
inductively coupled plasma optic emission
spectrometry (ICP-OES). The abundance of total
metals in water and sediments varied in the
decreasing
order
of
Fe>Al>Mn>Ni>Cu>
Zn>Pb>Co>Cr>B>Cd>Hg. Significant differences
in concentrations of analyzed metals were observed
among different tissues between the genders. While
Al and Mn have the highest concentrations in the
liver, Fe, Cd, Zn and Ni were the highest in gills.
Although the muscle had the lowest concentrations
of most studied elements, it had the highest
concentration of Pb. As a bioindicator for
assessment of metal pollution, this study may be
useful, although this issue requires further study.

KEYWORDS:
Karacaören(I)Dam Lake, Cyprinus carpio, sediment,
trace metals, water pollution

INTRODUCTION
MATERIALS AND METHODS
Human destructive influence on the aquatic
environment is in the form of sublethal pollution
which results in chronic stress conditions that have
a negative effect on aquatic life [1,2]. World
consumption of fish has increased meanwhile with
the growing concern of their nutritional and
important source of protein, vitamins, unsaturated
fatty [3-5]. Lake pollution can increase aquatic
concentrations of heavy metals and unfavourable
impact fish health. Pollution can be caused by
various sources, including agricultural drainage,
industrial effluent discharge, sewage discharge,

Study area. Karacaören(I) Dam Lake, located
between Isparta and Burdur at 657m above sea
level, is a dam lake in Turkey with 45.50 km2 of
surface area and a water volume of 123 km3 (Fig.
1). Agricultural areas are close to the surrounding
Karacaören(I) Dam Lake and water uses for
irrigation fields. In order to gain an overall picture
of the metal pollution in Karacaören(I) Dam Lake,
we collected water, sediment and fish from the
Karacaören(I) Dam Lake.

3557



© by PSP

Volume 25 ± No. 9/2016, pages 3557-3562

Fresenius Environmental Bulletin






FIGURE 1
Map of the studies sites (S1: Site1, S2: Site2, S3: Site3, S4: Site4)
International certified reference material of
DORM-4 (a fish protein for trace metals) was used
for fish and analysed at the beginning and end of
each batch of samples to assess precision and
accuracy of the analytical method. Heavy metal
concentrations determined in the standard reference
materials were compared with certified values. For
all elements investigated during the experiment,
evaluated recovery rates ranged from 95% to 105%.

Collection of Samples. All water, sediment
and fish (Cyprinus carpio L., 1758) samples were
captured from Karacaören in Turkey from June
2013 to October 2014. Water samples were
collected in 50 mL acid-washed polyethylene
sample bottles from the surface and as soon as
acidified by adding 1:1 nitric acid:deionized water
solution. Fish and sediment samples were directly
collected into polyethylene bags and stored in
freezer below -20 0C until the analysis were carried
out. Fresh fish samples were obtained from the
professional fishermen in fishing ports on the
relevant point. The fishes were receipt from
fisherman as dead. Then right and left gills from
their bows were taken by the help of fine-tipped
scissors and forceps. The liver was also taken out of
the abdominal region by cutting from anus to the
pharynx. The muscle tissue was taken from the
linear transversal area.

Transfer Factor (TF). The transfer factor in
fish tissues from the aquatic ecosystem, which
includes water and sediments, was calculated
according to Rashed [16] as follows:
TF = Mtissue / Msediment or water
where Mtissue is the metal concentration in fish
tissue and Msediment or water the metal concentration in
sediment or in water [14].
Statistical Analysis. Two-way analysis of
variance (ANOVA) was used to indicate significant
differences in metal levels among sites and organs.
One-way (ANOVA) was used to compare metals
between species in single organ (significant values,
S $OOGDWDZHUHFKHFNHGEHIRUHKDQGIRUWKH
homogeneity of variances and normality; the data
which were not normally distributed or not
homogeneous were transformed. ANOVA was
followed by Duncan's multiple range test to
determine the position of the variance. All
statistical calculations were carried out with SPSS
for Windows.

Apparatus and Reagents. A Perkin Elmer
5300 DV branded Inductively Coupled Plasma
optic emission (ICP-OES) and Milestone Ethos
Plus 2000 branded Closed Vessel Microwave
Digestion System was used in the studies. All used
reagents (Merck) were ultrapure and deionise water
was used in the preparation of the necessary
solutions. Before use, all glassware were soaked in
pure nitric acid (Merck) for 30 minutes and rinsed
with deionized water.
Sample Treatment. Fish samples (0.5 g) were
digested in a mixture of 3 mL of deionised water, 7
mL of HNO3 (65%), 1 mL of H2O2 and sediment
samples (0.5 g) were digested in a mixture of 2 mL
of HNO3 (65%), 6 mL HCl (37%) in a microwave
digestion system for 31 min and diluted to 10 mL
volume with deionised water [14,15]. After
digested samples were quantitatively transferred
into 100 mL polypropylene volumetric flasks and
diluted to volume with ultrapure water. These
samples were analysed by inductively coupled
plasma optic emission spectrometry (ICP-OES).

RESULTS
Water Analysis. During the experiments, the
temperatures of the water was measured ranged
from 20 to 23°C and pH values of the water ranged
from 7.54 to 8.29. The concentrations of trace
metals determined in sediment and water samples
were given Table 1.
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TABLE 1
Average concentrations of heavy metals in water (μg/L) and sediment (μg/g)

Site Sample
Water
Site1
Sed
Water
Site 2
Sed
Water
Site 3
Sed
Water
Site 4
Sed
Water
(Ref)
Sediment
(Ref)

Fe

Cu

Al

Cd

Zn

Pb

Cr

Ni

Co

Mn

B

BDL*

*

*

*

*

*

*

*

*

*

*

6.68
±0.75

64.58
±0.30
0.014
±0.001
13.52
±1.57
0.014
±0.001

97.55
±0.48
0.060
±0.007
114.43
±1.23
0.051
±0.003
129.07
±0.48
0.041
±0.018
187.22
±3.04
1006
207
200008
181
362
51.63

12.53
±0.14

314.75
±0.88

*

*

*

0.031
±0.002

14.88
±0.29

329.94
±2.43

*

*

*

0.018
±0.001

15.20
±0.14

308.02
±3.35

*

*

*

0.026
±0.001

36.57
±0.43

634.93
±11.38

*

7217.5
19.50 2197.2 0.93 13.93
±10.5
±0.16 ±18.2 ±0.05 ±0.04
0.076
0.018
*
*
*
±0.006
±0.008
11275.1 19.61 1949.5
25.95
*
±100.6 ±0.14 ±17.5
±0.45
0.400
0.214
*
*
*
±0.004
±0.002
12684.5
7.87 2665.1
31.73
*
±17,5
±0.03 ±17.6
±0.33
0.351
0.042 0.310
0.024
*
±0.012 ±0.002 ±0.009
±0.002
15584.6 81.50 5847.7
59.17
*
±257,1 ±0.86 ±71.7
±0.79
13006
106
3006
7
107
5006
2000
2008
50008
20008
35.71
5.91 123.11
8.379
2
%4
196.6
172 314.82
20.810
2703
703
4103

*
52.63
±1.76
*
301.01
±0.84
0.108
±0.026
1.69
±1.16
506
507
100008
351
91.32
2183

*
0.014
±0.001
*
506
507
500008
37.31
902
3703

1506
6.8-425

221-4464

Sed: Sediment, Ref: References, 1TEL: Threshold effect level, 2PEL: Probable effect level, 3ERM: Effects rangemedian, 4 5 6 7 8 9 10SEL: Severe Effect Concentration, (Smith et al., 1996; MacDonald et al., 2000), *BDL: Below
Dedection Limit (<0.01)

times higher than their corresponding waterborne
The results of each sampling were given with
values [19]. The concentrations of trace metals
the mean and ± standard deviation. The
determined in different parts of fish (gills, liver and
concentrations of Fe, Cu, Al, Zn, Pb, Cr, Ni, and B
muscle) were given in Table 2.
in water were found to be 0.0-0.4, 0.000-0.042,
Metal quantities were higher in liver and gill
0.00-0.31, 0.000-0.024, 0.000-0.108, 0.000-0.014,
than in muscle. The essential metals Zn and Fe
0.00-0.06 and 0.000-0.031 μg/L, respectively.
were accumulated mainly in the liver, while Al, Pb
Among all determined heavy metals, Fe was found
and Mn exhibited their highest concentrations in
to be the dominant elemental ion followed by Al
gills. The accumulation pattern of Ni, Cr and Cd
and Pb but there was no Hg, Co, Mn and Cd metals
differed between species where the highest
in the Karacaören(I) Dam Lake. The results
concentrations were fluctuated between the liver
obtained were compared with the results of the
and gills. The accumulation of essential metals in
similar studies Smith et al. [15] and the water
the liver is likely linked to its role in metabolism
pollution control regulations of Turkey.
[10]; high levels of Zn in hepatic tissues are usually
related to natural binding proteins such as
Sediment
Analysis.
Heavy
metal
metallothioneins [23] which act as an essential
concentrations measured in the sediments from the
metal store to fulfill enzymatic and other metabolic
four sampling sites are presented in Table 1. Metal
demands [24]. In the same way, Fe tends to
concentrations in sediment decreased in the
accumulate in hepatic tissues because of the
following
order:
physiological role of the liver in blood cells and
Fe>Al>Mn>Ni>Cu>Zn>Pb>Co>Cr>B>Cd>Hg. Fe
hemoglobin synthesis. On the other hand, the liver
followed by Al had the highest accumulation values
also showed high levels of non-essential metals
for four sites, which correspond to a classical
such as Cd; this finding could be explained by the
weathering product in tropical areas where the
ability of Pb [25].
sediments are mainly composed of Al and Fe [16].
The studied fish tend to accumulate Pb, Mn
All trace metal concentrations in sediment were
and Al in gills. Gills are the main route of metal ion
found to be under the limit values of agree with the
exchange from water as they have very large
literature except Ni [20-22].
surface areas that facilitate rapid diffusion of toxic
metals [26, 27]. Therefore, it is suggested that
Fish Analysis. When fishes are exposed to
metals accumulated in gills are mainly concentrated
elevated trace metals, they can absorb and then
from water.
bioaccumulate these metals through muscle, liver
Although fish are mostly migratory and
and gill or ingesting contaminated food and water.
seldom settle in one place, metal accumulation in
Consequently, metals in fish tissues can be several
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collected from Karacaören(I)Dam Lake
recorded significantly the highest concentration of
Fe and Zn in liver; Al, Pb and Mn in gill; Pb in
muscle. Although the range of international
standards for Pb in fish is 0.5± ȝJJ WKH
quantities of Pb were measured higher values in
muscle in site 3 (97.59 μg/g) and site 4 (10.56 μg/g)
[28, 29].

fish organs provides evidences of exposure to
polluted marine ecosystem and could be used to
assess the health condition of the area from which
they were collected. In the present study,
distribution of metals showed significant high
concentrations of Fe, Zn, Pb, Al and Mn in
Karacaören(I)Dam Lake. Also, the results from
single species showed that, Cyprinus carpio L.


TABLE 2
Average concentrations of trace metals in the parts of the fish (μg/g)
Location Tissue

TF

Muscle
TFsediment

Site1

Liver
TFsediment

Gill
TFsediment

Muscle TF
water
TFsediment

Site 2

Liver TF
water
TFsediment

Gill

TFwater
TFsediment

Muscle TF
water
TFsediment

Site 3

Liver TF
water
TFsediment

Gill

TFwater
TFsediment

Fe

Cu

17.42
*
±0.56
0.0024
204.81 0.61
±1.26 ±0.01
0.028 0.031
37.33
*
±0.41
0.052
-

Al
0.45
±0.18
0.0002
0.91
±0.23
0.0004
2.19
±0.23
0.001

*

*

*

171.07
±3.33
2250
0.015
47.90
±3.09
120
0.004

-

-

1.14
±0.19
63
0.0006
18.84
±1.01
1046
0.01

*

*

*

111.86
±1.13
280
0.009
39.13
±3.21
98
0.003

-

*
*

*
*
-

Hg
*
*
*
42.86
±0.67
-

Cd

Zn

Pb

Cr

Ni

Mn

0.05
±0.01
0.054
0.35
±0.01
0.38
0.01
±0.01
0.011

10.15
±0.19
1.37
215.89
±1.41
15
135.89
±1.32
9.76
13.40
±0.10
0.52
81.10
±4.01
3.12
169.29
±3.65
6.52
19.14
±0.33
0.61
121.35
±0.81
3.83
133.87
±3.82
4.22
15.53
±0.15
647
0.26
231.63
±2.40
9651
3.92
186.35
±2.61
7750
3.15

0.49
±0.47
0.072
0.22
±0.06
0.033
0.04
±0.01
9.70
±0.15
0.18
2.28
±0.13
0.043
4.08
±0.04
0.078
97.59
±0.45
0.320
32.66
±0.20
0.108

0.79
±0.01
0.012
0.04
±0.01
2.86
0.23
±0.04
0.003

1.86
±0.02
0.019
2.50
±0.04
0.025
0.65
±0.02
0.007

0.17
±0.02
0.43
±0.02
7.03
±0.14
0.022

*

*

*

-

-

*

*

-

-

*

*

-

-

0.21
±0.02
4.11
0.001

0.82
±0.02
0.002
2.70
±0.08
0.008

*

*

*

3.81
±0.01
271
0.49
±0.01
35
-

-

4.49
±0.21
0.015

*
-

*

*

-

-

*

*

-

-

*

*

5.44
*
±0.13
25
0.002
113.62
*
±2.21
531
0.043
12.53
*
±0.11
40
0.002
5.36
*
±0.13
17
0.001
8.97 12.91±
±0.19
0.26
29
0.002
-

*
*

*

*
-

10.56
*
*
*
*
*
±0.18
Muscle TF
98
water
TFsediment
6.25
97.32
14.21
1.13
*
*
*
*
±1.18
±0.05
±0.03
Site 4 Liver TF
277
131
water
TFsediment 0.006
8.41
0.002
32.47
34.70
3.03
*
*
*
*
±1.29
±0.40
±0.08
Gill TF
93
321
water
TFsediment 0.002
20.5
0.005
0.112
0.111
0.311
30-6014
100016 0.0830.06- 0.010.69
13
12
12
0.5
0.512
0.1
50
References
417
0.003116 0.04915
0.8414 2.0414 -3.5614
13
13
13
0.1
>100
0.3
11 Turkish guidlines (2008), 12 FAO/WHO limits (1989), 13 European Community (2006), 14 Topçuoglu et al. (2002), 15A.
Chahid et al. (2014), 16RfDo: Oral reference dose of elements as established by the USEPA (2013), 17 Medeiros et al. (2012),
*BDL: Below Dedection Limit (<0.01)
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Transfer Factor (TF). The transfer factor
(TF) was calculated only for those elements
detected in the different organs of Cyprinus carpio
L. BDL values were not taken into account for TF
determination. TF values from sediments and water
are given in Table 2. The TF values from water
were found greater than those from sediments for
all the studied (calculated) elements. The highest
organ/water ratio was determined for Zn in fish
livers (9651) as the value was not found for B and
Hg in all situations. For Fe, Al, Cd, Cr Ni and Mn,
the TF values of sediment were lower than 1 in gill
and liver of Cyprinus carpio L.
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service stations, exhaust from motor vehicles, and
industrial emissions. Vapors (or gases) from
products that contain benzene, such as glues, paints,
furniture wax, and detergents, can also be a source
of exposure. Exposure of the general population to
benzene mainly occurs through breathing air that
contains benzene. Petroleum products are an
important source of ambient benzene in
occupational settings, through emissions from
gasoline vehicles, and through evaporative loss
from gasoline filling stations [3-5]. Traffic
policemen, parking attendants, and gas-station
attendants have been included in a number of
studies which confirm their exposure during
working hours [6-12]. People who work with
benzene and who are exposed to it over a long
period of time are at the highest risk for developing
benzene-related illnesses, which range from anemia
to leukemia. Acute occupational exposure to very
high concentrations of benzene may cause narcosis:
headache, dizziness, drowsiness, confusion, tremors
and loss of consciousness. Chronic exposure to
relatively high concentrations of benzene can
reduce the production of both red and white blood
cells from bone marrow in humans, resulting in
aplastic anemia. Benzene has long been recognized
as a human carcinogen [13-15].
Occupational benzene exposure occurs most
frequently, and mainly via inhalation, amongst
benzene distillers in the petrochemical industry,
employees of filling stations, professional (truck)
drivers, and operators of machinery powered by
internal combustion engines [16].
Employees in fuel stations can easily be
exposed to high levels of benzene in gasoline
vapors during refueling of cars and also through
emissions from tail pipe exhausts. Therefore, these
employees are considered a vulnerable sector of the
population since they may be exposed during the
entire 8-h working shift. Several studies were
carried out to determine the personal exposure
levels of benzene in filling station employees.
These studies usually included ambient exposure
monitoring using personal samplers and internal
exposure levels using biomarkers [17-19]. The

ABSTRACT
Individuals working with benzene, and
especially those exposed to it over a long period of
time, are at risk for developing benzene-related
illnesses, which range from anemia to leukemia.
The current study evaluates the health risks of
exposure to benzene vapor in gas station refueling
workers. A real-time monitor was used to measure
ZRUNHUV¶H[SRVXUHWREHQ]HQHDQGevaluate the risk
level. The mean personal exposure of 18 refueling
workers in 3 gas stations in Juybar (Iran) was
1.35±1.15 ppm, indicative of a significant health
risk. The refueling workers in gas stations in
Juybar city center experienced the highest benzene
vapor exposures and their health risk level was
considered very high. From all metereological
parameters measured, only wind speed during the
PRQLWRULQJZDVDSUHGLFWRURIZRUNHUV¶H[SRVXUHWR
benzene vapor as it contributed to dilute benzene
vapor LQWKHZRUNHUV¶EUHDWKLQJ]RQH

KEYWORDS:
Benzene, refueling workers, gas station, health risk
assessment

INTRODUCTION
Benzene, (CAS RN 71-43-2), is a colorless
liquid with a sweet odor. Benzene has a low vapor
pressure and evaporates quickly. Furthermore,
benzene is sparingly soluble in water and highly
flammable. Benzene is found in air, water, and soil.
Benzene originates both from industrial and natural
sources [1]. Ambient benzene exposure may
originate from a variety of sources, including light
petroleum products and cigarette smoke. Ingestion
of benzene through food or water is a secondary
source of exposure [2]. Everyone is exposed to a
small amount of benzene every day. People are
exposed to benzene in the outdoor environment, in
the workplace, and at home. The major sources of
benzene exposure are tobacco smoke, automobile
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FIGURE 1
location of monitoring sites in Juybar City

rest rotation shifts (12-h work and 24-h rest).
Benzene vapor concentrations were measured in the
breathing zone of the monitored workers. To
measure the exposure to benzene vapor, a real time
monitor was placed in the breathing zone of the
worker (within 30 cm of his mouth and nose). A
portable Phochek 5000+ EX VOCs (Volatile
Organic Compounds) monitor measured temporal
patterns and average exposure to benzene vapor
concentrations for 5 minutes. Although gas
chromatography (GC) is a good option for
assessing VOCs concentrations, its high cost per
sample analyzed, low accessibility, and need for
highly trained operators presented limitations. Due
to these restrictions, direct reading methods were
applied, including photo-ionization (PID). This
instrument was capable of detecting VOCs all the
way from 1 ppb up to 10000 ppm, and its accuracy
was ±5%. This method was previously applied and
described by Rismanchianet and co-workers [21].
Analysis of VOC using GC-FID and a Phochek PID
lamp, indicated a strong relationship between the
actual concentrations of xylene vapors analyzed by
GC-FID and the PID measured concentrations.
Similarly, Atabi et al. [22] and Li et al. [23] used a
PID detector for measuring benzene and VOCs.
They equipped a Phochek VOC monitor with a
photoionization detector to measure real-time
concentrations of VOCs and evaluate personal
exposures to organic solvents.
In the current study, measurement of benzene
vapor concentrations was carried out three times
SHUGD\GXULQJPLQXWHVLQWKHZRUNHUV¶EUHDWKLQJ
zone on 15 separate working days. Gas station
code, type of weather, date and time of
measurement were recorded and air pollution
related meteorological data including ambient
temperature, relative humidity, wind speed
collected over nearby station were applied in a
univariate and multiple regression analysis.

concentrations of biomarkers in the blood reflect
total exposure and also accounts for exposure to
benzene from other sources such as smoking.
(YDOXDWLRQ RI ZRUNHUV¶ H[SRVXUH UHPDLQV WKH PRVW
common approach to assess potential health
impacts to hazardous air pollutants [20]. There are
3362 gas stations in Iran and approximately 16000
workers are potentially exposed to benzene vapor in
car refueling job. Iran is one of the major producers
and exporters of crude oil but only a few such
studies exist for Iran on potential exposure to
benzene. The goal of the present study was to
evaluate the occupational exposure to benzene
vapor of gas station refueling workers in Juybar city
(Iran) to identify and quantify the associated risk
level.

MATERIALS AND METHODS
Monitoring location. This study was
conducted in Juybar city in Mazandarn province,
located about 10 km south of the Caspian Sea in the
north of Iran on the northern slopes of the Elbruz
Mountains. Juybar has a population of
approximately 28,000 people residing in the town
and 42,000 people in the suburbs and rural areas
(JM 2014). There are 3 gas stations in Juybar that
serve fuel for all types of vehicles (Figure 1).
Personal exposure monitoring. 18 Refueling
employees, working in 12-hours shifts, in 3
different gas stations were studied. In each gas
station, one worker, who was involved inrefueling
activities, was selected to measure his personal
exposure to benzene YDSRU :RUNHUV¶ H[SRVXUH WR
benzene was measured three times a day (in the
morning, in the afternoon, and in the evening), in
the 3 gas stations every working day during a week
in February 2013. Workers were working in work3564
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TABLE 1
Hazard Rating
Hazard
Rating
1

2

3

4

5

Description of Effects/Hazard Category

Example of chemicals

No known adverse health effect
ACGIH A5 carcinogens
Not classified as toxic or harmful
Reversible effects to the skin, eyes or mucous membranes, not sever
enough to cause serious health impairment
ACGIH A4 carcinogens
Skin sensitizer and skin irritants
Possible human or animal carcinogens or mutagens, but for which
data is inadequate
ACGIH A3 carcinogens
IARC Group 2B
Corrosive (PH 3 to 5 or 9 to 11), respiratory sensitizers, harmful
chemicals
Probable human carcinogens or mutagens based on animal studies
ACGIH A2 carcinogens
NTP Group B
IARC Group 2A
Very corrosive (PH 0 to 2 or 11.5 to 14)
Toxic chemicals
Known human carcinogens, mutagens or teratogens
ACGIH A1 carcinogens
NTP Group A
IARC Group 1
Very toxic chemicals

sodium chloride, butane,
acetate, calcium carbonate

butyl

Acetone, butane, acetic acid (10%
concentration),
barium
salts,
aluminum dust

Toluene, xylene, ammonia, butanol,
acetaldehyde, acetic anhydride,
aniline, antimony

Formaldehyde, cadmium, methylene
chloride,
ethylene
oxide,
acrylonitrile, 1,3-butadiene

Benzene, benzidine, lead, arsenic,
beryllium, bromine, vinyl chloride,
mercury, crystalline silica

The weekly exposure was determined using the following equation:
E= (Fu DuM)/W
E= weekly exposure (ppm or mg m-3)
F= frequency of exposure per week (no. per week)
M=magnitude of exposure (ppm or mg m-3)
W= average working hours per week (40 Hours)
D=average duration ofeach exposure (hours)

TABLE 2
Exposure Rating
E/OEL
<0.1
0.1 to <0.5
0.5 to <1.0
1.0 to <2.0


TABLE 3
Risk Rating

Exposure Rating (ER)
1
2
3
4
5

Risk Rating
1
2
3
4
5

The risk ratting of the refueling task was
determined according to the Table 3.

Risk Level determination. A semiquantitative method was used to assess
occupational exposure and the risk level of the
benzene vapor among refueling workers. Measured
data were used to determine the exposure rating
(MMP 2007). The hazard rating (HR) was based on
the hazardous effect of the benzene using Table 1.
Table 2 was used to determine exposure rating
(ER)
The following equation was applied to
calculate the risk level.
5LVN ¥ +5uER)

Statistical analysis. The statistic package
SPSS v.20 for windows was used for running the
Kolmogorov- Smirnov test to assess the normality
of the frequency distributions of benzene
concentrations. This statistic package also was used
for running descriptive statistics,univariate and
multivariate regression models. The ANOVA test
was applied to assess the difference between
workers exposure in different circumstances.
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showed a significant correlation with benzene
FRQFHQWUDWLRQ LQ WKH ZRUNHUV¶ EUHDWKLQJ ]RQH
(p=0.01). No statistical significant relationship was
found between workers exposure to benzene vapor
and other variables. Figure 4 shows mean
HPSOR\HHV¶ H[SRVXUH WR EHQ]HQH YDSRU RQ WKH
Iranian working days of the week (Saturday to
Wednesday). In spite of the relatively higher level
of benzene vapor concentration on the second and
fourth day (Sunday and Wednesday respectively),
the ANOVA test indicated that there was no
statistical significant difference between average
exposures on working days of the week (p =0.82).

RESULTS
The Kolmogorov-Smirnov test shows that
benzene concentration data fit a normal
GLVWULEXWLRQ 'HVFULSWLYH VWDWLVWLFV RI ZRUNHUV¶
exposure to benzene on different times of the day
are shown in Table 4. There was a significant
GLIIHUHQFH EHWZHHQ ZRUNHUV¶ H[SRsure at different
PRQLWRULQJ WLPHV 7KH KLJKHVW ZRUNHUV¶ H[SRVXUH
was found in the evening and the lowest in the
afternoon. The mean personal exposure of all
refueling workers was 1.35±1.15 ppm as 8-h TWA.
Although the standard level of work hours in Iran is
40 hours per week, the actual work time for these
groups of workers was 72 hours per week.

TABLE 4
Descriptive statistics of workers exposure to
benzene (ppm)
Time
Morning
Afternoon
Evening
Total

5
5
5
5

Mean
1.42
0.69
1.99
1.35

SD
0.86
0.47
1.51
1.15

Min
0.08
0.14
0.32
0.08

Max
3.06
1.57
4.92
4.92

To assess the risk level of exposure to benzene
vapor, HR=5 was applied for refueling employees
exposed to benzene vapor during 12 hours per day
(D=12 hours) and 5 days a week (F=5) (Table 1).
Thus: E= (5u12u1.35)/40=2.03
The Occupational exposure limit timeweighted average (OEL-TWA) recommended by
the Iranian Committee for Review and Collection
of Occupational Exposure Limit (ICRCOEL) and
also the threshold limit value time-weighted
exposure level (TLV-TWA) recommended by the
American Conference of Governmental Industrial
Hygienists (ACGIH) was set at 0.5 ppm for
benzene in the workplace. The exposure (E= 2.03)
was compared to the OEL and TLV (0.5 ppm) and
the exposure rating (ER=5) was determined using
Table 2.
The following equation was applied to
calculate the risk level.
5LVN ¥ +5u(5  ¥u5=5
The results showed that the risk of the benzene
vapor among gas station refueling workers was at a
very high level.
Univariate regression analysis showed that
there was a statistically significant (p=0.01)
negative relationship between exposure levels and
ambient temperature as monitored by fixed
meteorological stations nearby the studied gas
stations (Figure 2). There was also a statistically
significant (p=0.01) negative association between
exposure to benzene and wind speed (Figure 3).
The combination of temperature and wind speed

FIGURE 2
rHODWLRQVKLSEHWZHHQHPSOR\HHV¶H[SRVXUHWR
benzene vapor and ambient temperature

FIGURE 3
UHODWLRQVKLSEHWZHHQHPSOR\HHV¶H[SRVXUHWR
benzene vapor and wind speed
The univariate regression analysis showed that
of 7 environmental and personal exposure
variables, only two variables, i.e. ambient
temperature and wind speed, were significantly
FRUUHODWHG ZLWK HPSOR\HHV¶ H[SRVXUH WR EHQ]HQH
concentrations at p<0.05. In contrast, other factors,
such as time of the day, day of the week, gas station
code, type of weather (sunny, cloudy and rainy),
and relative humidity that were hypothesized to
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TABLE 5
Multiple regression model of best fit for personal exposure to benzene vapor with environmental
characteristics

variable

Unstandardized
coefficients
B
SE

Constant

1.96

0.21

Wind speed

-0.33

0.08

Standardized
coefficients
Beta
-0.52

have an effect on ZRUNHUV¶ H[SRVXUH KDG QR
significant correlation with personal exposure. The
multiple regression models for predicting the
ZRUNHUV¶ H[SRVXUH WR EHQ]HQH YDSRU ZLWK
environmental characteristics showed that the wind
speed during the monitoring was the only predictor
RIZRUNHUV¶H[SRVXUHWREHQ]HQHYDSRUDQGRI
ZRUNHUV¶ H[SRVXUH ZDV H[SODLQHG ZLWK WKLV IDFWRU
(Table 5).

P-value

9.38

0.000

-4.02

0.000

Part
correlation

Adjusted
coefficient

-0.52

0.26

filling station workers in Italy a higher exposure to
benzene vapor than the current study was found
[25]. In the current study, the highest level of
benzene vapor was found in the evening when the
number of cars which were refueling in the gas
station was high. Most of drivers are living in
suburban and rural area, therefore they generally
refuel their vehicle at the end of the day before
going back to their home. The maximum short-term
exposures to benzene were higher than STEL
recommended by ACGIH and ICRCOEL for both
evening and morning times. Using the average
measured concentrations and the period of time
when workers were exposed to benzene vapor
during a shift work, and the number of working
days per week, the risk level of 5 was calculated for
benzene vapor that means the risk level in this job
was very high. Long shift hours (approximately 60
hours per week), evaporation emission from fuel
tank, and gasoline spillage due to fast refueling
and/or overfilling due to failure of the nozzles shut
off are considered the most important factors
contributing to the very high risk level. Results
showed that ambient temperature and wind speed
had a significant effect on vapor concentrations
with higher temperatures and higher wind speeds
being associated with lower exposure levels. One
explanation is that cold weather requires the engine
to run longer before the coolant, oil, and catalytic
converter reach and stay at their optimum operating
temperatures. Juybar is a small city and most of the
people travel approximately less than one mile from
home to reach a gas station, as a consequence the
car engine has not yet reached optimum operating
temperature when refueling, which may lead to
higher benzene vapor emissions from car exhausts.
Multivariate regression analysis indicated that wind
speed was the only significant predictor for
ZRUNHUV¶ H[SRVXUH WR EHQ]HQH $ERXW  RI
EHQ]HQHYDSRUGLOXWLRQLQWKHZRUNHUV¶EUHDWKLQJDLU
could be explained by this factor. The highest
concentrations of benzene were measured on
Sunday (second Iranian working day of the week)
which coincides with the highest traffic congestion
levels. The highest vapor concentration in the
ZRUNHUV¶ EUHDWKLQJ ]RQH ZDV IRXQG LQ 9DUVKRHL¶V
gas station, located in the city center, with a higher
number of customers than the other two stations.

FIGURE 4
PHDQHPSOR\HHV¶H[SRVXUHWREHQ]HQHYDSRURQ
working days of the week
Results of the current study show that
occupational exposure of refueling employees to
benzene vapors was higher than standards
recommended by the ACGIH (2008) and the
Iranian Committee for Review and Collection of
Occupational Exposure Limit (ICRCOEL 2012).
The occupational exposure limit for benzene,
measured as 8-h TWA, was set at 0.5 ppm by both
the ACGIH and the ICRCOEL. An Inhalation
Reference Concentration (RFC) of 0.03 mg
benzene /m3 or 0.1 ppm was developed by the U.S
EPA (2003) to protect the general population. The
short-term exposure limit (STEL) (less than 15
minutes) was set at 2.5 ppm. In addition to the
TWA and STEL values, NIOSH (1994) has set an
Immediately Dangerous to Life and Health (IDLH)
value of 500 ppm for a 30 minutes exposure.
Similar studies in Italy, Thailand, Greece, have
found much lower levels of benzene exposure than
the current study [8, 20, 24]. In an older study on
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However, no significant difference was found
EHWZHHQ DYHUDJH HPSOR\HHV¶ H[SRVXUH LQ  JDV
stations.

[7]

DISCUSSION AND CONCLUSIONS
We found that refueling workers in gas
stations were exposed to benzene vapor higher than
the occupational exposure limit and had,
consequently a high risk level of exposure. From
the various parameters tested, only wind speed
contributed significantly to dilute benzene vapor in
WKHZRUNHU¶EUHDWKLQJ]RQH7KLVLVWKHILUVWVWXG\RI
benzene exposure in northern of Iran. National
occupational hygiene organizations can use these
results to create better regulations for the control of
benzene vapor in the gas stations. These findings
may also be useful to administrators in similar
places in Iran and elsewhere, providing guidance
for the evaluation and control of benzene vapors in
occupational environments.

[8]
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A THREE-YEAR INVESTIGATION OF PLANKTONIC
DIATOMS AND THEIR INDICATIVE POTENTIAL IN
DONGPING LAKE, CHINA
Ying Ren1, 2, Jielin Wei1, 2, Zhiyuan Ren3, Haiyan Pei1, 2,*, Wenrong Hu1, 2, Yawei Feng1, 2
1

School of Environmental Science and Engineering, Shandong University, 250061 Jinan, China.
Shandong Provincial Engineering Center on Environmental Science and Technology, 250061 Jinan, China.
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Research Centre for Policy and Technology, Office of the South-to-North Water Diversion Project Commission of the State Council,
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It is an important regulating lake and potential
drinking water source located in the east route of
South-to-North Water Diversion Project (SNWDP).
It is necessary to focus on the variation of water
quality and trophic state of Dongping Lake, which
urgently require monitoring by a sensitive and
comprehensive method.

ABSTRACT
Dongping Lake is a large shallow lake, located
in the east route of South-to-North Water Diversion
Project in China. The variation of planktonic
diatom community was recorded from May 2010 to
April 2013 in Dongping Lake, aiming at exploring
their indicative potential for assessment of trophic
state. A total number of 52 planktonic diatom
species were identified, and the abundance of
planktonic diatom community ranged from
1.12×105 to 1.04×107 cells/L. The dominant diatom
genera were Synedra, Cyclotella and Fragilaria,
and their abundance variation could indicate the
changes of trophic state and water quality. The
results of redundancy analysis (RDA) showed that
the variation of planktonic diatom was mainly
associated with water temperature, total phosphorus,
ammonia nitrogen and total nitrogen. TDI (Trophic
Diatom Index), originally developed for river
quality evaluation, did not adapt to assess the
trophic state in Dongping Lake. Thus, the
application of diatom indices in shallow lakes
should be cautious.

Diatoms are crucial primary producers in
aquatic ecosystems, and they are widely used in the
monitoring of aquatic environments due to their
broad distribution and ability to integrate changes
of environmental factors [2]. Variations in
abundance and community structure of diatoms
could indicate changes of surrounding environment
[3]. Many studies have shown that epiphytic and
epilithic diatoms are good indicators in rivers,
streams, lakes and estuaries [4]. In shallow lakes,
the research studies on the indicative role of
diatoms usually focused on epiphytic, littoral and
surface sediment diatoms [5]. However, a few
studies suggested that planktonic diatom
assemblages may be used as bioindicators of river
condition [6]. There have been many indices based
on diatoms to assess the water quality in rivers and
streams, such as Generic Diatom Index (IDG) [7],
Biological Diatom Index (IBD) [8], Trophic Diatom
Index (TDI) [9], etc. TDI was originally developed
to assess trophic status in rivers, and the results
showed that TDI is a good indicator for trophic
state assessment [10]. In this study, TDI was
selected to evaluate the trophic state in Dongping
Lake, which was the first attempt to evaluate the
applicability of planktonic diatom to assess the
trophic state in shallow lake. Modified Carlson
Trophic State Index (TSIM) and Evaluation Index
(EI), commonly used for testing trophic state of
lakes and reservoirs, were applied to compare with
the results of TDI.

KEYWORDS:
planktonic diatom, dominant species, environmental
factors, indicative potential, trophic state, Dongping
Lake.

INTRODUCTION
Large shallow lake is an important water type
with a lower pollution load capacity, where water
pollution, eutrophication and ecological damage
may easily occur [1]. Dongping Lake is the second
largest shallow lake in Shandong Province, China.
The aim of this study was: (ν) to study the
variation of diatom community over long-term, and
then analyze the relationship between diatom

community and environmental factors; ( ξ ) to
summarize dominant diatom species and their
indication role for water quality and trophic state;
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( ο ) to evaluate the performance of TDI in
assessing the trophic state in shallow lakes.

magnification. Diatom species were identified
according
to
phytoplankton
morphological
characteristics, as described by Hu and Wei [13].

MATERIALS AND METHODS

Relationship between diatom species and
environmental factors. Multivariate and ordination
analyses were performed using CANOCO software
version 4.5 [14]. Redundancy analysis (RDA) was
chosen to find out the relationship between diatom
species and environmental factors. All the
environment and species data were log (x+1)
transformed before analysis except pH, and only
those diatom taxa those accounted for greater than 1%
of total abundance were included. Pearson
correlation analyses between diatom data, TSIM, EI,
TDI and environment variables were conducted
using SPSS 19.0 package.

Site and sampling. Dongping Lake
¶-¶1 ¶-¶() is located in
western Dongping county of Shandong Province,
with an approximate area of 627 km2 and a mean
water depth of 2.5 m [11]. The monitoring of water
quality parameters and diatom community was
conducted at sites S1-S3 (Figure 1). Water samples
were collected monthly (May 2010-April 2013)
with a Ruttner water sampler (Hydrobios, Germany,
1000 mL) at a depth of 0.5 m below water surface.
Water samples were kept in a cool and dark
environment and then carried to laboratory. The
sampling was interrupted from January to February
in 2011 because the water was frozen.

Evaluation
methods.
Diatom
index
evaluation. TDI can be calculated by the following
formula:
TDI = (WMS×25) ± 25

(1)

where TDI and WMS represent Trophic
Diatom Index and Weighted Mean Sensitivity,
respectively. WMS was calculated as:
n

¦a s
j

WMS

j

vj

j 1
n

¦a

j

vj

j 1

(2)
where aj = abundance (proportion) of species j
in sample, sj= pollution sensitivity (l±5) of species j
and vj= indicator value (l±3) [15].

FIGURE 1
Locations of the sampling sites in Dongping
Lake.

Comprehensive index evaluation. TSIM was
calculated using the following equations:
ln chla
TSI M (chla) 10(2.46 
)
ln 2.5
(3)

Analysis
methods.
Physicochemical
parameters
included
temperature
(Temp),
transparency (Trans), dissolved oxygen (DO), pH,
total phosphorus (TP), total nitrogen (TN),
ammonia nitrogen (NH3-N), chemical oxygen
demand permanganate index (CODMn), biochemical
oxygen demand (BOD5) and chlorophyll a (chl a).
All these parameters were analyzed by standard
methods for the examination of water and
wastewater [12]. Planktonic diatom samples were
kept in brown glass bottles using 15 P/RI/XJRO¶V
iodine solution. The samples were concentrated to
10 mL after sedimentation for 48 hours. The
enumeration and identification for diatom species
was performed using a compound microscope
(CX31,
OLYMPUS,
Japan)
under
400×

TSI M ( SD) 10(2.46 

3.69  1.53ln SD
)
ln 2.5

(4)

TSI M (TP) 10(2.46 

6.71  1.15ln TP
)
ln 2.5

(5)

A series of consecutive numbers, from 0 to
100 were adopted to classify the trophic state. The
value of 0~30 indicates oligotrophy; 30~50
indicates mesotrophy; 50~100 indicates eutrophy;
the value above 70 indicates hypereutrophy [16].
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TABLE 1
Trophic evaluation criteria and classification method for lake [17].
Trophic state
classification
oligotrophy
(0  EI  20)

Chl a
TP
TN
CODMn
SD
(μg/L)
(mg/L)
(mg/L)
(mg/L)
(m)
10
0.5
0.001
0.02
0.15
10
20
1
0.004
0.05
0.4
5
30
2
0.01
0.1
1
3
mesotrophy
40
4
0.025
0.3
2
1.5
(20 < EI  50)
50
10
0.050
0.5
4
1
60
26
0.1
1
8
0.5
70
64
0.2
2
10
0.4
eutrophy
80
160
0.6
6
25
0.3
(50 < EI  100)
90
400
0.9
9
40
0.2
100
1000
1.3
16
60
0.12
EI: Evaluation Index; En: assigned scores of evaluation project.
nutrient concentration. In 2012, the variation trends
of TN and TP were different from 2010 and 2011.
The calculation of EI included the following
steps: (1) use linear interpolation to convert the
concentration of physical-chemical parameters into
assigned scores; (2) calculate EI by the following
equation:
En

N

EI

¦E

n

/N

(6)
Where EI represents Evaluation Index; En
represents assigned scores of evaluation project; N
is the number of evaluation project; (3) determine
the trophic state according to Table 1 [17].
n 1

RESULTS AND DISCUSSION
Variations of physicochemical parameters.
As shown in Figure 2, water temperature showed an
obvious seasonal pattern ranging from 0.8°C to
29.0°C, while transparency changed from 0.3 m to
2.1 m. DO mostly exhibited an opposite variation
trend as water temperature. The variation ranges of
CODMn, NH3-N, TN and TP were 1.27-4.43 mg/L,
0.07-0.44 mg/L, 0.97-3.26 mg/L and 0.01-0.07
mg/L, respectively.
Composition and temporal variation of
diatom community. A total number of 52
planktonic diatom species belonging to 25 genera
were identified in Dongping Lake (Table 2). The
species belonging to Synedra, Cyclotella and
Fragilaria were the main compositions of diatom
community.
The diatom abundance ranged from 1.12×105
to 1.04×107 cells/L. Generally, a period of
abundance increase usually took place in autumn.
As Figure 3 shows, the average of diatom
abundance in 2012 was greater than those in 2010
and 2011, which might be related to the changes of

FIGURE 2
Variations of water temperature (Temp),
transparency (Trans), pH, dissolved oxygen
(DO), chemical oxygen demand permanganate
index (CODMn), ammonium (NH3-N), total
nitrogen (TN) and total phosphorus (TP) in
Dongping Lake from May 2010 to April 2013.
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TABLE 2
List of planktonic diatom species in Dongping Lake from May 2010 to April 2013.
Genera
Achnanthes
Amphipleura
Amphora
Asterionella
Attheya
Caloneis
Cocconeis
Cyclotella
Cymbella
Diatoma
Diploneis
Eunotia
Fragilaria
Frustulia
Gomphonema
Mastogloia
Melosira
Navicula
Neidium
Nitzschia
Pinnularia
Rhizosolenia
Stauroneis
Surirella
Synedra

Species
A. exigua
A. pellucida
A. ovalis
A. Formosa
A. zachariasi
C. silicula var. truncatula
C. placentula
C. stelligera; C. meneghiniana; C. bodanica; C. comta; C.
comensis
C. cuspidate; C. pusilla; C. tumida; C. ventricosa
D. vulagare
D. puella
E. sudetica
F. capucina; F. intermedia; F. brevistria
F. vulgaris
G. constrictum var. capitatum; G. olivaceum
M.smithii var. amphicephala; M. smithii
M. granulata; M. granulata var. angustissima; M. islandica
N. simplex; N. rotarana; N. viridula; N. exigua; N.
rhynchocephala;
N. graciloides; N. pupula; N. cuspidate; N. radiosa
N. kozolowi
N. palea; N. linearis; N. amphibian
P. interrupta; P. microstauron
R. longiseta
S. anceps
S. spirals; S. ovata var. pinnata
S. affinis; S. amphicephala; S. acus; S. ulna

temperature was the most significant environmental
factor affecting the growth of dominant diatom
species.
Phosphorus is an essential nutrient source for
phytoplankton growth. A study by Yang et al. [19]
showed that total phosphorus was the most
important variable in explaining the diatom
distributions in large, shallow lakes of the Yangtze
floodplain. Reavie and Smol [20] also reported that
total phosphorus was one key factor affecting the
variation of diatom community. The abundance of
dominant planktonic diatom in Dongping Lake had
a significantly positive correlation with total
phosphorus, which could provide a foundation for
indicating trophic state and water quality. Total
nitrogen had a certain influence on planktonic
diatom. Lim et al. [21] found that total nitrogen was
an important factor influencing diatom assemblages
in 36 lakes/ponds on Bank Island. In Dongping
Lake,

As shown in Figure 4, Synedra, Cyclotella and
Fragilaria were dominant diatom genera,
accounting for 29.9%, 24.1% and 16.5% of total
diatom abundance, respectively. The proportion of
Synedra to total diatom abundance ranged from
1.96% to 78.09%, while those of Cyclotella and
Fragilaria were 0.64% to 81.3% and 0 to 60.0%,
respectively.
Relationship between diatom species and
environmental factors. The RDA ordination
indicated that the dominant diatom genera, such as
Fragilaria, Cyclotella and Synedra, showed a
positive correlation with Temp, TP, TN and NH3-N
(Figure 5). Water temperature is an important
environmental factor that affects the growth of
planktonic diatom. Many studies reported that
Synedra and Fragilaria species were very
temperature sensitive, especially Synedra acus and
Fragilaria pucina [18]. In Dongping Lake, water

3573

© by PSP

Volume 25 ± No. 9/2016, pages 3570-3578

Fresenius Environmental Bulletin

1200

Diatom abundance (104 cells/L)

S1
1000
800

S2
S3
Mean

600
400
200
0
May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar
Month (May 2010 - Apr 2013Ϳ

FIGURE 3
Variation of diatom abundance in Dongping Lake from May 2010 to April 2013.

FIGURE 4
Diatom community succession in Dongping Lake from May 2010 to April 2013.

FIGURE 5
RDA ordination for diatom variation associated with environmental factors in Dongping Lake.
TSIM, but their variation trends were similar (Figure
6). The results showed that Dongping Lake was
mainly in eutrophy. Pearson correlation analysis
was conducted to explore the relationship between
planktonic diatom and trophic state (Table 3), and
the results indicated that the abundances of Synedra
and Fragilaria were significantly correlated with
TSIM and EI, while Cyclotella had no significant
correlation with TSIM and EI.

the abundance variation of planktonic diatom,
especially Fragilaria and Synedra, significantly
correlated with TN concentration, which indicated
that planktonic diatom in Dongping Lake might
have the potential to indicate trophic state and
water quality.
The indication role of dominant diatom
species. The values of EI were lower than those of
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FIGURE 6
The relationship among TSIM (Modified Carlson Trophic State Index), EI (Evaluation Index) and DIA
(diatom abundance) in Dongping Lake.
TABLE 3
Pearson correlation coefficients between diatom abundance and trophic state indices in Dongping Lake.
SYA
CYA
FRA
DIA
TSIM
0.456**
0.270
0.418*
0.494**
EI
0.422*
0.212
0.389*
0.445**
*
**
P<0.05; P<0.01. SYA: Synedra abundance; CYA: Cyclotella abundance; FRA: Fragilaria
abundance;
DIA: Diatom abundance; TSIM: Modified Carlson Trophic State Index; EI: Evaluation Index.
As shown in Figure 6, the variation trend of
diatom abundance is roughly consistent with
trophic state indices. When diatom abundance
significantly increased, trophic state also increased
to some degree. For some time, the variation of
trophic state lagged behind diatom abundance. This
might provide a potential method for future
monitoring of trophic state that when a substantial
increase appeared in diatom abundance, trophic
state might also increase.
Previous studies have demonstrated that some
diatom species can indicate trophic state. Generally
speaking, Synedra acus usually indicates
mesotrophy [22], while Fragilaria capucina [23]
and Cyclotella meneghinian [24] indicate eutrophy.
The main dominant diatom taxa Cyclotella
indicated that Dongping Lake was in eutrophy,
which was consistent with TSIM and EI values

(Figure 6). In the 15 months when EI values
indicated mesotrophy, Fragilaria capucina was
usually not dominant. The most dominant diatom
species were not eutrophy indicators. The results
showed that dominant diatom species could indicate
trophic state to a certain extent.
Suitability of TDI for Dongping Lake. The
results of Pearson correlation analysis indicated that
the correlations between TDI and environmental
factors were different at three sampling stations
(Table 4). TDI significantly correlated with
temperature at S1, while TDI correlated with TN
and NH3-N at S2 and S3. As shown in Table 5,
there were negative correlations between TDI and
other trophic state indices at S1, while no obvious
correlations between TDI and other indices were
found out at S2 and S3.

TABLE 4
Pearson correlation coefficients between TDI and environmental factors in Dongping Lake.
Station
Variables
Temperature
S1
TDI
-0.372*
S2
TDI
-0.284
S3
TDI
-0.332
*
P<0.05; **P<0.01. TDI: Trophic Diatom Index.
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NH3-N
-0.107
-0.343*
-0.386*

TN
-0.299
-0.419*
-0.480**

TP
-0.314
-0.264
-0.232
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TABLE 5
Pearson correlation coefficients between TDI and other trophic state indices in Dongping Lake.
Station
Index
TSIM
EI
S1
TDI
-0.362*
-0.426*
S2
TDI
-0.164
-0.207
S3
TDI
-0.278
-0.331
*
**
P<0.05; P<0.01. TDI: Trophic Diatom Index; TSIM: Modified Carlson Trophic State Index; EI:
Evaluation Index.

FIGURE 7
Comparison of three trophic state indices in Dongping Lake (TSIM: Modified Carlson Trophic State Index;
EI: Evaluation Index; TDI: Trophic Diatom Index).
As shown in Figure 7, the results of TDI
indicated that Dongping Lake was eutrophic and
hypertrophic, which was inconsistent with TSIM
and EI. In addition, the trend of TDI was different
with TSIM and EI. Accordingly, TDI developed for
river quality evaluation did not adapt to assess the
trophic state in Dongping Lake. Thus, the
application of diatom indices in shallow lakes
should be cautious.
Some limitations were found when TDI was
applied in this study. Firstly, the values of some
important species which are sensitive to trophic
state are zero in TDI (e.g. Cyclotella stelligera,
Cyclotella meneghiniana). Secondly, TDI was
developed for European freshwater systems in the
beginning, and the pollution tolerance of same
algae can be changed in different environments.
Many studies showed that environment conditions,
such as geology, climate and soil can modify the
responses of species to the variation of water
quality [25]. Besse-Lototskaya et al. [26] suggested
that each trophic index should be applied in the
region where it was developed, otherwise it would
lead to uncertainties in evaluation results. Finally,
some diatom taxa mainly respond to confining
environmental condition rather than the variation of
trophic condition [27].

CONCLUSIONS
This study provided a planktonic diatom
record through a 3-year study. A total number of 52
planktonic diatom species were identified. The
abundance of planktonic diatom ranged from
1.12×105 to 1.04×107 cells/L, and the dominant
diatom genera were Synedra, Cyclotella and
Fragilaria. The results showed that the trend of
diatom abundance is roughly consistent with the
trend of trophic state, which might provide a
potential method to indicate the variation of trophic
state. TDI is not suitable for assessing the trophic
state of Dongping Lake.
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A HYBRID WAVELET-RBFNN MODEL FOR MONTHLY
TAOER RIVER STREAMFLOW FORECASTING IN
WESTERN JILIN, CHINA
Lei Zhang, Guangxin Zhang*
Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun, 130102, P. R. China

spatial distributed, time varying and stochastic
properties [3]. Therefore, the streamflow
forecasting is an important but difficult content of
water resource management.
The streamflow forecasting models and
methodologies have been rapidly developed in
recent years. Data-driven models, which require
only limited knowledge of the internal physical
mechanisms of a watershed system and characterize
the relationships between inputs and outputs
without considering explicit simulations of the
underlying physical processes, have become quite
popular in streamflow forecasting. Frequently used
methods include regression models, time series
models, artificial neural networks (ANN)
approaches, adaptive neural-based fuzzy inference
system (ANFIS), support vector machine (SVM),
non-parametric models such as K-nearest neighbor
method and hybrid approaches [1,4-8].
Artificial Neural Networks (ANNs) has
recently gained popularity in hydrological
forecasting. The ANN can identify complex
nonlinear relationships between input and output
datasets without requiring information on the nature
of the phenomena and without making underlying
assumptions regarding linearity or normality.
Hydrologists have been exploring ANNs for more
than 10 years. However, a neural network model
alone cannot address both linear and nonlinear
patterns equally well [9]. And when signal
fluctuations are highly non-stationary and physical
hydrologic process operates under a large range of
scales varying from 1day to several decades, the
ANNs may not be able to cope with non-stationary
data if pre-processing of the input and/or output
data is not performed [10].
Wavelet transform method has become a
popular tool in enhancing the performance of ANN
models and time series models due to its ability to
explain both spectral and temporal input data
information in signals. The time-frequency
localization property of wavelet transforms handles
well nonstationarities and transients in the data
series. The wavelet transform partitions the
frequency axis in a particular way; it iteratively
partitions low-frequency components, leaving high
frequency components intact at each iteration [11].
Many studies have achieved remarkable flow

ABSTRACT
Reliable streamflow forecasting is crucial for
appropriate and effective water resource planning
and management, especially in drought and floodprone regions. This study develops a hybrid
wavelet-RBF neural network model (WRBF) for
monthly streamflow prediction of Taoer River in
western Jilin. The temporal variation of the Taoer
River streamflow showed that about more than 80%
of streamflow always concentrated in summer and
autumn. The WRBF was established to forecast
streamflow by using the sub-series decomposed
from wavelet transformation as inputs to the
RBFNN model. The comparison results between
RBFNN and WRBF indicated that the WRBF
model is superior to the RBFNN model especially
for the peak values. It was found that the WRBF
model with average RMSE=3.75 m3/s, MAPE=6.86
m3/s in test period is superior in forecasting
monthly streamflow than RBFNN. This study
would provide important scientific basis for
management of flood water resources.

KEYWORDS:
Taoer River, Wavelet analysis, RBFNN, streamflow, time
series forecasting

INTRODUCTION
Water resource is one of the basic factors that
support the sustainable development of life and
economics. Streamflow forecasting facilitates
operation of water resources systems and is
considered one of the challenging tasks in water
resources research[1]. A reliable streamflow
forecasting based on monthly, seasonal or annual
time scales is very useful in water supply allocation
for competing water users (e.g., hydropower
generation, agricultural, and domestic), and the
operation of flood mitigation reservoir system[2].
Because of the effect of many factors (such as
climate variety, human movement, terrain change),
the hydrologic process is complex and show some
complicated characteristics, such as nonlinear,
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accurate monthly streamflow of Taoer River
in WJL. This study executes the following tasks:
(1) the variation of streamflow in Taoer River is
analyzed from 1959 to 2012; (2) a hybrid wavelet
and RBFNN model is developed to predict
sreamflow time series data; and (3) the performance
of these models are assessed by comparing
observed and predicted data, thereby evaluating the
predictive performance of the hybrid wavelet and
RBFNN model relative to the RBFNN model.

forecasting results by combining wavelet with
ANNs, support vector regression, multiple linear
regression [12-15].
Due to the importance of streamflow
forecasting in water resources management, more
and more research focused on the improvement of
the accuracy of streamflow forecasting in China.
Zhang et al.[16] developed six hybrid models,
including WA-ANN, WA-ARMA, EMD-ANN,
EMD-ARMA, SSA-ANN and SSA-ARMA, with
the combination of three preprocessing techniques,
such as wavelet analysis (WA), empirical mode
decomposition (EMD) and singular spectrum
analysis (SSA), and two modeling methods (i.e.
ANN model and ARMA model). These models
were examined in hindcasting and forecasting of
the monthly streamflow of two sites in the Yangtze
River of China. But it was concluded that the
hybrid models were not suitable for monthly
streamflow forecasting in this study. Abudu et
al.[17] applied autoregressive integrated moving
average (ARIMA), seasonal ARIMA (SARIMA)
and Jordan-Elman artificial neural networks (ANN)
models in forecasting monthly streamflow in the
Kizil River, Xinjiang, China. The results showed
that ARIMA model performed similarly to JordanElman ANN models. Huang et al.[18] investigated
the accuracy of a modified EMD±SVM model for
monthly streamflow forecasting in the Wei River
Basin, which has made an improvement by
removing the high frequency (IMF1) based on the
conventional EMD±SVM model. The results
showed that the modified EMD±SVM model had a
good stability and great representativeness as well
as a high prediction precision. But related research
are limited in northeast of China, especially the
semi arid western Jilin province.
The western Jilin Province (WJL) is an
ecological fragile region in the transition zone from
semi-humid climate to semi-arid climate, and also
is the largest and one of the most important wetland
ecosystems in Songhua River Basin [19,20]. Now
the Huolin River dried up almost all year except
flood period. The water level of Taoer River also
declined, which lead to the serious degradation of
Xianghai National Nature Reserve. And the
deterioration of ecological environment combined
with the uneven distribution of precipitation
resulted in the group-occurring, cascading and
sudden flood and drought disasters. The effective
use of floodwater resources is an important way to
solve the drought of WJL. So an accurate and
reliable streamflow prediction method is of
practical importance in the dynamic ecohydrological regulation, efficient use of rain-flood
resources, flood defences and disaster prevention in
Western Jilin.
Therefore, this study aims to propose a hybrid
method, the combination of wavelet analysis and
RBFNN technique (WRBF), to forecast reliable and

MATERIALS AND METHODS
Study area and dataset. Western Jilin
Province (WJL), with an area of 55,340 km2,
ORFDWHG EHWZHHQ ƍ1±ƍ1 DQG ƍ(±
ƍ(LQFOXGHV10 counties (cities) of Baicheng,
Zhenlai, Taonan, Tongyu, Daan, Songyuan,
4LDQJXR4LDQ¶DQ&KDQJOLQJ, Fuyu(Figure 1). The
climate belongs to the transitional zone from dry in
the western part to semi-humid type in the eastern
part. Based on data collected from 20
meteorological stations nearby, the mean annual
rainfall for the years 1975-2010 was 350-500 mm,
while the temperature ranged from -30Ԩ to -2Ԩ in
January and from 12Ԩ to 33Ԩ in July. The
geomorphology is low-fat, making the discharge of
surface water difficult [21].
The rivers that enter into Western Jilin
Province are Second Songhua River, Taoer River,
Huolin River (Fig.1). The rivers crossing the WJL
are Nenjiang River, Second Songhua River. Taoer
River (in western WJL), Huolin River (in central
WJL) are tributaries of Nenjiang River(Fig.1). Now
the Huolin River dried up almost all year except
flood period. The water level of Taoer River also
declined. There are three national natural reserves
(NNR) in the study area, namely Xianghai Wetland,
Momoge Wetland and Chagan Lake Wetland. Now
the Taoer River is the water source of Xianghai and
Momoge Wetland. And due to the decline of Taoer
water level, part of the water source of Momoge
Wetland comes from the Nenjiang River. The Taoer
River also flows through the Baicheng, Taonan,
=KHQODL 'DDQ 7KH DYHUDJH UXQRII RI WKH 7DR¶HU
River is 1.19 billion m3, and over 80% of the runoff
is generated in the flood season (from July to
October) [22]. So the water resource of Taoer River
(especially floodwater) is essential to human lives,
industrial and agricultural production, ecological
restoration.
There are 3 hydrological stations in the WJL.
Considering the reliability and integrality, the
observed data of monthly series of streamflow in
Zhenxi station from 1960 to 2012 are selected in
this study. The location of the study area and the
meteorological station selected are shown in Fig.1.

3580



© by PSP

Volume 25 ± No. 9/2016, pages 3579-3586

Fresenius Environmental Bulletin






FIGURE 1
Western Jilin province
over the narrowest support band and, therefore, has
good localization properties and, therefore, makes it
the most suitable for change detection studies.
After determining the type of the wavelet, the
appropriate level of decomposition is determined
based on the following formula:
L=int[log(N)]
(1)
where L and N are the decomposition level
and number of time series data respectively.
The RBFNN model. The radial basis function
neural network (RBFNN) was first proposed by
Moody and Darken[25] in the 1980sand is widely
used to approximate and control nonlinear systems
due to its structural simplicity[26]. A classical
RBFNN includes one input layer, one output layer
and one hidden layer (unlike other neural networks
that include multiple hidden layers). Fig.2 presents
a schematic diagram of an RBF neural network.

Hybrid Wavelet-RBFNN model. Wavelet
analysis. Wavelet transform (WT) is a successful
technique to capture the characteristics of target
time series and to detect localized phenomena in
nonstationary time series. This method is a
powerful signal processing tool used in a time
series analysis. The Discrete wavelet transform
(DWT), which is capable of extracting the
coefficients of fine scales to capture high-frequency
components as well as coefficient of coarse scales
to capture low-frequency components, is the
frequently used method. In the present study, the
detail coefficients (D) and approximations (A)
subtime series are obtained using MATLAB
wavelet toolbox [23]. And the comprehensive
mathematical and theoretical overview of DWT is
presented by Burrus [24].
Among the various type of DWT, Haar is the
basic and well-known wavelet. It is concentrated

Input Layer

Hidden

Output Layer

h1
w1

x1

hi

wi

y(x)

xn
wm
hm

FIGURE 2
The RBFNN structure.
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FIGURE 3
Schematic diagram of the Wavelet±RBFNN model.

A single-output RBF neural network with m
hidden layer neurons can be expressed as

1 n
( Pi  Oi ) 2
¦
n
i 1
RMSE=

m

yk

¦ w h ( x)

(4)

i i

(2)
where x = (x1, x2, . . ., xn)T and y denote the
network input and output, respectively; n is the
number of input variables; w=[w1, w2, . . ., wi] is the
connecting weight between the hidden neuron and
output layer; and hi(x) is the output value of the ith
hidden neuron.
i 1

hi ( x)

exp[ 

x  ci
2V i2

MAPE=

(5)
where Pi and Oi are predicted and observed
monthly water quality parameters, respectively and
n is the number of data.

2

], i 1,2, m

RESULTS

(3)
where ci denotes the center vector of the ith

Variation characteristics of the streamflow
time series for Taoer River. The temporal
variations of annual and seasonal average
streamflow for the Zhenxi station of Taoer River
were shown in Fig.4 and Fig.5. The annual average
streamflows of the Zhenxi station in Taoer River
fluctuated with a generally decrease rate by an
average of 4.82 m3/s every ten years. The maximum
streamflow was 161.15 m3/s in 1998, and the
minimum value occurred in 2002 with 3.01 m3/s.
The annual average streamflow showed a
downward trend from 1959 to 1982, and a
fluctuated upward trend from 1983 to 1998, then a
sharp decrease from 1999 to 2012. From the
accumulative departure curve, the Taoer River had
been experienced low flow and water shortage, and
it was more serious after 2000.
The
seasonal
streamflows
fluctuated
dramatically throughout the year. Summer
streamflow contributed the most for the annual
streamflow, and autumn the second. More than
80% of streamflow always concentrated in summer
and autumn. The seasonal streamflow showed a
sharp downward trend from 2000 to 2012. It was
also illustrated that the severe drought followed
flood, so how to store and reuse the flood is
essential for the water resource sustainable
utilization.

xc

i
hidden neuron,
is the Euclidean distance
between x and ciDQGıi is the radius or width of the
ith hidden neuron.

The hybrid methodology. The framework of
hybrid methodology is demonstrated as follows:
First, the original time series are decomposed
into a number of sub-series {D1, D2«« 'j, Aj}
by DWT.
The RBFNN model was constructed in which
the sub-series {D1, D2 «« 'j, Aj} at time t are
taken as inputs (x in equation 2) to RBF neural
network structure, and streamflow at the next step
t+1 is considered as the output (y in equation 2) of
RBFNN. The number of hidden neurons for
RBFNN was determined by trial and error
procedure.
This procedure is illustrated in Fig. 3.
Model evaluation. The performance of the
RBFNN and hybrid wavelet-RBFNN models is
evaluated by the indexes of the mean absolute
percentage error (MAPE) and root mean squared
error (RMSE) (Makridakis et al., 1986).

3582



(P  O )
1
¦ i P i 100
ni1
i
n

Volume 25 ± No. 9/2016, pages 3579-3586

© by PSP

Fresenius Environmental Bulletin





200

160

Annual streamflow

140

5-year moving average

120

100
80
60

40
20
0
1958 1965 1972 1979 1986 1993 2000 2007 2014

Acculative departure (m 3 /s)

Q (m 3 /s)

180

0
1958 1965 1972 1979 1986 1993 2000 2007 201
-200
-400

-600
-800

-1000

FIGURE 4
Variations of annual average streamflow of Zhenxi station in Taoer River
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FIGURE 5
Variations of seasonal average streamflow of Zhenxi station in Taoer River.

FIGURE 6
Approximation and details sub-signals of Taoer River streamflow time series.
signal a3 could describe the tendency of original
streamflow time series, and the variation of d2 was
closest to original streamflow, which could reflect
the periodicity of original streamflow time series.
So the variation of Taoer River streamflow has
about a five-year cycle.

Wavelet decomposition of streamflow
series. According to length of the streamflow time
series, the number of optimum decomposition level
for DWT is 3. Fig. 4 show approximation and detail
sub-signals of the annual peak original series
obtained using DWT by Haar wavelet.It can be
observed from the table that the low-frequency
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FIGURE 4
Hydrograph and scatter plot of observed and predicted streamflow using RBFNN and WRBF model for
testing period
Prediction by WRBF model. The sub-signals
from DWT were then used as the Wavelet-RBFNN
input cells, the monthly streamflow at the same
period was used as the training outputs. The data
from 1959 to 1999 were considered as training
periods, and 2000 to 2012 as the testing periods.
The fitting chart of forecasting results by RBFNN
and WRBF and observed data was shown in Fig.4.
It can be observed that streamflow values were
simulated better using WRBF compared to RBFNN
model. The RBFNN showed bad prediction results
for monthly streamflow, especially for low and high
flow. The prediction accuracy of the WRBF was
satisfied, and it could also identify the peak value of
streamflow, which would provide important basis
for management of flood water resources.

6.86%. So the predictive capacity of the WRBF
model is superior to that of the RBFNN model,
suggesting that The WRBF model effectively
simulated streamflow time series for Taoer River.
TABLE 1
Comparison of the BP, RBFNN and WRBF
models for testing period
Model
WRBF
BP
RBFNN

MAPE

3.75
7.94
4.48

6.86
11.98
8.08

DISCUSSION AND CONCLUSIONS

Comparison of model performance. Table 1
presents the RMSE and MAPE results for the
observed and predicted data of the RBFNN and
WRBF models. The RMSE values of BP, RBFNN
and WRBF for the observed and predicted data
were 7.94, 4.48 and 3.75 m3/s, respectively. So the
hybrid wavelet-RBFNN model shows better
prediction results than RBFNN and BP. From the
MAPE results, Furthermore, the observed and RBFpredicted error statistics produced MAPE values
8.08%. The WRBF model generated MAPE values

This study investigated the variation of
monthly streamflow at Zhenxi station at the Taoer
River from 1959 to 2012. Annual streamflow
demonstrate a gentle decrease, with average annual
reduction rates of 0.482 m3/s. And most of
streamflow always concentrated in summer. A
hybrid wavelet-RBFNN (WRBF) model was
established to forecast the monthly streamflow of
Taoer River, especially the summer streamflow.
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The values of statistical performance evaluation
criteria indicate the WRBF model is able to
simulate the monthly streamflow, with average
RMSE = 3.75 m3/s, MAPE = 6.86% in test period.
And WRBF could also identify the peak value of
streamflow, which would provide important basis
for management of flood water resources.
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ECOLOGICAL RED LINES: THE NATIONAL
POLICY HIGH-TENSION LINES AND
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economy and ecological environment is sharpening.
The degradation of ecosystem function not only
affects the ecological security, but also restricts the
development of social economy. Although the
protection and construction of ecology environment
increase year by year, on the whole, the stress of
resource constraint increases as before, as well as the
worsening environmental pollution. Meanwhile,
ecological degradation is still severe, and the
ecological problem is more complex, leading to the
trend that the deterioration of resources and
ecological environment has not been reversed. In
addition, various reserve areas exist many problems
such as the overlapping area, the unreasonable
layout, the low efficiency of ecological protection,
the lack of integrated conservation[2]. What has
been said shows that our country has not formed the
coordinated spatial pattern in regional ecological
security and economy development[3]. Against this
background, it is imperative that the government
needs to come up with a policy to protect and
improve the ecological environment of our country.
Ecological red line, first proposed in 2005, has
been actually applied in "Environmental Protection
Plan for the Pearl River Delta (2004-2020)" by
Guangdong province. The plan put forward an
integral strategy²"the red line regulating, the green
line raising, the blue line constructing". To
strengthen ecological protection, the State Council
of China in 2011 issued the document²"Opinions
of the State Council on Strengthening Environmental
Protection". The document explicitly proposed the
important strategic task that ecological red line
should be delimited in important ecological function
areas, ecological sensitive areas, ecological
vulnerable areas and so on. In 2012, the document
"Several Opinions on Establishing Ecological
System of the Red Line in the Bohai Sea", issued by
the State Oceanic Administration, pointed out that
ecological system of the red line would be significant
for environmental protection of the Bohai Sea. In
March 2012, the technology seminar about
delimiting national ecological red line was organized
by the Ministry of Environmental Protection, and
the work was arranged overall. From April to

ABSTRACT
Under the background that the ecological
environment is being degraded and the spatial
pattern of regional ecological security hasn't been
formed in China, it is imperative that the government
needs to come up with a policy to protect and
improve the ecological environment. Ecological red
line, first proposed in 2005, has been actually applied
over the past decade. Ecological red line has gained
a continuous perfection and development, which is
regard as an ecological management system and a
policy orientation of eco-protection by the
mandatory method today. This paper discussed the
theoretical background and connotation of
ecological red line, and studied the system
constitution, the principle for delimiting the red line,
the technology process, etc. According to the
concept of ecological red line, it consists of the
ecological function red line, the environmental
quality red line and the resource utilization red line.
And as an innovation of ecological environment
protection and management, ecological red line is
divided into the boundary red line and the
management control red line. Ecological red line is a
management policy for controlling ecological
destruction and degradation in China. As
governments and the general public become more
keenly aware of the ecological environment,
ecological red line provides a national management
policy for the discussion.

KEYWORDS:
ecological red line, ecological service function, ecological
vulnerability, biodiversity, ecological management

INTRODUCTION
With the rapid development of national
economy, the ecological environment is being
degraded by the problems of ecological destruction
and degradation[1]. As the same time, the
contradiction of coordinate development between
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in maintaining the regional ecological security
and the sustainable economic and social
development, and which must be strictly protected in
the aspects of promoting ecological function,
improving environmental quality, promoting the
efficient utilization of resources, etc. The essence of
ecological red line is the bottom line of ecological
environment security. The purpose of ecological red
line is to establish the most stringent system and put
toward a high request on the protection of ecological
function, the quality security of environment and the
natural resources utilization. Thus, population,
resource, and environment will be up to a state of
equilibrium, and the economic and social benefits
will be unified.

October 2012, the technology group on ecological
red line drafted "National Ecological Red Line
Delimiting Technology Guide". At the sixth
collective learning of the Politburo in May 2013,
China's president and Communist Party chief²Mr.
Xi, stressed once again that we must delimit and
obey the ecological red line, as well as firmly
establishing the concept of the ecological red line.
Afterwards, the Third Plenary Session of the 18th
Central Committee of the Communist Party of China
took delimiting ecological red line as the prior task
in reforming management of ecological protection
and promoting construction of ecological
civilization. The work of delimiting red line was
comprehensively launched in the pilot provinces
(Inner Mongolia, Jiangxi, Guangxi, Hubei) in 2013,
and the "GUIDE" was further improved. In January
2014, "the national ecological red line²
the technical guidelines of the ecological function
red line (try out)" was issued by the Ministry of
Environmental Protection. At the same time, the
research about the ecological red line of delimiting
has been studied by Chinese scholars. The ecological
red line for land use plan was delimited by FuNa, in
Yunnan province, basing on ecological vulnerability
and ecosystem services function. Concerning the
ecological vulnerability, the ecological services and
natural ecological risk, the ecological red line area,
yellow line area and the exploitable area for
industrial layout were delimited by Liu Xuehua,
using Bohai Bay as an example. The concept and
connotation of ecological red line was organized,
and the delimitation and management of red line was
discussed by Rao Sheng in further study. By
analysing the environment characteristics of Bohai
Sea, the index system and technical methods for
delimiting the ecological red line were given by
Yan[4].
Following the "1.8 billion mu arable red land",
ecological red line is another important lifeline to
protect human survival and development. Ecological
red line is the bottom line of ecological security and
environmental protection, the lifeline of sustainable
development, the security line of people's life and
health. The line is insurmountable, otherwise, the
threat of ecological security, even the irreversible
damage will be occurring. Therefore, the ecological
red line is the high tension line, which must be
implemented with the most strict rules and the most
rigorous legal system. Once defined, ecological red
line cannot be changed and broken. It is the most
stringent lifeline for ecological protection.

The system Constitution. According to the
concept of ecological red line, it consists of the
ecological function protection baseline[5], the
environmental quality security bottom line[6-8] and
the natural resources utilization upper line[9],
named the ecological function red line, the
environmental quality red line and the resource
utilization red line for short. As an innovation of
ecological environment protection and management,
ecological red line is divided into the boundary red
line and management control red line. Of which, the
ecological function red line is the boundary red line,
and the environmental quality red line and the
resource utilization red line belong to the
management control red line.
As the most stringent ecological protection
space and the bottom line of regional ecological
security, ecological function red line is classified
into four types, including the ecological service red
line[10], the ecological vulnerability red line[11], the
biodiversity conservation red line[12] and the
exploitation-prohibited region[13]. The ecological
service red line is the necessary ecological areas to
provide ecological regulation and cultural services
and support economic and social development. The
ecological vulnerability red line is the ecological
barrier to protect the security of residential
environment. The biodiversity conservation red line
is the minimum areas to protect the biodiversity and
maintain the key species, ecological system and the
resources. The environmental quality red lines
include the following three kinds of red lines at least:
the environmental quality standard red line, the total
pollution control red line, the environmental risk
control red line. The resource utilization red line is
the highest intensity and amounts of development for
the resource such as energy, water, land and other
resources development. The line should be
consistent with environment capacity and
sustainability.

CONSTITUTION AND PRICIPLE OF
DELIMITATION

The Principle for Delimiting Ecological
Function Red Line.

Connotation. Ecological red line refers to the
minimum range of space and the maximum or
minimum limitation of quantity, which has a key role
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service red line and take necessary actions to
protect and restore the ecological service function.
The delimiting of ecological service red line shall be
established on the basis of ecological function
zoning. The function provided by the ecosystem is
diverse. One or a few of them is the dominant
function in the ecosystem. The dominant function
plays an important role in ecological health, and is
the base to delimit ecological service red line.
The ecological service function includes the
ecological adjustment function, the providing
service function and living safeguard function. Of
which, the ecological adjustment function consists of
water conservation, water and soil conservation,
windbreak
and
sand-fixation,
biodiversity
protection, flood water storage and eco-regulation,
which aims at maintaining the logical balance and
safeguarding the ecological security of nation or
region. The providing service function mainly
provides agricultural products, animal products,
aquatic products, forest products, etc. Living
safeguard function is the function of meeting the
needs of the human settlements and the urban
construction, primarily referring to the group of
metropolis and major towns.
After the concept of ecological service function
and ecological function zoning is defined, each
VXEDUHD¶VLPSRUWDQFHZLOOEHHYDOXDWHGRQHFRORJLFDO
function, then the subarea with higher importance is
regarded as the ecological service red line.

(1) The systematic principle. Delimiting ecological
function red line is a systematic project, which
is delimited depending on the different function
and type of the protected objectives, and is
comprehensively formed through overlay
analysis.
(2) The coordinative principle. To form a joint force
and strengthen the effect of ecological
protection, delimiting ecological function red
line should be coordinated with the principal
functional
zoning,
the
eco-functional
regionalization and the master plans for the land
use. It should also adapt to the social
development and the current regulatory
capacity. Additionally, the reasonable scale for
the ecological function line shall be given by
promising proper development space of
environment capacity.
(3) The hierarchical principle. According to the
importance of ecological protection and
regulatory requirements, the ecological function
red line shall be delimited by the hierarchy. The
partition management and the hierarchical
management shall be applied within areas of
ecological function red line.
(4) The mandatory principle. Once defined, it is
necessary to implement the strict management
for the ecological red line. The strict
environmental impact assessment system and
management measures shall be made and
implemented without any compromise, and the
destroyer for our environment shall be punished.
(5) The dynamic principle. The areas of the
ecological red line will vary with the
enhancement of ecological protection and the
optimization of national space. When the border
or the
threshold of red
line
changes
with external environment, the areas of red line
should be adjusted to ensure the basic supply of
ecological functions.

The Ecological Vulnerability Red Line. As a
concept of ecosystem, ecological vulnerability is
used to descript ecosystem state. The concept of
ecological vulnerability has experienced a process of
continuous extension. µ(FRWRQH¶ZDVLQWURGXFHGLQWR
the research of ecological vulnerability by Clements
in 1905[18]. In 1988, the seventh SCOPE (Scientific
Committee on Problems of the Environment) called
for international ecologists to study ecotone. The
research on ecological vulnerability began in the
1980s in China. The concept of transitional zone was
introduced into research, and the concept of
ecological vulnerable zone was formed by the
ecologists and geographers. The ecological
vulnerable zone was defined in 1989 by Niuˈwho
concerning ecological ecotone[19]. The concept of
ecological vulnerable zone was extended to
ecological vulnerable area in the early 1990s[20].
Pressure-State-Response frame work was used to
explain that if the eco-pressure is in range of
ecological thresholds, the ecosystem is vulnerable
system or sensitive system[21]. At present, resources
and disasters are paid more attention in the research
of ecological vulnerability. When the pressure of
ecosystem is close to or more than the threshold by
comprehensive evaluation, the ecosystem is defined
as ecological vulnerable ecosystem[22]. Therefore,
the basic features of ecological vulnerable ecosystem
include: (1) the ability of anti-interference is weak;

THE ECOLOGICAL FUNCTION RED LINE
The Ecological Service Red Line. "Ecosystem
services" was first proposed by Ehrlich in 1983[14].
Since then, this term has been widely recognized and
generally accepted. The research on ecosystem
service has been continuously developed with the
gradual awareness of dependence for it in recent
decades. Human beings profoundly realize that
humans are the beneficiary of ecosystem service[1516], and ecosystem service comes from the
ecosystem function[17]. The well-being from
ecological service function is declining rapidly with
the unprecedented impact and destruction of
ecosystem. The impact and destruction of ecosystem
even threaten the ecological foundation for the
sustainable development of human beings.
Therefore, it is urgent to delimit the ecological
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ecosystems shall be used to delimit the
biodiversity conservation red line in the priority area.

(2) the response to global climate change is sensitive;
(3) the temporal and spatial fluctuation is strong; (4)
the edge effect is significant; (5) the environmental
heterogeneity is higher.
Chinese ecosystem is one of the most
vulnerable ecological system in the world[23].
Ecological vulnerable areas usually locate at
ecological transition zone, where the regional
economy is less-developed and the environmental
regulation is relatively weak. Maintaining the
integrity of the ecosystem and keeping the
harmonious relationship of society will be realized
by strengthening the protection and promoting
economic development of ecological vulnerable
area. Ecological vulnerability red line is divided into
terrestrial vulnerable area and marine vulnerable
area in the process of delimiting. According to the
characteristics of ecological vulnerability and
HFRORJLFDO VHQVLWLYLW\ WKH VXEDUHD¶V YXOQHUDELOLW\
and gradation will be evaluated[24]. The subarea
with high grade of vulnerability will be delimited as
the ecological vulnerability red line zone.

The Exploitation-prohibited Region. The
exploitation-prohibited region has also been
included in the ecological function red line. The
exploitation-prohibited region, which is stipulated
by "the national main functional region plan",
includes the national nature reserve (including the
marine nature reserve), the world cultural and natural
heritage, the national landscapes and scenic spots,
the national forest park and the national geological
park. Meanwhile, the inter-provincial conservation
areas of drinking water sources are treated as the
scope of red line.

THE MANAGEMENT CONTROL RED LINE
The Environmental Quality Security
Bottom Line. The environmental quality security
bottom line is the lowest thresholds of environmental
management, which is the basic need for maintaining
habitat environment and human health. The bottom
line, in accordance with the environmental function
zoning and environment quality management, could
effectively suppress the tendency of environmental
worsening, prevent the risk of environmental
pollution and ensure the safety of environment.
Defining and policing the bottom red line are the
basic need of maintaining the living environment of
human beings. There are at least three kinds of
environmental quality security bottom lines: the
first, the environmental quality standard red line[32];
the second, the total pollution control red line; and
the third, the environmental risk control red line. The
environmental quality standard red line is an
environmental quality standard system, gradually
established by the environmental quality standards
of water, air and soil, and concerning the differences
between environmental structure and function, and
strategic layout of economic and social
development. The total pollution control red line is
the pollutant discharge standard system, which is set
by the response of environmental pollutant, as well
as concerning the environmental quality standard red
line and the existing pollution control policy. The
aim of the environmental risk control red line is to
strengthen warning of regional environmental risk,
to ensure the security of drinking water sources, to
control environmental pollution effectively, to
establish an appraisal system of health and
environmental risks, to improve the emergency
management system of unexpected environmental
incidents, to promote environment risk management,
etc.

The Biodiversity Conservation Red Line.
Biodiversity comprises a complex system and the
relevant various ecological processes, formed by
living things (animals, plants, microorganisms) and
their surroundings[25]. Biodiversity is the diversity
of genes, species and ecosystems. Biodiversity is
indispensable for our human beings, which is the
basis of sustainability of social and economic
development and the guarantee of foodstuff safety
and biological safety[26]. China is one of the regions
with the highest biodiversity in the world [27].
However, the habitat is being destroyed with the
rapid development of the economy, the gradual
increase of population and the industrialization and
urbanization expanding recently. The downward
trend of biodiversity and the loss of biological
species resource have not been effectively controlled
in recent years[28]. Biodiversity plays an important
role in maintaining ecological balance and stability.
The loss of biodiversity shall lead to ecological
disasters[29], so the delimiting of biodiversity
conservation red line is of strategic importance.
There are two methods of delimiting red line:
one is based on key species, the other based on
critical ecosystems[30]. The method based on key
species is that the minimum protection area or range
is determined by collecting distribution and habitat
information of key species. The method based on
critical ecosystems, considering the different
classification of ecosystem, is that the red line is
determined by selecting the critical ecosystem and
evaluating the priority of ecosystem [31]. At present,
there are 35 priority areas of biodiversity
conservation in our country, of which 32 priority
areas are in land species, and the rest are marine or
coastal species. The key species or critical

The Natural Resources Utilization Upper
Limit. The natural resources utilization upper limit
is the highest demand for the utilization of water,
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system[37] for those who make the decision
regardless of damaging the ecological environment.
The responsibility is long life duty. The forth is to
improve the system of ecological compensation and
incentive[38], such as making "the Ecological
Compensation Ordinance in the Red Line Area".
Besides applying the Act, the social supervision and
regulating will be given full play, and enhancing
national awareness of saving, environment and
ecological civilization is necessary and feasible to
build up a healthy social atmosphere of protecting
ecological environment in the whole society.

land and energy resources, which shall meet the
requirement of economic transformation and adapt
to the resource capacity of environment. Defining
and carrying on the upper limit are to promote and
strengthen the transformation of resource utilization,
to improve the green development[33], the
circulation development[34] and the low carbon
development[35]. At present, the state has
formulated and implemented a series of special plans
such as energy utilization red line, water resources
red line, land resources red line. The relative
departments have established the corresponding
control system and put forward strict requirements.
For example, in the aspect of energy exploitation and
utilization, "12th Five Year energy planning" has
clearly put forward the goal of saving and optimizing
energy structure. In the aspect of water resources
management, the State Council issued "the
suggestions of implementing the most stringent
system of water resources management". The
suggestions established "three red line", namely, the
development-utilization-controlling red line in water
resources, the limit of efficiency red line in water
use, and the controllable quantity of pollutant red
line in water function area. In the aspect of land use,
"the national overall plan on the use of land"
proposed the aim of ensuring "1.8 billion mu arable
red land".

TECHNICAL PROCESSES
To Identify the Scope of Ecological Function
Red Line. With the reference of "the national major
function oriented zoning", "the ecological functional
zoning", "the national program of ecological
vulnerability area in protection" and "the strategic
action plan for biodiversity conservation in China",
the scope of ecological function red line will be
identified. The important ecological function area,
the ecological vulnerable area, the biodiversity
conservation area and the forbidden development
zones will be employed as the identified scope of red
line, along with taking care of the plan of economic
social development in region and the plan of
protecting ecological environment.

Implementing Management. The delimiting
of red line is the beginning of operation. Keeping the
red line permanently is the key point. The
Environmental Protection Act, newly revised, has
clearly put forward the goal of delimiting the
ecological red line in the important ecological
functional area, the environmental sensitive area and
the ecological vulnerable area. The most strict
protection policy shall be implemented in our
country subsequently. Based on the new Act of
ecological red line, the ecological red line is
regarded as an ecological management system and a
policy orientation of eco-protection by the
mandatory method today. A relatively perfect
system is the base to implement the ecological red
line. The first is to set up the all-sided guaranteeing
system[36]. A protection system for the ecological
red line will be made by establishing and improving
the legal system of ecological security. The second
is to gradually set up the evaluating system of
ecological red line. The index of ecological
civilization, such as the resource consumption,
environmental damage and ecological benefit, shall
be included in the evaluation systems of social
development. The third is to set up the responsibility

The Ecological Evaluation For the Delimited
Area. After the current situation of ecological
protection is investigated, the importance of
ecological service function, the ecological
vulnerability and the priority biodiversity[39] are
evaluated respectively in the scope of the delimited
area, based on the specification files and technical
methods. The objectives, key points, and the core
region of ecological protection in space will be
finally identified.
The Landing of Ecological Function Red
Line. The boundary of ecological function red line
is defined by spatial analysis technology of GIS[40]
such as spatial overlaying analysis and mapping
analysis. Based on high resolution images of remote
sensing[41], an on-site investigation will be carried
on to proofread the ecological function red line, and
then the geographical boundary of red line is
determined.
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FIGURE 1
The flow chart of the ecological red line
The Formulation of Management Control
Red Line. There are two purposes of the
management control red line, one is to supervise the
red line, and the other to improve the mechanism of
red line system. At last, the red line can bring its part
into full play only when working together with the
sound mechanism and giving full play to ecological
conservation. The flow chart of the ecological red
line is shown in Fig. 1.
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IMPACT OF LAND-USE SCENARIOS ON MONTHLY
RUNOFF MODELED BY SWAT
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future land-use change in time and space, especially
for urbanization. Land-use change generally affects
the hydrological cycle, and many studies have
combined land-use change with hydrological
models to evaluate the influence of a change on
hydrological processes. Zhang et al. [8] combined
the CLUE-S and SWAT models to simulate
pollution loads under various land-use scenarios in
upstream watershed of the Miyun Reservoir in
Beijing, China. Chu et al. [9] combined the CLUES and DHSVM models to examine the hydrological
effects of various scenarios of land-use change in
the Wu-Tu watershed in northern Taiwan.
Wijesekara et al. [10] combined the CA model with
the MIKE SHE/MIKE-11 hydrological model to
analyze the effect of land-use changes in the Elbow
River watershed in Canada.
However, very few studies have combined the
SWAT and CA-Markov models to explore impacts
of land-use change on runoff. In this study, we
combined the above two models to evaluate the
impacts of land-use change on monthly runoff in
the Daxi River watershed of the Loess Plateau,
China. The objectives of this study were to: (1) use
the CA-Markov model to forecast future land-use
information using historical land-use data, (2)
calibrate and validate the SWAT model using GAPSO algorithm, and (3) analyze the impacts of landuse changes in various scenarios of runoff in the
Daxi River watershed.

ABSTRACT
We developed a modeling system, integrating
the SWAT (Soil and Water Assessment Tool) and
the CA-Markov (cellular automata and Markov)
models, to evaluate the impacts of future land-use
changes and two different land -use scenarios
(Scenario1 and Scenario2) on monthly runoff in the
Daxi River Watershed of Shaanxi Province, China.
The CA-Markov model could predict future land uses of the watershed based on historical land-use
data, with a kappa coefficient (ț) of 0.83. The GAPSO (genetic algorithm and particle swarm
optimization) algorithm was applied to calibrate
and validate the SWAT hydrological parameters.
Average monthly runoff of the land -use types
tended to decrease in both wet and dry seasons with
the change rate of 0.3%-6.8% and 0.1%-5.5%,
respectively, compared with the previous-one.
Mean monthly runoff in two scenarios decreased
(except December) with an increase and decrease in
forest and cropland area, respectively. Average
monthly runoff decreased by 9.8%-27.3% and
0.9%-11.7% in one scenario, and by 4.9%-19% and
0.4%~6.8% in the other scenario in the wet and dry
seasons, respectively.

KEYWORDS:
CA-Markov model; GA-PSO algorithm; Land-use
change; Monthly runoff; SWAT model

MATERIALS AND METHODS
INTRODUCTION
Study area. The Daxi River is a secondary
tributary of the Jinghe River. It is originates from
the Longmen Hole, in Long County, near the town
of Hebei, and the city of Baoji in Shaanxi Province,
it flows through central Lingtai County from west
to east, and merges with the Heihe River near the
town of Tingkou in Changwu County, Shaanxi
Province. The Daxi River watershed is located
EHWZHHQ ƍ-ƍ( DQG ƍ-ƍ1
(Fig. 1). The catchment area of the watershed is
2537 km2, the river length is 127 km, the elevation
ranges from 898 to1665m a.s.l., the average annual
precipitation is about 556 mm, the average runoff is

The response of hydrological processes to
changes in land -use is a key problem of global
change and hydrological research [1]. The study of
the impacts of land-use change on hydrological
processes has great significance for exploring the
mechanisms of regional ecological environment
change.
Models of land-use change are primary tools
for evaluating the change, and many models, such
as the cellular automata (CA), Markov, CLUE, and
Agent-based models, have been developed[2-7].
These models mostly focused on the prediction of
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FIGURE 1
Divisions of the watershed and sub-basin in the study area
1.6×108 m3, the topography is high in the
northwest and low in the southeast, and watershed
has the typical geomorphic features of the gully
region of the Loess Plateau. The area has a typical
semi-arid continental monsoon climate with an
mean annual temperature of 8.6°C, a mean annual
frost free period of 159 days, and a mean of 2452
hours of sunshine annually.

1980-1988 and 2006-2012 and from three national
weather stations for 1960-2013.
Development of land-use scenarios. The CAMarkov model, integrating the advantages of the
Markov and CA models, is widely used for
predicting the impact of land-use change. A
Markov chain is a discrete random process in time
and state, and can predict future land-use change
based on the probability of transition. The Markov
model can be described as:

Data sources. The environmental database in
this study (Table 1) included digital elevation
model (DEM), land-use (Fig. 2), soil and
meteorological data. Meteorological information
includes daily rainfall from nine rain gauges for

S (n  1)

S ( n) P

S (0) P n

TABLE 1
Descriptions and sources of data of the environmental database for the Daxi River watershed
Data type

Resolution

Format

Digital Elevation
Model(DEM)

30 meters

ESRI GRID

Land-use map

100 meters

ESRI GRID

Soil map

1:106

ESRI GRID

Digital River map

30 meters

Shape

Meteorological data

Daily values

Txt
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Source
Computer Network Information
Center
http://www.gscloud.cn
1990, 2000, 2010
Cold and Arid Regions Science Data
Center
http://westdc.westgis.ac.cn
DEM extraction based on ArcGIS
China Meteorological Data Sharing
Service System
http://cdc.cma.gov.cn

(1)
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FIGURE 2
Land-use maps of the Daxi River watershed (1990-2010)
where ˈ S(n+1) is the land-use state
probability vector at moment n+1, S(n) is the landuse state probability vector at moment n, and P is
the transition probability, expressed mathematically
as:

P

( Pij )

ª P11
« P21
« 
«P
¬ m1

P12
P22

Pm 2

N

(3)
where: P0=ěPii is the observation consistent
probability, where Pii= aij/N, aij is the number of
consistent observations, and N is the total number
of columns, and Pc= ě P.iPi. is the expected
consistent rate, namely the rate caused by
accidental
opportunity,
where
Pi.=Ri/Nand
P.i=Ci/N, where Ri and Ci are the sums of the rows
DQGFROXPQVDWSRLQWLțUDQJHVIURP -1 to 1, with
increasing consistency.
Cultivated land in China with a slope
>25°must now be reforested, land with a slope
between 15° and 25° is suitable for a few crops,
with appropriate protective measures, and land with
a slope between 6° and 15° can continue to be
farmed. We thus defined two land-use scenarios to
evaluate the impact of land-use change on surface
runoff: Scenario 1, afforestation of cultivated land >
6°, with the other land-use types unchanged (2010);
and Scenario 2, afforestation of cultivated land
>15°, with the other land-use types unchanged
(2010).

... P1m º
... P2 m »

 »
... Pmm »¼

(2)
where ˈm is the number of land-use types,
and Pij is the transition probability of the system
moving from time step i to time step j. Pij must
satisfy two conditions:

0 d Pij d 1
n

¦P

ij

1

k 1

Neither geographical factors nor the spatial
distribution of each land-use type is considered in a
separate random Markov model. The CA model is a
spatio-temporal local grid dynamic model [11],
with five parts: a) a space composed of discrete
cells, b) a set of possible states associated with each
cell, c) a neighborhood whose state influences the
central cell; d) transition rules in time and space,
and e) a transition function related to time [12]. The
CA-Markov model uses the Markov model to
predict the long-term advantages and uses the CA
model to simulate complex space-time system
ability. It can thus effectively simulate temporal and
spatial changes of land-use structure and quantity,
and can improve the prediction precision of a landuse change [13]. The applicability of the CAMarkov model in the basin was determined by
comparing predicted and actual land-use maps [14,
15]7KH NDSSDFRHIILFLHQW ț SURSRVHGE\ Cohen
[16], was selected as an index to evaluate the
simulations in the CA-Markov model.

Calibration and validation of the SWAT
model. SWAT model. The SWAT model is a
temporally continuous and spatially-distributed
model developed by the USDA Agricultural
Research Service and Texas A&M University [17].
To apply the SWAT model, we first divided the
watershed into sub-basins and then further
subdivided it into hydrological response units based
on spatial environmental data pretreated by a
geographic information system so that all large and
small catchments could be evaluated. The model
also provided some options when simulating
hydrological processes, such as curve number and
Green-Ampt methods for calculating surface runoff
[18]. The SWAT model can be widely used to
evaluate the impact of the management of land-use
changes on watershed hydrological responses using
long-term DEM, soil, land-use and meteorological
data [19].
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Model
calibration
and
validation.
Calibrating the accuracy of the SWAT hydrological
parameters is essential for the effective application
of the model to simulate runoff. The genetic
algorithm (GA) is an adaptive optimization
algorithm with strong global search capability [20],
but it is time-consuming, and the search efficiency
late evolution is low. The particle swarm
optimization (PSO) algorithm is a universal
optimization algorithm that can be used in a variety
of calibrations of hydrological model parameters,
and simple structure and fast convergence rate are
better in other algorithms. Its global search ability,
however, is poor and prone to premature
convergence.
Our
study
combined
the
characteristics of SWAT parameter calibration and
used a parallel fusion of GA and the PSO algorithm
as an automatic method to calibrate hydrological
models because GA and PSO have nearly
complementary advantages. This combination
method shortens the time needed to calibrate the
parameters, overcomes the in consistency between
the global search ability and the convergence speed,
and improves the efficiency and stability of
hydrological parameterization.
We used the Nash-Sutcliffe efficiency
coefficient (Ens) and the coefficient of
determination (R2) as evaluation indices to study the
applicability of the SWAT model:

E ns

1

¦Q
¦Q

obs,i
obs ,i

 Qsim ,i
 Qobs

R

¦Q

obs ,i

obs ,i

 Qobs Qsim ,i  Qsim

 Qobs

2

¦Q

sim ,i

@

2

 Qsim

2

(5)
Where: Qobs,i is the measured value for the i-th
rainfall, Qsim,i is the simulated value for the i-th
rainfall, and
values,

Qobs is the average of all measured

Qsim is the average of all simulated values.

RESULTS
Analysis of land-use change. Land-use
change for 1990-2010. The main land-use types in
the Daxi watershed were cropland and grassland,
which accounted for nearly 90% of the total
watershed area, with 89.64% in 2000, 89.9% in
2005 and 89.56% in 2010, and forest, water, and
developed land accounted for the remainder of the
total area. The area of cropland decreased by 43.67
km2, and the area of grassland and developed land
increased by 41.95 km2 and 4.79 km2, respectively,
from 1990 to 2010. The net change of land-use
types were ranked in the order of cropland >
grassland > developed land > forest > unused land
> water (Table 2). The area of grassland, which was
the fastest-growing type, increased 10.56 km2 from
1990 to 2000, due to the decreases in cropland and
forest areas. The area of cropland and grassland,
however, maintained the previous trend from 20002010, while the area of forest was opposite to the
old, perhaps due to the national implementation of
the engineering policy of afforesting farmland. The
amount of developed land changed rapidly in 19902010 and waste rock from urbanization occupied
some of the land, which introduced a new land-use
type (unused land) in 2010, with a corresponding
rate of change of 0.081 km2.y-1.

2
2

(4)

where: Qobs is the measured value, Qobs,i is the
measured value for the i-th rainfall, Qsim,i is the
simulated value for the i-th rainfall, and

>¦ Q

2

Qobs is the

average of all measured values; the closer Ens value
is to 1, the better the model simulation, and:

TABLE 2
Land-use change from 1990 to 2010 in the Daxi watershed

Area
(km2)

Percentage
(%)

Area
(km2)

Percentage
(%)

Area
(km2)

Percentage
(%)

1004.14
247.96
1216.79
1.11

40.53
10.01
49.11
0.04

1000.24
241.12
1227.35
1.15

40.37
9.73
49.53
0.05

960.47
244.14
1258.74
0.24

38.76
9.85
50.80
0.01

Net
change
19902010
(km2)
-43.67
-3.82
41.95
-0.87

7.77

0.31

7.91

0.32

12.56

0.51

4.79

0.2395

0.00

0.00

0.00

0.00

1.62

0.07

1.62

0.081

1990
Land -use

Cropland
Forest
Grassland
Water
Developed
land
Unused
land

2000

2010
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Net rate of
change
1990-2010
(km2·y-1)
-2.1835
-0.191
2.0975
-0.0435
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map for 2010. The areas of cropland, forest
and grassland were predicted to be the largest, with
percentages of 37.8, 9.97 and 51.57%, respectively,
similar to those for 2010 (Table 4). The total area of
cropland and grassland thus accounted for a larger
proportion of the basin in 2020. Cropland was
predicted to decrease the most in area in the next
ten years, by 23.8 km2, and grassland was predicted
to increase the most in area, by 19 km2.

Future land-use simulation for 2020 by the
CA-Markov model. A quantitative analysis of
land -use can only evaluate the change in area and
not the transformation relationship. Transition
matrices and transition probabilities calculated by
the Markov model for 1990-2000 and 2000-2010
can identify the relationship between various landuse types. Cropland was mainly converted to
grassland, forest and developed land, of which
grassland accounted for the largest proportion
(208.88 km2, Table 3). The conversion to grassland
and developed land was faster than to the other
land-use types, forest gives the second greatest
contribution to grassland, developed land was
covered mainly from cropland, and the area covered
by water changed little in the first ten years and
then decreased quickly in the last ten years, mainly
due to conversion to developed land. The various
land-use types underwent many changes, but the
integral pattern did not change: cropland and
grassland still occupied the largest area in the
watershed.
Land -use for 2010 (Fig. 3) was simulated by
the CA-Markov model based on the transition
probability for 1990-2000, with a ț of 0.83,
indicating that the CA-Markov model was
satisfactory for predicting future land -use. We thus
simulate land -use for 2020 (Fig. 3) based on
transition probability of 2000-2010 and the land-use

Calibration and validation of the SWAT
model. Hydrological stations are located in subbasins 6 and 12 (Fig.1). Measured data for
1980~1988 from the Baili station were used for
calibration, and the data for 2006-2012 from the
Lingtai station were used for validation. The result
indicated that a good parameter calibration function
is available in the GA-PSO algorithm, which is
suitable for simulating the hilly region of the Loess
Plateau. Ens and R2 (Fig. 4) were 0.79 and 0.86
during calibration, and 0.86 and 0.89 during
validation, respectively, indicating that the SWAT
model could simulate the hydrological processes in
the Daxi River watershed with high accuracy, and
could provide a basis for the accurate prediction of
basin hydrological processes under future
underlying surface conditions.

TABLE 3
Transition matrix of land -use for 2000-2010 in the Daxi River watershed (km2)

2010
Land -use

2000

Cropland
Forest
Grassland
Water
Developed
land
Total

Total

0.02
0
0.08
0.14

Developed
land
4.95
0.04
1.18
0.87

Unused
land
1.37
0
0.25
0

1000.24
241.12
1227.35
1.15

0.54

0

5.52

0

7.91

1258.74

0.24

12.56

1.62

2477.77

Cropland

Forest

Grassland

Water

772.92
8.67
176.97
0.06

12.1
194.28
37.76
0

208.88
38.13
1011.11
0.08

1.85

0

960.47

244.14

TABLE 4
Areas of land -uses in 2010 and predicted for 2020 in the Daxi River watershed (km2)

Area(km2)

Percentage (%)

Area(km2)

Percentage (%)

Amount of
change
2010-2020
(km2)

936.67
247.04
1277.74
0.05

37.803
9.970
51.572
0.003

960.47
244.14
1258.74
0.24

38.763
9.853
50.801
0.010

-23.8
2.9
19.0
-0.19

14.55

0.587

12.56

0.508

1.99

1.72

0.065

1.62

0.065

0.1

2020

2010

Land -use

Cropland
Forest
Grassland
Water
Developed
land
Unused land
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FIGURE 3
Prediction of land -use by the CA-Markov model

FIGURE 4
Comparison of measured and simulated values for the average monthly runoff by the GA -PSO hybrid
algorithm during parameter calibration and validation
0.1%~5.5%, more than the decrease of 0-4.8% later
in the dry season (January to April).
The monthly rate of change of runoff was
highest for 1990-2000 (Fig. 5b). Runoff
transformation, however, was not obvious after
2000, with the rate of change ranging from only -2
to 2%. The rate of change runoff increased in most
months in 2000 (except April and August)
compared to 2010, and decreased in all months in
2020. These results may be associated with the
reduction in cropland area and increase in grassland
area after 1990. Grassland can improve the hydrophysical properties of soil and enhance soil water
retention and resistance to erosion, which can
decrease the surface runoff [21]. The rate of change
of monthly runoff decreased smoothly, largely due
to urbanization of the watershed. Surface runoff has
been reported to increase with accelerated
urbanization [15].

Impact of scenarios of land-use change on
runoff. Land-use change is the consequence of
human activities in the Daxi River watershed, and
is also an important factor for basin runoff. Actual
land-use data for 1990, 2000, and 2010, land-use
data for 2020 simulated by the CA-Markov model,
and two land-use scenarios based on 2010 data
were used to evaluate the effect of land-use change
on runoff.
Impact of different land-use years on
runoff. The average monthly runoff of the four
land-use situations was similar at different times:
runoff first increased to a peak in September and
then decreased smoothly until December (Fig. 5a).
Average monthly runoff of different land-use years,
however, tented to decrease and varied seasonally.
Monthly runoff decreased 0.3%-6.8% in the wet
season (May to October), and by 0-5.5% in the dry
season (November to April) compared to the
previous-one. The rate of change early in the dry
season (November and December) decreased by

Impact of the land-use scenarios on runoff.
The Daxi River flows through a typical loessial
gully region that has brief but intense rainstorms in
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spatio-temporal
regions.
Models
for
accurately predicting future land -use could allow
resource managers to generate sustainable
development strategies for the watershed. Wang et
al. [22] reported that simulation more accurate for
smaller than larger cells, and the big and the
neighbor size should be between 3×3 and 13×13.
Wang et al. [23] and Hou et al. [24] reported similar
findings. Tong et al. [25] predicted land-use in the
basin for 2020 with a 5×5 contiguity filter in the
CA-Markov model, with ț of 0.83, indicating that
the CA-Markov model could be applied to simulate
future land-use changes in the Daxi River
watershed.
The parameterization of hydrological models
is crucial for accurately simulating runoff. Many
optimization methods have been developed, such as
SCE-UA [26], and PEST [27], but some algorithms
are time consuming and may be fall into local
optimum. Parallel optimization algorithms have
recently received more attention [28, 29].
Rouholahnejad et al. [30] parallelized the
calibration of the SWAT model in SWAT-CUP,
saving a substantial amount of time for parameter
calibration. Zhang et al. [8] proposed a Pythonbased parallel computing package (PP-SWAT) for
efficient calibration of the SWAT model, which
made faster multiple parameter optimizations more
practical. The paralleled GA-PSO algorithm had a
similar function in our study, and the result was
satisfactory. Ens and R2 values were all >0.7 during
calibration and validation, indicating the
applicability of the model for the Loess Plateau.

July and August that transport a lot of sediment,
which is likely to cause soil erosion and secondary
geological
disasters.
Integrated
watershed
management, such as returning farmland to forest
project, was urgently proposed to decrease flooding
disasters and to protect the ecological environments
of the watershed. Our two scenarios were defined to
evaluate the influence of afforestation on surface
runoff based on the baseline data for 2010. Runoff
decreased rapidly in the wet season, compared to
2010 (Fig. 6). Average monthly runoff in Scenario1
decreased by 9.8-27.3%, with the rate peaking in
June. Average monthly runoff in the dry season
(except December) decreased by 0.9-11.7%, and
the rate of change was lowest in April. The rate of
change in Scenario 2 ranged from 4.9 to 19% in the
wet season, and from 0.4 to 6.8% in the dry season
(except December). A decrease in cropland area
and increase in forest area may thus reduce water
loss, soil erosion and secondary geological
disasters. Surface runoff decreased with the
influence of forest area, but increased in December,
by 3.92% in Scenario 2 and by 11.7% in Scenario
1. This phenomenon demonstrated that an increase
in forest area in winter could increase average
monthly runoff, and the larger the forest area, the
lower the surface runoff.

DISCUSSION AND CONCLUSIONS
The CA-Markov model has been widely used
in land-use change and prediction in complex

FIGURE 5
(a) Average monthly runoff for 1990, 2000, 2010 and 2020, and (b) rate of change on monthly runoff for
1990-2000, 2000-2010 and 2010-2020
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FIGURE 6
(a) Average and (b) rate of change of monthly runoff for the two scenarios
evaluate the impact of afforestation on the average
monthly runoff in the Daxi River watershed.
Evidence that an increase in forest cover can reduce
surface runoff, however, remains variable [32, 36].
Locatelli and Vignola [37] demonstrated that a
plantation forest in a sub-tropical area decreased
runoff. Buendia et al. [38] reported that a reduction
in runoff was less reverse when afforestation was
not considered in the watershed. In our study, a
larger forest area always led to less surface runoff
in the basin (Fig.6), but runoff increased in
December, perhaps because changes in the
vegetation
early
in
winter
reduced
evapotranspiration and percolation loss and
increased monthly runoff [34].
This study combined a hydrological model
with a dynamic model of land-use change to
evaluate the impacts of plantation and afforestation
on monthly runoff for future land -uses and two
land-use scenarios. Future land -use of 2020 was
generated by the CA-Markov model, and two
afforestation scenarios were defined based on the
historical land-use map for 2010. SWAT model
were calibrated and validated by a GA-PSO
algorithm. The CA-Markov model was a good
method for generating future land-use maps, and
the SWAT model could evaluate the impact of
land-use scenarios on runoff. The reduction in
surface runoff caused by increasing the area of

Spatio-temporal land -use plays an important
role in hydrological processes, especially for the
response to runoff. Zhang et al. [31] reported that
deforestation and urbanization always decreased
evapotranspiration and led to excessive runoff. In
our study, the response of runoff to land-use change
for 1990-2020 decreased due to an increase and
decrease in the areas of grassland and cropland,
respectively. This result was consistent with those
from precious studies by Yao et al. [32], Sun et al.
[33], and Lin et al. [34]. Changes in Runoff may be
influenced by evapotranspriation and the soil
moisture content according to the water balance
theory. An increase in afforestation area could
increase leaf area index and canopy interception,
resulting in increases of soil moisture content and
evapotranspriation, which consume much of the
rainfall. Runoff, however, changed little after 2000,
because the impacts of afforestation area and
urbanization on runoff neutralized each other [35].
Discharges from forests, grasslands and
agricultural watersheds are different, and the
experimental quantitative study of the impacts of
land-use change on runoff remains difficult.
Defining and analyzing scenario settings of landuse change have thus become a practical method of
study. We defined two different scenarios, in which
an increase in forest area was associated with a
decrease in cropland area under different slopes, to
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grassland and decreasing the area of cropland was
higher in the wet than in the dry season.
Afforestation in the two scenarios also reduced
surface runoff (except in December), and a large
forest area always led to low surface runoff. These
results can provide a reference for the
implementation of local measures for soil and water
conservation.

[8]
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SYNTHESIS OF ZEOLITES FROM A LOW-GRADE CHINESE
NATURAL CLINOPTILOLITE FOR ADSORPTION OF CO2
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[2]. Solid adsorbents such as zeolites [3], activated
carbons [4], and metal organic frameworks [5] have
potential advantages such as low energy
requirement, low capital cost and ease of handling.
Zeolites comprise the largest group of the
oxide molecular sieves and are widely used
materials for gas separation and purification, ion
exchange and catalysis. Zeolites are hydrated
aluminosilicates that possess a three-dimensional
framework structure. This structure is formed by
AlO4 and SiO4 tetrahedra that are connected by
sharing an oxygen atom. When an AlO4 tetrahedron
is substituted for a SiO4 tetrahedron, a negative
charge appears which is neutralized by the
exchangeable cations. The type of cation influences
the electric field inside the pores, as well as the
available pore volume, and provides a convenient
means for tuning adsorptive properties of these
porous materials [6]. In general, the polarizing
power of the cations is inversely proportional to
their ionic radius. This cation-quadrupole
interaction is the most important CO2 adsorption
mechanism in zeolitic adsorbents [7].
Nature zeolites mined are abundant in China,
but they are commercially low in price due to the
exploitation mostly as raw materials. The Si/Al
ratio in zeolites affects the adsorption capacity and
selectivity in polar molecules, which increases with
a decrease in the Si/Al ratio. This effect is also
increasingly important when the quadrupole
moment of molecules is high, such as in CO2 [7].
Generally, natural zeolite deposits have high Si/Al
ratio and contain quite a few impurities. These
factors greatly reduce their adsorption capacity of
CO2. Fusion with sodium hydroxide prior to
hydrothermal reaction is the method to transform
low-grade natural materials to high capacity
adsorbents. Several research groups have succeeded
in synthesizing low Si/Al ratio zeolites, such as
zeolite Na±P and zeolite Na±$ IURP À\DVK>3, 8].
However, only a few studies have been done for the
zeolitic materials [9, 10].

ABSTRACT
Zeolitic sorbents for CO2 adsorption were
prepared from Chinese natural clinoptilolite
through hydrothermal treatment, including an initial
alkali fusion step. Zeolite Na±Y, Na±P and
analcime ZDV LGHQWL¿HG DV WKH UHDFWHG SURGXFWV
depending on the hydrothermal conditions. Alkali
metal and alkaline earth metal cations were
impregnated in the synthesized Na-Y through an
ion-exchange method. All the products were
measured by XRD, ICP and BET surface area
measurement. The completed zeolitic sorbents were
applied to the adsorption of CO2. It showed that
zeolite Y has the highest BET surface area and CO2
adsorption capacity. CO2 adsorption isotherms of
the ion-exchanged Y samples were obtained at 273
K, with each fitted to the Langmuir-Freudlich
isotherm model. CO2 adsorption capacity decreased
in the sequence of Li-Y > NaY > KY (alkali metal)
and CaY > MgY > BaY (alkaline earth metals).
KEYWORDS:
zeolites, zeolite Y, ion-exchange, CO2 adsorption.

INTRODUCTION
Due to an increasing dependence on
combustion of fossil fuels to power the global
economy, the annual global emissions of
anthropogenic greenhouse gases have increased
drastically and are causing changes on the
atmosphere and the environment [1]. Carbon
capture and storage are considered to potentially be
the most effective means to alleviate the problem.
The most common method for CO2 capture is via
gas adsorption, with monoethanol amine being the
most widely used solvent. However, the current
amine based systems suffer a high energy
requirement for solvent regeneration and corrosion
3606
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TABLE 1
Chemical composition of the natural zeolite (wt%)
SiO2

TiO2

Al2O3

Fe2O3

MnO

MgO

CaO

Na2O

K 2O

H2O

LOI

65.52

0.21

9.89

1.04

0.06

0.61

3.17

2.31

0.88

7.25

10.02

with 9 g NaOH powder at 550 Ԩ for 2 h. The melt
was ground and 75 ml water was added. The
mixture was heated at 150 Ԩ for 8 h in a
7HÀRQ-lined stainless-steel autoclave. The products
ZHUH ¿OWUDWHG ZDVKHG ZLWK DFLGLF 1D&O WR UHPRYH
the adsorbed alkali and dried at 150 Ԩ .
Cation exchange of zeolite Na-Y was
performed using 1.0 mol lí1 chloride solutions of
Li+, K+, Mg2+, Ca2+ and Ba2+, and was also
performed with 1.0 mol lí1 NaCl as a control.
Approximately 2 g of powder were exchanged with
20 ml of solution for 5 h under constant agitation at
80 Ԩ. The procedure was performed a total of four
times, each exchange with fresh solution. The final
exchanged samples were filtered and washed with
distilled water and dried at 150 Ԩ.

In this work, a combined synthesis method
was applied to prepare zeolites. In addition, in order
to improve the adsorption capacity for CO 2, alkali
and alkaline earth metal cations were impregnated
into the synthesized zeolite Y through ion exchange.
The research focused on the adsorption isotherms
and capacities for CO2 of the resultant zeolites.

MATERIALS AND METHODS
Reagents. All chemicals were of analytical
grade. Hard zeolite rock sample (light grayish white)
was collected at Jinyun, Zhejiang, P. R. China. The
sample was prepared as a starting material for the
present experiments after crushing, air-drying and
SDVVLQJ WKURXJK D  ȝP VLHYH ,W¶V PRVWO\
composed of clinoptilolite and quartz by X-ray
diffraction as shown in Fig. 1. Based on the
intensity of the respective peaks, the content of
quartz is high. Table 1 shows the chemical
composition of the mineral [13].

Characterization of zeolites: ,GHQWL¿FDWLRQRI
mineral species in the natural and synthesized
zeolites was carried out by X-ray diffraction (XRD)
of the random-oriented powder samples using
Siemens X-ray diffractometer D5005 (Cu KĮ
radiation, Ȝ = 0.15418 nm). An IRIS Intrepid IIXSP
Inductively Coupled Plasma Atomic Emission
Spectroscopy was used to determine the content of
Si, Al, alkali and alkaline earth metal in the
materials.

Adsorbents. Na-clinoptilolite was prepared
by treating 15 g of natural zeolite with 100 ml 2
mol lí1 NaCl at 100 Ԩ for KLQDÀDVN ZLWKUHÀX[
and stirring. The product was repeatedly washed
with deionized water and dried at 150 Ԩ.
Zeolite Na-Y was prepared by placing 7.5 g of
the natural zeolite powder in an iron crucible and
fused with 9 g NaOH powder at 550 Ԩ for 2 h. The
melt was ground and 75 ml water was added. The
mixture was heated at 100 Ԩ for 8 h in a
7HÀRQ-lined stainless-steel autoclave. The products
ZHUH ¿OWUDWHG ZDVKHG ZLWK DFLGLF 1D&O WR UHPRYH
the adsorbed alkali and dried at 150 Ԩ.
Zeolite Na-P was prepared by placing 7.5 g of
the natural zeolite powder in an iron crucible and
fused with 9 g NaOH powder at 550 Ԩ for 2 h. The
melt was ground and 75 ml water was added. The
mixture was heated at 100 Ԩ for 12 h in a
7HÀRQ-lined stainless-steel autoclave. The products
ZHUH ¿OWUDWHG ZDVKHG ZLWK DFLGLF 1D&O WR UHPRYH
the adsorbed alkali and dried at 150 Ԩ.
Analcime was prepared by placing 7.5 g of the
natural zeolite powder in an iron crucible and fused

Adsorption
measurement:
Equilibrium
adsorption isotherms of CO2 and N2 were measured
using a static volumetric adsorption system
(Micromeritics ASAP 2020). The samples were
activated at 573 K under vacuum for 6 h prior to
measurement.

RESULTS AND DISCUSSION
Characterization of synthesized zeolites.
The Chinese natural zeolite, in which clinoptilolite
coexists with quartz was treated hydrothermally
with NaOH solutions, with fusion by NaOH powder
as pretreatment. Previous studies reported that
zeolites could be synthesized at any temperature in
the range 333±573 K. The recommended
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TABLE 2
Si/Al molar ratio and BET surface area of the zeolites
Zeolite

Si/Al molar ratio

BET surface area (m2/g)

Natural zeolite (Na-form)

5.4

11.6

Na-P

1.8

124.0

Na-Y

2.3

466.6

Na-analcime

2.2

69.6
The nitrogen sorption isotherms of the
modified zeolites are shown in Fig. 2, and all the
isotherms exhibit the characteristic of microporous
materials. Comparing with the other three materials,
Na-Y has the highest adsorption capacity and BET
surface area (Table 2).
Alkali or alkaline earth metal cations were
impregnated into the zeolite Y, a process that was
expected to improve the CO2 adsorption capacity.
Fig. 3 shows the XRD patterns of the
ion-exchanged zeolite Y samples. All samples
exhibited characteristic peaks of zeolite Y with no
other impurity phase. Upon ion-exchange by
various cations, the intensities of the characteristic
peaks for K-, Ca-, and Ba-Y were significantly
reduced compared the Na-Y before ion-exchange.
This might be ascribed to the partial blocking of
pores (The size of cations tested in this work is
shown in Table 3) and decreased crystallinity of the
structure by the incorporation of cations [7].

crystallization temperature, which gives a
reasonable rate and well developed crystals, is
373K [11]. For the above-mentioned reasons, we
chose 373 and 423K as the heating temperature.
7HÀRQ-lined stainless-steel autoclaves were used in
order to get the high pressure condition. High purity
of Na-P, Na±Y and Na-analcime were respectively
formed at the two temperatures, as shown in Fig. 1.

FIGURE 1
XRD patterns of the natural and synthesized
zeolites.

FIGURE 2
Nitrogen sorption isotherms of the modified
zeolites (77 K).

FIGURE 3
XRD patterns of zeolites M-Y
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TABLE 3
The ionic radii, ion-exchanged amounts and BET surface area of M-Y

Sample
Li-Y

Cation ionic radius

Cation exchange

BET surface area

(nm)

(%)

(m2/g)

0.068

74.10

869.5

Na-Y

0.095

-

466.6

K-Y

0.133

91.70

377.9

Mg-Y

0.065

79.30

731.5

Ca-Y

0.099

86.50

790.5

Ba-Y

0.135

93.60

582.0

Na+ > K+. This result may correlate with pore filling
by large cations. For alkaline earth metals, due to
their +2 charge, only the half as much as alkali
metal ions are needed for complete ion-exchange,
which enables large pore volume and may increase
the specific surface area.
As shown in Fig. 6, the CO2 sorption
isotherms of zeolites M-Y exhibit nonlinear
concave curves, which are typical for strong
interactions between CO2 and cations [6]. All
adsorption isotherms can be well fitted by
Langmuir-Freudlich isotherm model [12]:
FIGURE 4
Nitrogen sorption isotherms of zeolites M-Y
(77 K).

ଵ

 ݍൌ ݍ௦ ቌ

ܾ

ଵቍ

ͳ  ܾ

Where q is the adsorbed amount at
equilibrium pressure p, qs is the saturated adsorbed
amount, b and n are the isotherm parameters. µb¶is
the strength of the interaction between adsorbate
and DGVRUEHQW DQG µn¶ FDQ be regarded as the
parameter characterizing the system heterogenity.
The value of L-F parameters obtained by
fitting are listed in Table 4. The values of qs shows
the sequence of adsorption capacity under 273K:
Li-Y > NaY > KY (alkali metal)
CaY > MgY > BaY (alkaline earth metals).
It appears that adsorption capacity in M-Y
depends not only on the size and charge of the
balancing cations, but also the density and
distribution of the cations located in the zeolite
framework structures.
The results may be explained by the
interaction of the CO2 molecular quadrupole
moment and the electrostatic field of zeolite Y. The
intensity of electrostatic field (in particular the
charge density) increases in the sequence of K+ <
Na+ < Li+, resulting in higher CO2 adsorption
capacity. In addition, this results may also correlate

FIGURE 5
CO2 sorption isotherms of the modified zeolites
(273 K).
Adsorption of carbon dioxide. The
synthesized zeolite sorbents were applied to the
adsorption of low-level carbon dioxide, and the
CO2 sorption isotherms at 273 K are shown in Fig.
5. With bigger pore size and lower Si/Al molar ratio,
zeolite Na-Y has the highest CO2 adsorption
capacity.
The nitrogen sorption isotherms of zeolites
M-Y are shown in Fig. 4. For alkali metal, the BET
surface area of M-Y decreased in the order of Li+ >
3609
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TABLE 4
Values of L-F model parameters fit to experimental isotherm data
Sample

qs (ml g-1)

b (mmHg-1)

n

Li-Y

87.63

0.031

1.245

Na-Y

78.96

0.075

1.547

K-Y

52.75

0.076

1.908

Mg-Y

84.24

0.025

1.334

Ca-Y

96.74

0.011

1.382

Ba-Y

59.97

0.106

1.904

with pore filling by large cations. The pore size and
volume of Li-Y and NaY are larger than that of KY.
In contrast, the alkaline-earth cation zeolites
exhibit different trends, which may be a result of
framework oxygen shielding of the cation
electrostatic field and making the interaction of
CO2 and the cation more complicated. The
equilibrium adsorption capacity for CO2 decreased
in the order of CaY > MgY > BaY. CaY has higher
charge density than BaY, which explains its greater
adsorption capacity. However, MgY has higher
charge density but less adsorption capacity than
CaY. One possible reason is that MgY was not
completely dehydroxylated during activation due to
its very high charge density [14], and subsequently
would adsorb less CO2.

time. The properties of the zeoites were
characterized. And the results showed that, with
bigger aperture and lower Si/Al molar ratio in
framework, zeolite Na-Y had the highest BET
surface area (466.6 m2/g) and CO2 adsorption
capacity (78.96 ml g-1).
In order to improve the adsorption capacity for
CO2, alkali and alkaline earth metal cations were
impregnated into the synthesized zeolite Y through
ion exchange. CO2 adsorption isotherms of the
ion-exchanged Y samples were obtained at 273 K,
with each fitted to the Langmuir-Freudlich isotherm
model. It appears that adsorption capacity in M-Y
depends not only on the size and charge of the
balancing cations, but also the density and
distribution of the cations located in the zeolite
framework structures. CO2 adsorption capacity
decreased in the sequence of Li-Y > NaY > KY
(alkali metal) and CaY > MgY > BaY (alkaline
earth metals). The L-F model parameter of qs shows
that, Zeolite CaY has the highest adsorption
capacity (96.74 ml g-1).
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nutrients for plant growth, which affects wetlands
primary productivity, so the research on the change
FKDUDFWHULVWLFV RI ZHWODQG VRLO¶V WRWDO QLWURJHQ
nitrate nitrogen and ammonium nitrogen content
can reflect the eutrophication level, environmental
changes and its level of utilization in the wetland
˷
˹
soil 2-3 . As the nitrogen element in the wetland has
many kinds of valence states, meanwhile the cycle
of carbon, oxygen and other elements are closely
related to the different forms of nitrogen cycling
process, so that the study to quantify the
relationship between nitrogen and carbon of
wetland has become one of the hot spots in recent
˷ ˹
years 4 .
Estuarine and coastal wetlands is a typical area
of land-ocean interactions, affected by ocean
˷ ˹
physics, chemistry, biology and other factors 5 , the
horizontal and vertical spatial distribution
characteristics of its carbon, nitrogen and
phosphorus in the soil is a important part of
estuarine and coastal zones biogeochemical cycle
˷ ˹
research 6 . Full length 2872 km (length of the trunk
stream is 577 km), Minjiang River, is the longest
river in Fujian, flows through the 36 counties and
cities of Fujian Province, catchment area is 6. 0992
× 104 km2. Minjiang River estuary is fan-shaped,
the Minjiang River estuary tidal wetlands are
deposited by the substance that Minjiang carrying
into the sea, which is one of the important estuarine
˷
˹
tidal wetlands in the southeast coast of China 7-8 .
Currently, the main vegetation in Minjiang River
estuary wetland are native species phragmites
australis, Cyperus malaccensis and invasive specie
˷ ˹
spartina alterniflora 9 . Research on the wetland of
Minjiang River estuary mainly focuses on the
YHJHWDWLRQ¶V HFRORJLFDO UROH RI ZHWODQG ZHWODQG
YHJHWDWLRQFRPPXQLWLHV¶VFKDQJHDIIHFWVWKHVSDWLDO
distribution of soil nutrients, which shows that
carbon and nitrogen ratio of the Minjiang River
Estuary Cyperus malaccensis in vivo is higher than
˷ ˹
soil litter 10 , therefore Cyperus malaccensis as the

ABSTRACT
The pilot-scale wetlands system and a
specially-made root PVC chamber were used to
cultivate Cyperus malaccensis in outdoor to study
soil inorganic nitrogen temporal-spatial distribution
characteristics in Cyperus malaccensis rhizosphere/
non-rhizosphere. The results showed that different
parts of Cyperus malaccensis had various
interstitial water ammonium nitrogen content with
time and space differences, ranging from 0.32 mg/L
to 0.32 mg/L. The temporal-spatial distribution
variability is the biggest among the non-rhizosphere,
rhizosphere, root zone in time and space
distribution with relative stability. Nitrate nitrogen
in water was less than 0.12 mg/L to trace changes.
Inorganic nitrogen of Cyperus malaccensis three
partitions in the soil increases gradually over time.
The non-rhizosphere distribution change is less than
in the root zone and rhizosphere.There are no clear
difference between different root system
distributions.
KEYWORDS:
Ammonium nitrogen; Nitric nitrogen; Rhizosphere;
Cyperus malaccensis; Minjiang River estuary

INTRODUCTION
Plant-soil interactions are important in plant
formation and survival. The rhizosphere is the only
way for plants to communicate with soils. Wetlands
as a typical sample, are the nitrogen sources, sinks
˷ ˹
and converter 1 and it is one of the three terrestrial
ecosystems in the transitional zone of terrestrial and
aquatic ecosystems with active substance migration
and transformation function, in which the nitrogen
cycle is one of the important biogeochemical cycle
of wetland. Nitrogen is one of the essential
3612
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ZHWODQG  ƍƎ̚ƍƎ1ǃƍƎ̚
ƍƎ(  (Figure. 1), which belongs to
transition zone between the middle and southern
subtropics. The climate is warm and moist, the
annual average temperature is 19.3 Ԩ, and the
annual precipitation is about 1380 mm. The
eel-beach wetland is in the Meihua channel that
located
between
Langqi
island
and
Tantou-Wenling-Meihua of Changle city. Sediment
from the upstream of the Minjiang River silt up in
the Meihua channel formed a shoal of estuary. After
a long evolution in the shallows, they formed a
sandbar that in the northwest - southeast direction,
about 21 kilometers long, 20 meters wide, and
revealed in the water surface in the general tidal
conditions [17]. Wetland soil is coastal saline soil and
sandy soil, and the main vegetation is Cyperus
malaccensis,
phragmites
australis,
spartina
alterniflora and other vascular vegetation types. The
biodiversity there is most significant, and the
provincial nature reserve was established in 2007.

native species has an considerable impact on
wetland. In addition, many factors influence the
nitrogen transformation and N2O release of
Minjiang River Estuary Cyperus malaccensis
wetland soil , tidal action changes the exchange
amount of nitrogen oxide between Cyperus
˷ ˹
malaccensis and environment 11 , human activity
destroyed the Cyperus malaccensis wetland,
˷ ˹
affecting their distribution density and so on 12 . In
recent years, the invasion of Spartina alterniflora is
changing the space and regularity of Cyperus
malaccensis¶V own growth and development, so that
˷ ˹
its impact on the environment become weak 13 . For
the root periphery of Cyperus malaccensis, is a
interface that nutrient and energy substances
exchanged in high speed ,which constitute a special
˷ ˹
microenvironment 14 , and the study on its role and
significance of the transformation and distribution
of inorganic nitrogen in soil was less.
This paper constructs the medium-scale
wetlands system, cultivated Cyperus malaccensis in
outdoor, research on temporal-spatial distribution
characteristics of inorganic nitrogen in Cyperus
malaccensis rhizosphere/ non-rhizosphere. This
study is conducive to a more comprehensive and
in-depth understanding of the relationship between
Cyperus malaccensis growth and soil nitrogen in
wetland, and provide scientific basic data to the
further research on nitrogen cycling in the wetland
of Minjiang River Estuary.

Experiment
design.
This
experiment
collected 0.378m3 soil samples from the plant
Cyperus-malaccensis. At the same time, a certain
number Cyperus-malaccensis plant was collected to
the laboratory. Firstly, put the soil sample into the
prefabricated mixing tank, mix it thoroughly with a
blender, take the mixed soil samples for physical
and chemical indexes analysis, when the value
tends to be consistent, it can be considered that the
soil has been stirred evenly. The uniformly mixed
soil samples were orderly tile in the already set up
medium-scale incubators, then according to the
actual plant density, the Cyperus malaccensis was
planted in the A area of the medium-scale system.

MATERIALS AND METHODS
Research area. Soil samples were sampled in
the largest natural battue wetland of Minjiang River
estuary area in Fujian Province - the Eel-beach

FIGURE 1
Location of the sampling sits in the Eel-beach wetland of the Min River estuary
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export out of the box, and fold into a certain length
of 90 degrees. The outside can use hosepipe, for
collecting gas.
ᬉOn the A area side of the box, they used
thinner and transparent organic plastic board, with
screws and nuts to fasten it. Thus it is easier to
disassemble the sample or make other treatments
and can observe the growth of plant roots. Covered
with black paper or opaque plastic board when it
not in use, to avoid light irradiation have effect on
the growth of the plant roots.
ᬊThe bottom install 2 faucets for drainage are
arranged at equal intervals.
ᬋAt the bottom, a bracket is designed for
overhead, and the height is 30cm.
At the same time, laying 5cm thick quartz
sand at the bottom, for store and conduct water
when watering, to keep the consistent moisture in
the box. Then covered a 35μm aperture nylon net
layer, covered on the quartz sand, blocking the roots
of the plants did not enter the quartz sand.The
details are shown in Figure. 2.

The incubator is designed as follows:
ᬅThe box body is made by PVC organic
plastic board, 1cm thick, 90cm long, (mainly
divided into three areas, that is the A zone for the
root zone, B zone for the root zone, C zone for the
non rhizosphere), 60cm wide, 80cm high.
ᬆThe three zones are respectively separated
by the aluminum alloy frame and nylon net insert,
and the aperture of nylon net is 35 μm. The purpose
of nylon net is to prevent the plant's root system
from entering the other side, allowing the water and
nutrient free diffusion, while the other side of the
nylon net to produce a root soil environment.
ᬇThe watering pipe laying under the soil
surface 5cm ( away from the box opening 20cm),
the diameter is 2cm, tube body surface according to
spiral have hole of 0.2 cm diameter, so that the
water can flow out. One end is sealed and the other
end is extended of the soil surface 5cm, the top can
be designed with a 4 liter water tank.
ᬈIn each partition, from top to bottom, drilled
two column sampling holes in every 10cm. One
column for the collection of soil samples from each
site. The sampling method is to open up the set plug
(60ml aperture injection ), use spoon to get out the
required sample. Another column is water sample
collection tube. The water supply pipe is a plastic
pipe with a diameter of 0.6cm and a length of 60cm.
There are 150 small holes with a diameter of 0.2cm
that in spiry uniformly distributed. The outside is
covered with a nylon net layer of 35μm diameter, to
prevent root and soil from entering. One end sealed
with silica gel, the other end of the tube is used for

Sample analysis and data processing.
Determination of inorganic nitrogen is collecting 5g
fresh soil samples over a 100-mesh screen,
extraction in 2 mol/L KCL solution 25 ml , vibrated
for 60 minutes, stewing for about 5 minutes, filtered
and take 30ml to be measured. Interstitial water
samples filtered through quantitative filter paper,
then the Netherlands continuous flow analyzer
(SKALARSAN++) was used to determine the
inorganic nitrogen in the gap water samples.

ķ

ĸ
Ĺ
ĺ
ĺ
Ļ
ļ

Ľ
FIGURE 2
Schematic diagram of pilot-scale wetlands system
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ZDWHU LQ WKH VRLO VKRZHG ³&´ W\SH LQ  FP
suddenly increased, up to 2.61 mg / L. The
ammonium nitrogen content in interstitial water in

Using Excel 2007 analysis software as
pre-analysis for the experimental data. Analysis
the content of NH4+-N and NO3--N in 3 kinds of
different soil and interstitial water. Finally, the data
were processed and charted by Origin 8.1.
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distribution
characteristics of ammonium nitrogen in
interstitial water of soil. According to figure.3, in
Cyperus malaccensis training system, ammonium
nitrogen in root zone, rhizosphere and different
areas of non Rhizosphere showed significant spatial
and temporal variation as a whole. The 3 partition
showed significant changes over time. In the first
two weeks of training time, ammonium nitrogen
content of root zone and rhizosphere in interstitial
water of soil tended to be stable in vertical direction.
Later two weeks in training time, ammonium
nitrogen content of root zone and rhizosphere in
interstitial water of soil less than that in lower
middle level. While ammonium nitrogen content of
the non rhizosphere fluctuate easily with time, the
first two weeks in the experiment, ammonium
nitrogen content in interstitial water of surface soil
more than that in lower middle level, later two
weeks of experiment, a maximum value of
ammonium nitrogen content in interstitial water of
soil appeared in the middle level.
Specifically, in 0~20cm, in the root zone, July
15th, ammonium nitrogen in interstitial water of soil
reduced from 1.02 mg/L to 0.57 mg/L, showed the
trend of reducing and the later three weeks, the
results showed a significantly increasing trend that
is from 0.4 mg/L to 1.0 mg/L. Ammonium nitrogen
content in interstitial water of surface rhizosphere
soil had little change in vertical direction, and
tended to increase slowly, and the difference of the
detection data of 4 weeks was very small, and the
highest was 0.63 mg/L, and the lowest was 0.36
mg/L. In the non rhizosphere soil, the change of
ammonium nitrogen content in interstitial water in
the soil was very different, ammonium nitrogen
content in interstitial water suddenly increased from
0.35 mg/L to 1.8mg/L in vertical direction in July
15th, while ammonium nitrogen content in
interstitial water decreased from 2.72 mg/L to 0.75
mg/L in vertical direction in July 22nd. Later two
weeks in the experiment, ammonium nitrogen
content in interstitial water was relatively stable in
1 mg/L and 1.5 mg/L. In 20 ~ 50 cm, first two
weeks in the experiment, ammonium nitrogen
content in interstitial water in the soil of root zone
VKRZHG³:´W\SHLQYHUWLFDOGLUHFWLRQDQGKDGOLWWOH
change, ammonium nitrogen content in interstitial
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Note: A- Cyperus malaccensis root zone B-;
Cyperus malaccensis rhizosphere; C- Cyperus
malaccensis non rhizosphere (the same below)
FIGURE 3
The temporal-spatial distribution characteristics
of ammonium nitrogen in interstitial water of
soil
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interstitial water is controlled by the water diffusion
in the soil. Because of the absence of vegetationˈin
the non rhizosphere soil proportion changes
frequently, distribution of interstitial water were
also in the stagnant water or dry soil condition,
resulting in non root rhizosphere soil pore water
ammonium nitrogen content in the temporal and
spatial distribution of changes in volatility is large.
Root zone and Rhizosphere area affected by
Cyperus malaccensis root distribution and
rhizosphere microorganisms, the change of
ammonium nitrogen content in interstitial water
tended to be stable.

the root zone increased gradually and reached the
maximum at 50 cm in August 5th. In the first two
weeks of training time, ammonium nitrogen content
of rhizosphere in interstitial water of soil had little
change in 20-50cm. Later two weeks in training
time, ammonium nitrogen content of in interstitial
water of middle rhizosphere soil increased and then
decreased, the maximum value is 3.82 mg/L. In
July 15th, the change of ammonium nitrogen
content in interstitial water was not different, in
20~30cm, it decreased to 0.32 mg/L and the content
of ammonium nitrogen in the vertical direction of
30~50cm was almost unchanged. Ammonium
nitrogen content in interstitial water of non
rhizosphere soil had little change in vertical
direction in 20-50cm in July 22nd and tended to
increase. Ammonium nitrogen content in interstitial
water of non rhizosphere soil in vertical direction in
20-FP VKRZHG W\SH ³&´ LQ -XO\ th, the
minimum value appeared at 40 cm for 0.52 mg/L,
and maximum was 2.71 mg/L reached at 50 cm.
Ammonium nitrogen content in interstitial water of
non rhizosphere soil in vertical direction in
20-FP VKRZHG W\SH ³=´ LQ $XJXVW th, the
minimum value appeared at 30 cm for 0.75 mg/L,
and maximum was 2.72 mg/L reached at 40 cm. In
the first two weeks of training time, ammonium
nitrogen content of root zone, rhizosphere and non
rhizosphere in interstitial water of soil had little
change in 50-70cm. Later two weeks in training
time, ammonium nitrogen content of root zone and
rhizosphere in interstitial water of soil tended to
decrease. Ammonium nitrogen content in interstitial
water of non rhizosphere soil in vertical direction in
50-FP VKRZHG W\SH ³&´ LQ -XO\ th, the
minimum value is 0.69 mg/L which appeared at
60cm. In August 5th, the difference of Ammonium
nitrogen content in interstitial water of non
rhizosphere soil in 50~70cm was little.
The Cyperus malaccensis gap in different
partitions interstitial water of the temporal and
spatial variation of ammonium nitrogen content is
significant, the temporal and spatial distribution of
the variability in maximum is non rhizosphere,
rhizosphere takes the second place, and the root
zone of the temporal and spatial distribution is
relatively stable and the content is little. This aspect
is related to the biomass and root depth of wetland
soil.[15] There is little and no root system in the
non rhizosphere. On the other hand, it is closely
related to the moisture condition of the wetland,
which has a significant effect on the nitrogen
retention capacity of the soil.[16]
The content of ammonium nitrogen in soil
interstitial water was affected by soil texture, plant
rhizosphere microbial area mineralization and water
salinity in the soil, at the same time, the
concentration gradient of the nitrogen in the
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FIGURE 4
The temporal-spatial distribution of nitrate
nitrogen in soil interstitial water
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comparing with ammonium nitrogen in the
interstitial water, nitrate nitrogen content is more
stable and lower. The root absorption and utilization
of nitrate nitrogen is greater than that of ammonium
nitrogen, it is related to the leaching character of
nitrate nitrogen. Each root zone has an identical and
distinct regularity. nitrate nitrogen content in each
layer of interstitial water grew slow in the
premetaphase, decreased slightly in later period of
the experiment. nitrate nitrogen concentration in the
interstitial water is more easily affected by zone
absorption.[19] Cyperus malaccensis root growth
changes have a significant impact on the cyclical
nitrate content in interstitial water. The Cyperus
malaccensis gap in different partitions interstitial
water of the temporal and spatial variation of
ammoniacal nitrogen content is significant, the
temporal and spatial distribution of the variability
in maximum is non rhizosphere, rhizosphere takes
the second place, and the root zone of the temporal
and spatial distribution is relatively stable. Part
because of Cyperus malaccensis root of interstitial
water nitrate nitrogen absorption and control and
the rich microbial nitrification near the root zone
[19], another part of the reason also due to soil ratio
difference.

The
temporal-spatial
distribution
characteristics of nitrate nitrogen in interstitial
water of soil. Overall from figure 4, Nitrate
nitrogen content in soil interstitial water in different
areas of Cyperus malaccensis was less than 0.12
mg / L and the maximum value was 0.116 mg / L.
Thus, the variation of the vertical distribution of
nitrate nitrogen content belongs to the trace change.
The variations of the vertical distribution of nitrate
nitrogen content in the root zone and the interstitial
water were not obvious, but the change of the
experimental period was obvious. In contrast, the
temporal and spatial distribution of vertical
variation
difference
of
nitrate
nitrogen
concentration in the interstitial water of non
rhizosphere is the largest. From the nitrate nitrogen
concentration in the interstitial water of Cyperus
malaccensis root zone distribution mapˈit shows
that at the beginning of the experiment, July 15,
nitrate nitrogen content in each layer of interstitial
water is at a relatively low value, and it appeared a
shock value in 50 cm. From July 15th to July 29th,
after two weeksˈ nitrate nitrogen concentration of
every layer interstitial water in Cyperus
malaccensis root zone grew slow. From July 29th to
August 5th, nitrate nitrogen concentration of every
layer interstitial water of Cyperus malaccensis
decreased slightly during the experiment.
Comparing with root zone temporal spatial
distribution map, each layer of interstitial water of
nitrate nitrogen concentration has large changes in
vertical variation on July 15th. Nitrate nitrogen
concentration of interstitial water in surface layer of
0~20 cm could not be detectedˈbecause the content
is extremely low. Nitrate nitrogen concentration of
interstitial water suddenly increased in the lower
middles layer of 20~70 cm, the maximum value
appeared at 50 cm, and up to 0.75 mg/L. In the last
three weeks, nitrate nitrogen concentration in the
interstitial water of non rhizosphere is the similar to
that in root zone, which showed slow growth in the
early July 29th and a slight decrease in the late
August 5th. Nitrate nitrogen content in each layer
of interstitial water in non rhizosphere changed
obviously in vertical direction during every
experiment period, but the whole change was
similar to the variation of nitrate nitrogen content in
the root zone and the rhizosphere interstitial water.
On July 15th, nitrate nitrogen concentration in the
interstitial water appears a sudden increment 0.116
mg / L, the rest of the each layer nitrate nitrogen
content of the interstitial water is almost zero.
Before July 29th, nitrate nitrogen concentration of
the interstitial water grew slow. From July 29th to
August 5th, nitrate nitrogen concentration of every
layer interstitial water of Cyperus malaccensis
decreased slightly during the experiment.
From the above analysis, it shows that

The
temporal-spatial
distribution
characteristics of ammonium nitrogen of soil.
Figure 5 shows that ammonium nitrogen content in
different areas of Cyperus malaccensis root in soil
is 17~158 mg / kg, comparing with figure 3,
ammonium nitrogen mainly exist in the soil in the
experimental soil system. The ammonium nitrogen
content in the vertical direction variation is different
in Cyperus malaccensis root zone, rhizosphere and
non rhizosphere soil, but all of them have the
obvious vertical variation. As a whole, the content
of soil ammonium nitrogen in each layer of the 3
zones has a slow increasing trend. As the specific
analysis, the ammonium nitrogen content in the 3
root zone in the vertical direction increase slow in
the soil surface layer of 0-20cm. The ammonium
nitrogen content in the root zone was in accordance
with the trend of the results of the experiment on
the July 15th and August 5th, a fluctuation appeared
in the middle of the experiment, a suddenly increase
appeared in the vertical direction in the middle of
July 22nd, and decrease in the vertical direction in
July 29th. After 4 weeks of the experiment, it
measured that the ammonium nitrogen content in
the vertical direction of the root zone tends to be
stable, there is no significant fluctuations, and with
time ammonium nitrogen content increased
gradually in the middle soil. Rhizosphere
ammonium nitrogen content has the same trend
with the increase of time, and in the experiment
after two weeks ammonium nitrogen appeared a
3617
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high peak at 40 cm , in July 29, soil ammonium
nitrogen content was 121.25 mg / kg, in August 5,
soil ammonium nitrogen content was 157.75 mg.
The content of ammonium nitrogen in non
rhizosphere soil increased with the increase of time.
The content of ammonium nitrogen in the vertical
direction changed little in the middle of experiment.
In July 15th and August 5th, the contents of soil
ammonium nitrogen in the vertical

direction of the changed obviously and showed "Z"
type of fluctuations. In July 15th, the maximum
content of ammonium nitrogen in soil was 79.17
mg/kg at 50cm, and the minimum value was 40
mg/kg at 43.84 cm. In August 5th, the maximum
content of ammonium nitrogen in soil was 95.23
mg/kg at 30cm, and the minimum value was 77.22
mg/kg at 40 cm. The content of ammonium
nitrogen in the root zone of the soil increased with
time at 50-70cm. The content of ammonium
nitrogen in the vertical direction of the root zone
was basically the same as that in the vertical
direction of the two weeks at 50~60 cm , with the
depth of 60~70cm, the content of soil ammonium
nitrogen increased in July 15th, and the soil
ammonium nitrogen content decreased in July 22nd.
At the end of the experimentˈ in the vertical
direction, in July 29th, soil ammonium nitrogen
content had no significant changes, in August 5th,
soil ammonium nitrogen content increased
gradually with the depth. There was no significant
difference between the soil ammonium nitrogen
content in the 4 weeks at 50~70cm in root zone, and
the numerical value remained stable at about 50
mg/kg, the temporal and spatial distribution of the
bottom layer tends to be stable. The vertical
variations of ammonium nitrogen content at the
bottom of non rhizosphere soil tend to be decreased,
with the depth of 60~70cm, the soil ammonium
nitrogen content of the soil was up to 90.6 mg/kg in
July 22nd.
Ammonifier decomposition of organic
nitrogen is mainly the source of ammonium
nitrogen in the soil. In the experimental system, the
mineralization is promoted because of the wetland
in the dry and wet conditions. Therefore, the
content of ammonium nitrogen in soil is higher, and
the main body of soil is inorganic nitrogen.
Summary of the above analysis, the overall time of
the 3 partitions have a slow growth, while there is a
difference in different depths. soil ammonium
nitrogen content in the surface and bottom of the
root zone change with time, there is larger peak
appeared in the middle rhizosphere, overall in
rhizosphere and non Rhizosphere the temporal and
spatial distribution changes in the trend of unity
basically. There are some studies show that the
release amount of ammonium nitrogen in soil and
soil organic matter mineralization rate exist a clear
functional relationship ˈ the content of organic
matter in soil can determine the content of
ammonium nitrogen in soil. And the organic matter
in the soil can also absorb a certain amount of
ammonium nitrogen, to prevent the loss of it [22,
21]. So it can be confirmed that the spatial
distribution of soil ammonium nitrogen content in
the soil is closely related to the distribution of
organic matter in the soil in the 3 partition. With the
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FIGURE 5
The temporal and spatial distribution
characteristics of ammonium nitrogen of soil
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organic matter content, microbial species and
quantity of soil. Also three partitions of each layer
soil moisture conditions and water level closely
afftected content of nitrate nitrogen in soil, because
the NO3 - ion is not easy to be fixed by negatively
charged of soil particles, and the leaching
characteristics which is more prone to occur makes
the highest value of nitrate nitrogen in different root
zone soil surface and deep layer. [1] Therefore, the
changes of the diversity factor resulted in the
vertical changes of soil nitrate nitrogen content in
the 3 partitions, which were different with the
change of time.

cultivation time, the organic matter in the soil of the
system increases continuously, and the ammonium
nitrogen in the soil also increase. Ammonium
nitrogen content in root zone surface and the
bottom soil and middle rhizosphere change with
time larger, due to the growth characteristics of
Cyperus malaccensis root, root surface layer in root
zone scale out , the underlying root goes deep in
vertical direction, resulting in organic matter
fluctuations in root zone surface layer and the
underlying soil, middle rhizosphere soil. And non
rhizosphere soil was not affected by the growth of
Cyperus malaccensis root, soil organic matter
content is relatively stable, the spatial and temporal
distribution
of
soil
ammonium
nitrogen
concentrations remained consistent trends.

-

NO 3-N (mg/Kg)
0.0
0

The temporal and spatial distribution
characteristics of nitrate nitrogen of soil.
Comparing with nitrate nitrogen content in
interstitial water in Fig 4, in Fig 6, nitrate nitrogen
content exist mainly in soil in the system, and the
vertical distribution characteristics of the system are
obviously different. From the time dimension, the
variation of nitrate nitrogen content in the soil of
the 3 districts in 4 weeks was disorder and not
obvious. Specifically, in July 15th, there is a
minimum value at 30 cm of the root zone, while the
nitrate nitrogen content in the non rhizosphere at 60
cm was almost zero, the whole distribution of the
two root zones was "S" type. At the root surface of
10 cm, there is a maximum value of 2.65 mg/Kg,
after up to 20 cm and then down to 0.72 mg/Kg,
fluctuation in the vertical direction increased. The
vertical distribution of the surface and the middle
layer of the root zone in July 22nd was "Z" type,the
vertical variation of nitrate nitrogen content in the
root zone was the largest, and the variation range
was 0.82~2.26mg/kg. The rhizosphere takes the
second place, the vertical distribution of nitrate
nitrogen content in the middle and lower soil layer
showed "M" type at 70 cm, which was increased to
2.74 mg/Kg, and the non vertical variation was the
smallest. In July 29th, the vertical change of the
root zone showed "Z" type of fluctuation. The
whole vertical variation of nitrate nitrogen content
was the most obvious, and there was a peak of 2.75
mg/Kg at 40 cm. In the non rhizosphere, the
vertical variation of the surface was small, and the
middle and lower layers showed "S" type. In the
week of August 5th, the vertical variation of nitrate
nitrogen content was the smallest in 3 partition in 4
weeks, and the total content was less than the early
three weeks.
The content of nitrate nitrogen in soil was affected
by many factors, and the denitrification and
nitrification which affect nitrate nitrogen content of
soil directly has relationship with soil texture,
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FIGURE 6
The temporal-spatial distribution of soil nitrate
nitrogen content
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increased gradually with time, and the vertical
distribution characteristic of different root zones
was obvious. In the root zone, there was a large
fluctuation in the surface layer and the bottom layer,
and there was a large peak in the later two week,
but not in the non rhizosphere. The main factors
affecting the distribution of soil ammonium
nitrogen are the bacteria mineralization, the dry and
wet conditions, and the distribution of organic
matter. root distribution and distribution of organic
matter affected by Cyperus malaccensis root zone
distribution region, non rhizosphere soil organic
matter content remained stable.
(4) Nitrate nitrogen in Cyperus malaccensis 3
partition soil is obvious different in vertical
distribution and the overall changes with time vary.
Cyperus malaccensis root zone, rhizosphere and
non root rhizosphere in different areas of the nitrate
nitrogen content of vertical variation trend is
relative disordered and there is no obvious
difference between different root distribution. The
total nitrate nitrogen content measured in August
5th was the lowest in the 4 week experimental data.
The physical characteristics of nitrate nitrogen, root
distribution,
microbial
denitrification
and
nitrification, water and other environmental
conditions determine the content of nitrate nitrogen
in soil. Various factors influence them and the
distribution of root system was not obvious. In
addition, because of the experimental system of
water loss and denitrification process of the
conversion of nitrate to N2O, NO and other gases,
the output of nitrate nitrogen in soil was higher than
input of nitrate nitrogen, which decreased the total
content of nitrate nitrogen in soil.

But because of the loss of water and the process of
denitrification, nitrate was converted into N2O, NO
and other gases decreased the content of nitrate
nitrogen in soil, and the total content of the 3
districts in the late stage of the experiment was
decreased. In addition, the content of nitrate
nitrogen in soil were related to the absorption and
utilization of nitrate nitrogen by plant roots in soil.
Nitrate nitrogen in soil was affected by itself to
leaching physical properties and influenced by
many factors at the same time, and root direct
effects on the content of nitrate nitrogen in soil are
weaker. So the vertical variation tendency of
Cyperus malaccensis nitrate nitrogen content in the
different root part are relatively disorder, there is no
obvious difference between different root
distribution.

CONCLUDING REMARKS
(1)The Cyperus malaccensis gap in different
partitions interstitial water of the temporal and
spatial variation of ammoniacal nitrogen content is
significant, the temporal and spatial distribution of
the variability in maximum is non rhizosphere,
rhizosphere takes the second place, and the root
zone of the temporal and spatial distribution is
relatively stable. Cyperus malaccensis in different
areas of soil proportion is the main reason for
affecting the gap in interstitial water of the spatial
and temporal distribution of the ammoniacal
nitrogen content. Cyperus malaccensis root
distribution makes the root zone water status
remain stable and microbial biomass become more,
the rhizosphere is the transition section, while the
non rhizosphere lack of vegetation root and
biomass and the proportion variation of water and
soil is easy to appear.
(2) The Cyperus malaccensis in different
partitions interstitial water of the ammoniacal
nitrogen content is meno, the difference of the
temporal and spatial variation is trace changes. The
experimental data of 4 weeks showed that the total
nitrate nitrogen content of interstitial water change
with time showed increased and then decreased.
Nitrate nitrogen leaching characteristics affect
nitrate nitrogen content of interstitial water to be
lessˈ and the root zone played the dominant role of
nitrate nitrogen absorption in interstitial water.
Cyperus malaccensis root distribution growth
makes nitrate nitrogen increased first and then
decreased.
(3) Inorganic nitrogen in experimental system
mainly exists in the soil, and inorganic nitrogen in
Cyperus malaccensis three partition soil was in the
ammonium based. The total nitrogen in the soil
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REMOTE SENSING FOR THE MANAGEMENT OF
VERTICILLIUM WILT OF OLIVE
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Sandra Gewehr1, Stella Kalaitzopoulou1
1
Ecodevelopment S.A., Thessaloniki, Greece
Agroecosystem L.P., N. Moudania, Chalkidiki, Greece

2

resources, due to the large root system of the olive
trees, support high biodiversity and soil quality due
to the prevention of soil erosion and constitute an
important feature of the agricultural landscape for
the Mediterranean region. They also provide the
productivity advantages of a crop [1].
VW of olive (caused by the fungus
Verticillium dahliae) is a soilborne disease and
constitutes a major threat for the olive producing
countries [2-5]. It causes serious economic losses
and has environmental impact causing degradation
of the olive agroecosystems. Taking also into
account Xyllela fastidiosa, which has already led to
an olive orchard eradication program in Italy [6],
action should be undertaken in order to prevent a
severe damage to the olive agroecosystems.
Results presented by Zartaloudis et al. [7]
showed that a combination of natural minerals,
organic agents and beneficial microorganisms can
bring VW infected trees back in full productivity.
However, a cost effective application of this
treatment is based on the detection of trees infected
by VW, at the early stages of the infection to
minimize treatment costs [8-9].
An objective of this work is to validate the
CRI2 index for the early stages of the infection by
the disease for the second most important table
olive cultivar in Greece (cv. Amfisssa) in order to
provide an area wide early warning management
tool for the most important Greek table olive
cultivars. In addition, a second objective is to study
the spectral response of the trees to the above
mentioned treatment. Since the rehabilitation of the
olive trees is a process which could take months or
years depending on the stage of the infection,
remote sensing techniques can be used as an early
proof of their recovery process.

ABSTRACT
Verticillium wilt (VW) is a major disease in
all the olive producing countries and leads to
extensive losses of production and olive trees.
There is not chemical treatment available currently
for this pathogen and only preventive cultivation
measures can be applied. In Greece, the most
sensitive cultivars to VW infection are Chondrolia
(Chalkidiki) and Amfissa (Fthiotida, Central
Greece). Previous studies showed that remote
sensing can be used to assess VW infection levels
using spectral indices, such as the Carotenoid
Reflectance Index 2 (CRI2) and Normalized
Difference Vegetation Index (NDVI), which depict
the non-visible and visible stages of the infection,
respectively, suggesting a timely and area wide
method to map the status and spread of the
pathogen in fields grown with Chondrolia cultivar
in Chalkidiki. In the same area, experimental and
also commercial applications of a new Plant
Growth Enhancer Formulation (PGEF) comprising
of natural minerals and biological control agents
provided clear visual field evidence that infected
trees can be brought back in full productivity. The
present work assessed the effect of the application
of the PGEF on the spectral properties of the trees.
The results showed that the application had a
significant effect on the recovery of the olive trees,
as expressed by the change in the NDVI rate of the
treated trees compared to the untreated in two
successive years. Furthermore, the use of CRI2 and
NDVI for the second most important table olive
cultivar in Greece (Amfissa) was validated for the
detection of the early and advanced infection
symptoms, respectively.
KEYWORDS:
Verticillium wilt, Unmanned Aerial Vehicle, remote
sensing, olive, carotenoid reflectance index, NDVI.

MATERIALS AND METHODS
For the validation of the efficiency of the
CRI2 and NDVI indices to detect the early and the
advanced infection levels for cv. Amfissa,
respectively, airborne spectral data were acquired
by UAV from three selected fields (Field 1 Fth,
Field 2 Fth and Field 3 Fth) in Fthiotida on 3 rd June

INTRODUCTION
The olive groves are quite stable ecosystems
compared to other field crops, behaving like forests.
This is because they enrich the underground water
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2015. Field 1 Fth, Field 2 Fth and Field 3 Fth were
planted with 151, 247 and 77 trees (Olea europea
L. cv. Amfissa) and 54, 28 and 26 trees were
visually observed for VW infection. The olive trees
were assessed using an eleven-point calibration
scale [10], where 0-10 infection levels respond to
the following symptoms: healthy trees with nonvisible symptoms of infection (0), light leaf green
discoloration (1), chlorotic canopy (2), flower
cluster or fruit or twig drying (3), branch drying (4),
wilting of the half portion of the entire canopy (5),
a small portion of the entire canopy is healthy (6),
75% of the tree is dead (7), a branch is alive (8), a
twig is alive (9) and dead tree (10). The planting
spacing was variable for the olive groves in
Fthiotida.
Multispectral data were acquired from
Fthiotida plots on 3rd June 2015 using a fixed wing
UAV (ebee, senseFly) and a four-band camera
(multispec 4C, airinov) (Figure 1). Camera's four
spectral bands were modified to detect Verticillium
wilt of olive according to Zartaloudis et al. [11] and
centered at 510, 660, 710 and 790 nm with a
spectral resolution of 10 to 20 nm. The pixel size of
the camera was equal to 4-5 cm on the ground and
the camera's lens-to-focus distance was equal to 13
mm. Olive tree canopies were manually digitized
from the aerial images in order to be separated from
soil pixels and the mean multispectral reflectance
was calculated for each digitized polygon. The
mean reflectance calculated from the 4 bands was
used to calculate the Carotenoid Reflectance Index
2 (CRI2) [12] and the Normalized Difference
Vegetation Index (NDVI) [13] according to the
following equations:

FIGURE 1
An image of the three Field parcels in Fthiotida
acquired by the UAV.
For the assessment of the PGEF application on
the spectral response of the VW infected trees, the
following approach was adopted:
Two commercial olive orchards (Field 1 Ch and
Field 2 Ch) located in Chalkidiki (northern Greece)
were selected. The olive orchards in 2014 had 228
and 92 trees (Olea europea L. cv. Chondrolia
Chalkidiki), respectively, at a spacing of 6 × 5 m
(Figure 2). Heavily infected olive trees were
removed by the grower at the end of the cropping
season in 2014. Thus, the olive orchards in 2015
had 198 and 77 trees, respectively. In May

CRI2 = ((1/R510) - (1/R710)) × R790
NDVI = (R790 - R660)/(R790 + R660)

A

B

FIGURE 2
Images of Field 1 Ch (A) and Field 2 Ch (B) acquired by UAV. The treated with PGEF trees are outlined.
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calculated to assess the effect of the PGEF
application on the plant spectral reflectance, as
follows:
r = (log(NDVIuav/NDVIsat)/loge) × 100
The two flights with the UAV for Fthiotida
and Chalkidiki were conducted from 9:00 to 11:00
am (GMT) (11:00 a.m. to 13:00 p.m. local time) at
the same altitude (160 m above ground).
Differences in the reflectance rate change of
olive trees, as determined by the spaceborne and
UAV data in the Chalkidiki experiment, resulting
from the application of the PGEF were analyzed
using unbalanced ANOVA. The significance of
PGEF application × Field × infection level on the
reflectance rate change was tested, which indicated
whether the Field and the infection level factor
affected the influence of the PGEF application on
the reflectance rate change. Multiple regression
analysis with groups was used to study the
correlation of the two multispectral indices (CRI2
and NDVI) with the VW infection levels. Airborne,
spaceborne and infection levels were analyzed
quantitatively by using the unbalanced ANOVA
procedure at a probability level of 0.05. Data
analysis was carried out using the Genstat statistical
package (version 11, VSN International Ltd,
Oxford, UK).

2014, for the purposes of a previous study [11]
all the trees for Field 1 Ch and Field 2 Ch were
assessed for VW infection by visual observation
according to the 11-point calibration scale. The
trees had various levels of VW infection.
Verticillium dahliae infection was confirmed for the
two fields in Chalkidiki using laboratory
techniques. Infected vascular tissues were sent to a
plant
pathology (Aristotle
University of
Thessaloniki), were placed on culture mediums,
incubated for a week and then examined
microscopically. In Field 1 Ch and Field 2 Ch, 9
and 20 trees were treated with PGEF in November
2014 and March 2015, respectively. From the 9
treated trees in Field 1 Ch, three trees were healthy
in the assessment of 2014, three trees had infection
level 1 and three trees had infection level 2. In Field
2 Ch, 4, 9 and 7 treated trees had VW infection
levels 0, 1 and 2 in May 2014, respectively. All the
treated trees were assessed by visual observation in
November 2015 and were found to be healthy
(infection level 0).
The PGEF treatment included an application
of a composition of natural minerals, organic agents
and beneficial microorganisms (Bioshell VERT,
Agroecosystem L.P.). Bioshell VERT is a
formulation based on micronized zeolite
(clinoptilolite 96%) at a rate of 64.5%, which
contains non-crystalline (amorphous) silica (24%)
of organic origin, soil beneficial microorganisms
(Mycorrhyzae, plant promoting bacteria such as
Bacillus subtilis and Streptomyces spp., strains of
saprophytic biocontrol fungi, such as Trichoderma
spp. (3.5%), organic acids in the form of humic and
fulvic acids (8%). This formulation acts as plant
growth enhancer and soil conditioner. The solution
prepared for watering the trees was composed of
500 g of Bioshell VERT per tree diluted in 10 liters
of water.
In order to validate the effect of the PGEF on
the olive trees' physiology, airborne multispectral
data were acquired for Field 1 Ch and Field 2 Ch on
19 May 2015 using the ebee and the multispec 4C
camera. The acquired data by the UAV were
compared with spaceborne data acquired from the
imagery archive of DigitalGlobe (WorldView 2
satellite) on 1 July 2014. For the calculation of
NDVI WV2 index the following equation was used:
NDVI WV2 = (RNear-IR1 - RRed)/(RNear-IR1 +
RRed)
where Blue: 450-510nm, Red Edge: 705-745
nm, Near-IR1: 770-895 nm and Red: 630-690 nm.
The NDVI index was used for the computation of
the reflectance rate change, because the NDVI is a
normalized index, which means that there was not
much variation from year to year for the same field
and between the spaceborne sensor and the UAV
sensor.
The rate of NDVI change between the NDVI
acquired by the UAV and the NDVI WV2 was

RESULTS AND DISCUSSION
Studies conducted the last years by Calderon
et al. [4-5] and Zartaloudis et al. [8-11] have
pointed out the importance of detecting the infected
olive trees by VW. Verticillium dahliae is a
vascular pathogen that cannot be controlled by
conventional means (fungicides) and there is not
currently monitoring of the problem. There is an
urgent need today for reliable monitoring of the
disease on a tree level basis spatially and timely by
modern means of diagnosis, such as remote
sensing. It is known that, even at the early stages of
VW infection, discoloration of the periphery of the
olive leaf lamina can be observed [9-11]. The
vascular tissues of the trees become plugged due to
the mycelium growth, and thus the water movement
from the roots to the canopy is restricted. This
causes calcium deprivation of the infected tissue
and finally discoloration of the periphery of the leaf
lamina. At advanced stages of the infection the
newer leaves roll downwards or inwards and
progressively become greenish-grey to brown [911]. According to the results of this study the early
infection levels (0 - 3) in a multiple regression
analysis were highly correlated with CRI2
(p<0.001), while the NDVI values were found not
to be significant in the regression model (Figure 3).
The effect of the experimental field plots was
statistically significant and the Field 2 Fth and Field
3 Fth were found to be different compared to Field
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evidence, the NDVI reflectance rate change
was calculated to determine the plant health
recovery process of the treated plants. It was found
using unbalanced ANOVA that the NDVI
reflectance rate change of the treated with PGEF
was statistically significantly higher compared to
the untreated trees (p=0.005) for the Fields 1 Ch
and 2 Ch. The results also showed that there were
significant effects of the Field (p=0.005) and the
infection level (p<0.001) factors on the NDVI
reflectance rate change. There were not significant
interactions between the factors. Thus, despite that
the NDVI of the treated plants with PGEF was
lower compared to the untreated, obviously because
the treated plants were infected, the NDVI
reflectance rate change of the treated plants was
higher indicating that these plants were in the
recovery process. The increase of the NDVI
reflectance rate of the treated trees with the PGEF
compared to the untreated can probably attributed
to increased mycorrhizal colonization in the olive
tree root system, which is known to provide root
disease resistance [16]. The addition of the
formulation through root watering probably
provided favorable conditions in the soil for the
establishment of mychorrhizae in the plant roots
due to increased soil water holding capacity and ion
exchange reactions around the root system of the
treated plants [17-21]. According to the results of
the present study the PGEF resulted in an increase
of the NDVI values, which is a measure of the
general health and vigorousness of the trees. As a
result, the present study shows that it is possible by
using PGEF to aid the plants recover from VW
infection. Considering also that the trees were
assessed and found to be healthy in November
2015, it can be concluded that the PGEF is a
promising methodology for managing VW of olive,
especially taking into account that there is not
fungicide to control this soilborne disease. A
previous work also by Zartaloudis et al [7] showed
that trees with early symptoms of VW can be
brought back in full productivity quicker compared
to trees with advanced stages of symptoms when
treated with PGEF. The detection of olive trees
with early VW infection stages using the CRI2
index can provide the advantage of the targeted
application of the PGEF. Thus, an economic and
efficient management of VW of olive can be
achieved in an integrated management strategy
using remote sensing and PGEF [22].

1 Fth (p=0.015 and p=0.012, respectively). The
regression model, which included the CRI2, NDVI,
the early infection levels and the Field factor,
accounted for 39.1% of the total variance. When all
the infection levels were taken into account in the
model (0-9), the regression model accounted for
61.3% of the total variance. Both CRI2 and NDVI
were significantly correlated with the infection
levels (p=0.008 and p=0.006, respectively). The
Field 3 Fth was found to be significantly different
compared to Field 1 Fth and Field 2 Fth. Thus, data
taken by the UAV in Fthiotida (cv. Amfissa) show
that the early non-visible symptoms of the disease
were better detected by the CRI2 index, while the
NDVI accounts for the advanced stages. This is in
accordance with data presented by Zartaloudis et al.
[11] for Chondrolia variety. Considering that
Chondrolia and Amfissa varieties are the two
prevailing varieties of table olive in Greece, the use
of the CRI2 index for the identification of the early
stress by VW is very important for the sustainable
table olive production in Greece.
Gitelson [14-15] introduced two new indices,
the CRI1 (Carotenoid Reflectance Index 1) and
CRI2, for the determination of carotenoid content in
tree species (e.g. beech, chestnut and maple).
Zartaloudis et al. [11] showed that the CRI2 is the
most appropriate spectral index for determining the
early stress of olive trees by VW. The CRI2 is an
index that estimates the carotenoid content using
the mathematical difference of reciprocal
reflectance in the red edge and the reciprocal
reflectance in a band centered at 510 nm. This
difference is also multiplied by reflectance at NIR.
The scope of this index is to remove the effect of
chlorophyll on the estimation of carotenoids, as
carotenoids and chlorophylls absorb in the blue
(400 to 500 nm) and thus it is difficult to estimate
carotenoid concentration independently from
chlorophyll concentration using nondestructive
techniques [14]. According to Gitelson [14] the
band in the red edge is sensitive for determining the
chlorophyll content of the plants, because the depth
of the light penetration is found to be higher in the
red edge compared to blue and red bands (the light
absorption by the chlorophyll is reduced).
For the assessment of the PGEF application
the NDVI of the treated and untreated trees in 2014
and 2015 was calculated. As shown in Figure 4A
the NDVI of the infected trees for Field 2 Ch in
2014 was lower 7.2% (p=0.016) compared to the
healthy trees. For Field 1 Ch the difference hardly
failed to be significant. However, Figure 4B shows
that the NDVI of the treated plants was only 3.7%
(p=0.002) lower compared to the NDVI of the
untreated plants in 2015. The same trend holds for
Field 1 Ch. From these two graphs becomes also
evident that the differences between the NDVI of
the healthy and infected trees was reduced when
treated with PGEF in 2015. To validate this

CONCLUSION
This study presents preliminary results for the
management of a dangerous disease for the olive
growing. There is currently not much information
in the literature about the management and the
detection of VW of olive using remote sensing.
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FIGURE 3
The effect of the infection levels of olive trees by VW on CRI2 (A, B, C) acquired by UAV for the three
fields in Fthiotida. Error bars display s.e.d.

FIGURE 4
NDVI of healthy and infected trees acquired by spaceborne WV2 data in 2014 (A) and NDVI of healthy
and infected trees treated with PGEF acquired by UAV data in 2015 (B). Error bars display s.e.d.
However, there is urgently a need for developing
methods for managing this disease and as a result
further studies need to be conducted to address
these issues. The results of the present study show
that the CRI2 and NDVI indices are proven to be
appropriate for the detection of early and advanced
stages of VW infection in two of the major table
olive cultivars in Greece. The successful
application of the PGEF on infected trees and the
verification of their recovery process through
spectral reflectance data can provide a management
tool for the table olive growers to cope with VW.
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EVALUATION OF METAL CONCENTRATIONS IN FISH
SPECIES FROM ATATURK DAM LAKE (ADIYAMAN,
TURKEY) IN RELATION TO HUMAN HEALTH
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Adiyaman University, Faculty of Science and Letters, Department of Biology, 02040 Adiyaman, Turkey

River, is the largest dam lake (81,700 ha and
48,700,000,000 m3) in Turkey, and is used for
irrigation and power generation purposes [3]. The
dam lake is habitat to various economically
valuable fish species such as Cyprinus carpio, Liza
abu, Capoeta trutta, Chondrostoma regium,
Chalcalburnus
mossulensis,
Mastacembelus
simack, and Tor grypus. These fish species hold a
great deal of importance for the local people in
terms of food consumption as well as sport fishing.
Adiyaman city, which is located in the north of the
Atatürk Dam Lake, has an approximate population
of 300.000; the city has vast areas of agricultural
land and some industrial plants (textile, cement,
chemical, machinery, etc.). The city, however, has
no wastewater purification facilities which results
in municipal, agricultural, and industrial wastewater
discharges directly entering the dam lake. Thus,
metal contamination in this reservoir becomes an
important issue with regard to the health of the
aquatic animals and the resulting health of the
human population. A few studies have been carried
out to determine the heavy metal levels in the dam
lake [3,4,5]. The present study was aimed at
determining the concentrations of essential and
nonessential metals in fish species taken from the
polluted site of Atatürk Dam Lake, and
subsequently comparing the resultant data with that
of a reference site.

ABSTRACT
Concentrations of Cu, Zn, Fe, Mn, Cd, Pb, Cr,
Co, and Ni were determined in gill, liver, and
muscle tissues of fish species, Cyprinus carpio,
Capoeta trutta, and Liza abu taken from Atatürk
Dam Lake (Adiyaman, Turkey) in August 2009.
The samples were collected from Sitilce site
wherein the untreated wastewaters from Adiyaman
city are discharged into the dam lake; in addition,
Samsat site was considered as the reference site. It
was observed that the concentrations of metals were
significantly affected by the sampling sites. The
concentrations of metals in fish samples were
higher at the Sitilce site than at the Samsat site. The
metal levels in the muscle of fish species from
Sitilce are below the limits proposed by law and are
thereby safe for human consumption; however, the
untreated wastewaters in this region may pose a
potential danger in the future.

KEYWORDS:
Metal, fish, accumulation, wastewater, Atatürk Dam Lake

INTRODUCTION
Heavy metal contamination owing to
discharges from industrial wastes as well as
agricultural and urban sewage has been identified
as a concern in aquatic ecosystems (e.g. lakes,
rivers, estuaries). The bioaccumulation of metals is
therefore an index of the pollution status of the
relevant water body, which is a useful tool for
studying the biological role of the metals present at
elevated levels in aquatic organisms, especially in
fish species. Fish comprises a major part of the
human diet; thus, it is not surprising that numerous
studies have been carried out to determine metal
accumulation in various fish species [1,2].
Atatürk Dam Lake, situated on the Euphrates

MATERIALS AND METHODS
Fish samples were taken from two study sites
(Sitilce and Samsat) in Atatürk Dam Lake in
August 2009 (Fig. 1). The Sitilce site is polluted
owing to the untreated wastewater discharges from
Adiyaman city, whereas the Samsat site is a
relatively clean region because it is not affected
directly or indirectly by anthropogenic wastes.
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FIGURE 1
Location map of sampling sites in the Atatürk Dam Lake, Turkey

different tissues followed by the Student±
Newmann±Keuls test. Differences were considered
significant if P < 0.05.

Ten samples of each fish species were
obtained from each station. After capture, the fish
samples were transported to the laboratory in a
thermos flask containing ice. The mean values and
± standard errors of the size and weight of each fish
species were recorded as follows: 26.2±1.2 cm and
243±20 g for C. carpio, 31.4±1.4 cm and 286±16 g
for C. trutta, and 14.6±0.4 cm and 33±1.5 g for L.
abu, respectively. The gill, liver, and muscle tissues
of fish species were dissected using clean
equipment. The tissue samples were dried at 110 oC
for 48 h and then transferred into digestion flasks.
Subsequently, 2 ml nitric acid and 1 ml perchloric
acid were added and the samples were digested at
120oC for 3 h [6]. The digestion was diluted with
deionized water appropriately in the range of
standards prepared from the stock standard solution
of the metals. The metal analyses of samples were
carried out using a Perkin-Elmer Optima 5300 DV
inductively coupled plasma-optical emission
spectrometer (ICP-OES). In the ICP-OES analysis,
the following wavelength lines were used: Cu 324.8
nm, Zn 206.2 nm, Fe 274 nm, Mn 257.6 nm, Cd
214.4 nm, Pb 220.4 nm, Cr 267.7 nm, Co 228.6 nm,
and Ni 231.6 nm. The instrument was calibrated
with standard solutions prepared from commercial
materials. All samples were analyzed three times
for each metal. The metal concentrations were
determined on a dry weight (dw) basis. The
accuracy of the applied analytical procedure was
tested using certified reference materials (NBS
DORM-2, muscle of dogfish (Squalus acanthias)
provided by the National Research Council of
Canada. These standards were prepared and
analyzed in the same manner as the samples. The
recovery rates for metals ranged between 94% and
106%. Data were presented as mean±standard error.
For the statistical analysis, it was used the Student t
test for comparing the study sites or ANOVA for

RESULTS AND DISCUSSION
The metal concentrations in the tissues of C.
carpio, C. trutta, and L. abu collected from the
Atatürk Dam Lake are presented in Table 1, 2 and
3, respectively.
The level of Cd in gills and the levels of Cd
and Ni in the muscles were not detected for the fish
taken from the Sitilce and Samsat sites (Table 1-3).
The levels of Mn and Cd in gills and the levels of
Cu, Zn, Fe, Cd, Pb, Co, and Ni in the livers of the
fish in the study were found to be at the highest
level, whereas the lowest concentrations of all
metals were observed in the muscle. This is
reasonable since the active metabolite organs such
as gill, liver, and kidney accumulate more metals
than other tissues like the muscle [1,3]. Similarly it
was observed the lowest levels of Cu, Fe, Mn and
Zn were found in muscle of Capoeta capoeta umbla
from Keban Dam Lake (Turkey) compared with
other tissues [7]. Thus, it is not surprising that our
findings indicate that the gill and liver of all fish
species contain the highest concentrations of metals
studied.
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TABLE 1
Metal concentration (μg/g dw) in tissues of Cyprinus carpio from sampling sites in the
Atatürk Dam Lake
Metal
Cu

Site
Gill
Liver
Muscle
Sitilce
0.75±0.09a*
39.48±4.48b*
0.30±0.05a*
Samsat
0.11±0.02a
14.93±1.50b
0.07±0.02a
Zn
Sitilce
68.41±1.95a*
144.3±7.33b*
28.44±2.60c*
Samsat
19.23±0.37a
48.61±3.57b
7.62±0.63c
Fe
Sitilce
152.2±23.3a*
501.4±45.4b*
15.17±4.84c*
Samsat
93.3±5.25a
249.2±20.9b
4.02±0.50c
Mn
Sitilce
29.07±5.13a*
10.45±2.65b*
0.64±0.07b*
Samsat
11.33±2.46a
4.95±1.17b
0.19±0.02c
Cd
Sitilce
ND
0.23±0.04a*
ND
Samsat
ND
0.07±0.02
ND
Pb
Sitilce
1.31±0.04a
4.49±0.39b*
0.31±0.03c
Samsat
ND
1.08±0.24
ND
Cr
Sitilce
1.19±0.12a*
0.22±0.01b
0.09±0.02c
Samsat
0.34±0.02a
ND
ND
Co
Sitilce
0.20±0.0a
0.22±0.02a
0.07±0.02b
Samsat
ND
ND
ND
Ni
Sitilce
0.07±0.01a
1.14±0.10b*
ND
Samsat
ND
0.08±0.01
ND
Values are expressed as mean±standard error (N=10). Letters a, b, and c show differences among tissues. Data
shown with different letters are statistically significant at P<0.05 (SNK). *: Statistical differences between sites
6WXGHQW¶VWWHVW3 1': Not Detected

TABLE 2
Metal concentration (μg/g dw) in tissues of Capoeta trutta from sampling sites in the
Atatürk Dam Lake
Metal
Cu

Site
Gill
Liver
Muscle
Sitilce
0.39±0.04a*
15.95±4.23b*
0.36±0.04a*
Samsat
0.10±0.01a
5.18±1.35b
0.08±0.01a
Zn
Sitilce
36.33±1.38a*
71.86±3.86b*
11.99±0.90c*
Samsat
10.57±0.51a
23.39±2.16b
6.77±0.59a
Fe
Sitilce
192.3±44.6a*
550.4±59.1b*
19.96±1.31c*
Samsat
75.38±3.15a
245.1±13.2b
2.80±0.25c
Mn
Sitilce
20.74±1.03a*
14.29±1.91b*
0.51±0.14c*
Samsat
10.23±0.92a
5.15±0.29b
0.13±0.01c
Cd
Sitilce
ND
0.34±0.03*
ND
Samsat
ND
0.06±0.02
ND
Pb
Sitilce
1.12±0.12a
3.92±0.24b*
0.24±0.04c
Samsat
ND
0.69±0.04
ND
Cr
Sitilce
0.93±0.15a*
0.42±0.03b
0.10±0.03c
Samsat
0.33±0.03
ND
ND
Co
Sitilce
0.56±0.03a*
0.83±0.06b*
0.18±0.02c
Samsat
0.19±0.03a
0.31±0.04b
ND
Ni
Sitilce
0.32±0.04a
1.50±0.20b*
ND
Samsat
ND
0.06±0.01
ND
Values are expressed as mean±standard error (N=10). Letters a, b, and c show differences among tissues. Data
shown with different letters are statistically significant at P<0.05 (SNK). *: Statistical differences between sites
6WXGHQW¶VWWHVW3 1'1RW'HWHFWHG
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TABLE 3
Metal concentration (μg/g dw) in tissues of Liza abu from sampling sites in the Atatürk Dam Lake
Metal
Cu

Site
Gill
Liver
Muscle
Sitilce
0.31±0.03a*
1.18±0.09b*
0.16±0.01c*
Samsat
0.13±0.01a
0.67±0.04b
0.06±0.01c
Zn
Sitilce
41.87±1.90a*
77.49±2.43b*
18.78±1.29c*
Samsat
14.71±1.36a
26.77±3.17b
3.68±0.89c
Fe
Sitilce
236±11.15a*
489±31.49b*
8.04±1.17c*
Samsat
88.7±3.49a
151±4.91b
1.57±0.15c
Mn
Sitilce
17.94±1.06a*
6.82±1.12b*
0.31±0.03c*
Samsat
7.49±0.80a
1.62±0.07b
0.07±0.01c
Cd
Sitilce
ND
0.19±0.02b
ND
Samsat
ND
ND
ND
Pb
Sitilce
0.42±0.03a
2.01±0.14b*
0.12±0.02c
Samsat
ND
0.34±0.01
ND
Cr
Sitilce
0.52±0.05a*
0.13±0.03b
0.11±0.02b
Samsat
0.12±0.02
ND
ND
Co
Sitilce
0.24±0.04a
0.62±0.08b*
0.13±0.01a
Samsat
ND
0.29±0.02b
ND
Ni
Sitilce
0.68±0.04a
0.73±0.09a
ND
Samsat
ND
ND
ND
Values are expressed as mean±standard error (N=10). Letters a, b, and c show differences among tissues. Data
shown with different letters are statistically significant at P<0.05 (SNK). *: Statistical differences between sites
6WXGHQW¶VWWHVW3 1'1RW'HWHFWHG

The metal concentrations in the fish species
were significantly affected by the sampling sites.
The maximum metal concentrations in fish samples
taken from Sitilce and Samsat were found to be
39.48 and 14.93 (Cu), 144.3 and 48.61 (Zn), 550.4
and 249.2 (Fe), 29.07 and 11.33 (Mn), 0.34 and
0.07 (Cd), 4.49 and 1.08 (Pb), 1.19 and 0.34 (Cr),
0.83 and 0.31 (Co), and 1.50 and 0.08 (Ni) μg/g
dw, respectively. As a result of the wastewater
discharges from Adiyaman city, the heavy metal
accumulation in tissues of all fish taken from Sitilce
is found to be higher as compared to that in fish
taken from Samsat. Thus, the results indicate that
the Sitilce site should be considered as an area
polluted by municipal wastewaters. In agreement
with the present study, Kargin [8] found that the
concentrations of Cu, Zn, Fe, Cd, and Pb in tissues
of C. barroisi taken from the downstream site of
Seyhan River were significantly higher than that in
fish taken from upstream of the river. Again, this
was because the downstream site received large
quantities of untreated industrial discharges,
chemical pollutants, and domestic sewage owing to
the heavy agricultural and industrial activities,
whereas the upstream was a relatively clean site.
The metal levels in fish taken from Atatürk
Dam Lake seem to be compatible with those
reported in the previous studies. In general, the
metal concentrations obtained in the present study
were found to be higher than those obtained in the
previous researches conducted at this reservoir
[3,4,5]. The values of Zn, Cu, Fe, Pb, and Cd in the
fish studied, with the exception of Fe in liver of C.

The results of the present study are in agreement
with the findings of Alhas et al. [3] who found that
the metal accumulation was found to be quite high
in the liver and gill of fish species taken from the
Atatürk Dam Lake when compared with that in the
muscle.
The order of metal concentrations in the fish
samples taken from the dam lake was as follows:
Fe > Zn > Cu > Mn > Pb > Ni > Cr > Co > Cd. It
was found that the Fe concentrations in the muscle
of fish species ranged from 1.57 μg/g dw in L. abu
(Samsat) to 19.96 μg/g dw in C. trutta (Sitilce), and
the highest concentration was 550.4 μg/g dw in the
liver of C. trutta (Sitilce). This highest value is
found to be higher than the level (425-504 μg/g dw)
measured in the liver of Capoeta barroisi taken
from the Seyhan River, Turkey [8]. The Pb levels
in the fish studied were found to be ranging from
0.12 μg/g dw in the muscle (L. abu from Samsat) to
4.49 μg/g dw in the liver (C. carpio from Sitilce),
and were found at higher levels as compared to
other toxic metals such as Cd, Cr, and Ni. It should
be mentioned that the level of Pb in fish samples
was not detected in the previous studies conducted
at the Atatürk Dam Lake [4,5]. Similarly, Alhas et
al. [3] studied the heavy metals in various fish
species taken from this reservoir in 2006 and
reported that the Pb values in the tissues of fish
were found to be in the range of 0.66± ȝJJ
This increase in Pb value is probably a result of the
petroleum leakage to the Atatürk Dam Lake owing
to the breakdown of the Batman±<XPXUWDOÕN
SLSHOLQH %27$ù RQWK$SULO[9].
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trutta, were found to be in lower concentrations
when compared to the corresponding metal levels
in C. barroisi taken from Seyhan River [8].
Among the fish species collected from Sitilce,
the highest metal accumulation levels were found in
C. carpio for Cu, Zn, Mn, Pb, and Cr and in C.
trutta for Fe, Cd, Co, and Ni. This difference in
metal levels among fish species could be related to
feeding habits, specific metabolism of the metal in
the fish body, the differences in physiological
functions of organs considered, age of the fish, and
availability of the metal in the environment [10].
In the present study, the maximum levels of
Cu, Zn, Pb, and Cr in muscle tissues of fish were
found to be 0.36, 28.44, 0.31, and 0.11 μg/g,
respectively. The maximum permissible levels
UHFRPPHQGHG E\ )$2 DUH  ȝJJ IRU &u and Zn
DQG  ȝJJ IRU OHDG LQ ILVK [11]. For Cr, the
permissible limit specified by USEPA [12] is 0.50
ȝJJ %\ FRPSDULQJ WKH OHYHOV RI &X =Q 3E DQG
Cr in the muscle of fish with the above mentioned
permissible limits, it was found that the values
obtained in the present study are lower than those
specified in the guidelines and are thus insufficient
to have any toxicological effect on human health
when these fish are included in the diet of the
human population in these areas.
In conclusion, the high metal concentrations in
fish samples collected from the Sitilce region
indicate that the Atatürk Dam Lake is affected by
untreated wastewater discharges from Adiyaman
city. In terms of food safety, the metal
concentrations in the muscle of fish species are
found to be below the limits proposed by law and
are thus safe within the limits for human
consumption. However, it should be mentioned that
effective measures must be taken such as
controlling the quantity and concentration of input
pollutants such as industrial effluents and domestic
sewage discharges as well as reduction of the dam
lake pollution load in order to avoid the
bioaccumulation of toxic metals analyzed in this
study, which could otherwise pose a possible risk
for the consumption of these species in the future.
Thus, fish samples from the Atatürk Dam Lake
should be analyzed more often with respect to toxic
metals.
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ADSORPTION CHARACTERISTICS, ISOTHERM AND
KINETICS OF A NOVEL POLYHIPE/PULLULAN
COMPOSITE FOR REMOVING CONGO RED DYE
Nevim San1*, Emine Hilal Mert2, Dila Kaya1, Funda Cira2
1

Yildiz Technical University, Department of Chemistry, Davutpasa Campus, 34220, Istanbul, Turkey
Yalova University, Faculty of Engineering, Polymer Engineering Department, 77100, Yalova, Turkey

2

toxic gasses and other organic pollutants began to
be highly on demand.
Synthetic dyes released to environment as the
result of various processes can be highly toxic to
aquatic systems and humans even at very low
concentrations [1,2]. In this manner, researchers
have been using different approaches and processes
such as precipitation [3], electrochemical
techniques [4], sedimentation [5], flotation [6],
membrane processes [7], biological processes [8],
photocatalysis [9], and adsorption [10,11]. Apart
from other techniques, adsorption is a more
attracting approach because of its low cost, easy
operational
parameters,
different
design
opportunities, and reusability [12].
Congo red (CR) ± a benzidine based azodye,
known to be a human carcinogen [13] - has
pysicochemical, thermal and optical stability due to
its complex aromatic structure which makes it
resistant to biodegradation [14]. In this context,
many studies have been focused on removing CR
from aqueous solutions using different kinds of
adsorbents such as natural adsorbents [15,16],
composite materials [13,17] and novel adsorbents
[18-20].
In this study, we present a novel macroporous
polymer composite for the removal of CR from
aqueous solutions: amine functional, high internal
phase emulsion (HIPE) templated poly(glycidyl
methacrylate-co-1,3-butanediol
dimethacrylate)
poly(GMA-co-BDDMA) and pullulan composite
(polyHIPE/pullulan)
prepared
as
semiinterpenatrating polymer network (semi-IPN), in
which two different types of polymer chain
entangled with each other [21].
Emulsion templating is a simple way for the
preparation of macroporous and open-cellular
polymer monoliths based on the polymerization of
a continuous phase of HIPEs [22,23]. HIPEs are
concentrated emulsions containing more than
74 vol. % of internal or dispersed phase [24-27].
Polymerisation of HIPEs leads to formation of
highly porous monoliths (polyHIPEs) consisting of
large cavities interconnected by smaller pores
[22,28]. Unique morphological properties of
polyHIPEs suggest the possible applications of

ABSTRACT
In this study the aim was to adsorb the
organic, water soluble diazo dye Congo Red (CR)
from water by using newly synthesized amine
functional
poly(high
internal
phase
emulsion)/pullulan (polyHIPE/pullulan) composite.
This novel semi-interpenetrating (semi-IPN) and
amine functional macroporous polymer composite
was prepared by the cross-linking of a glycidyl
methacrylate (GMA) based high internal phase
emulsion (HIPE) obtained by dispersing the
aqueous phase (pullulan is dissolved in deionised
water) in the continuous phase. Afterwards,
modification of the resulting materials was carried
out with 1,4-ethylene diamine (EDA). Using the
data obtained from the conducted adsorption
experiments, the adsorption isotherms were plotted
and thermodynamical parameters for the adsorption
process as well as the kinetic model were
determined. It was shown that the adsorption of
Congo Red onto polyHIPE/pullulan composite
fitted Langmuir isotherm and followed pseudo
second order kinetic model. 7KH FDOFXODWHG ǻGo
values lied between -58.2 kJ.mol-1 and
-61.2 kJ.mol-1 which revealed that the Congo Red
adsorption on polyHIPE/pullulan composite is
spontaneous and exothermic. Calculated maximum
qm value was 75.96 mg.g-1 for 80 mg.L-1 CR at 323
K., and this 98.1 % decrease in batch dye
concentration was obtained within the first 20
minutes of the adsorption reaction.
KEYWORDS:
Adsorption, polyHIPE composite, novel adsorbent, water
treatment, congo red

INTRODUCTION
Over the past decades, environmental
protection has become a very important issue to
minimize the influence of toxic substances and
pollutants. For this reason, an efficient, economical
and eco-friendly application for the removal of
harmful substances including heavy metals, dyes,
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water purifier. All pH measurements were
conducted using an inoLab pH 7110 pH meter.

these materials such as ion-exchange [29,30], metal
chelating [31], chromatography [32,33], tissue
engineering [34,35], catalysis [34-37], and etc. [38].
Herein, we show that a novel semi-IPN
polyHIPE composite can efficiently be used for the
removal of CR dye from aqueous solution. In
addition to that, different operational parameters
and adsorption isotherms were investigated and the
thermodynamical properties for the adsorption
reaction were calculated. Moreover, the kinetic
model of the reaction was explained by using the
obtained experimental kinetics data.

Preparation
of
PolyHIPE/Pullulan
Adsorbent. The polyHIPE/pullulan adsorbent was
prepared with 75 vol. % nominal porosity following
the procedure described previously [21]. Briefly;
GMA (42.3 mmol), BDDMA (2.84 mmol),
Pluronic L121 (0.43 mmol), and initiator (AIBN,
0.41 mmol) were placed in a rounded-bottom
reaction vessel. The internal phase was prepared
separately by dissolving pullulan (5 wt. %, with
regard to continuous phase) in deionised water
(18.75 mL). This solution was added dropwise
under constant mechanical stirring at 300 rpm.
Once the addition of aqueous phase was completed
stirring was continued for further 15 min to obtain a
homogeneous emulsion. Then, the HIPE was
transferred into a polyethylene mold, cured at 70 oC
for 24 h, purified with ethanol for 24 h (pullulan is
insoluble in ethanol), and dried in a vacuum oven at
50oC. The chemical structure of the semi-IPN
polyHIPE/pullulan composite is presented in Fig. 1.

MATERIALS AND METHODS
Materials. Glycidyl methacrylate (GMA;
97%, contains 100 ppm monomethylether
hydroquinone as an inhibitor), 1,3-butanediol
dimethacrylate (BDDMA; 99%, contains 150-250
ppm MEHQ as an inhibitor), pullulan (Mw ~10000),
ethylenediamine
(EDA;
99.5%),
N,N'dimethylformamide (DMF; 99%), Pluronic®L-121,
a
poly(ethylene
glycol)-block-poly(propylene
glycol)-block-poly(ethylene glycol) copolymer (M n
~4400) were purchased from Sigma-Aldrich and
used as received. 2,2'-azobissobutyronitril (AIBN)
was commercial grade and used after recrystallization from ethanol.
The chosen dye, congo red (CR; Mw: 696.7
g.mol-1, Color index: 22120, IUPAC name: [1QDSKWDOHQH VXOIRQLF DFLG  ¶-  ¶biphenylenebis (azo)) bis(4-amino-) disodium salt],
chemical
formula:
C33H22N6Na2O6S2)
was
commercially obtained from Merck and used
without further purification. The purified water
used in preparing of all the solutions was obtained
from Human Corporation New Human Power 1

Functionalisation of PolyHIPE/Pullulan
Adsorbent.
Functionalisation
of
the
polyHIPE/pullulan composite was carried out
according to the method described before [31,39].
1 g of adsorbent and 10 mL of DMF were placed in
a 3-necked reactor. Afterwards, reagent solution
prepared separately by dissolving EDA in 10 mL of
DMF was added immediately into the reaction
vessel. The ratio of amine groups to the epoxy
groups was kept constant at 1:1. Upon the addition
of reagent solution, the mixture was maintained at
the reaction temperature (100oC) and the reaction
was continued for 48 h. Afterwards, the product
was removed by filtration and washed extensively
with distilled water and ethanol, and dried in a
vacuum oven at 50°C.

FIGURE 1
The chemical structure of the semi-IPN polyHIPE/pullulan composite
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regenerated by passing 0.1 M NaOH
solution, with the same flow rate of 0.2 mL.min-1
through the column. The column was finally
washed with hot (60oC) distilled water to remove
any possible residues to be used for further
adsorption cycles.

Characterization of the PolyHIPE/Pullulan
Adsorbent. Pore morphology of polyHIPE/pullulan
composite was investigated by scanning electron
microscopy (SEM) analysis, using ESEM-FEG and
EDAX Philips XL-30 microscope (Philips,
Eindhoven, The Netherlands). Average cavity
diameter was calculated from SEM image of the
related composite: 50 measurements were taken
from SEM image, and the average value was
corrected with a correction factor (2/3 1/2) to account
for irregular cutting of the samples [40]. Surface
area, average pore diameter and average pore
volume of the polyHIPE/pullulan composite was
measured with Micromeritics Gemini VII Surface
Area and Porosity Analyzer (Micromeritics
Instrument Corporation, USA) by applying the
Brunauer±Emmet±Teller (BET) and Barrett-JoynerHalenda
(BJH)
methods
on
N2
adsorption/desorption isotherms. Prior to analysis
all samples were degassed for 24 h at 70 oC in
Micromeritics FlowPrep 060 Sample Degas System
(Micromeritics Instrument Corporation, USA).
Structural characterization of the epoxy
functional polyHIPE/pullulan composite was
carried out by LECO, CHNS-932 Elemental
Analysis Equipment (LECO Corporation, St.
Joseph, MI, USA). The elemental analysis data
were recorded at the Central Laboratory of Middle
East Technical University (Ankara, Turkey).

Analysis and Calculations. The samples from
the flasks were collected at different time intervals
to determine the equilibria and kinetics of the
adsorption reaction. The adsorbent was removed
from the solution using a 0.45 μm Millipore filter.
CR concentration was determined with UV-Visible
spectrophotometer (Shimadzu, UV-mini 1240) at
498 nm, the maximum wavelength (Omax) of CR,
using a linear calibration curve.
The adsorption performance is quantified in
terms of adsorption capacity, qt (mg.g-1), which
represents the amount of adsorbate adsorbed per
gram of adsorbent at a specific moment t and is
calculated using the following Eq. (1)

qt

(1)

where q is the amount of dye uptaken by the
adsorbent (mg.g-1); Co is the initial CR
concentration put in contact with the adsorbent
(mg.L-1) and Ct is the CR concentration (mg.L-1)
after the batch adsorption procedure, m is the mass
of the adsorbent (g) and V is the volume of dye put
in contact with the adsorbent (L).
Another parameter of interest and indicator of
adsorption efficiency CR removal percentage, Ads
(%), is calculated using Eq. (2)

Experimental Set Up. A stock solution of
1000 mg.L-1 CR was prepared and the required
concentrations of CR dye were obtained from this
stock
by
dilution.
The
functionalized
polyHIPE/pullulan adsorbent (PPL-EDA) was
sieved through a 60 μ molecular sieve to avoid
larger particles and ensure homogeneous molecular
size. Adsorption of CR onto PPL-EDA was carried
out in a batch system and also in a column. All
adsorption studies were conducted at natural pH,
unless stated otherwise.
The batch adsorption studies were conducted
by adding 0.01 g of PPL-EDA into a 100 mL flask
and 10 mL CR solution at different concentrations.
The flasks were agitated in a constant temperature
water bath horizontal shaker (GFL 1086) at
120 rpm and at temperatures ranging from 293 to
323 K.
Column experiments were carried out in a
glass column (8 mm internal diameter and 200 mm
length). 0.1 g of PPL-EDA was packed without air
gaps within the column for the specific purpose.
The glass column was supported by glass wool.
Prior to introducing the dye solution, column was
washed with ethanol followed by distilled water in
order to clean the surface of the adsorbent. A
50 mL, 50 mg.L-1 CR solution was then percolated
through the column under the influence of gravity
at a fixed flow rate of 0.2 mL.min-1. After the
adsorption process, the adsorbent material was

Ads (%)

(C0  Ct )
x100
C0

(2)

where Co and Ct have the same meaning as above.
Adsorption Isotherms. To evaluate the
adsorption process of CR onto PPL-EDA,
equilibrium studies were performed and the
experimental data was analyzed using well-known
Langmuir and Freundlich isotherm models at a
temperature range of 293-323 K.
The basic assumption of the Langmuir
adsorption process is the formation of monolayer of
adsorbate on the outer surface of adsorbent and
after that no further adsorption takes place [41].
Linear form of Langmuir isotherm equation is as
follows,

Ce
qe

Ce
1

qm K L q m

(3)

where Ce is the equilibrium adsorbent
concentration (mg.L-1), qe is the adsorption capacity
(mg.g-1), qm is the maximum amount of adsorbate
per adsorbent unit mass that is a measure of
monolayer adsorption capacity (mg.g-1) and KL is
the Langmuir constant related to the free energy of
3637
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adsorption (L.mg-1). Ce can be yielded from the
slope of the plot of Ce/qe versus Ce and KL can be
calculated from the intercept.
Freundlich equation is actually a modification
of Langmuir isotherm by following the assumption
that the adsorbent surface is heterogeneous and
multi-site adsorption takes place. Freundlich model
is an indicative of the extent of heterogeneity of the
surface of adsorbent. Linear Freundlich adsorption
isotherm equation can be represented as,

ln q e

1
ln C e  ln K F
n

polyHIPE composite was found to be
91.9±2.3 μm. For further examination of the porous
structure, nitrogen (N2) adsorption/desorption
experiments were also performed for the
polyHIPE/pullulan composite. The surface area and
porosity data are reported in Table 1. V BJH is the
cumulative pore volume as determined by applying
BJH model to N2 adsorption. ۃDBET ۄand ۃDBJHۄ
determined by applying BET and BJH model to the
N2 adsorption isotherms, refers the average
diameter of small pores within the walls that of the
solid foams. The surface area of the
polyHIPE/pullulan composite was calculated by
applying BET and BJH models to the isotherms.
The BET surface area (įBET) and BJH surface area
(įBJH) of the polyHIPE/pullulan composite
suggested the formation of a gel type polymer in
the continuous phase of HIPE [32]. In Fig. 3(a) N2
adsorption/desorption isotherm showing the
hysteresis
loop
encountered
with
the
polyHIPE/pullulan composite is displayed. It was
revealed that polyHIPE/pullulan composite exhibit
a type II isotherm and H3 hysteresis loop. This
result supports the SEM images given in Fig. 2.
This type of hysteresis loop is usually observed in
porous materials formed from aggregates, where
the capillary condensation happens in a non-rigid
framework. In addition, the nitrogen gas uptake
during the first half of the isotherm presented in
Fig. 3 slowly increased with absence of the initial
peak. This situation suggests that the adsorption
mechanism had been transmitted from the single
molecule adsorption to the multi-layered
adsorption. On the other hand, the late and steep
adsorption step in the isotherm shows that the gas
uptake sharply increased at the final half of the
isotherm. This type of adsorption indicates capillary
condensation and suggests relatively large pore size
and narrow pore size distribution in the material.
Pore size distribution curve of the
polyHIPE/pullulan composite is presented in Fig. 3
(b) indicates a broad pore size distribution with a
significant proportion of macropores (>50 nm) and
show that the proportion of mesopores decreases
progressively with decreasing pore volume. This
result is evidence of good pore connectivity by
showing the combination of a narrow hysteresis
loop and broad pore size distribution [40,42].
Moreover, micropore volume (Vm) from t-plot
constructed using Harkens-Jura equation for
adsorption layer thickness provided negative value
indicates that pores smaller than 0.35 nm did not
exist in the resulting polyHIPE/pullulan composite.

(4)

where KF is the relative adsorption capacity of
the adsorbent (mg.g-1) and n is the intensity of
adsorption (dimensionless).
Adsorption Kinetics. Adsorption mechanism
of CR on PPL-EDA adsorbent was evaluated by
pseudo first and pseudo second order kinetics using
the obtained experimental results.
Pseudo first order equation is,

ln qe  qt

ln qe  k1t

(5)

where qe is the adsorption capacity in
equilibrium (mg.g-1),t is time (min), qt is the
amount of adsorbate adsorbed at time t (mg.g-1),
and k1 is the pseudo first-order rate constant (min-1).
Pseudo second order equation is as follows;

t
qt

1
1
 t
2
k2 qe qe

(6)

where k2 is the pseudo second-order rate
constant (g.mg-1.min-1) and qe, qt and t have the
same meaning as above.

RESULTS AND DISCUSSION
Synthesis and characterization of the
polyHIPE/pullulan adsorbent. Morphology. The
pore morphology of the polyHIPE/pullulan
composite was investigated by SEM analyses and
SEM image of the resulting material is presented in
Fig. 2. Examination of SEM image at low
magnification indicates cellular foam morphology
consisting of large cavities. At higher
magnifications a structure consisting of cavities and
interconnected pores is observed. However, it was
revealed that cell walls were essentially composed
of densely packed small globules of microgels.
Spaces between agglomerates of these aggregates
are responsible for the presence of macropores [39].
According to the extensive analyses of the SEM
images, average cavity diameter (<Dc>) in the
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FIGURE 2
SEM images of polyHIPE/pullulan composite at different magnifications.

FIGURE 3
(a) Adsorption/desorption isotherm, (b) pore size distribution (BJH) of the polyHIPE/pullulan composite
TABLE 1
Morphological properties of the polyHIPE/pullulan adsorbent.
Adsorbent
PPL-EDA

įBET
(m2 g-1)
2.49

įBJH <DBET> <DBJH>
(m2 g-1) (nm)
(nm)
4.66
8.41
15.60

VBJH
(x10-3cm3 g-1)
5.03

Vm
(x10-3cm3 g-1)
-0.15

<Dc>
(μm)
91.9±2.3

Functionalisation. Modification of the epoxy
conversion. The degree of conversion with EDA
group of GMA with amine compounds is a facile
was found to be 40.06 % as calculated from
route to obtain functional polymers for various
theoretical and experimental nitrogen percentage
applications. However, it is known from the
(Table 2).
previous studies that the side reactions such as
cross-linking over free amino groups or the
Adsorption Studies. Effect of contact time.
formation of amine bridges inhibits free amine
In order to determine the adsorbed dye amount at
groups to react with epoxy sites [31,39,43-45]. In
various time intervals, contact time studies were
most cases, this situation makes it difficult to
performed. With this aim, adsorption of CR (initial
determine the degree of functionalization by using
concentration 40 mg.L-1) on a certain amount of
conventional spectroscopy analysis. Herein, a
adsorbent (10 mg) at various temperatures between
simple procedure was followed by elemental
293 and 323 K was investigated depending on time.
analysis to determine the degree of epoxy
TABLE 2
Elemental analysis data of functionalized polyHIPE/pullulan composite.
Adsorbent
PPL-EDA

Theoretical (%)
C
67.38

H
10.01

Experimental (%)
N
9.31

C
54.40
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7.61

N
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Functionalization
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composite has very high potential for CR
removal and even higher concentrations can be
applied.

Adsorption efficiency at different temperatures was
calculated according to Equation 2 and dependence
of Ads % versus contact time is presented in Fig. 4.
From Fig. 4, it was seen that the increase in
adsorption percentage was rapid in the initial stages
with an increase in the contact time, and then
gradual until equilibrium. This is an expected
result since the vacant sites in which adsorption
takes place are in abundance in the beginning of the
process. As the adsorption progresses not only there
are fewer adsorption sites but also the remaining
sites become more difficult to occupy because of
the repulsive forces between adsorbate molecules.
In addition to this, it was determined that for
40 mg.L-1 initial concentration of CR solution,
equilibrium is reached in 120 minutes at 293 K. It
was also confirmed that adsorption of CR on PPLEDA is strongly dependent on temperature: as the
temperature increased, the adsorption equilibrium
established faster and reached within 20 minutes,
and the adsorbed CR on PPL-EDA was found to be
98.1 % of its initial concentration for 323 K. Even
though the required time to reach equilibrium
increased with the decreasing temperature,
adsorption percentages did not significantly
decrease, suggesting a high adsorption capacity.

80
70
60

qt (mg.g-1)

50

10
0
0

Ads %

0
20

30

40

50

60

70

Time (min)

FIGURE 4
The effect of contact time on CR adsorption onto
PPL-EDA at different temperatures
Effect of Initial CR Concentration. The
equilibrium data of adsorption process was
determined to investigate the effect of initial dye
concentration on CR adsorption at natural pH (6.3)
and 323 K. With this aim, four different
concentrations of CR were used in a range of 40-80
mg.L-1. It can be observed from Fig. 5 that the
adsorption capacity increased with the increasing
CR concentration which suggests greater
interactions between adsorbent surface and
adsorbate molecules. The highest adsorption
capacity was obtained for 80 mg.L-1 CR with a
value of 75.96 mg.g-1. This increase in the
adsorption capacity indicates that PPL-EDA
3640



60

80

100

120

Effect of pH. The pH of the solution is
considered an important parameter for adsorption
reactions. In order to observe the influence of pH
on adsorption, 10 mL of 40 mg.L-1 CR solution at
different pH levels were added on 0.01 g
PPL-EDA. pH values of CR solutions were
adjusted by the addition of 0.1 M NaOH and 0.1 M
HCl into the aqueous solution. It is well known for
pH levels below 5, CR solutions change color from
red to blue due to the resonance between charged
canonical structures [46]. With the change in color,
Omax value also shifts from 498 nm to 565 nm
(pH=2). For this reason only pH values above 5
were studied to assess the effect of pH on
adsorption.
UV absorbance values of the samples
collected at different time intervals were recorded
for 60 minutes at 303 K. The dependence of
adsorption efficiency of CR to pH is presented in
Fig. 6. According to the given figure it was
revealed that adsorption efficiency of CR onto
PPL-EDA does not change significantly for pH
levels between 6-8. On the other hand, when the
solution becomes more alkali, adsorption
percentages start to decrease which can be
attributed to decreasing positive charges on the
adsorbent surface which corresponds to less
electrostatic interactions with the negatively
charged CR. On the other hand, it can also be
explained by the fact that at alkali pH, OH- ions
might compete with CR ions for the adsorption sites
on PPL-EDA. Nonetheless, adsorption still takes
place with over 90 % efficiency even in alkali
conditions. Depending on the obtained data, the
optimum pH value was determined as 7, with the
maximum adsorption efficiency of about 97 %.
Since there is no significant difference between this

20

10

40

FIGURE 5
The effect of initial dye concentration on CR
adsorption onto PPL-EDA
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optimum value and the natural pH of 6.3, studies
were carried out at natural pH.

TABLE 3
Thermodynamical properties of CR adsorption
onto PPL-EDA

100

T
(K)
293
303
313
323

Adsorption %

98

96

94

ǻ*o
(kJ.mol-1)
-58.2
-59.2
-60.2
-61.2

ǻ+o
(kJ.mol-1)

ǻ6o
(J.mol-1.K-1)

-28.81

100.31

92

It was concluded from the negative Gibbs free
energy values that the adsorption reaction of CR on
PPL-EDA is spontaneous and favored. While the
negative value of ǻHo confirmed the exothermic
process, tKH UHODWLYHO\ ORZ ǻ+ YDOXH RI
-28.8 kJ.mol-1, indicated physisorption. The
adsorption process was found to be favored at
higher temperatures since a more negative value of
ǻGo was observed for an increase in temperature.
The adsorption was found to be associated with a
positive value of entropy of 100.31 J.mol-1.K-1,
which shows that the adsorbed CR molecules on the
PPL-EDA surface are organized in more random
fashion compared to those in the aqueous phase
[41]. This finding correlates with a good affinity of
CR towards PPL-EDA.

90
5

6

7

8

9

10

pH

FIGURE 6
Effect of pH on CR adsorption onto PPL-EDA
Effect of Temperatur. In order to investigate
the effect of temperature on the adsorption capacity,
experiments were conducted at 293, 303, 313 and
323 K. The equilibrium constant, KC, which is
defined as the ratio of adsorbed equilibrium dye
concentration and equilibrium dye concentration in
the solution is calculated according to Eq. (7). Eq.
(8) is used for the calculation of ǻ+o DQGǻ6o of the
adsorption: the slope and intercept of the plot of
lnKC and 1/T yields ǻ+o DQGǻ6o, respectively.

KC

qe
Ce

ln K C

Adsorption isotherms. Herein, in order to
describe the adsorption behavior between adsorbate
and adsorbent, we presented two- parameter
equations, Langmuir and Freundlich isotherms and
the calculated constants and parameters are
summarized in Table 4.
Using the Langmuir constant, KL values,
another parameter, RL, can be calculated (Eq. 10).
RL value indicates the favorability of the process.
The isotherm is unfavorable if RL > 1, linear if
RL = 1, favorable if 0 < RL < 1 or reversible if
RL = 0 [47].

(7)

'S 0 'H 0

R
RT

(8)

Another thermodynamical property, Gibbs free
energy of the reaction can be calculated from Eq.
(9)
(9)
'G 0 'H 0  T'S 0
The thermodynamical properties calculated
from Eq. (7), (8) and (9) are presented in Table 3.
According to the table, an increase in the adsorption
capacity was observed with the increasing
temperature which indicates that the adsorption of
CR onto PPL-EDA favors higher temperatures.
This finding may be attributed to the increase in the
energy and mobility of dye molecules with the
increasing temperature.

RL

1
1  K L Ci

(10)

Our calculated RL values lied between 0.006 0.02 which means the process is favorable and
reversible.

TABLE 4
Langmuir and Freundlich parameters for CR adsorption into PPL-EDA

Adsorbent

T (K)

PPL-EDA

293
303
313
323

qm,exp
(mg.g-1)
43.89
53.34
57.28
75.02

Langmuir
qm
KL
(mg.g-1)
(L.mg-1)
44.89
53.59
58.57
75.96

1.165
1.300
1.589
1.611

R2

1/n

0.999
0.994
0.999
0.999

0.069
0.073
0.104
0.187
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Freundlich
KF
(mg.g-1)
n
14.426
13.640
9.614
5.358

34.51
40.55
41.69
40.53

R2
0.966
0.842
0.765
0.955

© by PSP

Volume 25 ± No. 9/2016, pages 3635-3645

Fresenius Environmental Bulletin


TABLE 5
Parameters of pseudo first and pseudo second order kinetics models

Temperature
(K)
293

303

313

323

C0
40
50
60
80
40
50
60
80
40
50
60
80
40
50
60
80

Pseudo-first order
q1 (mg.g-1)
k1 (min-1)
13.99
14.04
12.56
14.53
10.29
14.25
13.86
18.72
12.58
17.18
20.20
22.79
16.17
19.97
18.75
23.34

0.0454
0.0364
0.0234
0.0261
0.0277
0.0300
0.0354
0.0289
0.0841
0.0433
0.0326
0.0225
0.4979
0.1480
0.0876
0.0826

r12

q2 (mg.g-1)

0.921
0.862
0.788
0.904
0.712
0.956
0.872
0.912
0.843
0.941
0.924
0.835
0.989
0.942
0.935
0.971

37.65
42.89
45.09
47.55
39.65
46.28
48.51
56.32
39.46
48.48
52.56
64.20
40.78
49.61
57.46
76.31

The Freundlich constant (1/n) is related to the
sorption intensity of the adsorbent. When, 1/n <0.5,
DGVRUSWLRQ LV IDYRUHG  Q  adsorption is
relatively easy; 1/n >1, adsorption process is
difficult and not favored [48]. The calculated 1/n
values ranged between 0.07 - 0.19, indicating that
CR could easily be adsorbed on PPL-EDA surface.
The adsorptive behavior of CR on PPL-EDA
fitted best to Langmuir equation under the studied
concentration range (correlation coefficient,
R2>0.994). Experimental qm values are also in well
correlation with the values calculated using
Langmuir equation. This indicates that the
adsorption of CR on PPL-EDA is a monolayer
adsorption.

0.0127
0.0067
0.0057
0.0041
0.0149
0.0076
0.0075
0.0047
0.0290
0.0126
0.0088
0.0025
0.0627
0.0186
0.0077
0.0019

r22
0.999
0.998
0.999
0.998
0.998
0.999
0.998
0.997
0.999
0.999
0.999
0.997
0.999
0.999
0.999
0.998

3.5
3.0

t/qt (min.g.mg-1)

2.5
2.0

40 mg.L-1
50 mg.L-1
60 mg.L-1
80 mg.L-1

1.5
1.0
0.5
0.0
0

20

40

60

80

100

120

140

Time (min)

FIGURE 7
Pseudo second order plot for different CR
concentrations at 303 K

Adsorption kinetics. Adsorption kinetics was
evaluated by pseudo first order and pseudo second
order models to further investigate the adsorption
mechanism. Calculated values of both models are
presented in Table 5. Pseudo first order model was
applied to the reaction and k1 and qe values were
determined using (Eq. 5). For the pseudo second
order kinetics model, k2 and qe values were
obtained from (Eq. 6). Since R2 values were too low
and the determined qe values were much lower than
the experimental values, it was concluded that the
adsorption mechanism of CR adsorption on
PPL-EDA did not follow pseudo first order model.
Fig. 7 shows the linear pseudo second order plots of
different CR concentrations at 303 K. R2 values
ranged between 0.997 ± 0.999 and the determined
qe values are in accordance with the experimental
data. These findings indicate that the adsorption
mechanism obeys pseudo second order kinetics
model for all the used ranges of both temperature
and dye concentration.

Column studies. In order to investigate the
dynamic adsorption process and assess the
reusability property of the adsorbent, column
studies were employed. 50 mL of 50 mg.L-1 CR
solution was passed through the glass column as
previously discussed in section 2.4. Desorption of
the adsorbed molecule can be accomplished by a
series of different techniques and solvents but since
CR is an acidic dye, 0.1 M NaOH was chosen as
the appropriate eluent. Effluent was collected at
specific time intervals and dye concentration was
spectrophotometrically determined. Desorption
process was continued until CR absorbance levels
reached below detection limit of the UV- Vis
spectrophotometer and the adsorbent was
completely regenerated. After the regeneration
process, the column was washed with hot water of
60oC to remove any residues, prior using it again.
This process was then repeated and the column was
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process better than Freundlich isotherm by
means of comparison of experimental and
calculated adsorption capacities and correlation
coefficients. Out of the studied pseudo first order
and pseudo second order models, pseudo second
order kinetics model was found to be the better fit
for all the used ranges of both temperature and dye
concentration. Column studies which were
employed to investigate the adsorption-desorption
cycles, showed that PPL-EDA can easily be
regenerated with NaOH and used again without a
significant loss in capacity for CR adsorption.

used in five consecutive adsorption-desorption
cycles.
Adsorption efficiencies for five cycles are
presented in Fig. 8. The adsorption percentages
indicate that even after the fifth cycle, 97 % of CR
was adsorbed within the column. This insignificant
decrease in adsorption efficiency demonstrates that
the adsorbent can be regenerated and reused many
more times and the adsorption of CR onto
PPL-EDA is a reversible process.
100

90

Adsorption %
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STUDY OF THE EFFECT OF THE BENTONITE
MODIFICATION TREATMENTS ON THE ADSORPTION
REMOVAL OF AMMONIUM IONS FROM AQUEOUS
SOLUTION
Yassmina Angar1, Nacer-Eddine Djelali1*, Salima Kebbouche-Gana2
(1)

Laboratory of treatment and formatting of polymers, Faculty of engineering VFLHQFHV8QLYHUVLW\RI0¶+DPHG%RXJDUD%RXPHUGHV
35000, Algeria.
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/DERUDWRU\RI9$/&25'HSDUWPHQWRI%LRORJ\)DFXOW\RIVFLHQFHV8QLYHUVLW\RI0¶+DPHG%ougara, Boumerdes 35000,
Algeria.

biogas by anaerobic digestion could limit the
activity of nitrifying bacteria and conduct to the
accumulation of ammonium ions in the discharged
wastes. As consequence, massive eutrophication
has been appeared and caused killing fish and other
aquatic ecosystem which endangered human life by
aquatic food supply [1,2]. For this reason, the
discharges of ammonium from municipal
wastewater treatment plants was limited, as for
example in China the limit concentration of
ammonium discharge was set to 5 mg/L for Class I
sewage and 8 mg/L for Class II sewage [3,4], and in
Finland this value was set to 4 mg/L when the water
temperature is higher than +12 °C [5].
Therefore, the ammonium removal occurred
different techniques, such as biological treatment
[6,7], chemical precipitation[8,9], advanced
oxidation processes [10,11], stripping [12], ion
exchange[13,14],
adsorption
[15,16],
electrochemical processes [17,18] and others. In
order, each methods are their advantages and
disadvantages which could limit their applications
[19].However, all the above mentioned methods
could be affected by variation of temperatures, and
could be completely inhibited at very low and very
high temperatures . The set up of the pilot scale
with adjusting of different operating conditions
conducts to provide different raw materials with
high costs [20]. Also, the biological techniques
required specific growth conditions of the used
microbial species. It necessitates further treatment
of all produced nitrogen oxides [21, 22]. Among
these techniques, the adsorption and the ion
exchange have considered as the best applied
method in the wastewater treatment due to its
several advantages such as; high efficiency,
rapidity, low cost and availability of the adsorbents
[1,3,5].
Different adsorbents and bio-adsorbents have
been extensively used for adsorption of ammonium
ions, such as, zeolites, geopolymer prepared from
calcined clay mineral kaolinite [5], biochar [1,2],
Nanoporous carbons treated with nitric acid [23],
coal ashes[24], polymers [25,26].

ABSTRACT
Excessive introduction of nitrogen fertilizers
and the effect of erosion on the soil contribute to
the contamination of ground waters and surface
waters by accumulation of the phosphorus,
ammonium and other nitrogen compounds in the
receptor medium. In this study, we have evaluated
the performances of natural kaolin and different
bentonite
samples
issued
from
different
modification techniques (acid, alkali and salt) for
the adsorption removal of ammonium ions from
aqueous solutions. So, the results found in this work
suggest that the modification treatment of the
bentonite have improved both the adsorption yields
which were very important for sample modified by
alkaline treatment of 70.77%. The SAA analysis of
the contaminated solution after the adsorption
process indicates that the ammonium removal is an
ion exchange between ammonium ions of the
solution and sodium ions of the Na-Bentonite layer.
The characterisation of the Na-Bentonite samples
after exposure to ammonium ions proves this
phenomenon by changing in the morphological
surfaceV¶ and appearance of new peak of stretching
vibration of N-H of the adsorbed ammonium.
KEYWORDS:
bentonite, modification, adsorption, kinetic, aqueous
solution, ammonium.

INTRODUCTION
'RPHVWLF LQGXVWULDO DQG DQLPDO IDUPHU¶V
wastewaters contained high nutrients such as
phosphorus and nitrogen compounds that often
considered as strongly pollutants of the
environment. So, the grand portion of the
ammonium pollution was come from the infiltration
of the nitrogen fertilizers to the ground water by
runoff and erosion. As the pollution of the waters,
this erosion conducts also to insufficient of
fertilizers for the plants. Also, the production of
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16 hours of settling, solid fraction of
bentonite was isolated from liquid phase, washed
several times until total elimination of alkaline
tracks and dried at 105°C in oven. The sample was
crushed sieved and stocked in desiccant until the
moment of the use[31]. The resulted product was
called Na-bentonite.

Bentonite is a kind of clays belongs to the
smectite family which consist of montmorillonite
groups. It is a natural hydrated aluminosilicates
mineral which Na+ and Ca2+ ions as extremity
entities. The rocks bentonite is largely available in
all continents; it has an important specific surface
area and high pore volume. Bentonite has an
important adsorption capacity of different organic
and mineral compounds; this capacity depends
mainly on the substitution degree of aluminium by
silicon in the clay structure. Indeed, more
substitution is grand; more the lack of electrical
charge is grand. It has the peculiarity to swell in
water [27-29].
Modification of clays by acid, basic or even
by salt can improve their adsorption performance.
Hence, Na+ ions can be easily exchanged by
ammonium ions compared by other divalent cations
[16, 30].
In this work, bentonite obtained from an
Algerian field was modified by sodium chloride;
concentrated sulphur acid and concentrated sodium
hydroxide. A comparison between the adsorption
removal capacity of ammonium ions of the resulted
samples and the raw samples of bentonite and
Kaolin were investigated. The selected samples
which could realize the best ammonium adsorption
rate was characterised by FTIR and SEM. The
treated solution by this sample was also analyzed.

Modification treatment by sodium chloride.
5g of the bentonite were introduced in the conicflask containing sodium chloride solution (2N), the
mixture were placed in a incubator of IKA KS
4000 under a temperature of 35°C and rotatory
speed of 100 RPM during 24h. After that, the
mixture was washed several time by distilled water
until the complete elimination of the NaCl, filtered
and dried at 105 C. The sample was crushed sieved
and stocked in desiccant until the moment of the
use [16].The resulted product was called Nabentonite.
Modification treatment by sulphuric acid.
20 g of the natural bentonite was introduced in one
neck flask of 500 cm3 containing 100 cm3 of the
sulphuric acid 1N provided by a reflux system and
equipped with thermometer, condenser and
magnetic stirrer. The system was put in the water
bath. The mixture was kept at a temperature 100°C
during 8 hours and after 24 hours of settling, solid
fraction of bentonite was isolated from liquid phase,
washed several times until total elimination of acid
tracks, filtered and dried at 105°C in oven. The
sample was crushed sieved and stocked in desiccant
until the moment of the use [32]. The resulted
product was called H-bentonite.

MATERIALS AND METHODS
Reagents and materials. Natural bentonite
was collected from Hammam Boughrara field of
Maghnia which is situated in the northwest of
Algeria. Obtained rock of bentonite was dried in
oven at 105°C, crushed by mortar and then by
mechanical crusher (Retsch PM100) to attain fine
powder. After that, sample was sieved by series of
sieves to achieve in the end uniform particles of
80μm in its diameters. Resulted sample was washed
several times with distilled water, dried in oven at
105°C, crushed, sieved once again, and stocked in
desiccant until the time of use. Sample was called
bentonite.
Kaolin was purchased from Alderich Sigma
chemical industry.
All used reagents, such as; NH4Cl, NaOH and
NaCl were obtained from Alderich Sigma chemical
industry.

Adsorption studies. The adsorption process
was carried out in 100 ml conical flasks containing
25 ml of 10 mg-NH4+/L of ammonia solution with
0.1 g of adsorbent at constant speed of 200 RPM,
and constant temperature, using a rotary incubator
IKA KS 4000. Samples taken for various analyses
of used adsorbents and adsorbate were centrifuged
to separate the liquid from the solid portions.
Adsorption rate (%) was calculated according to
following equation (Eq 1)
 ି
Ψ ൌ బ  ͳͲͲΨ
(1)
బ

Where C0 is the initial ammonium
concentration (mg-NH4+/L) and Ce is the
equilibrium ammonium concentration (mgNH4+/L).

Modification
of
natural
bentonite.
Modification treatment by sodium hydroxide
solution. Alkaline treatment serves to introduce15g
of natural bentonite with100 ml of NaOH at a
concentration of 3.75N in a four-neck flask of 500
ml provided by a reflux system and equipped with
thermometer, condenser and magnetic stirrer. The
mixture was kept at boiling during 8 hours and after

Characterizations methods of liquid
fraction. After the adsorption process, the
supernatant were analyzed by different spectral
analysis to determine its chemical composition and
equilibrium concentration of ammonium ions.
Spectrometry UV-Visible. In this work, the
determination of the concentrations of ammonium
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ions was effectuated by spectrophotometer UVVisible of thermo Scientific Genesys 10S UV-Vis
according to the standards of water effluent dosage
[33].

transparent pastilles. After that, the pastille
were placed in sample holder of the device and
undergone to the IR electromagnetic radiations in
the range of 400-4000 cm-1. The FTIR analyses
were realized using JASCO FTIR 4100 apparatus
which could analyze both liquid and solid samples.

Spectrometry of atomic absorption SAA.
The SAA allowed to determine the different metals
and transition metals present in the solution. For
our analysis, we have used a spectrophotometer
Variant, which functioned by flame.

Scanning Electronic Microscopy (SEM).
SEM is a microscopic technique which gives the
morphological structure of the tested solide sample.
The principle of this method is based on the
scanning of the sample surface by a beam of
electrons emitted by thermoelectronic effect from a
heating of a tungsten filament. For our samples, a
digital scanning electronic microscope of
QUANTA 650 was used, which has a resolution of
15 nm, an acceleration of 0.1 to 30 KV and
enlargements from 20 to 3x106.

Characterization of the solid fraction
Fourier Transformed Infra Red spectrometry
FTIR. The FTIR is a much recommended
technique for identification of functional groups
present in the structure of the sample. The FTIR
analysis consists to crush a small quantity of the
solid sample with KBr for dilute the sample and
avoid the loss of energy. The mixture was placed in
the pelletizer which allowed to fabricate the
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FIGURE 1
Variation of ammonium adsorption rate as a function of contact time, using different adsorbents;
Bentonite (A); NaCl-Bentonite (B); H-Bentonite (C); Na-bentonite (D) and Kaolin (E).
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various, it depends on the nature and origin
of the adsorbent as it depends on the treatment
provided to the material. In our case, a sodium
treatment of bentonite using a strong base (NaOH),
was the most suitable for this process compared
with sodium chloride treatment, acid treatment, the
raw bentonite and kaolin.
According to Fig. 2, absorption rates were
classified in the following descending order; NaBentonite>
NaCl-Bentonite>
H-Bentonite>
Bentonite> Kaolin with adsorption rate of 70.77%,
58.65%, 60.57%, 53.22%, 43.38% respectively.

Statistical analysis. The data are presented in
terms of arithmetic average of at least three
replicates, and the error bars indicate the standard
deviations. The analyses were carried out using
Microsoft Excel software, SMBios (Version 2.4).

RESULTS AND DISCUSSIONS
Ammonium adsorption kinetic into used
materials. The four types of modified-bentonite
and the kaolin sample were sustained in the
DGVRUSWLRQWHVWV¶ of ammonium ions. The results of
the variation of adsorption rate as a function of
contact time are shown in Fig. 1(A, B, C and D).
According to the Fig. 1, the adsorption
equilibrium was acheived at different contact time
depending of the nature of used adsorbent. For a all
above bentonite samples (natural and modified) and
kaolin, the adsorption kinetic passed through two
successive steps; a rapid initiative step, vary from 0
to 50 min for the raw samples (bentonite and
kaolin) and from 0 to 30 for the modified bentonite
samples by acid and salt (NaCl-Bentonite and HBentonite). This step was more rapid for the sample
of Na-Bentonite, which could rich the equilibrium
during about 5min as contact time. This rapidity
was due to the fast diffusion of the ammonium
particles from the solution to the external surface of
the adsorbent.
After that, the phase was become slowly and
stationary for all used adsorbent materials, the
adsorption rate was kept constant during this slow
step. This result was due to the saturation of the
homogeneous active sites of adsorption.
The results suggested that the modification
treatment of the bentonite have improved both the
adsorption yield and the duration of the reaction,
which was become very rapid compared with that
effectuated by the raw samples (bentonite and
kaolin).

ϴϬ
ϳϬ
ϲϬ
ϱϬ
й

ϰϬ
ϯϬ
ϮϬ
ϭϬ
Ϭ
<ĂŽůŝŶ

ĞŶƚŽŶŝƚĞ

EĂůͲĞŶƚŽŶŝƚĞ

,ͲĞŶƚŽŶŝƚĞ

EĂͲĞŶƚŽŶŝƚĞ

FIGURE 2
Influence of the adsorbent nature on the
ammonium adsorption rate
The improvement in absorption rate was
attributed to the creation of supplementary
adsorption sites. The resulted bentonite from the
NaOH treatment has realized the maximum
adsorption rate of 70.77%, which may be due to the
creation of other cationic sites of Na+ easily
exchangeable. Similarly, treatment with NaCl could
also provide supplementary sites of Na+ on the clay
surface, but the presence of Cl- ions in the medium
may prevent some sodium ions to attach to the
surface of the bentonite. Furthermore, for the acid
treatment, the hydrochloric acid could improve the
adsorption process, which can be due to ion
exchange between the ammonium ions from the
contaminated solution and the protons from the
bentonite surface. The affinity of ammonium to the
cations present in the bentonite surface depends on
the valence and type of the cation into play.

Comparative study of the adsorbents
performances. A comparative study of adsorbents
performances was conducted for selecting the best
ammonium adsorbent. Fig. 2 shows the variation of
adsorption rates as a function of the nature of the
used adsorbent.
The adsorption efficiency of the ammonium
ions onto the used adsorbents in this work was

TABLE 1
Chemical composition of the supernant before and after the adsorption process

Bentonite
Na-bentonite

Initial concentrations (mg/L)
NH4+ Na+
Mg2+ K+
10
0
0
0
10
0
0
0
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Final concentrations (mg/L)
NH4+
Na+
Mg2+
K+
1.87827
19.3988
0.3952
0.9462
0.07857
42.5087
0.3102
0.4800
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To confirm this result, a determination of the
element present in the contaminated solution before
the adsorption process and after 60 min of agitation
using 1g of the adsorbent (bentonite and NaBentonite) at room temperature and at pH=7, were
effectuated. The results are shown in Table 1.
According to the values of the Table 1, the
sodium concentration was increased from
approximately 19.4 and 42.51 mg / L with a
remarkable decrease of the concentration of the
ammonium from 10 mg / L to 1.88 mg / L and
0.0786 mg / L for the bentonite and the Nabentonite respectively. The results suggest that the
adsorption was carried out by a cation exchange
between ammonium ions and Na+ ions. Also, Mg2+
and K+ ions have been exchanged with ammonium
at lower concentrations. Alkaline treatment of
bentonite contributed to the increase of the Na+ ions
on the clay layers which are easily exchangeable
with ammonium ions compared with other mono
and divalent cations [16,30].
Moreover, the resulted Na-Bentonite from the
DPPRQLXP DGVRUSWLRQ WHVWV¶ FRXOG EH DSSOLHG IRU
other treatment techniques, because the combined
ammonium ions with bentonite could form the
novel adsorption active centers. This novel material
could improve the adsorption capacity of mercury
adsorption into the bentonite surface layer with
contribution of the Br- ions, according to the
following reactions, (Eqs 2,3,4 and 5) [29]
ܰܪସା  ܰܽ െ  ܤ ߪ ՜ ܰܪସା െ  ܤെ ߪ  ܰܽ ା

 ݃ܪെ  ݎܤെ ߪ   ݎܤ՜ ݎܤ݃ܪଶ  ߪ

Where Na±B and ı are the sodium bentonite and
active sites, respectively.
Characterization of the Na-Bentonite
sample. Under optimal conditions of adsorption,
Na-Bentonite could adsorb 70.77% of ammonium
ions during a very short contact time of 5min. The
analysis of the material after the adsorption process
was able to demonstrate this phenomenon.
The Fig. 3 shows the FTIR spectra of the
sample before and after the adsorption process.
New peaks were appeared for the spectrum after the
adsorption process of ammonium.
The peaks appeared at 466 cm-1 and 461.772
-1
cm for both spectra were due to the angular
deformation of the groups Si-O-Mg , and the peaks
situated at 845.676 cm-1 and 895 cm-1 are due to the
vibration of Si-O-Si. The large band at 1050 cm-1
was corresponding to the vibration of Si-O of the
bentonite tetrahedral layer [30,34].
So, the large band situated in 3300 cm-1 to
3600 cm-1 contains several adsorption peaks of
hydration water and coordination water. Therefore,
the peak of 1640.19 cm-1 was related to the
deformation -OH bonds. After the adsorption
treatment, new peak was appeared at 1403cm-1 (Fig
3B) which was attributed to the stretch vibration of
N-H of the adsorbed ammonium [23].
According to the SEM images, shown in the
Fig. 4, a difference in the morphological structure
was well appeared suggesting that ammonium ions
were adsorbed on the surface of the used material.

(2)


ܰܪସା െ  ܤെ ߪ  ݃ܪሺ௦ሻ
՜  ݃ܪെ ߪ  ܰܪସା െ ( ܤ3)

 ି ݎܤ  ݃ܪെ ߪ ՜  ݃ܪെ  ݎܤെ ߪ

(4)

;Ϳ

;Ϳ

FIGURE 3
FTIR spectra of the Na-Bentonite before (A) and after (B) the adsorption process.
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;Ϳ

;Ϳ

FIGURE 4
SEM images of the Na-Bentonite samples before (A) and after (B) the adsorption process.
These results confirm that the Na-bentonite have adsorbed the ammonium ions and thus validate all
found results previously with a percentage of 70.69%. So, the Na-bentonite could be successfully used as
an adsorbent for ammonium ions and applied in the purification of waters containing these ions.
CONCLUSION
[2].

In this study, we have evaluated the
performances of natural kaolin and different
bentonite
samples
issued
from
different
modification techniques (acid, alkali and salt) for
the adsorption of ammonium ions from aqueous
solution. The results found in this work suggests
that the modification treatment of the bentonite
have improved both the adsorption yield in the
following descending order; Na-Bentonite> NaClBentonite> H-Bentonite> Bentonite> Kaolin with
adsorption rate of 70.77%, 58.65%, 60.57%,
53.22%, 43.38% respectively. Moreover, the
modification treatments of the bentonite samples
could improve and the duration of the reaction,
which was become very rapid compared with that
effectuated by the raw samples (bentonite and
kaolin). Therefore, alkaline treatment of bentonite
contributed to the increase of the Na+ ions on the
clay layers which are easily exchangeable with
ammonium ions. The dosage of the composition of
the contaminated solution after the adsorption
process by the Na-Bentonite revealed that the
concentration of the sodium increase from 19.4 and
42.51 mg / L and the concentration of ammonium
decrease form 10 mg / L to 0.0786 mg / L. The
characterisation of the Na-Bentonite samples by
FTIR and SEM, before and after exposure to
ammonium ions, confirms that the samples have
adsorbed this contaminant by changing in the
morphological surface and appeared of new peak of
stretching vibration of N-H of the adsorbed
ammonium.

[3].

[4].

[5].

[6].

[7].

REFERENCES
[1]. Kizito, S., Wu, S., Kirui, W.K., Lei, M., Lu,
Q., Bah, H. and Dong, R. (2015) Evaluation of
slow pyrolyzedwood and rice husks biochar
for adsorption of ammonium nitrogen from

[8].

3651



piggery manure anaerobic digestate slurry.
Sci. Total. Environ., 505, 102±112.
Wang, B., Lehmann, J., Hanley, K., Hestrin,
R. and Enders, A. (2015) Adsorption and
desorption of ammonium by maple wood
biochar as a function of oxidation and pH.
Chemosphere 138, 120±126.
Zare, K., Sadegh, H., Shahryari-ghoshekandi,
R., Asif, M., Tyagi, I., Agarwal, S. and Gupta,
K.V. (2015) Equilibrium and kinetic study of
ammonium ion adsorption by Fe3O4
nanoparticles from aqueous solutions. J. Mol.
Liq.,
http://dx.doi.org/10.1016/j.molliq.2015.08.045
Wang, M., Webber, M., Finlayson, B. and
Barnett, J. (2008) Rural industries and water
pollution in China. Journal of Environmental
Management 86 , 648±659
Luukkonen, T., Sarkkinen, M., Kemppainen,
K., Rämö, J. and Lassi, U. (2016) Metakaolin
geopolymer characterization and application
for ammonium removal from model solutions
and landfill leachate. Appl. Clay Sci.,119,
266±276.
Yao, S., Ni, J., Tao Ma, T. and Li, C. (2013)
Heterotrophic nitrification and aerobic
denitrification at low temperature by a newly
isolated bacterium, Acinetobacter sp HA2.
Bioresource Technol. 139, 80±86.
Zhang, Y., Shi, Z., Chen, M., Dong, X. and
Zhou, J. (2014) Evaluation of simultaneous
nitrification
and
denitrification
under
controlled conditions by an aerobic denitrifier
culture. Bioresource Technol. 175, 602±605.
Yu, R., Geng, J., Ren, H., Wang, Y. and Xu,
K. (2013) Struvite pyrolysate recycling

© by PSP

Volume 25 ± No. 9/2016, pages 3646-3653

Fresenius Environmental Bulletin


for environmental quality. J. Hazard.
Mater., 141, 258±263.
[21]. Song ,Y.H., Qiu, G.L., Yuan, P., Cui, X.Y.,
Peng, J.F. and Zeng, P, Duan, L., Xiang, L.C.
and Qian, F. (2011) Nutrients removal and
recovery from anaerobically digested swine
wastewater by struvite crystallization without
chemical additions. J. Hazard. Mater.,190,
140±9.
[22]. Sadegh, H., Shahryari-ghoshekandi, R., Tyagi,
I., Agarwal, S. and Gupta, V.K. (2015)
Kinetic and thermodynamic studies for
alizarin removal from liquid phase using poly2-hydroxyethyl methacrylate (PHEMA). J.
Mol. Liq., 207, 21±27
[23]. Sadegh, H., Shahryari-ghoshekandi, R.,
Agarwal, S., Tyagi, I. and Gupta, V.K. (2015)
Microwave-assisted removal of malachite
green by carboxylate functionalized multiwalled carbon nanotubes: Kinetics and
equilibrium study. J. Mol. Liq., 206, 151±158
[24]. Qajar, A., Peer, M., Andalibi, M.R.,
Rajagopalan, R. and Foley. H.C. (2015)
Enhanced
ammonia
adsorption
on
functionalized nanoporous carbons. Micropor.
Mesopor. Mat., 218, 15-23
[25]. Zhao Y.L.., Yang, W.J., Zhou, J.H., Wang
Z.H., Liu, J.Z. and Cen K.F. (2015)
Experimental study on ammonia adsorption by
coal ashes. J. Fuel. Chem. Technol., 43(3),
266-272R
[26]. Yang, K., Zhang, X., Chao, C., Zhang, B and
Liu, J. (2014) In-situ preparation of NaA
zeolite/chitosan porous hybrid beads for
removal of ammonium from aqueous solution,
Carbohyd. Polym. 107, 03±109.
[27]. Zheng, Y., Liu, Y. and Wan, A. (2011) Fast
removal of ammonium ion using a hydrogel
optimized with response surface methodology.
Chemical Engineering Journal, 171, 1201±
1208
[28]. Gaspard, M., Neveu, A. and Martin, G. (1983)
Clinoptilolite in drinking water treatment for
NH4+ removal. Water Res . 17(3), 279-288.
[29]. Bernal, M. E. and Lopez-Real, J. M. (1993)
Natural zeolites and sepiolite as ammonium
and
ammonia
adsorbent
materials.
Bioresource Technol. 43, 27-33.
[30]. Li, M., Wang, L., Chen, J.Y., Jiang Y.L. and
Wang, W.J. (2014) Adsorption performance
and mechanism of bentonite modified by
ammonium bromide for gas-phase elemental

[9]. combined with dry pyrolysis for ammonium
removal from wastewater. Bioresource
Technol. 132, 154±159.
[10]. Rahman, M. M., Salleh, M. A. M., Rashid, U.,
Ahsan, A., Hossain, M. and Chang Six Ra, M.
(2014) Production of slow release crystal
fertilizer from wastewaters through struvite
crystallization. Arabian J. Chem., 7, 139±155.
[11]. Deiber,
G.,
Foussard,
J.
N
and
Debellefontaine, H.(1997) Removal of
nitrogenous compounds by catalytic wet air
oxidation. Kinetic study, Environ. Pollut. 96
(3), 311-319.
[12]. Hung, C.M.: Catalytic wet oxidation of
ammonia solution (2009) Activity of the
nanoscale
platinum±palladium±rhodium
composite oxide catalyst. J. Hazard. Mater.63,
180±186.
[13]. Ozturk, I., Altinbas, M., Koyuncu, I., Arikan,
O. and Gomec-Yangin, C. (2003) Advanced
physico-chemical treatment experiences on
young municipal landfill leachates. Waste
Manage. 23, 441±446.
[14]. Czlircin, E., Mtszhros-Kis, A., Domokos. E.,
and Papp, J. (1988) Separation of ammonia
from wastewater using clinoptilolite as ion
exchanger, Nucl. Chem. Waste. Man. 8, 107113.
[15]. Lin, S.H. and Wu, C.L. (1996) Removal of
nitrogenous compounds from aqueous
solution by ozonation and ion exchange,
Water Res. 30(8),1851-1857.
[16]. Li, X., Lin, C., Wang, Y., Zhao, M. and Hou,
Y. (2010) Clinoptilolite Adsorption Capability
of Ammonia in Pig Farm. Procedia Environ.
Sci. 2, 1598±1612.
[17]. Lin, L., Lei, Z., Wang, L., Liu, X., Zhang, Y.,
Wan, C., Lee, D.J. and Tay, J. H. (2013)
Adsorption mechanisms of high-levels of
ammonium onto natural and NaCl-modified
zeolites. Sepa. Purifi. Technol. 103, 15±20.
[18]. Cabeza, A., Urtiaga, A., Rivero, M.J. and
Ortiz, I. (2007) Ammonium removal from
landfill leachate by anodic oxidation, J.
Hazard. Mater. 144, 715±719.
[19]. Anglada, A., Ibanez, R., Urtiaga, A. and Ortiz,
I. (2010) Electrochemical oxidation of saline
industrial wastewaters using boron-doped
diamond anodes. Catal. Today. 151, 178±184.
[20]. 6DOWDOÕ . 6DUÕ $ DQG $\GÕQ 0  
Removal of ammonium ion from aqueous
VROXWLRQ E\ QDWXUDO 7XUNLVK <ÕOGÕ]HOL  ]HROLWH

3652



© by PSP

Volume 25 ± No. 9/2016, pages 3646-3653

Fresenius Environmental Bulletin


mercury removal. J. Fuel. Chem. Technol.,
42(10), 1266-1272
[31]. Alshameri, A., Ibrahim, A., Assabri, A. M.,
Lei, X., Wang, H. & Yan, C. (2014) The
investigation into the ammonium removal
performance of Yemeni natural zeolite:
Modification, ion exchange mechanism, and
thermodynamics. Powder Technol. 258, 20±
31.
[32]. Ruiz, R., Blanco, C., Pesquera, C., Gonzilez,
F., Benito, I. and Lopez, J.L. (1997)
Zeolitization of a bentonite and its application
to the removal of ammonium ion from waste
water. Appl. Clay Sci., 12, 73-83.
[33]. Seghairi, N., Koussa, M. and Achour, S.
(2004  (IIHW GH O¶DFWLYDWLRQ FKLPLTXH GH OD
EHQWRQLWH VXU O¶DGVRUSWLRQ GH VXEVWDQFHV
humiques en eaux de minéralisation variable.
Larhyss Journal, 03, 91-102.
[34]. Rodier, J., Bazin, C., Broutin, J.P., Chambon,
P., Champsaur, H. and Rodi, L. (2005)
Water analysis (8e Edition, Dunod, Paris 2005
pp 149-155) (in French)
[35]. Venkatathri, N. (2006) Characterization and
catalytic properties of a naturally occurring
clay, Bentonite. Bull. Catal. Soc. India., 5,
61-72

Received:
Accepted:

CORRESPONDING AUTHOR
Nacer-Eddine Djelali
Laboratory of treatment and formatting of
polymers, Faculty of engineering sciences,
8QLYHUVLW\ RI 0¶+DPHG %RXJDUD %RXPHUGHV
35000, Algeria.
Email: djelnac@yahoo.fr

3653



15.12.2015
26.06.2016

© by PSP

Volume 25 ± No. 9/2016, pages 3654-3665

Fresenius Environmental Bulletin






SOIL TEMPERATURE ACTIVITY ON SOIL WATER
CONTENT UNDER ORGANIC AND CONVENTIONAL
MANAGEMENTS IN HAZELNUT ORCHARD
Selcuk Ozmen*
Düzce University, Department of Biosystem Engineering, 81620, Düzce, Turkey
California University, Department of Agricultural and Biological Engineering, 95616, Davis, CA, USA

soil are important factor to affect water uptake by
plant from the soil. However, it is difficult to deal
with effecting of temperature on soil water content
because of the complex nature of the underlying
processes [2]. These difficulties can be overcome
using electronic devices which measure soil
parameters continuously [3]. Therefore, it is needed
to understand the relationship and coupling
mechanisms among soil, water, temperature
changes and crop interactions in the dry lands.
Hazelnut (Corylus avellana L.) is one of the
most important crops in Turkey, where holds the
ODUJHVW ZRUOG¶V KD]HOQXW H[SRUWHU ZLWK H[SRUWV
totaling $ 2.0 billion in 2014 [4], especially coast
area of Black Sea Region. Düzce area is a quite
important area in the coast of West Black Sea
Region of Turkey in terms of hazelnut production
capacity with approximately 10% of total hazelnut
area in Turkey [5]. Hazelnut trees are mostly grown
under conventional and fed by rain water in Düzce
area as well as other hazelnut treated areas in
Turkey. Organic managements at hazelnut orchards
have exposed increases, and organic hazelnut
product has taken a place with 11% of total organic
exports product in Turkey recently [6]. However,
there are no more studies to exhibit on differences
of organic and conventional hazelnut trees,
especially on soil, water and plant relation parts.
Stockdale et al. [7] pointed out that organic
farming is an alternative process to overcome a
number of problems in conventional agriculture,
such as excessive inputs of chemical fertilizers, soil
degradation, frequent pesticide applications and the
presence of pesticide residues in food. Araujo et al.
[8] indicated that organic farming has gained
importance concerning to environmental, economic
and social effects in the world. Study reported by
Legates et al. [9], who stated that the dynamics of
soil moisture are main component in the
hydrological cycle to determine evapotranspiration,
deep percolation, plant growing and yield [10], is
quite important to understand and investigate the
relations of difference both organic and
conventional managements in the drylands.
Many strategies have been developed on
optimal water use through co-evolution with natural
conditions, which include increased water

ABSTRACT
The aim of this study is to investigate soil
temperature activity on soil water content under
organic and conventional managements at the
hazelnut orchards. Soil temperature (ST) and soil
water content (SWC) variations under organic and
conventional managements at the hazelnut orchards
were continuously monitored by using high
frequency ECH2O-5TE probes connected to a 5channel Em50 data logger during data collection in
the growing season of 2014. Investigations were
performed at four different soil layers (0-30, 30-60,
60-90 and 90-120 cm) under the selected tree
canopy area for each management during the data
collection. In five days of post-rainfall episode in
July 2014, organic management become more
effective on regression relationships of ST
influences on SWC at all soil layers except 0-30 cm
layer when compared with conventional
management in hazelnut orchards. The highest
value of liner regression equation between SWC
and ST was obtained at 30-60 cm soil layer
(R2=0.95) under organic management of that
episode. On the other hand, the highest values of
linear regression equation between organic and
conventional managements in hazelnut orchards for
SWC and ST were acquired at 0-30 cm soil layer
(R2=0.98; p < 0.01) in ten days of post-rainfall
episode in August and at 30-60 cm soil layer
(R2=0.98; p > 0.01) in five days of post-rainfall
episode in July for, respectively. Therefore, organic
management at hazelnut orchards could be
evaluated as a valuable alternative for such areas
where hazelnut trees are grown by rainfed.

KEYWORDS:
Hazelnut orchard, organic and conventional management,
ECH2O-TE probes, water content, temperature effect

INTRODUCTION
Water represents the main ecological
constraint for plant survival in arid and semi-arid
regions [1]. Moreover, temperature changes in the
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analyzed as described by Tüzüner [16] and
given in the Table 1. Soil properties of the organic
experimental orchard had clay-loam containing
32% sand, 36% clay and 32% silt in the upper 120
m profile. However, conventional experimental
orchard soil properties had clay containing 32 %
sand, 41% clay and 41 % silt in the upper 120 m
profile. Soil bulk density of the organic orchard
ranged from 1.20 to 1.27 g*cm-3 while that of the
conventional experimental orchard varied between
1.21 and 1.26 g*cm-3. The topography of organic
and conventional treatment used hazelnut orchards
was non-problematic. All analyses were performed
YLD5LFKDUGV¶PHWKRGV>@DVVKRZQLQ7DEOH

absorption capacities actively and reduced water
losses passively [11]. On the other hand, Campbell
[3] reported that there is a positive relationship
between soil water content and temperature.
Moreover, soil surface forces reduce in strength
with increasing soil temperatures. Francesca et al.
[12] mentioned that soil water status based on soil
temperature changes in the soil profile.
Additionally, researcher added that soil parameters
should be monitored continuously to understand
soil-water-plant relations for irrigation scheduling.
Czarnomski et al. [13] pointed out that the
most advance system to monitor soil parameter
continuously is capacitance technique which is
nondestructive method. In recent years, ECH2O5TE probe (Decagon Device Inc.) has been
developed to allow the detailed analysis for
monitoring the soil water content, solute
concentration and temperature without extensive
calibration [14].
In the management of hazelnut orchard,
measuring the effect of the ST on SWC in response
to organic and conventional practice using ECH2O5TE probe are particularly unavoidable topic. By
this way, planning of organic treatment in dry
lands, where are fed by rain, and relationships
between the mechanism of soil, water and hazelnut
trees can be understood. Therefore, this study
aimed to search soil temperature activity on soil
water content under organic and conventional
managements in hazelnut orchard using ECH2O5TE probe in the Western Black Sea Region of
Turkey.

MATERIALS AND METHODS
FIGURE 1
Location of Düzce Province in the Western
Black Sea Region in Turkey

The experimental studies of hazelnut were
conducted either at the organic orchard or at the
conventional orchard. The organic and the
conventional orchards were located at RALILA
*ÕGD&RPSDQ\DQG.DUVOÕR÷OX)DUPVUHVSHFWLYHO\
in Düzce, where is in West Black Sea Region of
Turkey (Figure 1).
The organic experimental orchard located at
latitude 40°53' N, longitude 31° 03' E has an area of
about 1.0 hectares with the altitude of 205 m. On
the other hand, the conventional experimental
orchard was located at latitude 40°54' N, longitude
31° 06' E while it has an area of about 0.5 hectares
at the altitude value of 165 m. The distance between
the experimental orchards was about 2 km. Annual
average precipitation and temperature for last 40
years in Düzce were 814 mm and 13.2 °C,
respectively. The maximum temperature and
minimum precipitation occurred in July during a
year when the data were considered for last 40
years [15].
Physical and chemical characteristics of the
organic and the conventional orchards were

In this study, Kara variety of hazelnut trees
(Corylus avellana L.) was used at organic and
conventional experimental orchards. Hazelnut trees
were designed with a 4×3-m planting distance for
both experimental sites. Karadeniz et al. [18]
pointed out that this type of hazelnut has widely
been grown in Turkey, and the roots could grow 80
cm from the trunk under conventional conditions in
the coast of Black Sea Region of Turkey. In the
present study, the organic and conventional
experimental hazelnut orchards were 10 and 18
years old, respectively. Additionally, it should be
noticed that the hazelnut trees in the organic and the
conventional orchards were not irrigated during
summer season.
Canopy properties of the hazelnut trees were
similar with each other for both experimental
treatments. Nutrient management and other cultural
practices for the organic and the conventional
experimental hazelnut orchards were managed by
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TABLE 1
Soil characteristics for organic and conventional experimental orchards

Treatments
Organic

Conventional

Soil

Saturation

depth

Point

cm

%

Sand

Clay

Silt

%

%

%

Total
Texture

Salt

pH

%

As

FC

PWP

g cm-1

%

%

0-30

68.0

35.0

33.0

32.0

CL

0.021

5.69

1.20

30.87

19.49

30-60

68.0

31.0

37.0

32.0

CL

0.035

6.41

1.25

29.82

18.36

60-90

62.0

31.0

37.0

32.0

CL

0.017

6.29

1.28

30.26

17.03

90-120

58.0

31.0

37.0

32.0

CL

0.011

6.35

1.27

29.69

16.52

0-30

77.0

31.0

42.0

27.0

C

0.041

5.68

1.21

40.82

21.56

30-60

73.0

31.0

46.0

23.0

C

0.029

6.05

1.24

38.21

18.63

60-90

70.0

33.0

40.0

27.0

C

0.037

6.67

1.26

42.50

24.18

90-120

60.0

33.0

34.0

33.0

CL

0.017

6.52

1.22

27.41

10.33

using the standard SUDFWLFHV RI 5$/,/$ *ÕGD
Company (producers of organic products) and
Provincial Agriculture Directorship of Düzce,
respectively.
Soil moisture content and soil temperature
were measured hourly for selected profile in each
group of trees. Measurements were started before
repining of nut with the higher evapotranspiration
and ended after finishing of growing period, which
corresponded to no fruit on trees and leaf
senescence starting between 3rd of July and 3rd of
September 2014. However, to understand the
effects of soil temperature on the soil water content
for both treatments, different episodes were
selected from the experiment period [19]. These
episodes were Episode I and Episode II which mean
from 26th to 31th of July 2014 and from 20th to 28th
of August 2014, respectively. During data
collection, ECH2O-5TE probe (Decagon Device
Inc.) and gravimetric methods, which were used to
measure SWC and ST selected trees for both
treatments, were performed using every 30 cm of
soil layer to maximum layer of 120 cm [20].
Soil moisture content and soil temperature
variations in the soil were measured hourly under

the canopy area assigned to the tree in the organic
and the conventional treatments. Four sensors
which are closer each other, same position and
same direction were vertically installed under the
canopy area of the hazelnut tree for both of organic
and conventional conditions [12]. All readings were
obtained at different soil layers which were 0-30
cm, 30-60 cm, 60-90 cm, and 90-120 cm from each
selected point. All readings were saved in the data
logger and then downloaded weekly during this
study. Volumetric water content obtained from
ECH2O-5TE readings were converted to soil water
content using a calibration curve deduced from both
experimental orchard soils using the method given
by Kinzli et al. [21] as indicated in the Figure 2 and
3. For both organic and conventional experimental
orchards, readings from sensors and soil samples
acquired by gravimetric method were performed
simultaneously for the different soil layers (0-30
cm, 30-60 cm, 60-90 cm, and 90-120 cm) of the
assigned area under the canopy of hazelnut trees.
All measured values for both hazelnut treatments
with different episodes were compared for
VLJQLILFDQWGLIIHUHQFHVXVLQJ6WXGHQW¶Vt-test [22].

FIGURE 2
ECH2O-5TE calibration curve for the organic (a) and conventional (b) hazelnut orchards soils
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FIGURE 3
Dynamics of soil water content at different soil layer (0-30, 30-60, 60-90, and 90-120) and precipitation at
the organic (a) and conventional (b) hazelnut orchards

FIGURE 4
Dynamics of soil temperature at different soil layer (0-30, 30-60, 60-90, and 90-120) and air temperature
at the organic (a) and conventional (b) hazelnut orchards
readings under each soil layer for treatments were
RESULTS
demonstrated in Figure 3 and 4.
Evaluations
between
treatments
were
Over the whole duration of the experimental
performed to base on the responses of the SWC
study, from July 2014 to September 2014, the
probes to rainfall and ST probes to ambient
values of SWC and ST obtained from the sensor
temperature events [2, 19]. Hereby, enhancement
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and reduction in the values of SWC was noticeable
in all rainfall and increasing of ST episodes,
respectively, at both experimental orchards during
studied period [23]. Typically, it could be expressed
that the variability in measured values of SWC was
mostly correlated with the amount of received
precipitation [19]. Therefore, on the basis of SWC
probe response to rainfall events, there were some
scattered rains from time to time during studied
period. However, two episodes during data
collection had higher SWC in response to higher
rainfall. Then, SWC became lower in the postrainfall when ST was increased until stable state of
lines of SWC and ST at all soil layers under organic
and conventional managements in the study period.
Relevant episodes were categorized such as
Episode I (207-212 of DOY) and Episode II (232240 of DOY) for SWC and ST during searched year
(Figure 3 and 4).

results of this study were quite comparable
with the studies reported by Mead et al. [25].
Regression relationships between SWC and ST
were stronger in organic management than those of
conventional management at hazelnut orchards. The
results obtained in this study could be attributed to
the organic application process and differences of
cultural applications between the managements
[26]. These can also be related to the different types
of soil textures between the experimental orchard
soils [24]. Findings are also well-matched with
study reported by Tossi et al. [27], who indicated
that ST was positively affected by dissolved
organic matter. On the other hand, Episode I had
higher values of linear regression equations
between SWC and ST under organic and
conventional managements than Episode II (Figure
5-8). This behavior can be attributed to higher
ambient temperature in Episode II which affects the
ST in the soil profile for both managements.
Moreover, Bittelli [28] stated that plant
development processes for the all type of crops
were quite related to ST during each growing
season. Therefore, results in here of present study
have the similarity with findings reported by Song
et al. [29]. The highest and the lowest values of
linear regression equation was obtained at 30-60 cm
soil layer (R2=0.95) in Episode I and at 60-90 cm
soil layer (R2=4x10-4) in Episode II from organic
management, respectively (Figure 5-8). There was
stronger regression relationship between SWC and
ST at 0-30 cm soil layer under conventional

Comparison of SWC and ST under organic
and conventional managements of hazelnut
orchards. The most vital factor in the plant
growing is SWC which can be changed by ST in
the soil profile under the different management
[24]. In this study, the results show that SWC was
mostly affected by ST changes at all soil layers in
the soil profile (120 cm) under organic and
conventional managements of hazelnut orchards for
both Episode I and Episode II (Figure 5-8) which
means are from 26th to 31th of July 2014 and from
20th to 28th of August 2014, respectively. The

FIGURE 5
Regression relationship between SWC and ST at different soil layers (0-30, 30-60, 60-90, and 90-120)
under organic management of hazelnut orchard in Episode I
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FIGURE 6
Regression relationship between SWC and ST at different soil layers (0-30, 30-60, 60-90, and 90-120)
under conventional management of hazelnut orchard in Episode I
management
(R2=0.71)
than
organic
2
management (R =0.43) in Episode I (Figure 5 and
6). However, in the contrast to this, there was
stronger regression relationship between SWC and
ST at 0-30 soil layer under organic management
(R2=0.38)
than
conventional
management
(R2=0.27) in Episode II (Figure 7 and 8). These
results are in similar as described by study of Tossi
et al. [27]. Finally, in conventional management,
there was slight regression relationship between
SWC and ST at the 90-120 cm soil layer (R2=9×104
) shown in Figure 6 while there was the strongest
regression relationships between SWC and ST at
90-120 cm (R2=0.91; Figure 8) soil layers. This
might be due to different type of soil texture
between the experimental orchard soils [24].

managements in Episode I and Episode II were
obtained at 0-30 cm soil layers with R2=0.95 and at
0-30 cm soil layers with R2=0.98, respectively
(Figure 9 and 10). These findings are matched up
ZLWK WKH VWXG\ UHVXOWV UHSRUWHG E\ .RGHãRYi HW DO
[31]. Conventional management of hazelnut
orchard has higher SWC in the upper soil layers
through the soil profile while organic management
of hazelnut orchard has higher SWC for the lower
soil layers in the same soil profile for both Episode
I and Episode II. The lower SWC in organic
management compared with that of conventional
management in hazelnut orchards could be related
to have higher ET evapotranspiration [32]. The
differences between managements can be related to
different types of soil textures [33] and cultural
applications [26], which similar to regression
relationships between SWC and ST.
ST had a strong regression relationship
between organic and conventional managements in
hazelnut orchards at all soil layers in Episode I and
Episode II except at 60-90 cm and 90-120 cm soil
layers (Figure 11 and 12). However, Episode I was
higher values of linear regression equations of
organic and conventional managements for ST in
hazelnut orchard than those of Episode II. This
should be related to the differences of ambient
temperatures and plant development processes
between episodes [28, 29] (Figure 4). In ST
analysis, the strongest regression equations between
organic and conventional managements of hazelnut
orchard were obtained at 30-60 cm with R2=0.98 in
Episode I and 30-60 cm soil layer with R2=0.82 in

Comparison of organic and conventional
managements on SWC and ST of hazelnut
orchards. SWC reflects the balance of
precipitation, runoff, and ET and represented
various types of pulse events [19]. In the present
study, it was a strong regression relationship on
SWC between organic and conventional
managements in hazelnut orchards at all soil layers
except at 90-120 cm soil layer for either Episode I
or Episode II ( Figure 9 and 10). The obtained
UHVXOWV ZHUH VXSSRUWHG E\ 6WXGHQW¶V t-test analyses
as shown in Table 2. These results can be related to
outcomes for organic application process and
differences in cultural applications between
treatments [30, 26]. In SWC, the highest values of
linear regression between organic and conventional
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FIGURE 7
Regression relationship between SWC and ST at different soil layers (0-30, 30-60, 60-90, and 90-120)
under organic management of hazelnut orchard in Episode II

FIGURE 8
Regression relationship between SWC and ST at different soil layers (0-30, 30-60, 60-90, and 90-120)
under conventional management of hazelnut orchard in Episode II
(SLVRGH ,, +RZHYHU DFFRUGLQJ WR 6WXGHQW¶V t-test
analysis, there was only significant relationship of
ST at 0-30 cm soil layer (p < 0.01) between organic
and conventional management on hazelnut orchards
in Episode I and Episode II (Table 2). This can be
due to the effect of higher ambient temperature on
the near-surface soil under conventional

management than organic management in the
hazelnut orchards.
DISCUSSION AND CONCLUSIONS
This study investigated the ST activity on
SWC under organic and conventional managements
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the study, the highest linear regression
equation values between organic and conventional
management in hazelnut orchards for SWC and ST
were obtained at 0-30 cm soil layer (R2=0.98; p <
0.01) in Episode II and at 30-60 cm soil layer
(R2=0.98; p > 0.01) in Episode I, respectively.
Finally, it can be concluded by considering the all
results that organic management plays important
role for ST activity on SWC at all soil layers in
hazelnut orchards. Besides, the SWC values at all
soil layers of hazelnut orchards were decreased by
applying organic management to hazelnut orchards.
This can be related to enhancement in water
consumption of hazelnut trees under organic
management. Thereby, organic management could
be worthy alternative for hazelnut orchards under
higher rainfall and non-irrigation supply.

in hazelnut orchards in West Black Sea Region in
Turkey. It was obtained that there is a correlation
between the values of ST and SWC, and ST
effected SWC values at all soil layers. On the other
hand, the effect of ST on SWC was higher under
the organic management when compared with
conventional management for Episode I and
Episode II. The highest regression equation values
between SWC and ST were obtained at 30-60 cm
soil layer (R2=0.95) under organic management in
Episode I. This can be related to cultural practice
and soil texture differences between experimental
orchards. Moreover, the regression relationships
between SWC and ST under organic and
conventional managements of hazelnut orchards
were higher in Episode I than those of Episode II.
This situation can be due to the ambient
temperature differences between episodes. During

TABLE 2
8VLQJ6WXGHQW¶Vt-test statistical analysis to compare of SWC and ST between organic and conventional
treatments of hazelnut orchard for different episodes
Soil
Depths
(cm)

Mean Values
of Organic
Treatment

Mean Values
of Conventional
Treatment

Mean
Difference

t

df

P
(2 tailed)

SWC, mm-Episode I
0-30

51.2

114.0

-62.8

-130.8

238

<0.01

30-60

60.4

148.6

-88.2

-269.6

238

<0.01

60-90

61.6

196.3

-134.6

-27.6

238

<0.01

90-120

59.7

58.5

1.2

9.4

238

>0.01

ST, °C-Episode I
0-30

23.4

23.9

-0.5

-5.5

238

<0.01

30-60

22.1

22.0

0.1

2.8

238

>0.01

60-90

21.0

20.8

0.2

9.8

238

>0.01

90-120

20.3

19.6

0.7

53.2

238

>0.01

SWC, mm-Episode II
0-30
30-60

54.6
66.5

110.6
149.5

-56.0
-83.0

-83.0
-58.4

430
430

<0.01
<0.01

60-90

67.9

143.5

-75.6

-14.5

430

<0.01

90-120

76.7

69.4

7.3

2.3

430

>0.01

23.7
22.5

-0.4
0.2

7.7
12.5

430
430

<0.01
>0.01

0.3
0.7

55.7
167.3

430
430

>0.01
>0.01

ST, °C-Episode II
0-30
30-60

23.4
22.7

21.9
21.6
60-90
21.4
20.7
90-120
df: Degrees of freedom, t: statistical test, P: confidence
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FIGURE 9
Regression relationship between organic and conventional management of hazelnut orchard at different
soil layer (0-30, 30-60, 60-90, and 90-120) for SWC in Episode I

FIGURE 10
Regression relationship between organic and conventional management of hazelnut orchard at different
soil layer (0-30, 30-60, 60-90, and 90-120) for SWC in Episode II
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FIGURE 11
Regression relationship between organic and conventional management of hazelnut orchard at different
soil layer (0-30, 30-60, 60-90, and 90-120) for ST in Episode I

FIGURE 12
Regression relationship between organic and conventional management of hazelnut orchard at different
soil layer (0-30, 30-60, 60-90, and 90-120) for ST in Episode II
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EQUIVALENT DENSITY OF SOILS BELOW THE LEVEL
OF TOPSOIL
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This paper refers to the physical conditions of
soils which are optimal for plants, where their bulk
density is the most important determinant [1, 2].
Since about 60 years, in many countries, numerous
experiments within the system: the density of the
topsoil layer as well as plant yield have been
carried out. The results of these experiments,
however, do not form a logical and practically
useful system of control, evaluation and
development of optimal plant density soils. And the
formula for natural density (equivalent), hereafter
referred to as equivalent density, which gives a
precise indication of the most favorable conditions
for plant growth, has not yet been sufficiently
disseminated. As shown below:
ȡn = ȡ0 + f(g) ± f(c) + f(z) ± f(w);
where: ȡn  equivalent density in Mg m-3, ȡ0 
bulk density of the soil boundary conditions (where
g = 0, c = 0, z = 0 and w = 0), f(g)  a function of
granulometric coefficient of equivalent density of
soil, f(z)  function of depression in pedon, f(c) 
function of organic carbon content, f(w)  function
of calcium carbonate content.
This, even to a greater extent, applies to the
zones of subsoil pedons. And yet, there is no
evidence that parts of the pedons below the topsoil
have less impact on harvest than their outer parts,
especially in relation to deep-rooting plants.
Procedures aimed at improving the physical
condition of subsoil layers are focused mostly on
reducing their bulk density. Those are usually deep
ploughing and very deep ploughing (4070 cm),
deep subsoil loosening (5080 cm) and mole
drainage (5070 cm). They cause an increase in
total water capacity, leachability, porosity,
reduction of brevity, increasing the potential of
carbon and nitrogen mineralization and activity of
some enzymes [3-7]. Listed authors also note
increases in yields of crops. But these are not
obligatory remarks.
,QWKHHDUO\VRIWKHODVWFHQWXU\ýHUQ\>@
signaled a profound ambiguity of the impact of
deep ploughing on sugar beet yields in the Czech
Republic. Similar conclusions indicate PodstawkaChmielewska and Kurus [9], Soltanabadi et al. [10]
and Jabro et al. [11]. Miatkowski et al. [12] noted

ABSTRACT
In this paper, it is proven that the bulk density
of the soil increases into pedons to a depth of 13
dm. For the three groups of soils of similar particle
size in the groups, and differing between the
groups, to give three straight lines with a slope
corresponding to the growth of density along with
depth in pedons of 0.021 Mg m-3 dm-1. Examples of
current density distributions (ȡa) and equivalent (ȡn)
in pedons illustrate the tendency to equate ȡa size
with ȡn, to the location in the range ȡn ±0.05 Mg m3
. ȡa deviation from the range ȡn are generally
FDXVHG E\ H[WHUQDO IDFWRUV 6RLOV¶ FXUUHQW GHQVLW\
(ȡa) at or near equivalent (ȡn) to each part of pedons
have a maximum retention of useful water for
plants. In cases of large deviations of ȡa from ȡn,
within ±0.200.30 Mg m-3, retention of useful
water in relation to the maximum may decrease by
as much as 5070%. Similar trends are shown in
case of oxygen diffusion rate into the roots of
SODQWV 7KHUHIRUH WKHUH¶V D ODFN RI SUHUHTXLVLWHV WR
take treatments of loosening or tightening the
subsoil layers in isolation from the findings of an
equivalent density formula

KEYWORDS:
granulometric ratio of soil equivalent density, a string of
growing density of the soil into their pedons, interval
equivalent density of the soil, the processes of selfregulation density of soils

INTRODUCTION
The use of soils for crop production relies
essentially on knowledge of their properties to
reduce the topsoil. Granulometric composition,
organic carbon content, abundance of nutrients, pH,
enzymatic activity and other soil properties, in the
vast majority are determined only in the topsoil
layers. And mainly those parts of pedons are taken
into consideration while undertaking organizational
activities, such as planning and developing plant
production, in particular, tillage, fertilization and
plant-care procedures.
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FIGURE 1
Intervals equivalent density (ȡn) of the soil of low density equivalent (where g  PRGHUDWHGHQVLW\ g
6.160) at a depth reaching 13 dm
> 0.839) and high density (g = 1.619
the lack of increases in yields on the black earth of
Kujawy. A balance of the effects of deep ploughing
in relation to crop yields conducted by
ĝZLĊWRFKRZVNL et al. [13] shows a typical random
distribution. In 25% of experiments we had to do
with yield increases, reduction in 25%, while in
50% of experiments there were no changes in the
yield.
However, the impact of compaction of subsoil
layers on yield was studied by Pabin [14]. In some
cases he achieved positive effects. But these were
experiments which did not take into account the
rules set out by a formula of equivalent density of
soils (ȡn).

of the tested soils have not been taken into
consideration. To clarify the above-mentioned
sample according to omission of calcium carbonate
and more than 0.5% organic carbon were not taken
into consideration. Soil samples were taken to the
end during the growth of density along with the
depth in pedons, which is the cavity (z) reaching 13
dm (Fig. 1).
The figures of set I came from 11 pedons,
including 4 located in the Fordonska Valley and 3
LQ WKH 9DOOH\ RI 3ORFN DQG  IURP 1DáĊF]RZVNL
Plateau and Zamojski Vale each. In terms of
particle size according to Polish industry standard
BN-78/9180-11 they were clays (in 13 cases ± clay,
3 ± silty clay) and silts (10 ± silt loam, 9 ± clayey
silt , 7 ± sandy silt, 2 ± silt).
The results grouped in the set II come from 28
pedons, especially from Krajenski Lake District
 9DOOH\RI3ORFN  DQG7RUXĔ%DVLQ 3). They
belonged to the granulometric group: loose sand
(20), weakly loamy sand (14), sandy silt (11), silty
light loamy sand (6), and other similar fractional
composition (13).
The third set consisted of soil samples
gathered from 20 pedons, mostly from Krajenski
/DNH'LVWULFW  DQG,QRZURFáDZVND3ODLQ  DQG
&KHáPLĔVNLH/DNHODQG  ,QPRVWFDVHVWKH\ZHUH
silty light loam (23), silty sandy loam (8), mediumheavy silty loam (6), silty heavy loamy sand (3) and
others of a similar particle size (4).
Figures 25 show the evolution of the current
density of soil in pedons in correlation to the
calculated with a formula of sustainable density ȡn
with confidence intervals ȡn ±0,05 Mg m-3.

MATERIALS AND METHODS
The paper presents three, aligned with a bill
regression, forms of the compounds of soil density
with depth in pedons, depending on the value of
granulometric ratio equivalent density of soil (g).
This ratio is expressed as the ratio of the percentage
of particles of 500100 ȝm to less than 2 ȝm, and
the inverse of this number or function of these two
values, which for certain soils contain more than
35% of the particles having a diameter of 10020
ȝm [15]. The first set of 44 results of density of
soils come from the soils of low nature density
equivalent (where g  WKHVHFRQGVHWRI
results relates to soils with moderate density (g >
0.839), while the third set of 44 results relates to
soils with high density (g = 1.6196.160). The type
and subtype, usage, and the geographical location
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Soil texture is defined according to the Polish industry standard BN-78/9180-11: shls 
silty heavy loamy sand, ssl ± silty sandy loam , sll ± silty light loam
**
Soil texture is defined according to the USDA textural classification: sl ± sandy loam

*

FIGURE 2
Current density distributions (ȡa) and equivalent (ȡn) under tomatoes

Soil texture is defined according to the Polish industry standard BN-78/9180-11: lls ±
light loamy sand, ls ± loose sand, sll ± silty light loam, slls ± silty light loamy sand
**
Soil texture is defined according to the USDA textural classification: ls ± loamy sand,
s ± sand, sl ± sandy loam
*

FIGURE 3
Current density distributions (ȡa) and equivalent (ȡn) under lupine and field pea
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*

Soil texture is defined according to the Polish industry standard BN-78/9180-11:
wls ± weakly loamy sand, ls ± loose sand
**
Soil texture is defined according to the USDA textural classification: s ± sand
FIGURE 4
Current density distributions (ȡa) and equivalent (ȡn) in a clearing

*

Soil texture is defined according to the Polish industry standard BN-78/9180-11: sl
± sandy loam, slls ± silty light loamy sand, ssl ± silty sandy loam
**
Soil texture is defined according to the USDA textural classification: sl ± sandy
loam, ls ± loamy sand
FIGURE 5
Current density distributions (ȡa) and equivalent (ȡn), four days after deep ploughing
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established trend (Fig. 1), the density of the topsoil
recessed to 7.0 dm would be 1.536 Mg m-3.
In the third pedon (Fig. 4) we can clearly see
the compaction of soil in the subsurface part,
reaching to a depth of 0.75 dm +0.146 Mg m-3 (the
distance from the center of the range of equivalent
density, and edge interval +0.096 Mg m-3), which
gradually decreases to 6.5 dm cavity, then ȡa is
situated within the range ȡn ±0,05 Mg m-3, despite
the radical change in particle size composition of
the soil at a depth of 9.25 dm: from slightly loamy
sand to silt loam. The density of the upper part of
the pedon was caused by trampling caused by
grazing cattle in a clearing on which the outcrop
was located.
In pendon shown in Fig. 5 the deviation of the
current density ȡa from the center of the range
equivalent density ȡn in the upper part of the pedon,
extending to a depth of 1.5 dm 0,224 Mg m-3, was
caused by plowing, at a depth of 2.8 dm, done four
days earlier.
In the studied pedons (Figs 25), not
excluding many others described in previous papers
[15, 16] we can observe the tendency of the current
density (ȡa) to align with equivalent density (ȡn)
designated by the presented formula. Any
deviations from the range ȡn ±0,05 Mg m-3 upward
or downward are caused mainly by external factors
not related to the characteristics of soil mass, and
the processes of self-regulation gradually disappear.
Both in the topsoil and in the deeper parts of the
pedons, the usual density is ȡn ±0,05 Mg m-3, which
can be accurately determined by the given formula.
Treatments, such as loosening or thickening of
subsoil can support the processes of self-regulation
density, but also, when carried out without
respecting the value of ȡn can increase the ȡa
deviations from ȡn and hence worsen conditions for
plant growth.
This hypothesis is supported by treatment
processes of loosening subsoil layers, which did not
result in increases in crop yields [12, 13, 17, 18], as
ZHOO DV RQH¶V RZQ H[SHULPHQWV DLPHG DPRQJ
others, to denote retention of useful water with
potentials of pF 2.54.2 and 2.04.2 according to
the size variations of the current density (ȡa) from
equivalent density (ȡn). As demonstrated by the
analysis of 123 pF curves, determined for different
soils, in terms of particle size, with the density (ȡa)
= equivalent density (ȡn), soil water storage
reservoirs are the most useful to plants [19]. The
larger the deviation of ȡa from ȡn, the lower the
ability of the accumulation of water in the soil
usable (available) for plants. In cases of large
deviations within the range of ±0.20±0.30 Mg m-3,
retention of useful water in relation to the
maximum value can drop by up to 5070% in
volume. For example, black earth made up of
PHGLXP ORDP LQ 6WU]HPNRZR ,QRZURFáDZVND
Plain) at the depth of 7.18.0 dm, at current density

RESULTS
Therefore, the formulas of soil density with
depth in the pedons are as follows:
I44: ȡn = 1.311 + 0.021z, r = 0.807;
II64: ȡn = 1.472 + 0.021z, r = 0.708;
III44: ȡn = 1.597 + 0.021z, r = 0.775;
where: ȡn ± bulk density in Mg m-3 (or g cm-3),
z ± depression in pedon (dm), r ± correlation
coefficient characteristics.
Within the ranges ȡn ±0,05 Mg m-3 there
were 81.8% of the results of the set I, 65.6% of set
II and 84.1% of set III.
The above-mentioned equations indicate three
exactly parallel straight lines, which confirms the
accuracy of the upward trend in soil density along
with the depth in pedons. The regression lines for
data sets which are not grouped according to size
ratio g, would have a completely different
inclination and in many cases probably
mathematically
insignificant.
Between
approximately average values ȡn for soils of low
density and soils of very high density, there was a
difference of 0.286 Mg m-3. With fully expanded
dependence of ȡn on g this difference is, according
to previous findings [15], 0.380 Mg m-3.
Considering the values corresponding to the
boundary status for these categories of soils, with a
range ȡn for the set I  0.134 Mg m-3 and set III 
0.06 Mg m-3, the total obtained amplitude of density
of soils would be ȡn = 0.383 Mg m-3.
In the pedon shown in Fig. 2 at a depth of
3.03.5 dm, the bulk density (ȡa) extending to the
state of high density occurred. This value,
amounting to 1.931 Mg m-3, gave this pedon zone
features of plough pan. However, this is not a zone
of high soil compaction caused by frequent
pressure from plow and cultivation equipment, but
frequent trampling of soil between rows of
tomatoes in a tent foil. In the remaining points of
the pedon, that is, at depths of 0.5, 2, 5, 7, 9 and 11
dm, the current density of the soil is in the range of
equivalent density ȡn. At a depth of 0.5 dm, owing
to shallow moving soil, the value of its density
approaches the state of shallow soil scarification
and, at the depth of 5 dm, is marginally above
subrange ȡn +0.05 Mg m-3, which is probably
because of a not fully blanked effect of the apparent
plough pan in the process of self-regulation.
Soil density distribution in the second pedon
(Fig. 3) is an example of very large diversity index
values g and thus also the size of ȡn. Equivalent
density ȡn, amounting to a depth of 1.5 dm 1.420
Mg m-3, at a depth of 7.0 dm increased to 1.781 Mg
m-3, since the ratio g in the first case equals to 10.80
and the corresponding category of soils with
medium density at a depth of 7.0 dm amounted to
3.25 referring to the category of soils with high
density. With the particle size characteristics
adjusted in the pendon, in accordance with the
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corresponds to the most optimal for plant soil mass
state.
Regulations of the physical states of soils in
subsoil layers by loosening or tightening should
aim at the equalization of their current density with
equivalent density values, otherwise the plant
growth conditions may worsen.

(ȡa) which is smaller than the equivalent density
(ȡn) by 0.278 Mg m-3 showed retention of useful
water with potential pF 2.54.2 less than the
maximum (where ȡa = ȡn) by 51.2% in volume;
however, at density ȡa greater than ȡn by 0.192 Mg
m-3 retention of useful water was reduced by 42.7%
in volume. Similar relations were shown in case of
the determination of oxygen diffusion rate (ODR)
[15].
Other studies have shown that the mass of
roots of peas in layers of topsoil and subsoils
increases with the decrease of the difference
between the size of the current density (ȡa) and
equivalent density (ȡn) [20].
The above examples show that the most
reasonable solution, for many reasons, is
maintaining, in all layers of pedons, a density equal
to the equivalent density or close to it, which is
falling in the range ȡn ±0.05 Mg m-3. Granulometric
ratio equivalent density of soil (g) is the key
ingredient in the formula for calculating the
equivalent density of the soil (ȡn). If the land user
does not have the markers of its particle size
composition, which enables the determination of
the index (g), then he can approximately estimate
the equivalent density (ȡn) on the basis of data from
the soil-agriculture map complemented by findings
from the interpretation given in the present study
regression equations, which relate to the
classification of particle size according to Polish
industry standard BN-78/9180-11. The newer
classification of soil particle by PSSS 2008 is less
useful for this purpose.
Of course, in addition to the index values
(g) and the function of the depression in pedon (z)
of 0.021 Mg m-3 dm-1, in order to accurately
determine the amount of equivalent density, one
will need to determine the content of calcium
carbonate and, especially, in relation to the organic
carbon in the outer parts of pedons.
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EXAMINATION OF THEIL REGRESSION OF
NONPARAMETRIC METHODS AND LINEAR REGRESSION
ANALYSIS ON JAPANESE QUAILS HAVING DIFFERENT
SAMPLE SIZE
Ozgur Koskan*, Sedat Aktan, Naide Kuru
SüleymanDemirel University, Agriculture Faculty, Department of Animal Science, Biometry and Genetics, Isparta - TURKEY

relations between these variables while analyzing
statistically, are called multivariate statistical analysis
technics. Correlation and regression analysis are
among the other multivariate statistical analysis
technics.
As it is known, the statement of covariance of
two properties is sum of multiples. When the sign of
sum of multiples is positive (+), as one property
increases, the other also increases; if the sign is
negative (-), as one property increases, the other
decreases. Correlation coefficient that is calculated
between two variables by using the covariance of
variables gives the degree of covariance of two
variables. On the other hand in regression analysis,
one of two properties is called as dependent and the
RWKHU DV LQGHSHQGHQW ,W LV WRWDOO\ UHVHDUFKHU¶V
preference to decide which one should be dependent
or independent. Regression coefficient is defined as
µWKH DPRXQW RI YDULDWLRQ LQ GHSHQGHQW YDULDEOH ZKHQ
LQGHSHQGHQW YDULDEOH LQFUHDVHV RQH XQLW¶ ,I WKH
variation increases, then the direction of relation
would be positive. However, if the variation
decreases, then the direction of relation would be
negative. In regression analysis dependent variable is
estimated by using the data obtained from
independent variable. During this estimation process,
the regression equation, which is developed by
obtained data, is used. In order to run parametric
regression analysis some assumptions should be met.
Moreover, when these assumptions are not met,
alternative non-parametric tests are developed for
both correlation and regression analysis between two
variables. Theil technic, that is a non-parametric
simple linear regression analysis method, is one of
these developed methods. Theil technic is developed
IURP.HQGDOO¶V7DXVWDWLVWLFIRUWKHVLWXDWLRQVWKDWDQ\
assumption is not met. The purpose in Theil is to state
the covariance of two variables. Purpose of this study
was to examine Theil technic which is one of the nonparametric simple linear regression analysis methods
developed for simple linear regression analysis. For
this purpose results obtained from an experiment and

ABSTRACT
It is known that it is difficult to work with large
number of animals due to difficulties in finding
enough animal and cost constraint. In this case, the
preconditions of parametric tests in many studies may
not be met. This study demonstrates how and under
which circumstances Theil regression, one of the
regression methods used when precondition of
parametric tests is not met, can be used. For this
purpose, Theil method was applied on egg weight
(Ew), albumen height (Ah) of different sample width
(5, 10, 20 and 48) of randomly chosen 48 Japanese
quails and was interpreted together with results
obtained from linear regression. Theil regression
equations for different sample width were as follow:
Ah=-6.635+0.873 (Z¶ ߬  3!  µ$K  (Z¶
߬=0.6:
P<0.05).
µ$K  (Z¶
߬=0.6:
P>0.05).
µ$K   (Z¶ ߬=0.6: P>0.05). Linear
regression equations for different sample width were
DV IROORZ µ$K - (Z¶ )  3! 
µ$K -2.8 (Z¶ ) 
3! 
µ$K  (Z¶
) 
3! 
µ$K  (Z¶ )  3!  5HVXOWV
showed that Theil method can be used for analyzing
small sample sizes as it gave similar results and
conclusions to linear regression.
KEYWORDS:
Non-parametric regression; Theil regression;
regression; precondition of parametric tests

linear

INTRODUCTION
When conducting research, more than one
property related to the subject emphasized is often
measured from the same experimental unit. Each of
these properties is called variables while they are
being analyzed statistically. Calculation technics,
which are related to acquiring more than one variable
from the same experimental unit and considering the
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variation of dependent variable could be explained by
the independent variable(s) included in the model, the
mentioned model would be a deterministic or
mathematical model.
In the practice, generally researcher study on
VDPSOHVVRLQVWHDGRIXVLQJ< ĮǺ;İWKH\XVHDQ
estimation equation as ܻ= a±byxX which is obtained
from samples:
Where:
:
ܻ
Estimated
variable
or
dependent/response variable
a: Regression constant or intercept-Y
byx: Regression coefficient or slope of the line
and called as the regression coefficient of Y
according to X.
X: variable used to estimate the dependent
variable or independent/predictor variable
In the equation of Y: a ± byxX:
a(VWLPDWLRQRIĮ
byx(VWLPDWLRQRIȕ
7KDW¶VZK\ܻ= a± byxX, is also called estimation
equation. While making mentioned estimations,
researchers try to keep sum of square error at
minimum. These kinds of estimations are called Least
6TXDUH(VWLPDWHV³H´ LVXVHGDVHVWLPDWLRQRIİZKLFK
is an error term. Error value for any individual is
calculated as ei = (Yi ± ܻi). These error values are also
called as residual.
Y; real or observed value of dependent variable
and ܻǢ indicates the estimation of dependent variable
by using ܻ= a+ byxX and errors or residual can be
found as ei = (Yi ± ܻi   6R Į DQG ȕ XQNQRZQ
parameters are estimated by; σ ݀ଶ ൌ σሺݕି ݕ ሻ at
minimum. Therefore, partial derivative ofσ ݀ଶ , that
is the sum of square error, must be calculated
according to a and byx, and must be equalized to zero.
As a result regression constant:

the results of simple linear regression analysis carried
on the same data set, were examined together.

MATERIALS AND METHODS
Material. In the study, homogenous, four
months old 120 Japanese quails not selected for any
traits were used. Among these 120 Japanese quails,
samples having the sizes of 5, 10, 20 and 48 were
formed by random sampling. This study presents that
in which situations and how we should use Theil
regression which is one of the non-parametric simple
linear regression methods used when preconditions of
parametric tests are not provided. In accordance with
this purpose, the results, acquired by applying Theil
regression method to different numbers of quails (5,
10, 20 and 48), are examined with the results acquired
from simple linear regression analysis.
Regression Analysis.In most cases researchers
FDQ FROOHFW PRUH WKDQ RQH YDULDEOH¶V GDWD RQ DQ
experimental unit examines. In such cases, knowing
DQG FDOFXODWLQJ VDPSOH¶V GHVFULSWLYH VWDWLVWLFV ZRXOG
not be enough, this means loss of data even if we
have some data. So by using data we have, we can
examine the relationship between two variables and
the variation of one variable while the other increases
one unit [1].
In a case, where one variable is dependent (y)
and the other one is independent (x), if y is stated as
function of x, this is called regression [2]. A
regression analysis, used to examine the relation of a
dependent (Y) and an independent (X) variable, is
called Simple Linear Regression Analysis.
If study is carried on all population, the relation
between dependent and independent variables is
H[SODLQHGDV< Įȕ;İ
Where:
Y: Dependent variable (dependent/response
variable)
Į5HJUHVVLRQFRQVWDQWRULQWHUFHSW-Y
ȕ5HJUHVVLRQFRHIILFLHQWRUVORSHRIWKe line
X: Independent variable
İHUURUWHUP
(UURU WHUP İ LQGLFDWHV WKH XQH[SODLQHG SDUW RI
variation on the dependent variable. Unexplained
part, in other words error term, may be generally
originated from not including some variables to
model which can explain the variations of dependent
variable or some other factor that we cannot be
H[SODLQHG 6R HUURU WHUP İ VKRXOG EH LQFOXGHG WR WKH
model. Because generally, all variations dependent
variables cannot be explained by independent
variables included into the model. That is the reason
ZK\< Įȕ;İPRGHOLVFDOOHGDVVWDWLVWLFV,IWKH

σௗ ௗ

byx= σ ೣ మ  ,of which regression coefficient is,
ௗೣ
a=ܻത - byxܺത is obtained.
Regression coefficient (byx), indicates the
decrease or increase in dependent variable as
independent variable increases one unit. In order to
implement parametric simple linear regression
analysis some assumptions should be met [3].
Assumptions Regarding Simple Linear
Regression. When there is a dependent and an
independent variable, linear regression model
includes some specific assumptions. These
suppositions are summarized below.
Independent x1 YDULDEOH¶V YDOXHV DUH WR EH
constant. That means x1¶V YDOXHV DUH FKRVHQ E\
researcher. For instance if researcher makes a
regressiRQ DPRQJ GRVHV DQG LQVHFWV¶ GHDWK GXUDWLRQ
KH PXVW VHW GLIIHUHQW GRVHV     «  DQG
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+\SRWKHVLV WHVWV UHODWHG WR Į DQG ߚመ ) at
parameter prediction in accordance with median: It is
the hypothesis test related to one or both coefficients
RIĮDQGȕGealed for regression equation. Hypothesis
RIĮ Į0 and ߚመ ȕ0¶VVLPXOWDQHRXVWHVWVDUHKDQGOHG
This technic submitted by Theil for slope test is
EDVHGRQ.HQGDOO¶V7DXVWDWLVWLFV[5, 6].
Assumptions: Data consist of n number of
observation pairs as (x1, y1 « [n,yn):
Į
ȕ;i
+ei
L «Q
Yi 
(2)
Where Xi LV NQRZQ FRQVWDQW Į DQG ȕ DUH
unknown parameters. For each Xi value there is a
subpopulation of Y value. Yi is observed values of
constant Y random variable in Xi values. All Xi values
are different and arranged as x1<x2«[n. ei is
coindependent and originates from same constant
population.
7HVW6WDWLVWLF7KLVPHWKRGLVEDVHGRQ.HQGDOO¶V
7DX VWDWLVWLF .HQGDOO¶V 7DX criterion is measured by
comparing all possible observation pairs at the form
of (Xi, Yi - ȕ0Xi) [6].

then indicate the death duration of insects for each
dose. In other words x1variable is not a random
variable and can be controlled. This assumption
distinguishes regression analysis from correlation
analysis; however, regression analysis can also be
used when x1 is a random variable. In this situation x1
variable cannot be controlled. For instance, a
researcher who examines the relationship between
SDWLHQWV¶ DJes (x1) and the number of doctor
appointments (y), takes individuals at different ages
as samples which represents the universe and learns
the number of doctor appointments. In such situations
joint distribution of x1 and y is assumed to indicate
bivariate normal distribution.
In regression analysis the values of independent
variable are measured accurately; however, there is
QRVXFKWKLQJDVSHUIHFW PHDVXUHPHQW7KDW¶V ZK\LW
means that measuring errors of x1 can be ignored.
There is more than one y value for each x1
value. For instance at the example of the number of
KHDUWEHDWV IRU HDFK GRVH PDQ\ SHRSOH¶V KHDUWEHDWV
are examined and there is a subset of y values for
each x1 value. These subsets must indicate normal
distribution for prediction and hypothesis test to be
valid.
Variances related to subsets of y values for each
x1 value are homogenous. Y values are statistically
independent. So y value for any x1 value does not get
affected by the y value for the other x1 value.
Averages related to distributions of y subsets are
on a line. This assumption is called as linearity
hypothesis [4].
If assumptions given above are not met, nonparametric Theil regression, which is a regression
analysis, is used.

0HWKRG¶VVWHSV
1. (Xø, Yø - ȕ0Xi), observation pairs are arranged
on a column in natural order in accordance with the X
values.
2. Each Yi - ȕ0Xi value is compared with each Yj
- ȕ0xj value.
3. The number of comparison resulted in natural
order as (Yi - ȕ0Xi, Yj - ȕ0Xj) is signed as P, the
number of comparisons resulted in inverted natural
order is signed as
Q.
4. Test criterion as S=P-Q is explained by the
equation below.
ୗ
߬ൌ

Theil Technic. This technic asserted by Theil in
1950 is one of the most applied method by
researchers to find slope. Theil regression used to
estimate the slope of a line, is based on the median
calculation of slope values obtained from (xi, yi), (xj,
yj) [5, 6].
(x1, y1 « [n, yn) n: number of observation pair;
Yi Įȕ;i + ei , ø «Q
(1)
:KHUH Į DQG ȕ1 are unknown regression
parameters. Xi values are constant which are different
from each other and arranged as x1<x2«[n [7]. In
this model ei¶V YDULDQFH PXVW EH ıe2 and must have
normal distribution with an average of 0. This just
occurs as a result of independent and completely
randomized predictions [8]. ȕ¶V SUHGLFWLRQ  ߚመ
becomes a weighed median of ܰ ൌ ൫ଶ൯ number of
slopes bij=(yj ± yi)/(xj ± xi) that is acquired as i<j (xi
[j) [5, 6]. So ߚመ = median (bij) and ߙො; ߙො=median (Y)
± (ߚመ ) median (xi) [5].

୬Ǥሺ୬ିଵሻȀଶ

(3)
Decision According to Hypothesis. If
FDOFXODWHGĲYDOXHLVSRVLWLYHDQGLVODUJHUWKDQWKHQ
and a/2 values at the Tau table of Kendall or negative
Ĳ YDOXH LV OHVV WKDQ WKH WDEOH YDOXH +0 hypothesis is
UHMHFWHG  ,I FDOFXODWHG Ĳ YDOXH LV SRVLWLYH DQG PRUH
WKDQ WKH FULWLF YDOXH RI Q DQG Į DW WKH 7DX WDEOH RI
Kendall H0 hypothesis is rejected. Calculated negative
ĲYDOXHLVOHVVWKDQWKHQHJDWLYHFULWLFYDOXHRIQDQGĮ
at the Tau table of Kendall H0 hypothesis is rejected.
Any comparison is not possible with X. If as x1[2,
y1=y2; this ratio is zero. In this situation observation
pair is ½ coherent and ½ incoherent. This does not
PDNH GLIIHUHQFH LQ FDOFXODWLRQ RI Ĳ FRHIILFLHQW
However in case of recurrence it alters the calculation
RIĲ
7HVW DQDO\]HG IRU Ĳ FRHIILFLHQW RI .HQGDOO
assumes continuous data. But in practice, repetition
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TABLE 1
Descriptive statistics of albumen height and egg weight of different sample sizes.

Variables
Ew
Ah
Ew
Ah
Ew
Ah
Ew
Ah

N

Means

5
12.676
5
4.538
10
12.322
10
4.522
20
11.673
20
4.754
48
12.114
48
4.7774
Ew: egg weight, Ah: albumen height

Standard
Error of
mean
0.391
0.329
0.276
0.201
0.279
0.146
0.174
0.0978

Standard
Deviation

Minimum

Median

Maximum

0.875
0.736
0.872
0.634
1.247
0.653
1.191
0.6705

11.570
3.810
11.020
3.810
9.030
3.630
9.030
3.3700

12.490
4.570
12.185
4.480
11.800
4.860
12.100
4.8600

13.940
5.530
13.940
5.530
13.940
5.860
14.890
5.9800

Equation and significance level, when the
numbers of samples are changed, are indicated in
Table 2. When Table 2 is examined, Albumen height
  HJJ ZHLJKW¶ HTXDWLRQ ZDV IRXQG LQ
Theil regression analysis when the number of
observations was 5.
When this equation was examined by using
.HQGDOO¶V 7DX WHVW VWDWLVWLFV +0 hypothesis for N=5,
߬=0.6 was accepted. So it was concluded that linear
relationship between two properties was not
statistically significant. As seen in Table 1 1 and
Table 2, in simple linear regression analysis carried
on same numbers (Albumen height=-4.51+0.714*
weight of egg) equation was found and was
concluded that it was not statistically significant.
When number of observation was 10, equation
of Albumen height=-3.387+0.647*egg weight was
obtained in Theil regression analysis.. When this
HTXDWLRQ ZDV H[DPLQHG E\ XVLQJ .HQGDOO¶V 7DX WHVW
statistics, H0 K\SRWKHVLV IRU 1  Ĳ  ZDV
rejected. So it was concluded that linear relationship
between two properties was statistically significant.

corresponding to repetitive observation group of X
may occur either at X or Y or at both of them. In case
of repetition the easiest way is to appoint the average
of natural order numbers of repetitive observations as
rank. A proposed approach for repetition is as
follows.
Observations are arranged in ascending natural
order in accordance with the size of X values. Y
values
YDOXHV DUH DUUDQJHG LQ DVFHQGLQJ RUGHU < SDLUV¶
natural and inverted natural order numbers are
counted as in no repetitive case. However Y value for
repetitive X (Xa) cannot be compared with any Y
value for Xa and other repetitive X.

RESULTS
Descriptive statistics related to both properties
used in Theil regression and linear regression models
are given in Table 1. It is clear in Table 1 that
descriptive statistics have similar values at samples
which are taken randomly

TABLE 2
Hypothesis controls, Theil and linear regression equations used in estimating albumen height (ah) from egg weight (ew).
N
5
10
20
48

Theil Regression Equation
Ah=-6.635+0.873*Ew
Ah=-3.387+0.647*Ew
Ah=2.429+0.201*Ew
Ah=4.86+0.127 * Ew

Kendal Tau and p
߬=0.6: p>0.05
߬=0.56: p<0.05
߬=0.15: p>0.05
Ĳ S!

3676

Linear Regression Equation
Ah=-4.51+0.714*Ew
Ah=-2.82+0.596*Ew
Ah=2.99+0.151*Ew
Ah=3.59+0.098*Ew

F test and P
F=7.74: P>0.05
F=16.30: P<0.05
F=1.63: P>0.05
F=1.41: P>0.05
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FIGURE 1
Coordinate values and relation between two variables when N=5.
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FIGURE 2
Coordinate values and relation between two variables when N=10.

was found and was concluded that it was not
statistically significant.
When number of observation was 48, equation
of Albumen height=-4.86+0.1272*egg weight was
obtained in Theil regression analysis. When this
HTXDWLRQ ZDV H[DPLQHG E\ XVLQJ .HQGDOO¶V 7DX WHVW
statistics, H0 hypothesis for N=48, Ĳ 14 was
accepted. So it was concluded that linear relationship
between two properties was not statistically
significant. As seen in Table 2 and Figure 4, in simple
linear regression analysis carried on same numbers
(Albumen height=3.59+0.0981* egg weight) equation
was found and was concluded that it was not
statistically significant.

As seen in Table 2 and Figure 2, in simple linear
regression analysis carried on same numbers
(Albumen height=-42.82+0.596* egg weight)
equation was found and was concluded that it was
statistically significant.
When number of observation was 20, equation
of Albumen height=-2.4293+0.2013*egg weight was
obtained in Theil regression analysis. When this
HTXDWLRQ ZDV H[DPLQHG E\ XVLQJ .HQGDOO¶V 7DX WHVW
statistics, H0 hypothesis for N=20, Ĳ 15 was
accepted. So it was concluded that linear relationship
between two properties was not statistically
significant. As seen in Table 2 and Figure 3, in simple
linear regression analysis carried on same numbers
(Albumen height=-2.99+0.151* egg weight) equation
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FIGURE 3
Coordinate values and relation between two variables when N=20.
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FIGURE 4
Coordinate values and relation between two variables when N=48.

In a study determining albumen index which is
one of the internal quality properties of Japanese quail
eggs by Ridge Regression model,[9] reported that
with Ridge regression method which is used when
there is a multicollinearity problem regression
equations had smaller standard error, better accuracy
and confidence level.
To determine the albumen index by using,
weight (X1), width (X2), length (X3) of the egg,
haugh unit (X4) and shape index (X5). [9] Found
estimation
equation
of
Y=-11.743+0.201X10.067X2-0.081X3+0.245X4-0.008X5
(p<0.001).
0RGHO¶VJRRGQHVVRIILWZDV found as R2= 0.787.
In the a study to examine different nonparametric regression models, [10] reported that using
these models was more appropriate whether there are
outliers or sample size is small.
In a study using stock market- LQGH[¶V ILQDO
quotation by month as base, [11] compared efficiency
of non-parametric regression models by using BoxLjung (BL) method. They found that based on the
comparisons made related to various performance
criteria, non-parametric regression gave more
efficient results than Box-Ljung (BL) method.

RESULTS AND DISCUSSION
In conclusion, when preconditions of parametric
tests are not met, as an alternative of parametric linear
regression analysis, Theil regression, which is a nonparametric technic could be used for small sample
size that does not meet the preconditions.
Non-parametric Theil regression, needs less
limiting preconditions than the parametric linear
prediction method. Thus non-parametric methods are
used more often and become more popular.
Moreover, Theil regression can also be used when
SDUDPHWULFPHWKRG¶VSUeconditions are met and that is
another advantage of non-parametric methods. In
animal science, linear regression model is commonly
used on even small sample sizes examining linear
relationship between variables and prediction models
are reported Theil regression model used in this
study, give similar results to linear regression model.
7KDW¶V ZK\ LW LV FRQFOXGHG WKDW QRQ SDUDPHWULF
models and prediction equations can also be used in
studies.

3678

© by PSP

Volume 25 ± No. 9/2016, pages 3673-3679

Fresenius Environmental Bulletin

[7] <ÕOGÕ] 1 DQG 7RSDO 0  1RQSDUDPHWULN
UHJUHV\RQ PHWRWODUÕQÕQ LQFHOHQPHVL $WDWUN
Üniversitesi Ziraat Fakültesi Dergisi, 32(4), 429435.
[8] Maritz, J. S. 1979. Exact robust confidence
intervals for location. Biometrika 66, 163-166.
[9] hoNDUGHú ) (IH ( 1DULQo ' $NVR\ 7
 -DSRQ EÕOGÕUFÕQODUÕQGD \XPXUWD DN
indeksinin ridge regresyon yöntemiyle tahmin
edilmesi. Akademik Ziraat Dergisi, 1(1), 11-20.
[10] (ULOOL $ 1 DQG $ODNXú .  1RQparametric regression estimation for data with
equal values. European Scientific Journal, 10(4),
1857 ± 1881.
[11] (UGR÷DQ 1 . DQG 8]J|UHQ 1  BoxLjung ve nonparametrik regresyon yöntemlerinin
HWNLQOLNOHULQLQ NDUúÕODúWÕUÕOPDVÕ ,0.%-100
endeksine yönelik bir uygulama. Ekonometri ve
øVWDWLVWLN-19.
[12] Dan, E. and Jude, O., 2014. Estimation of
ELYDULDWH UHJUHVVLRQ GDWD YLD 7KHLO¶V DOJRULWKP
Journal of Emerging Trends in Engineering and
Applied Sciences (JETEAS), 5(8), 29-3.
[13] Glaister, P. 2005. Robust linear regression using
7KHLO¶V PHWKRG -RXUQDO RI &KHPLFDO (GXFDWLRQ
82, 10, 1472.

In a study, developed a R program package
running Theil regression and reported that since Theil
regression is a distribution-free test it would be
important in terms of common alternative use, [12,
13] reported that when there were outliers and outlier
number increased, Theil method was not affected by
outliers as it was using median and when outliers
were removed they found that linear regression
became more robust.

CONCLUSION
In conclusion, the studies in recent years
indicate that; non-parametric statistics can be used in
many fields. It is also reported that since nonparametric tests are distribution free they give good
and similar results in especially small data sets and
also in big data sets compared to the other methods.
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system was found as 1328 mm [1], 1767,8 mm [2]
and 2036 mm [3] in rice at different regions of
Turkey by different researchers. In International
Rice Research Institute (IRRI), between 650 and
830 mm water was used for aerobic rice, while
1350 mm irrigation water was used for traditional
flooded conditions [4].
The economic use of water has become more
important nowadays and researches are underway
to reduce irrigation water for rice production. To
improve water saving in rice production, various
studies have been done. Between 746 to 1071 mm
water requirement was determined for rice farming
under sprinkler irrigation in Australia [5], and 6,84
kg/ ha yield was obtained from Shinhakaburi rice
cultivar under sprinkler irrigation conditions with
irrigation 500- 600 mm water [6]. In field
experiments carried out in IRRI 14- 40 % less (2,44,4 h/ ha) rice yield was obtained under aerobic
conditions. Some authors reported that underground
drip irrigation systems use 80 % less water than
traditional system [7]. On the other hand, studies
carried out in Turkey and other countries showed
that sprinkler irrigation application saved water, but
decreased yield between 20 % to 50 % as compared
to the continuous submergence of fields
[8,9,10,11,12]. The reason of yield decrease was
reported as decreasing in 1000 kernel weight [8]
and reduction of the number of kernel at panicle
[9,10]. Water consumption in aerobic conditions
was 50 % less and water use efficiency was 64-88
% higher than the traditional flooded conditions
[13]. Irrigation programs causing drought stress in
rice increased the number of days to flowering and
maturity [14,8,9,15] and decreased plant height
[14,10,15,11].
To improve water use efficiency various
researches have been
carried out on different
irrigation systems such as sprinkler, soil saturated,
drip etc. Research on drip irrigation system in rice
is new compared to other water saving technologies
in rice. The less popularity of drip irrigation is

ABSTRACT
This research was carried out to investigate
various drip irrigation treatments in rice. Six drip
irrigation treatments and traditional flooded rice
culture ZHUH  H[DPLQHG  ZLWK  2VPDQFÕN-97 rice
variety. Drip irrigation laterals with an emitter
discharge rate of 2 l/h and emitter spacing of 0,30
m were used in drip irrigation system. Distances
between laterals were 80 cm or 160 cm according
to drip irrigation treatments. As a to two year
means, highest yield was obtained from T7
control treatment (flooded irrigation) with 8, 027
t/ha, and it was followed by T1 (16 planted rows
in plot, distance between rice rows 20 cm and
distance between drip irrigation laterals 80 cm)
drip irrigation treatment with 6.955 t/ha. Total
water amounts applied to control flooded and drip
irrigation treatments were determined respectively
as 1806 mm and 789 mm (including rainfall).
56,31 % less water was used at drip irrigation
treatment than the control flooded irrigation
treatment. While water use efficiency (WUE) was
0,444 kg paddy/t water in flooded irrigation, it was
0,885 kg paddy/t water for the T1 which was the
highest yielding drip irrigation treatment.

KEYWORDS:
Agronomic characteristics, drip irrigation, milling yield,
rice (Oryza sativa L), yield, water use efficiency (WEU).

INTRODUCTION
Rice requires substantial amount of fresh
water and it is grown under flooded conditions at
most of the rice growing areas in the world.
Irrigation water is the most important limiting
factor for rice production. Because of this we have
to use irrigation water without wasting a single
drop of it during rice production. Rice is grown
also, under flooded irrigation conditions in Turkey
and, water consumption under flooded irrigation
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are listed and explained in Table 2.
Plot size was 16 m2 (3,2 m × 5 m). 2VPDQFÕN97 rice cultivar was used in this study and seed rate
was 100 kg/ ha for all treatments. Irrigation drip
laterals with an emitter discharge rate of 2 L h±1 and
emitter spacing of 0,30 m was used in each drip
irrigated plot. Distances between laterals was 80
cm or 160 cm depending on treatments. Amount of
the irrigation water applied with each drip irrigation
treatment was determined on the basis of water
evaporated from the A class evaporation pan. Three
irrigation applications per week were applied to
drip irrigation treatments. For control flooded
treatment, 10-15 cm standing water kept during
experiment, and water was not allowed to flow out
from plot. Due to the differences in hydraulic
properties of the experimental soils during the years
of the study, amount of irrigation water was
calculated by correction of the evaporated water
using 1.1 and 1.6 as correction coefficients during
2007 and 2009 year trials respectively.

probably due to higher cost than the
other
irrigation systems. But, nowadays drip irrigation
applications are getting cheaper with improvements
in drip irrigation technologies. Using drip irrigation
system leads to use of less water, in addition that
fertilizer and chemical application can be more
easier during rice crop production. Moreover, under
drip irrigation conditions rice farming
and
harvesting could be more easier. Drip irrigation is
also more environmentally friendly because, in
aerobic conditions, such as drip irrigated rice
culture, methane emission is limited.
Because of a great reduction in seepage,
percolation and evaporation during flood irrigation,
drip irrigation technology allows for greater water
use efficiency and high water saving compared to
traditional flooded and other rice irrigation systems.
This study was carried out to investigate 6 drip
irrigation treatments and traditional flooding in rice
to find out suitable drip irrigation treatments which
can be used to save water, increase water use
efficiency and prevent methane emission in rice
production.

In 2007, 668,5 mm irrigation water was
applied with the drip irrigation system and 169,8
mm water was provided by the seasonal rainfall
or, total of 838,3 mm was applied to drip irrigated
treatments. In the same year, total (irrigation and
rainfall) amount of water supply to flooded control
application reached up to 1435,4 mm. In 2009,
624,4 mm water was applied with the drip irrigation
system and 116 mm rained, 740,4 mm total water
(irrigation and rainfall) was supplied for drip
irrigation treatments. In the same year 2178,4 mm
total water was supplied to control flooded
irrigation. As a two years mean; total of 789 mm
water (including seasonal rainfall), was used for
drip irrigation treatments, vs. that of 1806 mm
water
in the case of the control treatment.

MATERIAL AND METHODS
This research was carried out during 2007,
2008 and 2009 but 2008 results were not taken into
account because of high weed infestation in 2008.
Field experiments were conducted at Trakya
Agricultural Research Institute research field.
Climatic conditions during rice production seasons
of experiments are given in Table 1. Experiment
was conducted at randomized block design with
four replication, plot size was 16 m2 (3,2 m × 5 m).
Six drip irrigation treatments and control flooded
traditional
irrigation were evaluated in this
research. Irrigation treatments used in experiment

TABLE 1
Meteorological data during experiments in 2007 and 2009
Month
Year
The highest
temperature (oC)

May
2007
26,4

2009
32,8

June
2007
31,9

2009
36,4

July
2007
32,5

2009
38,7

August
2007 2009
34,5
37,2

September
2007 2009
26,4
26,4

The lowest
temperature (oC)

12,9

6,2

20,0

13,6

22,6

12,3

18,8

12,6

13,5

6,6

Mean
temperature (oC)

19,6

19,0

24,8

22,6

27,0

24,9

26,3

24,7

19,4

19,9

8

3

5

7

6

42,8

9,1

25,6

29.8

5,4

Number of rainy 9
8
4
7
1
days
Total rainfall
122
21,8
8,2
20,4
0,8
(mm)
Source: Meteorological provincial directorate of Edirne
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FIGURE 1
The content and view of the irrigation treatments investigated in the study
Treatment
T1
Number of planted rows in plot
= 16
20 cm between rows
Drip irrigation lateral every 80
cm
T2
Number of planted rows in plot
= 12
20 cm between rows but one
rows not planted after every 3
rows
Drip irrigation lateral every 80
cm at the middle of planted 3
rows
T3
Number of planted rows in plot
=8
20 cm between rows but two
rows not planted after every 2
rows
Drip irrigation lateral every 80
cm at the middle of planted 2
rows
T4
Same as T3 but, drip irrigation
laterals every 160 cm in not
planted area

T5
Same as T3 but, not planted
area was mulched with plastic

T6
Same as T4 but, not planted
area was mulched with plastic

T7 control
Traditional flooded, there was
always 10-15 cm standing
water in plot and but water
was not permitted to flow out
of plot
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irrigation treatments for characters studied, except
for panicle length.
The number of days to flowering was the
lowest at T7 control treatments with 86 days, but it
was the highest at T3 with 89 days. It was
reported that, some irrigation methods resulting
drought stress in rice increased the number of days
to flowering and maturity [14,8,9,15]. Results of
this study, fully confirmed the conclusion of
mentioned authors that drip irrigation treatments
also increased the number of days to flowering in
rice.
Minimum days to maturity were obtained in
T7 flooded control treatment with 123 days on the
other hand, maximum days to
maturity were
noted in T3 and T4 with 127 days. It was reported
that
sprinkler
irrigation [8,15] intermittent
irrigation [11] increased days to maturity moreover
at the another study with drip irrigation [7] was
found that drip irrigation increased about 2 weeks
in days to maturity, but in our study, drip
irrigation increased days to maturity about 4
days this could be because of cultivar used in the
our study or environmental conditions. From this
study, it was also, concluded that drip irrigation
increased days to maturity in rice.
Control treatment T7 had the highest plant
height (99,53 cm). Despite statistically significant
differences between control flooded and drip
irrigated treatments, there were not any significant
differences among the drip irrigation treatments.
On the other hand there was no significant
differences between irrigation treatments in terms
of panicle length. In earlier studies it was reported
that sprinkler irrigation [18,19,15], intermittent
irrigation [15,11] decreased plant height in rice.

Comparison between average seasonal water
amounts of drip irrigated treatments and flooded
applications show that 56 % water saving could be
achieved under condition of drip irrigation. In 2009,
lower
water was applied than in 2007 at drip
irrigation treatments. There were more cloudy and
rainy days in 2009 than in 2007, and mean
temperature was higher in 2007 than in 2009, as e
result, evaporation was higher in 2007 than in
2009. On the other hand, more water was applied
for control treatment in 2009 than 2007, it could be
higher seepage and percolation characteristics of
experiment soil in 2009 than 2007 experiment soil.
189 kg N/ ha and 80 kg P 2O5 / ha fertiliser
were applied to experiment each year. Nitrogen was
applied with 3 splits before seeding, during tillering
and during booting stage. Weed control was done
by hand and chemicals.
Days to flowering, days to maturity, plant
height, panicle length, number of fertile panicle per
square meter, percentage of sterile spikelet per
panicle (%), 1000 kernel weight, total biological
yield (above-ground yield), harvest index (%),
brown rice milling yield (%), total rice milling yield
(%), head rice milling yield (%), paddy yield were
recorded [16,17] and the data thus collected were
subjected to analysis of variance and two years
mean were compared.

RESULTS AND DISCUSSION
Analysis of variance of
drip irrigation
treatments for two years mean are given Table 2
and Table 3. As can be seen from Table 2 and
Table 3, there are significant differences between

TABLE 2
Overall mean performance of irrigation treatments for two years mean in 2007 and 2009
Treatment

Days
to
flowering
(d)

Days to
maturity
(d)

Plant
height
(cm)

Panicle
length
(cm)

T1
88 bc
125 c
82,10 b
13,93
T2
87 c
125 c
82,68 b
13,98
T3
89 a
127 a
82,23 b
13,90
T4
88 ab
127 a
81,73 b
13,95
T5
88 b
126 b
82,05 b
14,38
T6
88 bc
126 b
79,38 b
13,78
T7
86 d
123 d
99,53 a
13,96
C.V ( %)
0,58
0,22
6,05
7,05
Lsd ( 5 %) 0,51
0,27
5,17
N.S
*Means not sharing the letter similar differ significantly
*Values are means of two years
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Number of
fertile panicle
per square
meter
270 a
219 b
165 c
164 c
170 c
163 c
225 b
8,3
16,54

Percentage of
sterile spikelet
per panicle
(%)
13,11 a
11,37 ab
9,94 b
11,78 ab
10,03 b
10,17 ab
10,20 ab
26,63
2,95

1000
kernel
weight
(g)
29,22 c
29,63 bc
29,42 c
29,79 bc
29,73 bc
30,21 ab
30,71 a
2,26
0,68
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TABLE 3
Overall mean performance of irrigation treatments for two years mean in 2007 and 2009
Treatment

Total biological Harvest
Brown rice
yield
index
milling yield
(t/ha)
(%)
(%)
T1
1557 b
46,12 a
80,06 c
T2
1338 c
44,46 ab
79,90 c
T3
1301 c
44,64 ab
80,84 b
T4
1180 d
44,91 ab
81,16 b
T5
1255 cd
45,07 ab
81,18 b
T6
1177 d
45,61 a
81,13 b
T7
1904 a
43,53 b
82,29 a
C.V (%)
8,58
3,87
0,94
Lsd (5 %) 120,81
1,76
0,76
*Means not sharing the letter similar differ significantly
*Values are means of two years
In this study it was also found out that plant
height was decreased by drip irrigation treatments
but probably due to the genotype of the cultivar
used in the study. Panicle length was not affected
by the irrigation treatments.
The number of fertile panicle per square meter
was the highest at T1 treatment with 270 fertile
panicle/ m2 followed by T7 with 225 fertile
panicle/ m2 and T2 with 219 fertile panicle/ m2. The
lowest number of fertile panicle per square meter
was observed at treatment T6 with 163 fertile
panicle/ m2. Earlier it was reported that irrigation
treatments not affected on fertile panicle per
square meter [20,15,11,9] but in this study T6, T5,
T4 and T3 had low fertile panicle per square meter
than the T1 and T2 drip irrigation treatments. This
could be a result of not planted rows in plot of
these treatments.
Treatment T1 attained highest percentage of
sterile spikelet (13,11%), while , T3 ( 9,94 %) and
T5 (10,03 %) had the lowest percentage of sterile
spikelet respectively. In the literature exist, it was
reported that drought stress reduce number of
filled kernel at panicle [8,11,10] and increased
sterility [15]. The highest sterile spikelet percent
observed under conditions of T1 plots probably
appeared as result of the highest plant density in
this treatment.
Control treatment T7 had the maximum 1000
paddy kernel weight with 30,71g followed by T6
treatment with 30,21 g, while T1 and T3 treatments
had the minimum 1000 kernel weights with 29,22
g and 29,42 g respectively. It was reported that
sprinkler irrigation [18,20,8,15], and intermittent
irrigation [15,11] decreased 1000 kernel weight in
rice. In this study drip irrigation also decreased
1000 kernel weight in rice. The reason of lowest
1000 kernel weight in T1 could be higher fertile
panicle/ m2 than the other treatments.
[20,8,9,10,21,15,11]. In studies carried out with

Total
rice
milling yield
(%)
69,91 c
69,81 c
71,74 b
71,29 b
71,90 ab
71,58 b
72,88 a
1,46
1,06

Head rice
milling
yield (%)
55,83 bc
54,86 c
58,23 a
55,65 bc
57,66 ab
55,46 bc
59,56 a
3,86
2,22

Paddy
Yield
t/ha
6,955 b
5,775 c
5,626 c
5,194 c
5,553 c
5,257 c
8,027 a
9,61
59,04

Data included in table 3 show that control
treatment T7 provided the highest biological yield
(1,904 t/ ha), followed by treatment T1 (1,557 t/
ha). The lowest biological yield was obtained
from treatment T6 (1,177 t/ha), and treatment T4
(1,180 t/ ha).
Percentage of harvest index was the highest
in treatment T1 (46,12 %) followed by treatment
T6 (45,61 %), while it was lowest in control
treatment T7. (43,53 %). Drip irrigation treatments
decreased plant height in rice, and that could be
one of the reasons for the lowest harvest index
in control flooded irrigation treatment.
Percentage of brown rice milling yield was the
highest in control treatment T7 with 82,29 %, and
it was lowest in treatment T2 and T1 with 79,90 %
and 80, 06 % respectively. Similar results are
obtained in terms of the percentage of total milling
yield that was the highest in control treatment T7
(72,88 %) followed by treatment T5 (71,90 %),
while it was lowest in treatment T2 (69,81 %)
followed by treatment T1 (69,91 %). Percentage of
head rice yield was also highest in control treatment
T7 with 59,56 % and it was followed by treatment
T3 with 58,23 %, while it was lowest in Treatment
T2 (54,86 %). Percentage of head rice yield is the
one of the most important quality criteria in rice. As
a general conclusion from results of the study, it
could be said that except for T3, head rice yield is
reduced by drip irrigation application.
A comparison of data for two years mean,
given in Table 3 showed, that rice yield is reduced
by drip irrigation treatments. Control treatment T7
provided the highest grain yield (8,027 t/ ha) and it
was followed by treatment T1 ( 6,955 t/ ha), while
there were not any significant differences among
the remainder 5 drip irrigation treatments. Yield
decreasing effect of drought stress under aerobic
conditions
was
reported
earlier
early rice cultivar Ergene, yield loses was found
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in the ranges of 15 and 50 % for sprinkler irrigation
applications with water amounts replacing 200 and
100 % of pan evaporation respectively [12]. 14-40
% less yield was obtained in aerobic conditions
than those from the control flooded conditions
[4]. In the other study 34- 37 % less paddy yield
was obtained under aerobic conditions compared
to flooded conditions [22]. In China; the highest
yield under aerobic conditions was obtained with
5,3 t/ ha from Han Dao cultivar rice cultivar with
applying 644 mm water [23].
Among all the drip irrigated treatments of our
study, the highest yield with 6,955 t/ ha was
recorded
at T1 drip irrigation treatment. This
yield is 13,36 % less than that of the control
flooded control treatment. However, much more
effective water use was determined for the T1 drip
irrigation treatment providing water savings
average up to 56.3 % in comparison with flooded
control. While 2,250 tons water were used to
obtain 1 kg paddy for flooded control irrigation
treatment, 1,13 tons water were enough for 1
kg paddy in T1 drip irrigation. In a similar way,
water use efficiency (WUE) for the traditional
flooded rice was calculated as 0,444 kg paddy/ m3
vs. 0,885 kg paddy/ m3 water for T1 drip irrigation
treatment. It was found out also that, WUE under
conditions of T1 application was 199 % higher
than the flooded
conditions (T7). Our results
confirmed report about 2 times higher WUE in
aerobic
conditions compared to
flooded
conditions [24].
In this study it was found that, the cost of 1
kg paddy was estimated as 0,870 Turkish Lira
(TL) for 1 kg paddy for T1 drip irrigation vs.
0,890 TL/ 1 kg paddy for flooded control (T7)
treatment. It could be concluded that, application
of T1 drip irrigation treatment, rice would be
produced 2,2 % cheaper, than the control flooded
(T7) treatment.

CONCLUSION
There are number of literature sources
reporting for more effective water use in rice
production under sprinkler irrigation, soil saturated
irrigation, intermittent irrigation etc, but research
data related to drip irrigation in rice production are
limited. As a result of our study, it was found out
that rice could be grown under drip irrigation
conditions with using 56,31 % less water than
flooded control irrigation. WUE was 199 % higher
in drip irrigation than the that of flooded control
irrigation treatment. Cost of 1kg paddy was also 2.2
% cheaper in drip irrigation than that of control
flooded irrigation. Moreover, rice production under
drip irrigation would be easier, more economical

Fresenius Environmental Bulletin

and due to limited methane emission in aerobic rice
culture it is more environmentally friendly, though
some more efforts are required for solving the weed
problem under drip irrigation application.
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USE OF NSSR MARKERS FOR DETERMINATION OF
CLONAL IDENTITY AND GENETIC STRUCTURE IN A
PINUS BRUTIA TEN. CLONAL SEED ORCHARD
Behiye Banu Bilgen1*, Nuray Kaya2
1

1DPÕN.HPDO8QLYHUVLW\)DFXOW\RI$JULFXOWXUH$JULFXOWXUDO%LRWHFKQRORJ\'HSDUWPHQW7HNLUGD÷± TURKEY,
2
Akdeniz University, Science Faculty, Biology Department, 07058 Antalya ± TURKEY

genetic gain in the shortest time period. Seed
orchards can be established vegetatively using
grafts, cuttings or tissue culture plantlets
propagated from a selected tree, or with seedlings
produced from seeds of the selected parent [5].
Clonal seed orchards are the most common type
and are established with a finite number of clones
replicated with a certain number of ramets [2, 6].
Clonal identification is necessary for genetic
diversity, mating system, pollen contamination
studies of seed orchards and also for forest tree
breeding programs. Mislabeling of ramets or
skipping some clones during establishment of seed
orchards might affect the results of genetic
diversity, contamination and mating system studies.
For these reasons clonal identification studies
should be necessarily done before starting genetic
diversity, contamination and mating system studies
on
seed
orchards.
Unfortunately,
some
experimental errors such as mislabeling of ramets
during establishment of seed orchards is frequently
seen [1, 7-10].
Molecular markers have also been widely used
for identification of domesticated germplasms,
assaying genetic variation of different forest tree
species, paternity analysis, and the estimation of
pollen-mediated gene flow [1, 7-9, 11-20]. Previous
reports have described mislabeling of ramets in
conifer seed orchards. Some have used multilocus
allozyme markers [10, 21], RAPD analysis [7-9] or
SSR analysis [1] to determine clonal identity and
genetic structure of seed orchards. Molecular
markers such as nSSRs and cpSSRs [22] are useful
markers for the clonal identification of ramets,
especially in the determination of mislabeled ramets
in clonal seed orchards. The major advantages of
using SSR markers over other types of markers is
that SSR markers generally have a large number of
alleles at a locus, identification of alleles is
unambiguous and heterozygosity is easily
determined, and they are quickly and efficiently
analyzed from very small amounts of plant tissue.
The main objective of the present research
was to use nuclear microsatellite markers (nSSR) to
check the clonal identity of P. brutia seed orchard
clones, to estimate genetic structure of P. brutia
clonal seed orchard, to provide information about

ABSTRACT
Determination of clonal identity of seed
orchard clones is required for the forest tree
breeding programs, mating system and pollen
contamination studies. Clonal identity and genetic
structure in a Pinus brutia Ten. clonal seed orchard
were analyzed by 5 nSSR loci (ITPH4516,
FRPP94, PEST2669, NZPR544 and EPI3). Needles
from 5 ramets per clone (totally 30 clones) were
sampled from the seed orchard for microsatellite
analysis. Considering the studied ramets of the P.
brutia seed orchard clones, all the studied nSSR
loci revealed polymorphism. nSSR analysis clearly
indicate that the possible multigenotype number of
the seed orchard clones (30) was 13 with 7 of these
being unique. 39 out of 150 ramets (26%) did not
completely match with the genotypes of their
supposedly related clones. In 9 out of the 30 clones,
all 5 ramets matched each other and in 10 out of the
30 clones, 1 of the 5 ramets did not match the other
4 ramets. This indicates these ramets were misplanted or mislabeled during and/or before planting
in the orchard. We conclude that genetic
identification of orchard ramets seems to be
necessary before beginning mating system, pollen
contamination studies and forest tree breeding
programs.

KEYWORDS:
genetic identity, mislabeling, multilocus genotype,
nuclear microsatellite markers, Pinus brutia

INTRODUCTION
The primary and the most important aim of the
tree improvement and management studies is to
produce genetically superior seeds. Seed orchards
are established with selected materials from plus
trees in order to obtain physiologically and
genetically high-quality seeds and seedlings as
quickly and inexpensively as possible for
reforestation studies and also they provide large
amounts of seeds with high genetic value easily and
economically [1-4]. They provide maximum
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Vendramin (personal communication). The
sequences of the primers used are shown in Table 1.
)RUZDUG SULPHUV ZHUH ƍ HQG-labeled with
fluorochromes (VIC, NED, PET or FAM) and
amplified using the Qiagen Multiplex PCR Kit
(Qiagen, Venlo, the Netherlands) following the
PDQXIDFWXUHU¶V LQVWUXFWLRQV 7KH 3&5 SURILOH IRU 
nSSR primer pairs consisted of 15 min denaturing
at 95 ºC, followed by 30 cycles of 30 s denaturing
at 94 ºC, 90 s annealing at 57 ºC and 1 min
extension at 72 ºC, with a final extension of 30 min
at 60 ºC. Amplified allele fragments were separated
using an ABI Prism 310 Genetic Analyzer (Applied
Biosystems, Foster City, CA, USA) and their sizes
were determined with reference to the Gene-Scan ±
500 LIZ® Size Standard (Applied Biosystems)
using GeneMapper software version 4.1 (Applied
Biosystems).

significance of preventing mislabeling of ramets
during establishment of seed orchards.

MATERIALS AND METHODS
Seed orchard and plant materials. The
studied seed orchard is located near Antalya in
VRXWKHUQ7XUNH\ ƍƎ1ODWLWXGHDQGƍ
Ǝ ( ORQJLWXGH  P DOWLWXGH  ,W LV  KD LQ
size and consists of 30 selected clones originating
IURP WKH *QGR÷PXú-(VNLED÷ VHHG VWDQG ORFDWHG
1000 a.s.l. in Antalya. The orchard was established
in 1992 using 8 × 8 m spacing between ramets. The
number of ramets per clone varied between 43 and
93. In July 2013, needles from 5 ramets per clone
(thus, 30 × 5 = 150) in the seed orchard were
sampled for this investigation. The collected
needles were labeled with ramet and clone number
and stored at - 20 ºC until DNA analysis.

Clonal Identity and Genetic Structure
Analysis. For the analysis of nSSR data, allelic and
genotypic frequencies, effective numbers of alleles
(Ne  >@ 6KDQQRQ¶V LQIRUPDWLRQ LQGH[ , 
observed and expected heterozygosity (Ho and He
respectively [27] and fixation index (F) [28] were
calculated using GenAlEx Version 6.3 [29]. The
effective number of alleles was calculated with the

DNA isolation and PCR amplification for
nuclear microsatellite (nSSR) markers. For the
DNA isolation, the needles belong to 30 clones (30
× 5 ramets = 150) were used. Each sample was
ground with a ball mill (Retsch MM 400). Total
genomic DNA was isolated following the CTAB
protocol [23] with slight modifications. The DNA
in samples were quantified with NanoDrop 1000
Spectrophotometer V3.7. The extracted DNA
VDPSOHV GLOXWHG WR  QJȝO IRU 3&5 DQDO\VLV DQG
stored at - 20 ºC for further use.
Five primer pairs, from available nuclear
microsatellite primers (nSSR) were chosen for this
study. These primers were selected based on the
relatively high quality of PCR products produced
for fragment analysis. The pine nuclear
microsatellite loci analyzed were ITPH4516,
FRPP94, PEST2669, NZPR544 and EPI3, as
described in [24-26], F. Sebastiani and G. G.

1
¦ pi2

, where pi is the
formula Ae = 1 / (1 ± h) =
frequency of the ith allele in a locus and h is the
KHWHUR]\JRVLW\ LQ D ORFXV 6KDQQRQ¶V LQIRUPDWLRQ
index (I) was calculated based on allele frequencies
from the formula I = pilnpi [30].
For the analysis of clonal identity, multilocus
nSSR genotypes of all 150 sampled ramets were
analyzed. Then, possible genetic identity for each
clone was determined. To detect mislabeled ramets,
we compared the multilocus nSSR genotypes of 5
ramets per each clone. If there were mislabeled

TABLE 1
Characteristics of five nuclear microsatellite markers (nSSRs) used in the study
Primers
މÆ
Æ))މRUZDUG55HYHUVH
F:TGATGCAAACAAGTTCCATG
ITPH4516
R:AGCACTCGCTAAACTATGAAGG
F:GGCAAACCTCTTTTAGAGTGC
FRPP94
R:TTTGTCGATTTTTCTTGAAATCTAA
F:ATTGCTTCTGAAAGGGCATC
PEST2669
R:TCCCTTGGCACCATGTTAAT
F: GCGATGTGCAACCCTTGATA
NZPR544
R:TGCTATTCCGTCAAAAACCC
F:AGCAACATTTCCCTGGACAC
EPI3
R:GGAATAATTGCAGTTGCAGTAGC
*AT: Annealing Temperature
ramets in the clone, the possible clone that belong
to was also determined.
Locus name
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AT*
&Û

) މOXRUHVFHQW
Dye

Size

57

PET

124-134

57

FAM

130-132

57

NED

133-143

57

FAM

231-241

57

VIC

217-231
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multigenotype 1 (MG-1) is shared by 6
clones (9282, 9280, 9286, 9287, 9288 and 9289)
and multigenotype 2 (MG-2) is shared by another 6
clones (9269, 9276, 9277, 9278, 9280 and 9285)
(Table 3).
Basically, it was assumed that all 5 ramets
originating from the same clone would possess
identical genotypes. To test this assumption,
multigenotypes of 5 ramets per clones were
compared with each other. The genotypes of some
ramets considered to belong to the same clone did
not match the others that belonged to that clone. 39
out of 150 ramets did not completely match with
the genotypes of their supposedly related clones. As
a result, 26% of the studied ramets were mislabeled
during or before planting in the orchard. In 9 (clone
number 9270, 9271, 9274, 9284, 9285, 9286, 9287,
9290 and 9295) out of the 30 clones, all 5 ramets
matched each other. In 10 out of the 30 clones, only
1 of the 5 ramets did not match the other 4 ramets.
7ZR RI WKHVH  UDPHWV¶ PXOWLJHQRW\SH GLG QRW
match the other ramets multigenotype but
multigenotypes of remaining 8 ramets matched with
the possible multigenotypes of the seed orchard
clones. For example; one ramet of clone 9272 has
identical multigenotype with clone 9273. In 11 out
of the 30 clones, 2 or 3 of the 5 ramets did not
match the other ramets. The ramets that were
identified as mislabeled were compared with other
clones in the seed orchard. Totally 8 multigenotype
observed in 11 ramets did not match with the
possible multigenotypes of the seed orchard clones,
this means that they may belongs to other clones
which were not used during establishment of the
seed orchard.

RESULTS
Genetic structure of the seed orchard.
Considering all the studied ramets of the P. brutia
seed orchard clones 17 alleles at the 5 nSSR loci
were detected. All the studied nSSR loci revealed
polymorphism. The number of alleles per locus
ranged from 2 to 7 with a mean 3.4 (± 0.98). The
highest number of alleles and the highest number of
effective alleles were determined at EPI3 locus. The
mean number of alleles per locus and the mean
number of effective alleles per locus were estimated
as 3.4 and 2.1, respectively (Table 2). A summary
of the genetic variation parameters at 5 nSSR loci
for the P. brutia seed orchard clones were given in
7DEOH  7KH KLJKHVW 6KDQQRQ¶V LQIRUPDWLRQ LQGH[
(I) was estimated as 1.360 for EPI3 locus. The
observed mean heterozygosity (Ho) of the seed
orchard was 0.672, while the expected mean
heterozygosity (He) was 0.461. The mean value of
the fixation index for the seed orchard was negative
(- 0.428).
Clonal identity of the clones. Genotypes of
150 P. brutia individuals (30 clones × 5 ramets) in
a clonal seed orchard were identified via nSSR
analysis. When all the alleles were combined at the
5 nSSR loci, 21 different multigenotypes were
found in the seed orchard. However, the possible
multigenotype number of the seed orchard clones
was 13 with 7 of these being unique (i.e., having
only one clone) (MG-7, MG-8, MG-9, MG-10,
MG-11, MG-12 and MG-16). There were fewer
multigenotype (13) than clones (30) in the seed
orchard (Table 3). This means that some clones
have same multigenotype. For example;

TABLE 2
Genetic variation parameters at five nSSR loci for the P. brutia seed orchard clones
Locus

N*

Na*

N e*

I*

Ho*

H e*

ITPH4516

150

2.000

2.000

0.693

1.000

0.500

-1.000

FRPP94

150

2.000

1.055

0.123

0.053

0.052

-0.027

PEST2669

150

4.000

2.469

0.985

0.787

0.595

-0.322

EPI3

150

7.000

2.912

1.360

0.520

0.657

0.208

NZPR544

150

2.000

2.000

0.693

1.000

0.500

-1.000

Mean

150

3.400

2.087

0.771

0.672

0.461

-0.428

F*

0.000
0.980
0.309
0.203
0.178
0.106 0.248
SE
*N = Number of samples, Na = Number of alleles per locus, Ne  1XPEHURIHIIHFWLYHDOOHOHV ,  6KDQQRQ¶V
information index, Ho = Observed heterozygosity, He = Expected heterozygosity, F = Fixation index, SE =
standard errors
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TABLE 3
Possible multigenotype clonal identity of P. brutia seed orchard clones
Clone
number

ITPH4516

FRPP94

PEST2669

EPI3

NZPR544

9266
9267
9268
9269
9270
9271
9272
9273
9274
9275
9276
9277
9278
9279
9280
9281
9282
9283
9284
9285
9286
9287
9288
9289
9290
9291
9292
9293
9294
9295

124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134
124/134

130/130
130/130
130/130
130/130
130/130
130/130
130/130
130/130
130/130
130/130
130/130
130/130
130/130
130/130
130/130
130/132
130/130
130/130
130/130
130/130
130/130
130/130
130/130
130/130
130/130
130/130
130/132
130/130
130/130
130/130

133/139
133/133
133/133
133/143
133/139
133/139
133/139
133/143
133/139
133/139
133/143
133/143
133/143
139/139
133/143
139/139
133/139
133/139
139/139
133/143
133/139
133/139
133/139
133/139
133/139
133/139
139/139
133/139
133/133
133/139

221/221
221/225
217/221
221/221
221/221
221/221
221/221
219/231
227/227
227/227
221/221
221/221
221/221
221/223
221/221
221/221
223/227
223/227
221/223
221/221
223/227
223/227
223/227
223/227
223/231
221/225
221/221
227/227
221/221
221/231

231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241
231/241

such as mating system and pollen contamination
studies [6, 31]. Mislabeling of ramets of the seed
orchard clones during or before establishment of
seed orchard, or skipping some clones during
establishment might affect the accuracy of the
parameters estimated for genetic diversity, mating
system and pollen contamination studies [10].
In the study, 13 different multigenotypes were
observed for 30 clones of the seed orchard.
Theoretically, same number of multigenotypes with
number of clones is expected. The reasons for such
results might be explained as follows; if ramets
were mislabeled during establishment of seed
orchard and/or if separate clones with the same
multigenotypic identity share common paternal

DISCUSSION AND CONCLUSIONS
Tree seed orchard is an important base that
produces mass quantities of genetically improved
seed from phenotypically superior trees. It was
assumed that all ramets originating from the same
clone would possess identical genotypes. But, this
assumption is not always correct in clonal seed
orchards because of some errors such as misplanting, mislabeling of ramets or skipping of some
clones during seed orchard establishment.
Determination of clonal identity of seed orchard
clones is one of the prerequisites required for the
forest tree breeding programs and some researches
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Possible
Multigenotype
Clonal Identity
MG-3
MG-11
MG-16
MG-2
MG-3
MG-3
MG-3
MG-10
MG-4
MG-4
MG-2
MG-2
MG-2
MG-5
MG-2
MG-6
MG-1
MG-1
MG-5
MG-2
MG-1
MG-1
MG-1
MG-1
MG-7
MG-9
MG-6
MG-4
MG-12
MG-8
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ramet was probably belongs to other orchard
block and mislabeled during orchard establishment.
For establishment clonal seed orchards, there
are many possibilities for errors, starting from
collecting and labeling the scions, over the
manipulation during the transport, grafting,
handling the material in the nursery, up to planting
[34]. These mislabeled or alien ramets represent
genotypes of unknown genetic quality. The
occurrence of alien ramets of unknown identity
causes the internal contamination of the gene pool
of seed orchard crops [35]. Even if these errors
become apparent, the mislabeled materials must be
identified or discarded. Harvesting seeds from alien
or mislabeled genotypes leads to a substantial
contamination of the gene pool of the orchard crop
[34]. This situation may increase gene diversity, but
the effect would be marginal compared to the loss
in potential genetic gain obtained from the seed
orchard crops. Therefore some precautions such as
accurate knowledge of the clonal identity and
genetic structure of seed orchard should be taken
and it is significant for acquiring greater genetic
improvement in the forests. Consequently,
determination of clonal identity of ramets in a seed
orchard is needed. DNA fingerprinting for
confirmation of clone identity is possible. This
study also illustrates that SSR markers are powerful
tools for characterization of seed orchard genetic
structure and clonal identity of seed orchard clones.

ancestry or insufficiency of genetic markers for
clonal identification [22, 32]. Using SSR markers
(both cpSSR and nSSR) is sufficient for clonal
identification since they are codominant and can
detect higher variation than other types of markers
such as isozymes. Bilgen and Kaya [20] reported 36
different haplotypes when all the alleles were
combined at the 6 cpSSR loci and observed 12
haplotypes in the same seed orchard (30 clones) in
our study. The results obtained from both cpSSR
[20] and nSSR analysis (this study) are consistent
and show suitability of microsatellite markers for
clonal identification. Stoehr et al. [33] reported 13
different genotype in the Pseudotsuga menziesii
clonal seed orchard (20 clones) by chloroplast DNA
analysis. Stoehr and Newton [13] detected 46
PXOWLORFXV KDSORW\SHV LQ  RUFKDUG SDUHQWV¶
genotypes with 31 of these being unique. Clones
with the same genotype were also determined in
some studies with Quercus robur and P. contorta
seed orchards [1, 13].
Unfortunately, mis-planting or mislabeling of
ramets belonging to clone during the initial
establishment of seed orchards is commonly seen
[8]. For example, Paule [6] studied clonal identity
of 2 ramets per clone in P. sylvestris seed orchard
(43 clones) by isozyme analysis and reported that
10 of 86 ramets did not completely match with the
genotypes of their supposedly related clones.
Scheepers et al. [9] checked clonal identity of elite
tree cuttings and clones in Picea abies and found
some differences in the RAPD patterns due to misplanting or mislabeling of cuttings. Goto et al. [7]
studied genetic identity of ramets in a Japanese
black pine (P. thunbergii) clonal seed orchard via
RAPD analysis and detected mislabel ramets. Goto
et al. [7] also concluded that RAPD analysis with a
bulking procedure would be useful for rapidly
checking the genetic identity of ramets in clonal
seed orchards. Kaya and Isik [10] determined clonal
identity and genetic structure of 28 clones in a P.
brutia seed orchard by isozyme analysis. Kaya and
Isik [10] found each clone has unique genetic
identity and 5 of 84 (6%) ramets did not completely
PDWFK ZLWK VXSSRVHGO\ UHODWHG FORQHV¶ JHQRW\SH
They also compared the mislabeled ramets with
other clones in the seed orchard and their genotype,
except one ramet, matched other clones in the seed
orchard. Slavov et al. [32] studied SSR markers to
identify parental genotypes in the sampled seed
orchard block. Slavov et al. [32] found all parental
genotypes had distinct three-locus SSR genotypes
as expected. In their study, 3 ramets belonging to
the same genotype matched for all 3 loci. The only
exception was one ramet whose genotype differed
from the other 2 putative ramets of the same
genotype. This ramet did not appear to be identical
to any of the genotypes in the orchard block. Slavov
et al. [32] reported that this genotypically different
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AVERYELLA DALHOUSIENSIS FROM WELL WATERS IN
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2

microorganisms contained in feces is known to
contribute to acquisition of disease by consumers
[2].
Enterobacter spp. has emerged as pathogens
responsible for hospital-acquired infections.
Enterobacter spp. can produce abdominal, urinary
tract, meningeal and surgical site infections. The
bacteria are gram-negative, fermentative, motile
rods with the general characteristics of the genus
Enterobacter and the E. cloacae complex in
particular. E. ludwigii can be differentiated from the
other Enterobacter species by its growth on myoinositol and 3-0-methyl-D-glucopyranose [3]. The
genus name Averyella was formed as a neo-Latin
IHPLQLQHQRXQIURPWKHQDPH³$YHU\´WRKRQRUWKH
microbiologist Oswald T. Avery, born in Halifax,
Nova Scotia, Canada, also the location of Dalhousie
University. Avery demonstrated that the
³WUDQVIRUPLQJ SULQFLSOH´ RI WKH SQHXPRFRccus was
the chemical compound DNA [4]. The species
name dalhousiensis is formed as a neo-Latin
feminine adjective from Dalhousie University, the
source of the first published individual case 6 [5].
In this study, the molecular identification of
Enterobacter ludwigii which was first-time isolated
from water wells used for drinking and running by
public people, species of Averyella dalhousiensis
and also of Enterobacter aerogenes was carried out.

ABSTRACT
In this study, while doing research about the
microbiological quality of 20 different well water
samples which are used for drinking and domestic
water E\ SHRSOH LQ .DSDNOÕ (IlgÕn- Konya/Turkey)
between March-May 2015, it was aimed to
determine the existence of motile Aeromonas in
three well water samples which has the maximum
total coliform number (>1100 MNP/100 mL).
Yellow colonies which came into existence in
consequence of incubation for 24-48 hours at 2527°C in GSP agar which is its selective medium
were evaluated as suspicious Aeromonas sp.
Colony, and they were put to oxidase test and gram
staining. As a result of oxidase test, the water which
was supposed to be positive (+) came out as oxidase
negative (-). Therewith, 16S rRNA sequence
analysis was done in order to classify suspicious
colonies. In consequence of the sequence analysis,
it was found out that the bacteria species which
created yellow colony in GSP medium were
Enterobacter ludwigii, Averyella dalhousiensis and
Enterobacter aerogenes, respectively. In the
comparison of sequence via BLAST it was
determined that 99% of the sample 3 has nucleotide
similarity to Enterobacter ludwigii, 99% of the
sample 5 has nucleotide similarity to Averyella
dalhousiensis, and 99% of the sample 10 has
nucleotide similarity to Enterobacter aerogenes.
According to the results, Enterobacter ludwigii and
Averyella dalhousiensis were put on the record for
the first time in Turkey via this study.

MATERIALS AND METHODS

Averyella

Samples collection. Water samples were
collected aseptically in 200 mL sterilized glasses
from 20 different wells in Kapakli- Ilgin/ Konya.
The samples were analyzed within 24 h by
transporting them in a refrigerated container at 4 o C

The microbial contamination in drinking water
is a major problem of public health in developing
World [1] . Contamination of water, either directly
or indirectly, by human or animal excreta and the

Aeromonas investigation on GSP selective
medium. According to the total coliform results the
water samples acquired from 3, 5 and 10. Water
wells which have maximum bacteria (>1100
MPN/100 mL) were inoculated in glutamate starch
phenol red agar (GSP) medium and incubated at
28° C for 24±48 h [6]. From each sample, typical
colonies were isolated. Yellow colored colonies on

KEYWORDS:
Well waters, Enterobacter ludwigii,
dalhousiensis, 16S rRNA, Sequence
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GSP medium were maintained on nutrient agar
slants at 4°C, after sub-culturing several times.
Finally, Gram Staining method and cytochrome
oxidase test were used for the typology of the
bacteria in the samples in which growth existed.

RESULTS
According to MPN test results, yellow
colonies which came into existence in consequence
of incubation for 24-48 hours at 25-27°C in GSP
agar which is its selective medium and is used for
purification of Aeromonas sp. acquired from the
most polluted 3 well water samples were evaluated
as suspicious Aeromonas sp. colonies and they were
put to oxidase test and Gram staining. As a result of
oxidase test the water which was supposed to be
positive (+) came out as oxidase negative (-).
Therewith, 16S rRNA sequence analysis was done
in order to classify suspicious colonies. In
consequence of the sequence analysis, it was found
out that the bacteria species which created yellow
colony in GSP medium were Enterobacter ludwigii,
Averyella
dalhousiensis
and
Enterobacter
aerogenes in the water samples acquired from 3, 5
and 10 numbered-wells. In the comparison of
sequence via BLAST it was determined that 99% of
the sample 3 has nucleotide similarity to
Enterobacter ludwigii, 99% of the sample 5 has
nucleotide similarity to Averyella dalhousiensis,
and 99% of the sample 10 has nucleotide similarity
to Enterobacter aerogenes. In Table 2, NCBIGenBank Accession numbers of bacteria which
have nucleotide similarity are showed. Enterobacter
ludwigii and Averyella dalhousiensis which both
were determined in the water samples were put on
the record for the first time in Turkey via this study.

Extraction of bacterial DNA. Suspected
colonies (oxidase negative) which grown on GSP
medium were incubated at 37 °C for 18 h in LuriaBertani (LB) Broth and after lysing cells, the DNA
was extracted using a microbial DNA isolation kit
(GeneAll® GenExTM Cell). The DNA was
checked for purity using standard methods [7].
PCR amplification. The 16S rRNA genes
from the bacteria were amplified by PCR using the
primers 27F ¶-AGAGTTTGATCMTGGCTCAG3')
[8]
and
1492R
(5'GGTTACCTTGTTACGACTT-3'), as described
previously [9] (Table-1). The PCR reaction mixture
of 50 μl was composed of 2μl of each primer, 5μl
of each dNTP, 0.25 μl. Taq DNA polymerase and
1μl of DNA template. The thermocycler program
used for all amplifications consisted of the
following time and temperature profile: (i) 95° C
for 5 min; (ii) 30 cycles of 30 sec at 95° C, 1 min at
53° C and 2 min at 72° C; (iii) 7 min at 72° C.
Amplifications were performed in a Veriti Thermal
Cycler (Life Technologies).
16S rRNA Sequencing and phylogenetic
analysis. The 16S rRNA gene of coliform isolates
was amplified using PCR steps. The universal
oligonucleotide primers 27 F and 1492 R were
chosen to amplify with a size of 1353 bp. Purified
PCR products were sequenced with BigDye®
Terminator v3.1 cycle sequencing kit (Applied
Biosystems, Foster City, CA, USA) and analyzed
with a 3500 Genetics Analyzer (Applied
Biosystems HITACHI, Foster City). ). Sequence
data were analyzed with Finch TV and Clustal X
(Finch TV 1.4.0, Geospiza) and aligned with
available GenBank data using BLAST [10].

DISCUSSION
Enterobacteriaceae family are of clinical
importance causing infections in the central nervous
system, lower respiratory tract, bloodstream,
gastrointestinal and urinary tract, but are also
common colonizers of the gastrointestinal tract
(GIT) [13]. Enterobacteriaceae family is a family of
Gram negative rod shaped bacteria most of which
are pathogenic in nature [14].
Enterobacter
ludwigii was first isolated and described by
Hoffmann et al. [3]. These bacteria form a distinct
genetic cluster in phylogenetic analyses of the
population structure of the Enterobacter cloacae
complex and have been reported to include human
pathogens. E. ludwigii strains are Gram-negative
rods, which are motile, catalase positive, oxidase
and DNase negative, fermentative, and nonpigmented.
Enterobacter aerogenes is a Gram-negative,
oxidase negative, catalase positive and rod-shaped
bacterium [15] which is a nosocomial and
pathogenic bacterium that causes opportunistic
infections including most types of infections. E.
aerogenes is generally found in the human
gastrointestinal tract and does not generally cause
disease in healthy individuals. It has been found to

Multiple sequence alignment was carried out
and a Neighbor Joining (N-J) Phylogenetic tree
with 1000 bootstrap was then constructed using
Clustal X. These sequences were used for
conducting multiple sequence alignment (Multalign
tool) which enabled to detect conserved and
variable patterns of nucleotides among the aligned 3
homologous sequences [11] (Table 2).
Phylogenetic analyses of partial 16S rRNA
gene sequences were conducted using the MEGA
(molecular evolutionary genetics analysis) program,
version 2.1. Neighbor-joining phylogenies were
constructed from dissimilar distances and pairwise
comparisons with the Jukes-Cantor distance model.
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of 1353 bp was imported into the program MEGA
[18], and a gene tree was constructed with the
neighbor-joining algorithm [19] from Jukes-Cantor
corrected distances that excluded positions
containing gaps. A measure of support for the
branching order of the tree was estimated by the
bootstrap procedure implemented in MEGA.
Sequences for Enterobacter spp. were included as
outgroups in the phylogenetic analysis. Nucleotide
sequence accession numbers and GenBank
accession numbers for the three sequences are as
follows:
for
Enterobacter
aeorogenesis,
KJ186946.1; Enterobacter ludwigii, KC951920.1;
and Averyella dalhousiensis DQ158205.1 (Figure
2).

live in various wastes, hygienic chemicals, and soil.
Proposal of Averyella dalhousiensis gen. nov.,
sp. nov., as a new genus and species in the family
Enterobacteriaceae. Based on the phenotypic and
genetic differences from all other named genera,
species, and enteric groups of the family
Enterobacteriaceae, [4] are naming enteric group
58 Averyella dalhousiensis gen. nov., sp. nov.
Neighbor Joining (N-J) phylogenetic tree was
built to identify the closely related cultured relatives
of E. ludwigii and E. aeorogenesis using 16S rRNA
gene homologous sequences retrieved from NCBI
GenBank.
The results of the analyses of 16S rRNA
sequences support the taxonomic structure of
Enterobacter genus. This tree is based on MUSCLE
multiple alignments computed for Mole-BLAST.
Although moderate, these bootstrap values are
in the range of those previously reported by 16S
rRNA analysis of Enterobacteriaceae. A recent 16S
rRNA based phylogenetic analysis of various
genera of the family Enterobacteriaceae retained
99.9% sequence similarity to delineate genera
within this family [16, 17].
Dendrograms inferred from the 16S rRNA
alignment by using neighbor-joining (Figure 1) and
parsimony methods yielded similar topologies in
which Enterobacteriaceae formed three clusters
which are Enterobacter aeorogenesis, Enterobacter
ludwigii and Averyella dalhousiensis clusters shown
in Figure 1.
The sequences for the three isolates were then
aligned, and a consensus of 1,353 bp was exported
and used for a BLAST search of the GenBank
database. The 20 most closely matched sequences
from GenBank were downloaded and aligned using
Clustal X [11] with default settings. An alignment

CONCLUSION
Enterobacter species has been regarded as a
factor in many clinic tables. These clinic tables
were defined as bacteremia, skin and soft tissue
infections; lower respiratory tract infection, urinary
tract infections, bone and joint infections, central
nervous system infections, endocarditis infections,
intraabdominal infections, ophthalmia and cotton
fever [20]. As a result, it is thought that water
should be more chlorinated and controlled because
isolating these species which have high
pathogenicity from well water used by people for
drinking and domestic can make serious problems
for public health. Enterobacter ludwigii and
Averyella dalhousiensis species which have been
put on the record for the first time in Turkey by this
research will be reference for the following studies.

TABLE 1
Primer employed in the current study.
Primer Name*
Sequence
PCR amplicon
Reference
27 F
AGAGTTTGATCCTGGCTCAG
1353 bp
[12]
1492 R
CGGTTACCTTGTTACGACTT
*Primer abbreviations: F: forward, R: reverse, and both primers sequences are presented
LQ¶WR¶RULHQWDWLRQ

TABLE 2
Details of 16S rRNA sequences for well water samples
associated with its nucleotide identity percentage.
Sample
Number
Sample 3
Sample 5
Sample 10

Nucleotide
identity
99%
99%
99%

Bacterium
Enterobacter ludwigii
Averyella dalhousiensis
Enterobacter aeorogenesis
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FIGURE 1
Consensus sequences of 1436 bp from 16S rRNA genes for Enterobacter spp. From the present
study and those retrieved from NCBI- GenBank.
* This views shows a dot for every base that is the same as the base in the same position
in the first sequence.
LC014955.1: Enterobacter sp. SJZ-6 gene for 16S ribosomal RNA, partial sequence.
KC951920.1: Enterobacter ludwigii strain LHC8 16S ribosomal RNA gene, partial sequence.
DQ158205.1: Averyella dalhousiensis strain 521-86 16S ribosomal RNA gene, partial sequence.
KJ186946.1: Enterobacter aerogenes strain K_G_AN-5 16S ribosomal RNA gene, partial sequence.
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FIGURE 2
Phylogenetic tree derived from 16S rRNA sequence of members of various genera of the family
Enterobacteriaceae.
*Number within the dendiogram indicate the occurence(%) of the branching in 1000 bootstrapped trees.
The scale bar indicates 0.1% divergence
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of products[1-2].BDE-209 has been found
throughout the environment and has become a
problem that urgently needs to be dealt with around
the world owing to its endocrine disruption and
reproductive and developmental toxicity[3-4].
Sediment is regarded as the ultimate sink for
BDE-209 in the aquatic environment[5]. BDE-209
has been found at high concentrations in sediment
from around the world[5-6]. To date, the highest
BDE-209 concentration in sediment (11.6 mg/kg)
has been found in river sediment from Japan[1].
The high BDE-209 concentrations in sediment
could have potential adverse effects on the aquatic
environment. Thus, it is necessary to develop
effective techniques for removing BDE-209 from
sediment.
Chemical and physical methods have been
used to degrade PBDEs [7-8].However, such
methods are very costly, disruptive to the
environment, and involve large amounts of energy.
It has been found that PBDEs can be degraded by
microbes under both aerobic and anaerobic
conditions to form less-brominated PBDEs
congeners[9-12].This indicates that microbial
treatments could feasibly be used to remediate
environmental media contaminated with PBDEs.
Composting is an exsitu technique for
biodegrading organic pollutants[13]. And this
technique is substantially cheaper than remediation
technology using chemical and physical methods.
Composting techniques are also relatively simple to
set up and operate because organic wastes that are
easily available and can often be used as raw
materials[14].
Composting has been shown to be an effective
way of biodegrading persistent organicpollutants
such as PAHs, pentachlorophenol, and PCBs
[15-18]. However, the composting of sediment
contaminated with PBDEs, especially BDE-209,
has not yet been reported. The aim of this study was

ABSTRACT
In the present research, bioremediation of
sediment contaminated with decabromodiphenyl
ether (BDE-209) at 2 mg/kg (dw) using composting
technology under four treatments was investigated.
After 78 days, 87.9±4.3%, 96.3±3.3%, 95.7±1.6%,
and 95.5±3.1% of the BDE-209 had been removed
in treatments of sediment plus cabbage (treatment
A); sediment plus cabbage, activated sludge, and
sawdust (treatment B); sediment plus cabbage,
co-metabolizable
substances,
and
sawdust
(treatment C); and sediment plus cabbage and
sawdust (treatment D), respectively. Adding
sawdust as an ameliorant slightly improved the
BDE-209 degradation efficiency relative to adding
only cabbage. The addition of TBBPA/HBCD (as
co-metabolizable substances), and activated sludge
(to provide exogenous microbes) did not
significantly enhance the bioremediation process. A
total of 15 additional less-brominated PBDEs
congeners were detected demonstrated that
BDE-209 was debrominated during the composting
process. The results suggest that composting is an
effective way of bioremediating sediment
containing BDE-209.

KEYWORDS:
Decabromodiphenyl
bioremediation.

ether,

sediment,

composting,

INTRODUCTION
Decabromodiphenyl ether (BDE-209) is the
dominant
congener
in
polybrominated
diphenylethers (PBDEs) mixtures that have been
used extensively as flame retardants in a wide range
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to determine the bioremediation efficiency of
sediment contaminated with BDE-209 using
different composting mixtures.

Determination
of
physicochemical
parameters. The organic matter content was
determined following a standard method [19]. The
temperature of each compost pile was measured
each day by inserting a mercury thermometer into
the pile to a depth of 15 cm.

MATERIALS AND METHODS
Chemicals. BDE-209 (C12OBr10, 99% pure)
was purchased from Alfa Aesar (Ward Hill, MA,
USA). The dichloromethane, acetone, and n-hexane
used in the extraction and cleanup processes were
of HPLC grade.

Microbial analysis. The bacterial abundance
was measured using the colony-forming units
(CFUs) method and was expressed in units of
CFU/g. Dehydrogenase activity was measured by
triphenyl tetrazolium chloride colorimetry [20-21].
Urease activity was determined by indophenol blue
colorimetry [21].

Experimental materials. The sediment was
collected from Donghu Lake, Wuhan, China. The
activated sludge was obtained from the
Longwangzui sewage treatment plant in Wuhan.
Cabbages were obtained from a local market and
cut into 2-4 cm pieces. The sawdust was collected
from the Daokouhu lumber mill, Wuhan.

BDE-209 analysis. Each compost sample for
BDE-209 analysis was oven dried at 45qC, ground
to a powder and passed through an 80-mesh
(0.18-mm) sieve. Triplicate 3g (dw) aliquots of
each sample were extracted with 30 mL of a 1:1 v/v
mixture of n-hexane and dichloromethane for 30
min in an ultrasonic bath and repeated three times.
The extract was concentrated to about 3 mL and
partitioned with 3 mL of concentrated sulfuric acid
to remove proteins, lipids, and any traces of water.
The organic phase was removed and cleaned by
passing it through a 1-cm i.d. silica/alumina column
packed as described by Mai[5]. The column was
eluted with 90 mL of a 1:1 v/v mixture of n-hexane
and dichloromethane, and the cleaned extract was
concentrated and solvent exchanged into n-hexane,
the final extract volume was 1 mL.

Experimental
design.
Four
compost
treatments (Table 1) were prepared by mixing
sediment with activated sludge, cabbage pieces,
co-metabolizable substances (TBBPA and HBCD),
sawdust, and tap water using a mechanical blender.
BDE-209 dissolved in dichloromethane was
uniformly mixed into each compost mixture to give
a final BDE-209 concentration of about 2 mg/kg.
The initial volume of each compost pile was
2.0±2.3 m3. Sample was taken from each compost
pile using the point-center-quarter method on day 0,
15, 30, 52, and 78 of the experiment. The compost
piles were left outdoors.

TABLE 1
Composition of the composts.
Composition
Treatment

Sediment

Cabbage

(kg)

(kg)

Un-composted

10

0

A

1000

B

Activated

TTBBP

HBCD

Sawdust

Tapwater

˄mmol˅

˄mmol˅

(kg)

(kg)

0

0

0

0

3

700

0

0

0

0

300

1000

500

10

0

0

200

300

C

1000

500

0

2

2

200

300

D

1000

500

0

0

0

200

300

sludge
(kg)

TBBPA: Tetrabromobisphenol A; HBCD: hexabromocyclododecane
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Each clean extract was quantitatively analyzed
for BDE-209 using an Agilent 6890 gas
chromatography instrument equipped with a
63
Ni-electron capture detector (μECD) and a DB-5
HT column (15 m long, 0.25 mm i.d., 0.10 μm film
thickness). The GC-μECD was operated as
described by Huang[22]. Isotope-labeled PBDEs
congeners (BDE-3, -7, -15, -17, -28, -47, -49, -66,
-71, -77, -85, -99, -100, -119, -126, -138, -153, -154,
-156, -183, -184, -191, -196, -197, -206, -207, and
-209) were used as standards to analyze BDE-209
and its metabolites using GC/MS [23].
Quality
assurance/quality
control.
Procedural blanks, spiked blanks, matrix blanks,
and matrix-spiked samples (BDE-209 spiked into
samples) were processed using the same extraction,
cleanup, and analysis procedure as was used for the
compost samples. No BDE-209 was detected in the
procedural blanks (n=3) or matrix blanks (n=3).The
BDE-209 recovery in compost samples was 87.0%,
and the relative standard deviation was less than
10%.

FIGURE 1
Removal rate of BDE-209 in different
treatments during the composting process.

The removal rates of BDE-209 by composting
were much higher than have been found in previous
studies of the bioremediation of PBDEs. For
example, Gerecke et al. found that 30% of the
BDE-209 in wastewater was biodegraded in an
anaerobic
sludge
process
in
238d[9].
Phytoremediation using six plants was found to
remove between 12.1% and 38.5% of the BDE-209
with original concentration of 5 mg/kg in soil after
60 d[22]. The removal rate of BDE-209 with initial
concentration 3.58 mg/kg in soils by ryegrass
inoculated with arbuscular mycorrhizal (AM)
fungus for 60 d was 20.8-56.4%[24]. The results of
our study indicate that sediment contaminated with
BDE-209 can be efficiently remediated by
composting.
Co-metabolizable substances, exogenous
microbes and other ameliorants are usually
introduced into composting mixtures to improve the
biodegradation process and ensure that persistent
organic pollutants are effectively degraded
[9,25-28].
Adding
co-metabolizable
substances(e.g.,4-bromobenzoic
acid,
2,6-dibromobiphenyl, TBBPA, HBCD, and
decabromobiphenyl) has been found to double the
BDE-209 degradation rate in anaerobic sludge[9].
In our study, co-metabolizable substances (TBBPA
and HBCD), activated sludge (to provide
exogenous microbes) and an ameliorant (sawdust)
were added to the composting mixtures to allow us
to investigate their effects on the degradation of
BDE-209.
As is shown in Fig.1, significantly less
(p<0.05) BDE-209 was removed in treatment A
than in the other treatments, suggesting that

Statistical analysis. The one-way analysis of
variance method was used to examine the
significances of the differences among the samples.
Differences of parameters between two samples
were analyzed by independent-samples t test
(two-tailed). The statistical analyses were
performed using GraphPad Prism version 5.0.

RESULTS AND DISCUSSIONS
Removal of BDE-209 during composting.
BDE-209 removal was significantly enhanced in
the composting treatments in comparison with the
un-composted sediments after 78 days treatment
(p<0.01), and 87.9±4.3%, 96.3±3.3%, 95.7±1.6%,
and 95.5±3.1% of the BDE-209 had been removed
in treatments A, B, C, and D, respectively.
BDE-209 does not volatilize easily because it has a
high melting point (304±307°C) and a high boiling
point (425°C). Therefore, volatilization was
unlikely to have played an important role in the loss
of BDE-209 during the composting process.
Photolysis is likely to have made a very limited
contribution to the loss of BDE-209 because only a
small proportion of each compost pile was exposed
to light. The BDE-209 was therefore believed to be
lost during the composting process through being
mineralized and/or biotransformed into metabolites.
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sawdust slightly increased the BDE-209 removal
rate during the composting process. Sawdust may
act as a carbon source for the microbes, increase the
porosity of the compost pile, and change the
internal environment of the compost pile to
stimulate the growth of microbes that can degrade
BDE-209[29].No significant differences were
found among the BDE-209 removal rates in
treatments B, C, and D, indicating that adding
co-metabolizable substances (TBBPA and HBCD)
and exogenous microbes in activated sludge did not
significantly enhance the bioremediation process. A
possible reason for this is that the microbes in the
activated sludge may not have been able to adapt to
the conditions in the compost piles or could not
compete with the indigenous microflora. Gerecke et
al. found that HBCD and TBBPA accelerated the
degradation of BDE-209 in anaerobic sludge[9].
However, TBBPA has also been found to suppress
BDE-209 degradation in a basal mineral medium
by Bacillus cereus JP12 to a significant degree
when the pH was 6.0,the temperature was 30 °C,
the mixing speed was 150 rpm, and the inoculation
level OD600was 0.6[30]. In our study, no significant
effect on the removal of BDE-209 was observed
when TBBPA and HBCD were added, and this may
have been because co-metabolism was not the main
pathway of BDE-209 removal under the
composting conditions we used.

example, two nona-BDEs and six octa-BDEs have
been detected in the degradation products of
BDE-209 under anaerobic conditions in sewage
sludge[9]. Shi et al. found that two nona-BDEs,
four octa-BDEs, and one hepta-BDEs were
produced during the reductive debromination of
BDE-209 by Pseudomonas aeruginosa under
aerobic conditions[31]. After 78 d of composting, A
total of 15 additional less-brominated PBDEs
congeners were detected(Fig.2), including two
nona-BDEs (BDE-206,-207), one hepta-BDEs
(BDE-183), one hex-BDEs (BDE-154), five
penta-BDEs (BDE-85,-99,-100, -119,-126), four
tetra-BDEs (BDE-47,-49, -66, -71), one tri-BDEs
(BDE-28), and one di-BDEs (BDE-7). The
metabolites products profile demonstrated that
BDE-209 was debrominated during the composting
process.
The nona-BDEs, penta-BDEs, and tetra-BDEs
congeners that were produced through the
debromination of BDE-209 were contributed 22.4%,
53.3%, and 17.5% of the total concentrations of the
PBDEs that were debromination products,
respectively. The other BDE-209 metabolites only
contributed a total of 6.85% of the total
concentration (2.4% from the hepta-BDEs, 3.4%
from the hex-BDEs, 0.8% from the tri-BDEs, and
0.2% from the di-BDEs).The total concentration of
the PBDEs that were debromination products only
accounted for 2.4% of the initial BDE-209
concentration. Most of the lost BDE-209 may have
been mineralized or biotransformed into other
metabolites during the composting process.

Metabolites of BDE-209 formed during the
composting process. It has previously been
demonstrated that BDE-209 can be mineralized or
biotransformed into less-brominated congeners. For

FIGURE 2
Metabolic products of BDE-209 produced during the composting process when cabbage and sawdust
were added.
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Effect of abiotic factors on the
composting process. Temperature was the most
important parameter that affected the composting
process. The temperature profiles were similar in
all four treatments, as is shown in Fig.3.The
temperature in each compost pile increased for
the first 2 days of the experiment because of
exothermic oxidation processes caused by
microbial metabolism, as is expected during the
composting process. The temperature remained
in the mesophilic phase for 45d (p<0.05).The
thermophilic phase (> 50°C) was not reached in
any of the compost piles, possibly because of the
depth at which the temperature measurements
were made and the low air temperatures that
occurred during the experiment. However, the
temperature increased moderately between day
12 and day 40. The highest temperatures (about
44 °C) were found between days 38 and 40, and
the temperature reached was about 14 °C higher
than the ambient temperature (30 °C). The
temperature remained constant and close to the
ambient temperature after day 45, indicating that
the composts had reached the maturation phase
(p>0.05). High temperatures can increase the
solubilities and mass transfer rates of chemicals
in a compost mixture, making the chemicals
more available to microbes. The temperatures
were significantly higher in treatments B, C, and

D than in treatment A (which did not contain
sawdust) between days 23 and 37, indicating that
the sawdust may have acted as a carbon source,
leading to heat being generated and resulting in
the rate at which BDE-209 was removed being
higher in treatments B, C, and D than in
treatment A.
The organic matter (OM) in the composting
mixtures was the main source of nutrients for the
microorganisms. The OM content of four
treatments decreased rapidly in initial 30 days
(p<0.05) (Fig.4). After 30 d of composting, no
significant changes were found in the later stages of
the experiment (p>0.05). The transformation and
stabilization of the OM that occurred during the
composting process were caused by the activities of
the microbes. However, the OM included not only
easily biodegradable soluble organic compounds
but also organic polymers, such as cellulose and
lignin, and BDE-209, which are difficult to degrade.
The decrease in the OM content caused by the
microbes therefore accelerated the microbial
degradation of BDE-209.The sawdust that was
added to treatments B, C, and D may have served as
an additional carbon source, causing the
temperature to increase between day 23 and 37 and
increasing the BDE-209 removal rates relative to
the removal rate in treatment A (p<0.05) (Fig. 3).

FIGURE 3
Temperature profiles found during the composting process.
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than in the other treatments in the first 15 d of the
experiment. The microbial abundances in the first
15d of the experiment mainly increased because of
the availability of large amounts of easily
biodegradable organic matter. These were
exhausted after 15d, so the abundances of
culturable microbes decreased significantly
thereafter.
Dehydrogenase and urease activities are
considered to be general indicators of biological
activity because of their roles in the respiratory
chain and nitrogen cycle, respectively[32].In our
study, the urease and dehydrogenase activities
changed in similar ways to the abundances of
culturable microbes (Fig.6). Higher and lower
microbial activity levels were detected in the
mesophilic phase and
maturation phase,
respectively, as has been described previously[32].
However, no correlations were found between the
BDE-209 biodegradation rate and the microbial
abundance and enzyme activities (p>0.05). For
example, the BDE-209 biodegradation rate was
relatively high between day 30 and day 52 of the
composting process, whereas the microbial
abundances and enzyme activities were relatively
constant and low. The CFU colonies on
Luria±Bertanimedium and the urease and
dehydrogenase activities could therefore be
effective indicators of the abundances and activities
of all of the microbes present, but not for the
specific microbes that can degrade BDE-209.

FIGURE 4
Changes of the organic matter content during
the composting process.

Effect of biotic factors on the composting
process. Composting is a complex process in which
different microbial communities become dominant
in each phase according to the prevailing nutritional
and environmental conditions. The microbial
populations present and their activities play
important roles in the transformations of organic
substrates.The abundances of culturable microbes
increased significantly in the first 15d of the
experiment, and then the abundances decreased
(Fig.5).The abundances remained rather low from
day 52 to the end of the experiment. Adding
exogenous microbes in activated sludge made the
microbial abundances much higher in treatment B

FIGURE 5
Changes in the culturable microbial population (a) ,urease activity(b) and dehydrogenase activity(c)
during the composting process.
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CONCLUSIONS
[6]

We have demonstrated that composting could
successfully be used as one of the most efficient
techniques for remediating sediment contaminated
with BDE-209. More than 87% of the BDE-209 in
the original composting mixture was degraded after
78 d of composting with all four compositions.
Debromination was involved in the BDE-209
biotransformation pathways. Adding sawdust
slightly improved the BDE-209 removal during the
composting process, but adding activated sludge
and TBBPA/HBCD did not affect the amount of
BDE-209 that was degraded.

[7]

[8]
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[6]. Anthocyanins are highly unstable and easily
susceptible to degradation. Their stability is
affected by pH, temperature, enzyme presence,
light, oxygen, ascorbic acid, metal ions, copigments and etc. [9]
Hibiscus sabdariffa is known for its flavor and
medicinal properties. This plant has medical effects
in the treatment of infections, cancer, cough,
weakness, high blood pressure and heart disease.
Components such as alkaloids, anthocyanins,
flavonoids, phenols, saponins and tannins are found
in the petals of Hibiscus. Hibiscus petals are a rich
source of natural antioxidants. High antioxidant
activity in the petals of Hibiscus is due to
polyphenolic compounds such as phenolic acids,
flavonoids and anthocyanins [1, 2]. Saturated and
unsaturated oils are easily susceptible to oxidative
spontaneous process [7]. The use of antioxidants is
most appropriate way to prevent oxidation of lipids.
Synthetic antioxidants have adverse effects on the
human body [3, 13]. Extraction of natural
antioxidants from plant sources is an alternative to
synthetic antioxidants [14]. In this study, the
extraction and purification of the anthocyanins in
petals of Hibiscus were examined. Also, In order to
remove the synthetic antioxidant, effect of
anthocyanins in the petals of Hibiscus as natural
antioxidants in Extra Virgin olive oil was measured
using DSC Technique.

ABSTRACT
The purpose of this study is investigation of
anthocyanins extracted from samples of Hibiscus
sabdariffa and assessment of antioxidant properties
in extra virgin olive oil with Differential Scanning
Calorimetry (DSC). Anthocyanins extracted using
by three methods, solvent, soxhlet and microwave.
Solvent extraction was preferred the best and most
efficient method. Moreover, sugar elimination in
purification process could be so vital, which in this
study a developed and innovative method was
applied for removing sugars from extract using
cellulose powder and silica gel, that were self
fabricated as the solid phases by special manner.
The antioxidant activity of extracts in
concentrations of 500, 1000, 1500, 2000 ppm added
to extra virgin olive oil were analyzed by DSC. The
obtained results show the concentration 2000 ppm
of Hibiscus extract was selected as the optimum,
since the oxidation temperature was raised from
164.29 ºC to 176.42 ºC.
KEYWORDS:
Anthocyanin,
Solvent
Extraction,
Microwave,
Antioxidant, DSC, Hibiscus Sabdariffa, Extra Virgin
Olive Oil

INTRODUCTION
MATERIALS AND METHODS

Anthocyanins are the largest group of watersoluble pigments found in plants [6]. Anthocyanins
are responsible for the red, purple and blue colors in
many fruits [8, 15]. The basic structure of
anthocyanins
consists
of
anthocyanidins
(aglycones), which contain an aromatic ring
attached to a heterocyclic ring containing oxygen
while heterocyclic ring is linked to another
aromatic ring with a carbon - carbon bond. One of
the anthocyanins features is their antioxidant
activity which plays a crucial role in the prevention
of cancer, diabetes and heart disease [3].
Anthocyanins are used in the manufacture of food
additives, cosmetics and pharmaceutical products

Chemicals. Ethanol, acetic acid, potassium
chloride, hydrochloric acid, sodium acetate and
cellulose powder were obtained from Merck
Company. Silica gel mini column (Lida) and extra
virgin olive oil (Behshahr Co.) were used for tests
Herbal ingredients. Dried petals of Hibiscus
were evaluated as plant material in this study. 3 kg
of Hibiscus were purchased from Sistan and
Baluchestan province. After separation of the
petals, they were washed with distilled water and
dried for 15 hours in an oven at a temperature 35
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The color of anthocyanins pigments
changed with pH changes. Absorption of the
samples were measured by spectrophotometer UVVis (VARIAN) at pH = 1 and pH = 4.5. The
difference in absorption is proportional to the
content of anthocyanins. Total anthocyanins were
calculated using the following equations 1 and 2
[1].
Anthocyanin content (mg / L) = A. MW. DF .1000/
£.L
(1)
A = (A 519 nm ± A 700 nm) pH=1 ± (A 519 nm ± A 700 nm)
(2)
pH=4.5
DF = Dilution Factor
L = Cell length (cm)
= Cyanidin - 3 - Glucoside absorption coefficient
(26900 L / mol.cm)
MW = Cyanidin - 3 - Glucoside molecular weight
(449.2 g / mol)

ºC. Dried petals were stored in polyethylene bags at
dark at temperatures below 4 ºC [1].
Extraction from Hibiscus. Most common
solvent used in the extraction of anthocyanins is
ethanol or methanol that contains acid. The weak
acid should be used to extract anthocyanins
containing glycoside and acylated (acetic acid or
formic acid). One of major anthocyanins in
Hibiscus is Cyanidin-3-Glucoside [3, 6]. In this
work acidic ethanol (acetic acid) was used for the
extraction. The ratio of ethanol to acetic acid was
(4: 1). Dried petals were powdered using domestic
mills and were prepared for the test.
Solvent Extraction. At this stage, the amount
of 5 g of sample with 50 mL of solvent was poured
into the flask and kept in a dark place for 72 hours
at 4 ºC. After the end of the scheduled time, the
contents of the flask was passed through the filter
paper and was dried using the rotary evaporator
(Heidolph) under vacuum at 35 ºC. Critical
temperature of 35 °C anthocyanin degradation
initiates [12]. Dried extracts was reached to a
volume of 25 mL with deionized water and the
solution was dried for 24 hours in a freeze dryer.
Dried samples were used to measure the total
amount of anthocyanins.

Purification. 5 g of the sample was soaked in
50 mL of solvent for 72 hours in a dark place at 4
ºC. Then solution was filtered using paper filter and
ZDVFRQGHQVHGWRKDOIRILW¶VWKHLQLWLDO YROXPH E\
rotating evaporator under vacuum at a temperature
35 º C. Subsequently, the concentrated extract was
purified by solid phase extraction (SPE), which was
own fabricated in this study. First of all, the SPE
column was made by syringe, cellulose powder and
regular filter paper. Afterward, for purification of
extract using mentioned column, which already was
preconditioned
by
deionized
water,
the
concentrated extract was loaded on the column
dropwise at the speed rate of 1drop/sec. Afterward,
the column was eluted by ethanol as a mobile
phase. Finally, the effluent was passed from another
column, which was already packed by silica gel as
the second solid phase. Glucose test was performed
on the purified ethanol extract and the results
indicate that glucose has been removed, completely
To prove the presence of anthocyanins, the purified
extract was examined by FTIR apparatus
(NEXUS870)

Microwave extraction. At this stage, 50 mL
of solvent was added to 5 g of sample and was
placed in the dark for 2 hours at 4 ºC. After this
period, extraction was performed using 80-watt
regular microwave for 2 minutes. Then the sample
was passed through filter paper and was using the
rotary evaporator dried under vacuum at 35 ºC.
Dried extracts was reached to a volume of
25 mL with deionized water and the solution was
dried for 24 hours in a freeze dryer. Dried samples
were used to measure the total amount of
anthocyanins.
Soxhlet extraction. 15 g of sample was
placed in the chamber and with 150 mL of solvent
was kept in the normal soxhlet for 6 hours. After
the scheduled time, the contents of the flask was
passed through filter paper and was dried using the
rotary evaporator under vacuum at 35 ºC. Dried
extracts was reached to a volume of 25 mL with
deionized water and the solution was dried for 24
hours in a freeze dryer. Dried samples were used to
measure the total amount of anthocyanins.

The antioxidant activity of anthocyanins. At
this stage, the determination of the oxidative
stability of the extra virgin olive oil has been
studied. Purified extract were added to extra virgin
olive oil in different concentrations and then
antioxidant stability of extra virgin olive oil was
evaluated using DSC technique.
Preparation
of
samples
for
DSC
measurement. Purified extract was brought out of

Determination
of
the
amount
of
anthocyanins. Total anthocyanins were determined
by differential pH method. briefly, the buffer pH=1
was prepared using 0.2 M KCl and 0.2 N
hydrochloric acid and the buffer pH= 4.5 was
prepared using 0.2 M sodium acetate and 2.0 M
acetic acid [5].

extract was dried in freeze dryer for 24 hours. The
solution with a concentration of 500, 1000, 1500
and 2000 ppm of extra virgin olive oil were
prepared, then stability of each solution against
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oxidation was measured
(SETARAM131) DSC.

separately

using
Identification of anthocyanins. Infrared
absorption spectra were obtained from 400 ± 4000
cm -1. The purpose of using IR spectra in organic
analysis was to identify the active groups of organic
and comparison the changes in chemical
compounds. To prove the presence of anthocyanins,
the extract was examined by FTIR spectroscopy.
Broad band of 3200 - 3500 cm-1 related to sugar &
3KHQRO 2+ JURXSV DQG 9LEUDWLRQ EDQG RI & ő 2
group at 1715 cm -1, shown in Figure 2 [16].

The samples analysis by DSC. The amount
of 8 mg of each sample was placed in a special
container. The sample was heated to a temperature
25 ºC under an inert atmosphere (nitrogen). Then,
oxygen gas was injected the instrument until the
temperature was adjusted to 280 ºC. The empty
container was used as control. During this dynamic
process, oxygen flow rate passing through the
instrument was 50 mL / min while the heat speed
was 10 ºC / min.

Purification
of
anthocyanins.
Some
impurities such as sugar and fat may cause
degradation of anthocyanins and make problems in
the drying process. One of the common ways to
remove sugar and other impurities is the use of
Amberlite XAD7 resin [10] In this article sugars
was entirely removed by SPE columns containing
cellulose powder and silica gel. This novel new
method is available and economically affordable. In
order to prove the absence of sugar, the purified
extract was examined by FTIR spectroscopy. As
shown in Figure 3, the percentage of transmittance
of OH groups at 3200 - 3500 cm-1 was enhanced as
a comparison with Figure 2, due to elimination of
sugar in extract.

FIGURE 1
The comparison of obtained anthocyanins in
three extraction methods

The antioxidant properties using DSC. In
DSC thermogram, onset point temperature
determines the start of auto-oxidation process.
Onset temperature (Tonset) is considered as a
parameter to characterize the oxidative sensitivity
of the oil [7, 17].
During dynamic process, samples at a
concentration of 500, 1000, 1500 and 2000 ppm
were analyzed by DSC, shown in Figure 4.

RESULTS AND DISCUSSION
Extraction of anthocyanins. For all three
extraction methods, total anthocyanins were
determined by spectrophotometer UV-Vis. Figure 1
showed that solvent extraction is more appropriate
than microwave and Soxhlet extraction. The
anthocyanins obtained from dried petals of Hibiscus
in solvent extraction method were reported 69.39
mg / 100 g

FIGURE 2
FT- IR spectra of petals Hibiscus extract
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FIGURE 3
FT- IR spectra of purified petals Hibiscus extract
anthocyanins, a natural antioxidant might be act as
an appropriate source for preparing commercial
olive oil.
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FIGURE 4
Effect of anthocyanin on oxidation temperature
of extra virgin olive oil
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HYDROCHEMISTRY OF GROUNDWATER FROM THE
LOOSE LAYER AQUIFER: QUALITY AND CONTROLLING
FACTOR ANALYSIS
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1. School of Resources and Geosciences, China University of Mining and Technology, Jiangsu 221116, P.R.China
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revealed that more than 71% of the coal mining
areas in China were lacking of water and 40% of
them were serious [1]. And therefore, the
groundwater in the coal mining area has attracted
large number of studies, which focused on the
quality evaluation and controlling factor analysis [2,
3].
Previous studies revealed that there are four
main aquifer systems related to the safety of coal
mining in the northern Anhui Province, China: the
loose layer, the coal bearing sandstone, the Taiyuan
Formation limestone and the Ordovician limestone
aquifer systems [4]. Among these four aquifer
systems, the groundwater in the loose layer and the
Taiyuan Formation limestone aquifer systems are
the most important ones for water supply, because
the groundwater in the loose layer aquifer system is
buried shallow (< 300 m), which can be pumped
easily, whereas the groundwater in the Taiyuan
Formation limestone aquifer system is relatively
clean with large amount.
Water pollution is a global problem [5-8]. It
has been suggested that water pollution is the
leading worldwide cause of deaths and diseases and,
it accounts for the deaths of more than 14,000
people daily [9]. And therefore, water quality is a
major concern by the government and scientists,
and the most common standards used to assess
water quality relate to health of ecosystems, safety
of human contact and drinking water, such as the
water quality standards of WHO [10], have been
released.
The quality of the groundwater from the
Taiyuan Formation limestone aquifer system has
long been concerned by previous studies [2, 3].
However, similar work related to the groundwater
in the loose layer aquifer system has not been
reported yet. In this study, a total of fifty-two
groundwater samples from the Zhuxianzhuang
coalmine in northern Anhui Province, China have
been collected, and their major ion concentrations
have been measured for evaluating the quality of
the water (including drinking and irrigation) and
identifying the main mechanisms controlling the
chemical variations of the water. The study can
provide information for the usage of the water.

ABSTRACT
Groundwater in the loose layer aquifer system
is important for the water supply and safety of
mining in the coal mines. In this study, a total of
fifty-two
groundwater samples
from the
Zhuxianzhuang coalmine in northern Anhui
Province, China have been collected, and their
major ion concentrations have been measured for
evaluating the quality of the water and identifying
the main mechanisms controlling the chemical
variations. The results suggest that the groundwater
from the loose layer aquifer system have pH values
in the permissible range of World Health
Organization (WHO), whereas they should be
treated before drinking according to their high
contents of total dissolved solids (TDS). The
groundwater samples were classified to be Na±SO4
and Na-Cl types, which related to the hydrological
condition of the water. The Water Quality Index
(WQI) values of the groundwater were 79 to 188
(mean = 149), suggesting that these groundwater
samples are poor for drinking when considering
about only their major ion concentrations. However,
they can be used for irrigation according to their
sodium absorption ratio (SAR) and residual sodium
carbonate (RSC) values. Moreover, Gibbs diagrams,
relationships between major ions and factor analysis
suggest that water rock interaction and evaporation
(related to discharging) are the main mechanisms
controlling groundwater chemistry.

KEYWORDS:
Groundwater; quality assessment; water rock interaction;
loose layer aquifer; coal mine

INTRODUCTION
Coal mining has greatly contributed to the
development of the economy and society of China,
because more than 50% of the primary energy was
contributed by coal during the recent years.
However, water shortage in China is serious,
especially in coal mining areas. Previous studies
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FIGURE 1
Location of the Zhuxianzhuang coalmine

fifty-two water samples have been collected from
the loose layer aquifer system in the Zhuxianzhuang
coalmine. Water pH and TDS were measured in the
field with a portable pH- and TDS- meter. Water
samples were filtered through 0.45 ȝP pore size
membranes and collected into 2 L polyethylene
bottles that had been cleaned in the laboratory. Then,
the samples were sent to the laboratory for analysis
of major ions. Concentrations of eight kinds of
major ions (Na+, K+, Ca2+, Mg2+, Cl-, SO42- and
HCO3-) have been analyzed. The analytical methods
are as follows: Na+, K+, Ca2+, Mg2+, Cl- and SO42were analyzed by ion chromatography, whereas
HCO3- was analyzed by acid±base titration in the
Engineering and Technological Research Center of
Coal Exploration, Anhui Province, China. Because
of the low concentrations of K+, the Na+ and K+ are
merged to be (Na++K+) in the following discussion.

MATERIALS AND METHODS
Hydro- and geological background. The
Zhuxianzhuang coal mine is located 13 km east of
the Suzhou City, northern Anhui Province, China
(Fig. 1) between latitude ƍƎ-ƍƎ
and longitude ƍƎ-ƍƎ. The length
of the coal mine is 9 km from south to north, and
the width is 1.5±5.8 km from east to west, and the
total area is 21.6 km2. The depth of coal mining is
between -250 m and -700 m.
The mine is located in the Huaibei plain with
elevation between 23 and 27 m. Tuohe River is the
only one flow through the region, but most of the
water supplies for drinking, irrigation and industry
are taken from underground. The climate of the area
is mild and belongs to marine - continental climate
with an annual average temperature of 14.3 °C. The
average annual rainfall is 941 mm, and most of
them concentrated in July.
The coalmine is covered by the loose layer
sediments, including the Tertiary and Quaternary,
the thicknesses of them are 250-260 m in the north
and 246-250 m in the south of the coalmine.
Multi-layer composite structure is observed in the
loose layer, including four aquifers and three
water-resisting layers from shallow to deep. The
first aquifer is a semi confined aquifer near the
surface with thickness between 15 and 30 m,
whereas the second, third and fourth ones are
confined aquifers, their thicknesses are 10-60,
20-80 and 0-57 m. The fourth aquifer is rich in
water and directly contacted with the coal bearing
strata. Moreover, because of the stable distribution
of the water-resisting layers, there is no hydraulic
connection between these four aquifers. The main
rock types in the loose layer aquifer system include
clay, sandy clay and calcareous clay.

RESULTS AND DISCUSSION
Major ion concentrations. The analytical
results of the major ion concentrations are listed in
Table 1 As can be seen from the table, pH values of
the groundwater samples range from 7.1 to 8.2 with
mean= 7.7, indicating that they are generally neutral
to slightly alkaline. In comparison with WHO [10],
all of the samples were in the permissible range
(6.5-8.5). TDS contents of the groundwater samples
vary from 913 to 3066 mg/l (Table 1) with a mean
of 1614 mg/l, and only one sample has TDS lower
than the guideline value of WHO (<1000 mg/l) [10],
indicating that these groundwater samples are
generally moderately saline or brackish (100010000 mg/l) [11]. The groundwater samples have
Na++K+ from 89 to 424 mg/l, Ca2+ from 37 to 235
mg/l, Mg2+ from 10 to185 mg/l, Cl- from 72 to 379
mg/l, SO42- from 227 to 734 mg/l and HCO3- from
123 to 545 mg/l.

Sampling and analytical methods. A total of
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TABLE 1
Major ion concentrations of groundwater samples (mg/l)
Na++K+

Ca2+

Mg2+

Cl-

SO42-

HCO3-

TDS

pH

N of Cases

52

52

52

52

52

52

52

52

Minimum

89

37

10

72

227

123

913

7.1

Maximum

424

235

185

379

734

545

3066

8.2

Mean

283

131

85

308

511

394

1614

7.7

Coefficient of variation

0.249

0.411

0.372

0.195

0.214

0.177

0.219

0.032

p-value

>0.15

>0.15

<0.01

<0.01

<0.01

0.035

<0.01

0.13

computed from the following equation:
 ൌ Ȁ σୀଵ ( ݅ݓ1)
Where Wi is the relative weight, wi is the
weight of each parameter, n is the number of
parameters.
Qi=100hCi/Si (2)
Where Qi is the quality rating, Ci is the
concentration of each chemical parameter (mg/l),
and Si is the World Health Organization standard
(Na+ 200 mg/l, Ca2+ 300 mg/l, Mg2+ 30 mg/l, Cl250 mg/l, SO42- 250 mg/l, TDS 1500 mg/l) [10].
WQI=σ
ୀଵ ܹ݅ ൈ ܳ݅ (3)
Based on the calculation results, the quality of
the water for drinking can be classified to be five
classes (excellent < 50, good 50-100, poor 100-200,
very poor 200-300 and unsuitable >300). The
groundwater samples from the Zhuxianzhuang
coalmine in this study have WQI range from 79 to
188 (mean = 149), and only two samples have WQI
values lower than 100, suggesting that these
groundwater are poor for drinking when
considering about only their major ion
concentrations, which is similar to the results
obtained from the comparison of major ion
concentrations with WHO standards [10]. It is also
noticed that the mean contributions of TDS, Cl-,
SO42-, Na+, Ca2+ and Mg2+ for the WQI are 15%,
17%, 27%, 15%, 4% and 23%. Therefore, before
the application of these groundwater, SO42- and
Mg2+ should be firstly considered, and then the Cl-,
TDS and Na+.

In comparison with the permissible limits of
WHO [10], 6, 44, 48, 8, 2 and 1 samples can meet
the demands of Na+, Ca2+, Mg2+, Cl-, SO42- and
HCO3- concentrations for drinking.
It can also be obtained from the table that the
groundwater samples have low to moderate
coefficients of variations (0.249, 0.411, 0.372,
0.195, 0.214, 0.177, 0.219 and 0.032 for Na++K+,
Ca2+, Mg2+, Cl-, SO42-, HCO3-, TDS and pH,
respectively), indicating that the sources of the
major ions in the loose layer aquifer system are
relatively stable. Similar conclusion can also be
achieved by the p-values of Anderson-Darling tests,
as Na++K+, Ca2+ and pH have normal distributions (>
0.05), whereas Mg2+, Cl-, SO42-, HCO3- and TDS
might have multi sources because of their low
p-values (< 0.05).
Hydro-chemical types. Classification of
hydro-chemical types for groundwater is important
because of the dominant anion species of water
change systematically from HCO3-, SO42-to Cl- as
groundwater flows from the recharge zone to the
discharge zone [12]. Classification of water in this
study is based on the concentrations of major ions
by using Piper diagram. The result in Fig. 2
indicates that most of the groundwater samples are
classified to be Na±SO4 type (39 samples) and
Na-Cl type (6 samples), suggesting that the
Zhuxianzhuang coalmine is not located in the
recharge zone, but discharging is important for the
chemical variations of these groundwater samples.
Quality evaluation for drinking. The water
quality index (WQI) was calculated for evaluating
the quality for drinking based on several key
parameters of water chemistry, which has long been
used for groundwater and surface water [13, 14]. To
calculate the WQI, the weight has been assigned for
the physico-chemical parameters according to the
parameters relative importance in the overall quality
of water for drinking purposes. The assigned weight
ranges from 1 to 5. The maximum weight of 5 has
been assigned for TDS, Cl- and SO42-, 4 for Na+, 3
for Ca2+ and Mg2+ [15]. The relative weight is

FIGURE 2
Piper diagram
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FIGURE 3
Gibbs diagrams

factors controlling groundwater chemistry are
analyzed by the diagram, including precipitation,
evaporation and rock dominance. The Gibbs ratios
are calculated by: Gibbs ratio I= (Cl-/Cl-+HCO3-)
and Gibbs ratio II= (Na++K+)/(Na++K++Ca2+) (in
meq/l). In the present study, Gibbs ratio I values
range from 0.26 to 0.82 (mean = 0.57) and Gibbs
ratio II values range from 0.20 to 0.79 (mean =
0.48). From Fig. 3, it is clear that all of the samples
fell in the area between rock and evaporation
dominance, indicating that water rock interaction
and discharge related evaporation are the main
mechanism controlling groundwater chemistry.
Moreover, it can be obtained from Fig. 4 that
the water samples in this study have Ca2+/Na+ and
Mg2+/Na+ ratios range from 0.13 to 2.13 (mean =
0.60) and 0.08 to 1.81 (mean = 0.62), respectively,
suggest that the weathering of silicate minerals and
dissolution of evaporate are important in the aquifer
system. It is also supported by the plots of Ca2+/Na+
versus HCO3-/Na+ (Fig. 4).
For getting more information about the source
of major ions in the water, factor analysis has been
applied to the data, which have long been used for
identifying the source of pollutants in
environmental studies [21, 22]. With eigenvalue
higher than one after varimax rotation, two factors
have been obtained (Table 2). As can be seen from
the table, the first factor has high positive loadings
of Mg2+, Ca2+ and SO42-, which accounts for 37.7 %
of the total variance, and the second factor has high
positive loadings of Na+, Cl- and HCO3-, which
accounts for 26.1 % of the total variance. According
to the discussions above, as well as the relationships
between major ions during dissolution or
weathering of minerals, the first factors can be
explained to be dissolution of sulfate minerals (e.g.
gypsum, CaSO4) and the second factor can be
explained to be weathering of silicate minerals
(which can generate Na+ and HCO3-) and
dissolution of chloride minerals (e.g. halite, NaCl).

Quality evaluation for irrigation. There are
several parameters have been applied for quality
evaluation of irrigation, including sodium
absorption ratio (SAR), percentage sodium (% Na)
and permeability index (PI), residual sodium
FDUERQDWH 56& .HOO\¶VUDWLRDQGPDJQHVLXPUDWLR
In this study, the most popular applied parameters
(SAR and RSC) have been chosen for quality
evaluation of irrigation.
The index used is the SAR (2×Na+/(Ca2+ +
2+
Mg ), in meq/l) expresses the relative activity of
sodium ions in the exchange reactions with the soil.
This ratio measures the relative concentration of
sodium to calcium and magnesium. Excess sodium
concentration can reduce the soil permeability and
soil structure [16]. Irrigation using water with high
SAR may require amendments to prevent long-term
damage to the soil [17]. The calculated values of
SAR in this study ranges from 0.51 to 7.67 (mean =
2.10), and all of the samples were within
permissible limit (< 10).
RSC ((CO32- +HCO3-)-(Ca2++ Mg2+), in meq/l)
exists in irrigation water when the carbonate (CO3)
plus bicarbonate (HCO3) content exceeds the
calcium (Ca2+) plus magnesium (Mg2+) content. An
excess value of RSC in water leads to an increase in
the adsorption of sodium in soil [18], and then loss
of soil structure and decrease in soil permeability
[19]. RSC value < 1.25 meq/l indicates good water
quality. If the value of RSC is between 1.25 and 2.5
meq/l, the water is slightly suitable while a
value >2.5 meq/l the water is considered as
unsuitable for irrigation. RSC values in this study
range from -12.8 to 2.52 meq/l (mean = -7.08 meq/l)
and suggesting that all of the water samples can be
used for irrigation purpose.
Mechanism controlling water chemistry.
Gibbs [20] proposed a diagram to understand the
relationship of the chemical components of water
from their respective aquifer lithology. Various
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FIGURE 4
Na+ normalized Ca2+, Mg2+ and HCO3- plots

TABLE 2
Results of factor analysis

Na++K+

Factor 1

Factor 2

0.059

0.886

2+

Mg

0.846

0.029

Ca2+

0.698

-0.277

Cl-

-0.397

0.631

0.945

-0.069

HCO3

-0.064

0.548

Eigen value

2.26

1.566

Variance explained (%)

37.7

26.1

2-

SO4

-

CONCLUSIONS
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ha. These are generally planted on 0.65 million ha
for corn, and sunflower, 0.50 million ha for cotton,
and 0.03 million ha for soybean in Turkey [7]. In
the Adana province, 10% of these crops were
cultivated as second crops [7]. Adana province has
one of the largest agricultural land in Turkey, and
various agricultural crops such as citrus, soybean,
sesame, watermelon, sunflower, corn, etc. In
Adana,
agricultural
crops
are
produced
approximately 60.58% for soybean, 16.90% for
corn, 6.40% for cotton, 6.05% for sunflower of that
in Turkey [8]. Therefore, in Adana, 2014, pesticide
consumption was 4,148 tonnes, about 26% of
which was herbicide [8]. In 2014, herbicides
consumption in Adana was 1,080 tonnes, of which
12% was used in corn, sunflower, soybean and
cotton [8].
In Adana province, in 2014, fifteen active
ingredients (a.i.) namely as acetochlor, aclonifen,
benfluralin, bromoxynil, clethodim, dicamba,
fluazifop-p-butyl,
foramsulfuron,
linuron,
mesotrione, nicosulfuron, oxyfluorfen, prometryn,
trifluralin and tritosulfuron were used for soybean,
corn, cotton and sunflower cultivation in herbicide
applications. Acetochlor, aclonifen, benfluralin, and
trifluralina.i.is used to control of grasses and broadleaved weeds for pre-emergence. Bromoxynil,
fluazifop-p-butyl, foramsulfuron, nicosulfuron, and
tritosulfurona.i.is used to control of broad-leaved
weeds for post-emergence. Linuron, and
oxyfluorfena.i. is used to control of grass and
broad-leaved weeds for pre and post-emergence [9].
In pesticide applications, overdose and
incorrect use of herbicides can cause negative
effects on human health and environment. Human
health consists of three categories such as operator,
worker, and bystander (Council Directive
91/414/EC). Operators are directly exposed to the
pesticide during preparation, mixing and loading,
and spray applications. Workers are exposed to the
pesticide after spray application, especially at
pruning, harvesting and tying up [10-14]. Operators
and workers are exposed to pesticides by skin,
inhalation or accidental oral ingestion. During
applications, pesticide exposure occurs on head,
eyes, hands, lungs, legs, and foot. Pesticide
exposure on operators and workers can be
minimized by using Personal Protective Equipment

ABSTRACT
The aim of this study was to assess the
occupational exposure for operator and worker by
using risk indices in herbicide application in Adana,
Turkey. The data of herbicides active ingredient
(a.i.) related to applications in soybean, corn,
cotton, and sunflower cultivation in Adana, 2014,
were obtained by calculation of risk index (RI) and
exceedence factor (EF) for operators and workers
with Personal Protective Equipment (PPE) and
without PPE according to the Pesticide
Occupational and Environment Risk Indices
(POCER). In the result of this study, it was assessed
that there were no maximum risk (EF<1) in
soybean, corn, cotton, and sunflower cultivation for
operators. It was determined that operators were
under intermediate risk (60%), and low risk (40%).
On the other hand, some a.i. have maximum risk for
workers (60%). For workers, PPE was decreased
32% in maximum risk, 44% in intermediate risk
and, yet, increased 24% in no risk. In this study, it
was concluded that PPE has to be used for
minimizing pesticide exposure on workers. It was
found that PPE was important for workers in all
herbicide applications.

KEYWORDS:
Pesticide exposure, Occupational health, Herbicide
application, Risk index, Personal protective equipment

INTRODUCTION
In agriculture, operator and worker serve
under negatively health conditions such as vibration
in agricultural machines [1], pesticide applications
[2-6] etc. Paliset al. (2006) indicated that in
worldwide, approximately 1.3 billion workers,
which of 14% of all occupational injuries from
pesticides and other agrochemicals are occupied in
agriculture. In every year, 17.000 workers in
agriculture are under lethal effect according to ILO
(International Labor Organization) records [6].
In Turkey, corn, sunflower, soybean, and
cotton are approximately cultivated on 2.00 million
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(PPE) that avoid them to pesticide exposure [1523]. PPE include coveralls, respirators, eyewear,
gloves, footwear, aprons, headgear, etc. Generally,
in pesticide applications, PPE are not used due to
meteorological condition by operators and workers.
Also, in Turkey, they do not take care of PPE. In
Korea, farmers approve of long-sleeved shirts and
long trousers instead of PPE during spray
applications [5]. Al Zadjali et al. (2015) found that
the level of use of PPE is low in Oman [24]. Nicol
and Kennedy (2008) determined that reasons for
not wearing PPE were too uncomfortable to wear,
too expensive, too much time to put on, and forget
[25].
The objective of this study was to assess the
occupational exposure for operator and worker by
using risk indices in herbicide applications in
soybean, corn, cotton and sunflower cultivations in
Adana, Turkey in 2014.

MATERIALS AND METHODS
In this study, herbicides a.i. namely as
acetochlor (A), aclonifen (B), benfluralin (C),
bromoxynil (D), clethodim (E), dicamba (F),
fluazifop-p-butyl (G), foramsulfuron (H), linuron
(I), mesotrione (J), nicosulfuron (K), oxyfluorfen
(L),
prometryn
(M),
trifluralin(N)
and
tritosulfuron(O) were used in soybean, corn, cotton
and sunflower cultivation in Adana, 2014.
Structural formulas of herbicide a.i. were given in
Figure 1 [26].
Operator (RIoperator). The risk index for
operators (RIoperator) is assessed by equation (1) [14,
27-29].
$5[
Eq.1
5,RSHUDWRU
$2(/
Where;
AR : Application Rate (kg a.i./ha),
AOEL
: Acceptable Operator Exposure
Level (mg/kg-body weight-day).

Acetochlor(A)

Aclonifen (B)

Benfluralin(C)

Bromoxynil(D)

Clethodim (E)

C14H20ClNO2

C12H9ClN2O3

C13H16F3N3O4

C7H3Br2NO

C17H26ClNO3S

(a)

(b)

(c)

(d)

(e)

Dicamba (F)

Fluazifop-p-butyl

Foramsulfuron(H)

Linuron (I)

Mesotrione (J)

C8H6Cl2O3

(G) C19H20F3NO4

C17H20N6O7S

C9H10Cl2N2O2

C14H13NO7S

(f)

(g)

(h)

Õ

(j)

Nicosulfuron (K)

Oxyfluorfen (L)

Prometryn (M)

Trifluralin (N)

Tritosulfuron (O)

C15H18N6O6S

C15H11ClF3NO4

C10H19N5S

C13H16F3N3O4

C13H9F6N5O4S

(k)

(l)

(m)

(n)

(o)

FIGURE 1
Structural formulas of active ingredients [26]
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The concentration the applied doses,
and Acceptable Operator Exposure Level (AOEL)
values of all a.i. were given in Table 1 [9].
clethodim,
mesotrione,
qAclonifen,
nicosulfuron, and prometryn were applied different
dosage for different crops (Table 1). As seen in
Table 1, numbers of total herbicide application
were twenty-five, however, fifteen a.i. were used in
herbicide applications.
The risk of a pesticide to different components
is determined if the lower limit is exceeded. This
exceedence factor (EF) is calculated with Equation
4 [27].

Worker (RIworker). The risk index for workers
is calculated with Equation (2) [13-14, 27-29].
5,ZRUNHU

'([$E'(
$2(/

Eq.2

Where;
DE
:
Dermal
Exposure
(mg/person/day),
AbDE
: The dermal absorption factor
(default 0.1).
$5
'( [ [7)[7[3Eq. 3
/$,
Where;
AR : Application rate (kg a.i./ha),
LAI: Leaf Area Index (m2) (default 1 for field
crops),
TF : Transfer Factor (cm2/person/h) (default
5000 for field crops),
T : The duration of re-entry (h) (default 8),
P : The factor for personal protective
equipment (PPE) (default 1 for no PPE).

ୖୗୖୈ െ ା ୖୗୖୈ
ቇ
ା ୖୗୖୈ െ ା ୖୗୖୈ
Eq.4
These LL+andUL+values are converted using
Equation
5
[27].
 ൌቆ

TABLE 1
The concentration, the applied doses and the toxicity data of a.i. [9].
Concentration of a.i.
Applied doses of a.i.
AOEL*
(g/kg-l)
(kg/ha)
(mg/kg-day)
0.020
1.68000
Acetochlor
840.0
(1)#
0.070
0.75000
Aclonifen
600.0
0.070
1.20000
Aclonifen(2)
600.0
0.070
1.80000
Aclonifen(3)
600.0
0.005
1.50000
Benfluralin
600.0
0.010
0.33750
Bromoxynil
225.0
0.200
0.08715
Clethodim(1)
116.2
(2)
0.200
0.14525
116.2
Clethodim
0.300
0.12500
500.0
Dicamba
0.020
0.12500
125.0
Fluazifop-p-butyl
0.100
0.04500
22.5
Foramsulfuron
0.009
0.71250
475.0
Linuron
0.015
0.07500
37.5
Mesotrione(1)
0.015
0.09375
Mesotrione(2)
37.5
(3)
0.015
0.11250
Mesotrione
37.5
0.800
0.06000
60.0
Nicosulfuron(1)
0.800
0.05000
40.0
Nicosulfuron(2)
(3)
0.800
0.03000
15.0
Nicosulfuron
0.800
0.03750
15.0
Nicosulfuron(4)
0.800
0.04500
15.0
Nicosulfuron(5)
0.013
0.24000
240.0
Oxyfluorfen
0.010**
1.50000
500.0
Prometryn(1)
(2)
2.00000
500.0
Prometryn
0.010**
1.10400
480.0
Trifluralin
0.026
0.06250
250.0
Tritosulfuron
0.750
# : Aclonifen, clethodim, mesotrione, nicosulfuron, prometryna.i. was applied at different doses.
* : AOEL, Acceptable Operator Exposure Level (mg/kg-body weight-day).
** : ADI (Acceptable Daily Intake) (mg/kg-body weight-day) was taken due to not found AOEL value.

Active ingredient (a.i.)
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others a.i. have low risk because of the EF
values was 0.000 to an operator.
As seen in Figure 3, tritosulfuron (0.301),
nicosulfuron(1,2,3,4,5) (0.275, 0.230, 0.102, 0.158, and
0.204), foramsulfuron (0.697), dicamba (0.681)
clethodim(1,2) (0.690 and 0.797) a.i. have
intermediate risks for the worker. On the other
hand, the maximum EF value (1.000) was assessed
on
trifluralin,
prometryn(1,2),
oxyfluorfen,
mesotrione(1,2,3),
linuron,
fluazifop-p-butyl,
bromoxynil, benfluralin, aclonifen(1,2,3), and
acetochlor. All the a.i. has risk for workers because
of their EF values between 0.000 and 1.000. If PPE
is used by workers, tritosulfuron, and
nicosulfuron(1,2,3,4,5) has low risk due to EF values
(0.000). In PPE conditions, EF values were
decreased 100.00% for tritosulfuron and
nicosulfuron(1,2,3,4,5), 81.05% for dicamba, 79.71%
for clethodim(1), 78.76% for foramsulfuron, 66.50%
for clethodim(2), 28.00% for mestrione(1), 23.40%
for fluazifop-p-butyl and mesotrione(2), 19.70% for
mesotrione(3), 13.00% for aclonifen(1) and 5.30% for
aclonifen(2).

Eq.5

with
X = LL+ and UL+
The maximum total risk of herbicide a.i. is
calculated by adding the indices that consist of 2 for
the operator and worker [27]. In herbicide
applications, 0.000 or lower EF values mean low
risk, and1.000 or higher EF values mean high risk.
If EF values of herbicide a.i. are between 0 and 1, it
means intermediate risk in spraying [27].

RESULTS
In this study, EF values for occupational
health were assessed, and given for each a.i. in
Figure 2 and 3.
As seen in Figure 2, trifluralin, prometryn(1,2),
oxyfluorfen, mesotrione(1,2,3), linuron, fluazifop-pbutyl, bromoxynil, benfluralin, aclonifen(1,2,3), and
acetochlor have intermediate risk because of the EF
values between 0.000 and 1.000 to an operator. The

FIGURE 2
EF values of the operator
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FIGURE 3
EF values of the worker
As seen in Figure 4, the highest occupational
risk was obtained in benfluralina.i. (1.983) and
prometryn(1,2)a.i. (1.874 and 1.922). The lowest
total risk was found in nicosulfuron(1,2,3,4,5).
In the result of this study, it was assessed that
herbicide active ingredient used in soybean, corn,
cotton, and sunflower cultivations have no
maximum risk, yet, they have intermediate and low.

As shown in Figure 2 and 3, the total risk was
determined as 30.66% for operator and 76.54% for
worker. The theoretical total EF value of each a.i. is
2.000 for occupational risk which was obtained by
1.000 EF values of operator and worker.
The theoretical total EF value of total risk for
each a.i. were given in Figure 4

dŚĞŽƌĞƚŝĐĂůƚŽƚĂů&ǀĂůƵĞ

Ϯ͕ϬϬϬ

ϭ͕ϬϬϬ
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ůĞƚŚŽĚŝŵ;ϮͿ
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EŝĐŽƐƵůĨƵƌŽŶ;ϮͿ
EŝĐŽƐƵůĨƵƌŽŶ;ϯͿ
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FIGURE 4
Theoretical total EF value of each a.i.

3724



© by PSP

Volume 25 ± No.9/2016, pages 3720-3727

Fresenius Environmental Bulletin






risk on operator. It was determined that exposure
risk was decreased when workers used PPE.
Samuel et al. (2015) reported that farmers in
Bayelsa State of Nigeria use for herbicides for
increased production and they have come to the
realization that use of chemicals was economical,
effective and less time consuming than the
traditional system of weed control. However most
farmers did not use PPE during herbicide
applications [30]. Kumari and Reddy (2013)
indicated that 71.3% of the participants in
Yerpedu/India wearing protective clothes and
special gloves, and 86% reported wearing of special
face mask while working [31]. Al Zadjaliet al.
(2015) reported that the level of use of PPE is low
in Al-Batinah region of Northern Oman [ 24].
Bozdoganet al. (2015) found that percentage
decrease of risk for workers with PPE was 100.00%
tritosulfuron and nicosulfuron, 88.43% for dicamba
and 82.44% for foramsulfuron cereal cultivation
Sanliurfa, Turkey [ 32]. In defoliant applications,
EF values decreased 36.30% when PPE used by
workers in cotton cultivation [17]. YarpuzBozdogan (2009) found that the total risk in
herbicide application was 12.20% for operator, and
49.01% for worker in wheat cultivation [ 33]. It was
assessed that 15.72% for operator, and 89.93% for
worker in fungicide application [34]. Also,
Bozdogan and Yarpuz-Bozdogan (2015) obtained
the similar results such as 11.57% for operator, and
92.60% for worker in insecticide and fungicide
applied in peanut cultivation [21]. It is obvious that
worker, deal with pesticide application in
agriculture, occupies under unhealthy conditions.
Damalaset al. (2006) indicated that in northern
Greece, farmers (46%)do not use special PPE when
spraying, however, they (99%) know that pesticides
FDQKDYHVHULRXVQHJDWLYHO\HIIHFWVRQXVHUV¶KHDOWK
[ 35]. Also, Recenaet al (2006) indicated that
farmers (>90%) are aware of negative effect of
pesticides on human health, yet, during pesticide
application, they (<20%) use masks, clothes, or
gloves [- 36]. Osborne et al. (2015) indicated that
the standard of PPE is essential to prevent worker
exposure to the pesticides [20]. Tsakirakiset al.
(2014) determined that operator exposure level
were 2.2 times lower than 75th percentile values for
an operator wearing PPE estimated by the German
model. Government or public agency make farmers
inform about PPE importance for minimizing of
pesticide exposure [19]. Damalas&Koutroubas
(2016) indicated that correct using of the
appropriate type of PPE can be minimized pesticide
exposure on farmers [ 37]. Van der Jagtet al. (
2004) assessed that dermal exposure minimized
about fourfold after PPE program such as full-face
respirator with new filter, gloves, boots, and a
Tyvek(R) cloth [ 38]. On the other hand, deficiency
of PPE or negligence to use it appropriately is a
major problem when spraying [ 35]. Khan

&Damalas (2015) reported that prohibition of
use of highly toxic pesticides and implementation
of good agricultural practices might be needed to
minimize pesticide exposure in the rural population
[ 39].
De Almeida et al. (2012) reported that PPE is
the last preferred solution to an Occupational Safety
Health system [ 40]. In pesticide application,
farmers do not use overalls, mask, gloves, etc. [ 38,
39, 41-42].
The use of inappropriate spraying equipment,
extremely hot and dry meteorological conditions
during pesticide applications affect the quality level
of pesticide application and increase the degree of
exposure [ 35]. For minimize of pesticide exposure
on operators and workers have to use proper PPE.
Recommended protective clothing and equipment
must be written on pesticides label. Pesticides label
recommendations should be considered by farmers.
Operator and worker have to change the PPE after
the pesticide applications.

DISCUSSION AND CONCLUSIONS
In this study, in herbicide applications, PPE
has to be used for minimizing pesticide exposure on
workers. For these purposes, workers have to be
educated individual and/or collective about safe
working conditions such as hygiene, appropriate
use of sprayer and correct spray time, importance of
PPE, reading and understanding of pictograms and
technical terms on pesticide label, legislation,
procedures, etc. It is necessary to minimize the
pesticide exposure of human health during pesticide
applications. Health expense in rural community
will be reduced if preventive and protection
conditions as above mentioned are considered by
government agencies, private institutions, farmer
associations, etc. related to pesticide application
and rural development.
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PHYTOREMEDIATION POTENTIAL OF CANNA INDICA L.
IN WATER CONTAMINATED WITH LEAD
Nevena Cule1*, Dragica Vilotic2, Marija Nesic2, Milorad Veselinovic1, Dragana Drazic1, Suzana Mitrovic1
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relatively low concentrations [1,2]. These metals
have an adverse effect to the environment and
humans because they can easily travel through the
food chain and accumulate for many years in its
highest links [3].
Rhizofiltration is one of phytoremediation
techniques that uses plant roots for the absorption,
concentration and precipitation of metals from
water [4]. Terrestrial plants are considered more
suitable for rhizofiltration because they have longer,
stronger and usually fibrous roots with a large
surface area for metal sorption [5]. Canna indica L.
(Cannaceae) may be a good candidate for heavy
metal removal from polluted water because it has
several important features of plants suitable for
phytoremediation.
The aim of this study was to investigate
phytoremediation potential of C. indica. To achieve
this aim main objectives were to grow plants in
nutrient solution with three different concentrations
of lead, to determine dry biomass of vegetative
parts, to analyse plants for lead concentration, to
compare lead concentration in above-ground and
below-ground biomass, to quantify the potential of
plant to concentrate desired metal from the medium,
and to determine the ability of the plant to
translocate heavy metal from roots to above-ground
biomass.

ABSTRACT
Today there are many technologies for
wastewater treatment and rhizofiltration is one of
phytoremediation techniques that is very promising
for cleanup of large quantities of water with
medium or low concentrations of heavy metals. The
aim of this study was to investigate
phytoremediation potential of ornamental plant C.
indica in water contaminated with lead. The present
research demonstrated that dry weight of aboveground
and
below-ground
biomass
was
significantly increased at the highest treatment
containing 41 mgPb/L. Lead accumulation in
below-ground biomass was up to 90- fold higher
than in above-ground biomass. The highest Pb
concentration was recorded in root (2480.07 mg/kg)
on the 21st sampling day in treatment with the most
Pb added. The highest bioconcentration factor
(81.16) was recorded in the nutrient solution with
the least Pb added. Translocation factor was not
significantly affected by lead concentration in
nutrient solution or exposure time and it was low
(0.01). Symptoms of lead phytotoxicity were not
observed on any plant in treatments and control.
The results of this research further support the idea
that terrestrial plants are more suitable for
rhizofiltration than aquatic plants and that C. indica
can be used in rhizofiltration systems or floating
islands for treatment of water polluted with lead.

MATERIALS AND METHODS
KEYWORDS:
rhizofiltration, lead, Canna indica L.,
bioconcentration factor, translocation factor

The plant material was established from
rhizomes (with the approximately same number of
buds and weight) of the species C. indica which
were planted in peat at the beginning of April.
Planted material was stored in the laboratory with a
glass roof till the beginning of the experiment (the
end of May). Light regime was consistent with
normal alternation of day and night.
Well-cultivated seedlings with an average
height of 50 cm were transferred to containers filled
with 3L of modified half strength Hoagland
solution. Nutrient solution contained (mM): 2
Ca(NO3)2 x 4H2O, 3 KNO3, 3 NH4NO3, 1 MgSO4 x
7H2O, 1 KH2PO4 and 0,2 FeEDTA, and (μM) 4,5
MnSO4, 23 H3BO3, 0,1 (NH4)6Mo7O24, 0,4 ZnSO4
and 0,2 CuSO4 [6]. Solutions were changed and

biomass,

INTRODUCTION
Plants require a considerable number of metals
in very small quantities for their growth and
development. However, some of biogenic elements,
such as Cu, Se and Zn, are toxic in high
concentrations and may be found in some types of
wastewater. Other metals such as Cd, Hg, Pb, As,
Tl and U can also be detected in industrial and other
wastewater, but they have no biological value to
living organisms, and are extremely toxic in
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determine the potential of C. indica for
phytoremediation. It represents the index that
indicates the ability of the plant to translocate heavy
metals from roots to above-ground biomass [13].
Translocation factor (TF) was calculated as:

supplemented with new ones after a week. Lead
was supplied as Pb(CH3COO)2 x 3H2O to the
medium at three different concentrations: 50 μM ,
100 μM and 200 μM containing 10 (treatment I),
21(treatment II) and 41 (treatment III) mgPb/L
solution, respectively. Plants grown in nutrient
solution without lead presented control.
Plant samples were collected on 9th and 21st
day of the experiment. Plants were removed from
nutrient solution and divided into roots, rhizomes,
stems and leaves. All vegetative parts were rinsed
three times in distilled water to remove surface
adsorbed lead. Plants were then transferred to paper
bags and dried at 80oC for 24 hours [7]. Plant
samples were milled to powder to pass 20-mesh
sieve. Representative samples were placed in plastic
containers and stored for chemical analysis.
The fresh and dry weights of vegetative parts
were measured on electronic balance in order to
determine above-ground and below-ground
biomass.
The heavy metals were extracted using a
microwave digestion method described by Senila et
al. [8]. Microwave digestion unit (CEM MDS 2000,
Berghof, Germany, Mod. Speedwave MWS3+) was
used for sample preparation. Samples of a dry well
homogenised plant material (250-300 mg) were
weighted in Teflon vessels and 5 ml of 69% HNO 3
and 2 ml of 30% H2O2 were added. Closed vessels
were placed in a microwave digester. Cooled
samples were decanted in 25mL volumetric flack
and were made up to the graduated line with
distilled water [9]. Samples were then filtrated with
filter paper and stored in closed sterile containers in
refrigerator for heavy metal analysis.
Heavy metal content in plant tissue was
analysed using ICP-OES (Varian Vista-PRO, CCD
Simultaneous ICP-OES). All tissue heavy metal
concentrations are reported on a dry weight basis.
Bioconcentration factor (BCF) was used to
quantify the potential of C. indica to concentrate
desired metal from the medium. It represents the
index that indicates the possibility of the plant to
accumulate the metal of interest in relation to its
concentration in the nutrient solution [10].
Bioconcentration factor (BCF) was calculated as:

 
  ሺȀሻ
ൌ
  ሺȀሻ

Values of translocation factor less than 1
indicates that the heavy metal accumulates largely
in below-ground biomass and its translocation to
the above-ground biomass is poor [14].
Influences of various treatments on biomass
dry weight, lead concentration in biomass,
bioconcentration factor and translocation factor
were tested using one-way analysis of variance
(ANOVA) followed by Fisher's LSD test (P <
0.05). All statistical analyses were carried out using
Statgraphics
Centurion
XVI
(Statpoint
Technologies, Inc., Warrenton, VA, USA).

RESULTS AND DISCUSSION
The results obtained from the analysis of
effects of treatments and sampling day on the dry
weight biomass of C. indica are presented in Fig.1.
The present study demonstrated that dry weight of
above-ground and below-ground biomass were not
significantly affected by lead concentration in
control and treatments I and II on both sampling
days. Significant increase of dry weight biomass
was determined only at the highest treatment
containing 41 mgPb/L.
a
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0
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In rhizofiltration BCF of below-ground
biomass is more relevant measurement of plants
phytoremediation potential then BCF of whole
plant or BCF of above-ground biomass [11]. For
that reason BCF was separately calculated for both
above-ground and below-ground biomass. The
higher the value of bioconcentration factor is the
plant is more suitable for phytoremediation of
targeted heavy metal [12].
Translocation factor (TF) was calculated to

I
II
III
Treatmen Pb conc. (mg /L)
AGB 9
AGB 21
BGB 9
BGB 21

FIGURE 1
Effects of treatments on above-ground and
below-ground biomass.
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Within each graph different letters indicate
significant differences between treatments on the
same sampling day. Error bars represent ± SE of the
mean of 6 replicates. (AGB9 and AGB21 - aboveground biomass on 9th and 21st sampling day,
respectively; BGB9 and BGB21 - below-ground
biomass on 9th and 21st sampling day, respectively)
The reason for this is not clear but biomass
weight could be affected by changes in enzyme
activity, mineral nutrition, hormonal status or
membrane permeability [15]. Although, our results
differ from some published studies [16,17,18,19],
they are consistent with those of De Jesus and
Yllano [10] who showed significant increases in the
root and shoot biomass of Zea mays L. in the
highest Pb treatment where Pb was supplied as
Pb(NO3)2.
Canna indica L. regulated lead uptake so that
concentration in plant tissue reflected levels of lead
in growth media (Tab. 1 and Tab. 2). The content of
lead in plants also increased with exposure time.
This was in agreement with data obtained by Bose
et al. [20] and De Jesus and Yllano [10].
The highest Pb accumulation in above-ground
biomass was 26.39 mg/kg at highest Pb supply on
the 21st sampling day (Tab. 1). The leaf and steam
contribute to this value was almost equal with 12.16
mg/kg and 14.23 mg/kg, respectively (Tab. 2).
These results are consistent with those of
Subhashini and Swamy [21] for lead accumulation
in C. indica and Qian et al. [22] for several wetland
plants such as Cyperus alternifolius L., Marsilea

drummondii
A.Braun,
Myriophyllum
brasiliense Camb. The accumulation of lead in
above-ground biomass was much lower compared
to Z. mays and Brassica juncea but close to lead
accumulated by B. juncea cv. 184290 [23].
Lead accumulation in below-ground biomass
was up to 90- fold higher than in above-ground
biomass. The same trend of accumulation was
observed in Z. mays [10] and B. juncea [23]. The
highest Pb bioaccumulation in below-ground
biomass was 2807.85 mg/kg at the highest Pb
supply on the 21st sampling day (Tab. 1). The root
accumulated much more Pb then rhizome with
2480.07 mg/kg and 327.77 mg/kg, respectively
(Tab. 2). These results are in line with those
obtained for Z. mays [10]. However, C. indica in
this study accumulated more Pb compared to other
findings for C. indica [21], Z. mays [23] and
wetland plants such as Polygonum hydropiperoides
Michx., C. alternifolius, M. drummondii and M.
brasiliense [22]. Dushenkov et al. [5] reported that
B. juncea was among the best accumulators in their
study with 136000 mgPb/kg thus C. indica in this
study was far behind stated results for B. juncea.
Results (Tab. 3) showed that different
treatments had an effect on BCF of above- ground
and below-ground biomass on the 9th sampling day
(p<0.05). However, with the duration of the
experiment differences in BCF among treatments
were reduced both for the above-ground and for the
below-ground biomass (p>0.05).

TABLE 1
Mean Pb concentration in above-ground and below-ground biomass (mg/kg)
Pb concentration (mg/kg)
Treatment
Above-ground biomass
Below-ground biomass
9 day
21 day
9 day
21 day
I
4.32±0.560b
8.37±1.397b
278.61±32.876b
840.89±73.535b
a
a
a
II
13.79±2.454
20.84±4.900
1178.41±167.637
1536.10±213.770b
a
a
a
III
15.87±2.348
26.39±3.634
1216.05±60.073
2807.85±408.962a
Values with a different letters within column and on the same sampling day are significantly different at <0.05.
Values are means ± SE of six replicates.
TABLE 2
Mean Pb concentration in different vegetative parts (mg/kg)
Treatments
Vegetative
part
I
Leaf
2.68±0.441b
Steam
1.63±0.293b
9
Rhizome
39.58±6.626b
Root
239.03±28.365a
Leaf
3.97±0.230b
Steam
4.39±1.234b
21
Rhizome
75.55±3.979b
Root
765.34±72.447a
Values with a different letters within column and on the
Values are means ± SE of six replicates.
Sampling
day

II
III
7.75±1.131b
11.41±2.462c
b
6.04±1.499
4.46±0.897c
96.04±21.369b
144.92±21.770b
1082.37±149.926a
1071.12±57.566a
b
6.40±1.281
12.16±0.926b
b
14.43±3.773
14.23±3.125b
b
129.72±32.350
327.77±99.875b
a
1406.38±188.990
2480.07±374.995a
same sampling day are significantly different at <0.05.
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TABLE 3
Effects of treatments on BCF of above-and below-ground biomass and TF
BCF of above-ground biomass
BCF of below-ground biomass TF
9 day
21 day
9 day
21 day
9 day
21 day
I
0.41±0.053b
0.80±0.134a
26.89±3.174b 81.16±7.099a
0.02±0.001a 0.01±0.001a
II
0.67±0.120a
1.02±0.239a
57.70±8.209a 75.22±10.468a
0.01±0.001a 0.01±0.001a
b
a
b
a
III
0.38±0.056
0.63±0.087
29.34±1.449 67.75±9.868
0.01±0.001a 0.01±0.002a
Values with a different letters within column and on the same sampling day are significantly different at <0.05.
Values are means ± SE of six replicates
Treatment

to hyperaccumulators but it can produce at least ten
times greater biomass and thus the amount of the
accumulated heavy metals from contaminated
media is much higher. Furthermore, as a terrestrial
plant C. indica is also more suitable for
rhizofiltration than aquatic plants. The limited
rhizofiltration potential of aquatic macrophytes is
attributed to their relatively small root and its slow
growth rate in addition to the high water content in
their tissue which complicates their drying [5].
Results of our previous studies [25] showed that C.
indica can produced a significant amount of
biomass both of the above-ground and belowground biomass after a month and a half of growing
in water without the addition of any nutrients.
Furthermore, the plants were able to develop very
dense, strong fibrous roots with a large area for the
sorption of heavy metals. These findings further
suggest that C. indica may be tolerant to poor
environmental conditions.
The visual non-specific symptoms of lead
phytotoxicity [26] were not observed on any plant
in treatments and control. This finding was
unexpected and it may be the first step in
suggesting the strong possibility that C. indica may
also be tolerant to high levels of lead. The results of
this study corroborate the findings of Zurayk et al.
[11] who suggested that ability to tolerate high
levels of targeted heavy metal may be associated
with an increase of phytoaccumulation, with the
increase of heavy metal supply and restricted
translocation of heavy metal from root to shoot.

Contrary to the highest value of Pb
accumulation in the treatment with the highest Pb
supply, the highest BCF of below-ground biomass
(81.16) was recorded in the nutrient solution with
the least Pb added. In this study C. indica had
greater BCF compared to same plant in the
experiment carried by Subhashini and Swamy [21]
where BCF of whole plant did not reach more than
3.64. However, this maximum BCF value was
much lower than root BCF of Z. mays, B. juncea
and B. juncea cv. 184290 [23].
The above-ground biomass BCF was much
lower compared to below-ground biomass. This
further support finding of this study that much more
lead was accumulated from nutrient solution and
stored in roots than translocated to rhizome, steam
and leaves. The highest above-ground biomass BCF
was 1.02 in treatment II with medium Pb supply. As
with below-ground biomass BCF this value was
being far less than shoot BCF of the Z. mays, B.
juncea and B. juncea cv. [23].
The current study found that TF was not
significantly affected by lead concentration in
nutrient solution or exposure time (Tab. 3).
Translocation of lead was restricted from roots to
above-ground biomass thus TF was very low with a
value of 0.01 in all treatments and sampling days
except in treatment with the lowest Pb supply on
the 9th sampling day where it reached value of 0.02.
Several reports have also shown low TF for C.
indica [20], Brassica napus L. [13] and Z. mays, B.
juncea and B. juncea cv. 184290 [23]. It seems
possible that limited transport of lead from root to
other vegetative parts is due to the root endodermis
which acts as a barrier permitting lead entrance into
the central cylinder [15]. Seregin et al. [24] point
out that at the lethal concentrations of Pb the
plasmalemma is damaged, its barrier function is
broken and thus the greater amount of heavy metals
moves in to the symplast. It appears that Pb was
not supplied in lethal doses in present experiment so
low concentrations of Pb were found in aboveground biomass compared to below-ground
biomass and thus TF was very low.
Based on the results of this study it could be
argued that C. indica may be classified as an
indicator plant in accordance to its ability to absorb,
accumulate and tolerate lead in its tissue. The plant
had a lower heavy metal accumulation as compared

CONCLUSION
The findings of this study strongly suggest that
it is possible that C. indica is a very good candidate
for rhizofiltration of water contaminated with Pb.
The plant was tolerant to high Pb concentration in
nutrient solution thus the plant growth was not
impaired. Based on this fact and previous research
[25] it can be concluded that C. indica can grow
fast, rapidly produce large biomass and a dense root
system in unpolluted as well as in contaminated
water. Although, accumulation of Pb was not high
compared to B. juncea, C. indica performance was
generally better than commonly used plant species
for phytoremediation of Pb [1,10,14,16,22,23]. C.
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[8] Senila, M., Senila, L., Roman, C. (2011)
Evaluation of performance parameters for trace
elements analysis in perennial plants using
ICP-OES technique. Journal of Plant
Development, 18, 87-93.
[9] Aksoy, A. and Sahin, U. (1999) Elaeagnus
angustifolia L. as a Biomonitor of Heavy Metal
Pollution. Tr. J. of Botany 23(2), 83-87.
[10] De Jesus, B.R. and Yllano, O.B. (2005)
Bioaccumulation and Bioconcentration of Pb in
the Tissues of Zea mays L. Philippine Journal
of Science 134 (1), 21-29.
[11] Zurayk, R., Sukkariyah, B., Baalbaki, R.,
Ghanem, D.A. (2002) Ni Phytoaccumulation
in Mentha aquatica L. and Mentha sylvestris L.
Water, Air & Soil Pollution, 139(1),355-364.
[12] Blaylock, M.J., Salt, D.E., Dushenkov, S.,
Zakharova, O., Gussman, C., Kapulnik, Y.,
Ensley, B.D. and Raskin. I. (1997) Enhanced
accumulation of Pb in Indian mustard by soilapplied chelating agents. Environmental
Science and Technology, 31 (3), 860- 865.
[13] Marchiol, L., Assolari, S., Sacco, P., Zerbi, G.
(2004) Phytoextraction of heavy metals by
canola (Brassica napus) and radish (Raphanus
sativus) grown on multicontaminated soil.
Environmental Pollution 132(1), 21-27.
[14] Mellem, J.J., Baijnath, H., Bharti Odhav, B.
(2009) Translocation and accumulation of Cr,
Hg, As, Pb, Cu and Ni by Amaranthus dubius
(Amaranthaceae) from contaminated sites.
Journal of environmental science and health.
Part A, Toxic/hazardous substances &
environmental engineering, 44 (6), 568±575.
[15] Sharma, P. and Dubey, R,S. (2005) Lead
toxicity in plants. Brazilian Journal of Plant
Physiology, 17(1), 35-52.
[16] Wang, Q., Cui, Y., Dong, Y. (2002)
Phytoremediation of Polluted Waters Potentials
and Prospects of Wetland Plants. Acta
Biotechnologica, 22 (1-2), 199-208.
[17] Mishra, A. and Choudhuri, M,A. (1998)
Amelioration of lead and mercury effects on
germination and rice seedling growth by
antioxidants. Biologia Plantarum, 41(3), 469473.
[18] Breckle, C.W. (1991) Growth under heavy
metals. In: Waisel, Y., Eshel, A., Kafkafi, U.
(eds.) Plant roots: the hidden half. New York,
NY: Marcel Dekker, 351-373.
[19] Obroucheva, N.V., Bystrova, E.I., Ivanov,
V.B., Antipova, O.V., Seregin, I.V. (1998)
Root growth responses to lead in young maize
seedlings. Plant and Soil, 200(1), 55-61.
[20] %RVH 6 -DLQ Ⱥ 5DL 9 5DPDQDWKDQ A.L.
(2008)
Chemical
fractionation
and
translocation of heavy metals in Canna indica
L. grown on industrial waste amended soil.
Journal of Hazardous Materials 160(1), 187193.

indica was able to limit root to shoot translocation
of Pb thus prevent the entry of lead into the food
chain, hinder its bio-magnification in the
environment and reduce the amount of secondary
waste at the end of rhizofiltration process. C. indica
is widespread ornamental species that is well
adapted to various climatic conditions. And finally,
the establishment and cultivation of the C. indica
seedlings were very simple. The results of this
research further support the idea that terrestrial
plants are more suitable for rhizofiltration than
aquatic plants and that C. indica can be used in
rhizofiltration systems or floating islands for
treatment of water polluted with lead.
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DEHYDRATION OF ETHANOL-WATER MIXTURES BY
PERVAPORATION USING HYDROXYETHYL CELLULOSE
MEMBRANE
Derya Unlu, Nilufer Durmaz Hilmioglu*
Departments of Chemical Engineering, Engineering Faculty, Kocaeli University, 41380 Kocaeli, Turkey

through a nonporous membrane. In PV process, a
liquid mixture in direct contact with one side of the
hydrophilic membrane and the permeate components
are removed as vapor state from the other side. Then
the vapor is condensed, so desired component is
retrieved as liquid [1-6]. The driving force for
transport of components in the PV process is the
difference in chemical potential between the feed and
permeate side. Chemical potential gradient is created
by reducing the pressure on the permeate side of the
membrane by using a vacuum pump or by sweeping
an inert gas [7].
Based on the solution±diffusion mechanism for
pervaporation, membrane material and its structure
are crucial role in order to obtain high separation
factor and permeate flux. Therefore, the development
of a novel membrane is significant point [8].
Hydroxyethyl cellulose (HEC) as a non-ionic water
soluble cellulose ether has good compatibility with a
wide range of other water-soluble polymers and stable
chemical structure [9]. However, there are no reported
uses in pristine HEC membranes, especially for the
pervaporation separation of aqueous alcohol
solutions. Most researches were concentrated on the
blend membrane materials such as chitosan/HEC and
sodium alginate/HEC etc.
Pervaporation performance is not only depend
on the membranes but also the operating parameters
such as feed concentration and temperature [10]. This
study aims at investigating the use of cross linked
HEC membranes in the pervaporation dehydration
process of ethanol±water mixtures. The objectives of
this paper are to develop the pristine HEC membrane
and to determine characterization of membrane and to
test its dehydration performance as affected by the
operating conditions.

ABSTRACT
Pervaporation is a promising membrane
technique for separation of aqueous organic mixtures.
In this study, ethanol±water mixtures were dehydrated
by the pervaporation. Hydroxyethyl cellulose (HEC)
membrane was prepared by the solution casting
method and cross linked with phosphoric acid in
order to avoid dissolution in the mixture. Structure of
HEC membrane was characterized by FTIR and
SEM. The effects of experimental parameters such as
feed concentration and operation temperature on total
flux and separation factor were evaluated. Flux
increased with an increase in feed concentration of
water in the mixture and operation temperature, but
separation factor decreased. HEC membrane gave the
highest separation factor of 27.55 with a flux of 0.975
kg/m2h at 50oC for 5 wt. % of water in the feed
mixture. The results showed that the HEC membrane
was water selective. In addition pervaporation
separation index and activation energy for water
permeation were calculated and interpreted.

KEYWORDS:
Ethanol, hydroxyethyl cellulose, membrane, pervaporation.

INTRODUCTION
The aqueous ethanol mixture produced from
fermentation contain approximately 10% by volume
water. The enrichment and separation of ethanol are
important stage after the fermentation process [1].
Pervaporation (PV) is an attractive process for
separation of ethanol from dilute solution in
fermentation [2]. PV has been extensively used as
separation process for dehydration of alcohols and
other organics. Compared to conventional distillation,
PV has high separation efficiency, low energy cost
and ability to separate the azeotropic mixtures. [4-5].
During pervaporation, separation occurs by
sorption and diffusion of the desired component

MATERIALS AND METHODS
Chemicals. Hydroxyethyl cellulose, with
viscosities of 80-125 cp, was purchased from Sigma
Aldrich. Ethanol, isopropanol and phosphoric acid
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were obtained from Merck Chemicals. All chemicals
were of analytical grade and used without further
purification.

different concentrations of ethanol/water mixtures
was used as the feed solution. The effective
membrane area was 50.24 cm2. The membrane
temperature was maintained at 50oC, 60oC and 70oC.
The feed solution of about 150 mL was added into the
membrane cell. The permeate side was under vacuum
(50 mbar) maintained by a vacuum pump. The
permeate stream was condensed in a cold trap using
liquid nitrogen. Permeate was collected in a cold trap
for 60 min. The compositions of both the feed and
permeate streams were monitored by Karl Fischer
Titration. Pervaporation performance of a membrane
is usually determined by the flux (J), separation factor
(ȕ) and pervaporation separation index (PSI). The
flux (J) was calculated according to the following
equation:

Experimental
procedure.
Membrane
preparation. HEC powder was dissolved in water to
make a 5 wt. % casting solution. The aqueous
polymeric mixture was agitated for 3 hours until a
homogenous suspension was obtained. Then, the
membrane solution was cast on a plate. Subsequently,
the membrane was kept at room temperature to dry.
After drying, HEC membrane was cross-linked by
immersing in a bath containing isopropanol/water
mixture (90 % v/v) with 3.5 vol. % of H3PO4. Finally,
the membrane was placed in an oven at 80°C to
complete crosslink. The thickness of the HEC
membrane was measured aW DERXW  ȝP XVLQJ D
micrometer.

J

Membrane characterization. The HEC
membranes were characterized by Fourier transform
infrared spectroscopy (FTIR) and Scanning electron
microscopy (SEM). SEM photographs of HEC
membrane was taken using a JEOL/JSM-6510-LV
Scanning Electron Microscope. Membranes were
fractured in liquid nitrogen and coated with gold.
Membranes were also characterized by Fourier
transform infrared spectroscopy (Perkin Elmer
Spectrum 100 FTIR spectrophotometer) in the range
of 4000±650 cm-1.

m
A.t

(1)

where m is the weight of permeate collected in
the cold traps, A is the effective area of the membrane
and t is the permeation time. The separation factor (ȕ)
is defined as

E=

YH O / YEtOH
2

(2)

X H O / X EtOH
2

where YH2O, YEtOH, XH2O and XEtOH are the
weight fractions of the ethanol and water in the
permeation and feed sides, respectively.
PSI was calculated using the following equation
[12]:
(3)
PSI J ( E  1)

Pervaporation experiments. HEC membranes
were placed in a membrane cell in Fig.1 [11] and

FIGURE 1
Pervaporation scheme (1) thermocouple (2) agitator (3) reflux condenser (4) vessel, (5) membrane (6, 7 and 8)
Dewar flasks (9) vacuum pump.
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As shown in Fig. 3(b), HEC membrane has only one
pure separation layer.

RESULTS AND DISCUSSION
Characterization of membrane. FTIR
characterization of the uncross linked (a) and cross
linked (b) membranes is shown in Fig.2.
HEC is soluble in water. In order to improve the
chemical stability and prevent the dissolution of
water, HEC membrane was cross linked. The peak at
2900-3100 cm-1 region showed presence of -OH band
(Fig. 2 (a)) The FTIR spectra of cross linked
membrane is shown in Fig.2 (b). Hydroxyl groups of
H3PO4 reaction with -OH groups of HEC and
covalent bonds are occurred. The characteristic
infrared absorption bands of -P-O-C- groups at 1260
cm-1. P=O group is observed in 960 cm-1[13-15].
The surface and cross-section morphologies of
pristine HEC membranes were characterized by SEM.
It could be seen in Fig. 3(a) that pristine HEC
membrane had a smooth surface. The cross-section
morphology of HEC membrane was also investigated.

Pervaporation performance of HEC.
Effect of feed concentration on pervaporation
performance. HEC membrane was studied in the
pervaporation of ethanol/water mixture over the
concentration range from 5 to 20 wt. % water in the
feed at 50 °C. It is shown in Fig.4 (a) permeation flux
increase with the water content in feed [16]. The
increase of sorption of water with increasing water
concentration was due to interactions occurring
between the water molecules in feed mixture and -OH
groups of the membrane structure [12]. Because of
the fact that HEC was hydrophilic structure, the total
flux increased with more water concentration in feed.
Meantime, the structure of membrane was damaged
due to high water concentration, which resulted in the
decrease of separation factor [8].

FIGURE 2
FTIR spectra of HEC membrane (a) uncross linked (b) cross linked.

FIGURE 3
SEM micrographs of HEC membrane (a) surface (b)cross-section.
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FIGURE 4
Effect of water concentration on total flux (a) and on separation factor of water (b)

FIGURE 5
Effect of operation temperature on total flux (a) and on separation factor of water (b)

FIGURE 6
Pervaporation separation index with different water concentration and different temperature.

concentration in the feed mixture. This behavior can
be explained as follows: Swelling degree of the
membrane increased with increasing water content in

Fig. 4 (b) represents the effect of water
concentration on the separation factor. The water
separation factor decreased with increasing water
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membrane was used in the recovery of water from
ethanol-water mixtures by PV system. HEC
membrane exhibited good separation performance.
Pervaporation was carried out under different
operating conditions such as feed concentration,
temperature. As the feed concentration was increased,
the flux raised, whereas the separation factor
decreased. Because feed concentration affects the
swelling degree of the polymer. Increasing
temperature improved the flux, but decreased the
separation factor. As a result, HEC membrane is
highly effective in the separation of ethanol/water
mixtures by pervaporation and can be used for
dehydration of ethanol as a biofuel.

the feed. The swollen membrane has a negative
impact on the separation factor. When the membrane
was swollen, it allows some of the ethanol molecules
to pass into the permeate side. This indicates that the
separation factor of water was decreased. This
situation caused a drop in water separation factor
[12].
When the water concentration in feed was 5%,
the separation factor of water was 27.55 and the total
flux was 0.147 kg.mí2.hí1. On the contrary, the
separation factor came down to 8.66 and the total flux
increased to 0.975 kg.mí2.hí1 when the water
concentration in the feed increased to 20%.
Effect of operation temperature on
pervaporation performance. Pervaporation was
studied for the feed concentration as 10 wt. % water
at 50, 60 and 70oC. The effect of feed temperature on
total flux is shown in Fig. 5 (a).
The separation factor decreases when the
operating temperature increases. When the
temperature increases, saturated vapor pressure
increases in the feed side. These results in an increase
of driving force. Thus, diffusion of selective
component in feed mixture is increased, total flux is
increased [12, 17]. The motion of the polymer chains
increased with the operation temperature. The
mobility of the polymer chains creates free volume in
the polymeric membrane. Water molecules can
diffuse through these free volumes easily. Therefore,
the water flux increases. The free volume of the
membrane increases consequently which leads to
decrease of the separation factor of water. Because
ethanol molecules coupled with water pass through
the free volume of the membrane [17-18]. The effect
of feed temperature on separation factor of water is
shown in Fig.5 (b).
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THE EFFECT OF COMPOST MADE WITH SEWAGE
SLUDGE ON QUALITY AND QUANTITY OF ITALIAN
RYEGRASS (LOLIUM MULTIFLORUM LAM.) YIELD
Elzbieta Malinowska*
Department of Grassland and Green Areas Creation, Siedlce University of Natural Sciences and Humanities,
Prusa 14 Street, 08-110 Siedlce, Poland

that sludge can be used as a source of nutrients, in
particular as one of the ingredients to make compost
[5-7]. In the process of composting organic material
is undergoing decomposition with a change of its
quality and quantity and with a release of nutrients
[8]. However, compost made from sludge can
contain organic as well as inorganic contaminants
[9] and many of those substances can be
teratogenic, mutagenic and carcinogenic, which
means that their agricultural use may be limited
sometimes. Because of its potential hazards
compost containing sewage sludge must meet
standards laid down by Fertilisers and Fertilisation
[10].
Nevertheless, sewage sludge use in agriculture
is of a growing importance considering the falling
number of farm animals, and, at the same time,
because of a lower production of manure necessary
to maintain a proper level of organic matter and
nutrients in soil [11, 12].
The aim of this paper, based on a two-year
experiment, is to assess the effect of different doses
of compost made from sewage sludge and mixed
with nitrogen fertiliser on quality and quantity of
Italian ryegrass yield.

ABSTRACT
The aim of the paper is to assess the effects of
different doses of sewage sludge compost, enriched
with nitrogen, on Italian ryegrass yield and its
macro element content. In the autumn of 2012 a
two-year experiment was set up on the experimental
plots of Siedlce University of Natural Sciences and
Humanities. The experimental design consisted of a
control plot, a plot with NPK fertilisation and three
plots with three different doses of municipal sewage
sludge compost with 15% of straw added (5, 10 and
15 Mg of fresh matter .ha-1). Those different
compost doses contained the amounts of Nitrogen
equivalent to 60, 120 and 180 kg N.ha-1.
Additionally, mineral nitrogen was used with
compost, raising the total amount of nitrogen to 210
kg . ha-1. During 2013 and 2014 seasons the grass
was cut three times a year after about 30-day
growing period. Nitrogen concentration in the
plants and in the soil was determined with the CHN
analyser while the other macro elements were
measured with the ICP-AES method, after dry
mineralization. The highest yield of Italian ryegrass
(10 Mg.ha-1 of dry matter) was obtained from the
plot with the medium dose of compost
supplemented with nitrogen. The fertilisation
diversified macro element content in plants and soil
in a significant way. The total amount of chemical
elements in the grass was dependent on chemical
composition of the plants and, to a lesser extent, on
the yield.

MATERIALS AND METHODS
The field experiment was carried out at the
experimental station of the University of Natural
Sciences and Humanities in Siedlce (52o¶1
22o¶(  Loam soil, with neutral pHKCl of 6.75,
containing 37.0 g . kg-1 of organic carbon and 1.75 g.
kg-1 of total nitrogen, was taken from the plough
layer (0-25 cm). The average concentration of
available phosphorus and potassium determined
with the Egner- Rhiem method stood at 39.9 mg. kg1
and 128 mg kg-1, respectively. Before the
experiment was set up the total amount of heavy
metals in the soil was measured and it was as
follows (mg . kg-1): Pb ± 5.03; Cd ± 0.103; Cr ±3.09;
Cu- 3.20; Zn ±16.56; Ni -1.96. Those results were
lower than the limits for municipal sewage sludge
applied to light soil imposed by the Minister of the
Environment Regulation [13]. The concentration of

KEYWORDS
municipal sewage sludge, compost, Lolium multiflorum,
yield, macro elements, soil

INTRODUCTION
In some countries sewage sludge treatment can
cause acute social, economic and environmental
problems. On the other hand it contains organic
matter, nitrogen, phosphorus and many trace
elements [1-4] and numerous publications indicate
3740
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TABLE 1
Physico-chemical composition of compost made with sewage sludge
pH
6.8

%

Organic
Ntot P
matter
% of DM g.kg-1

27

51

DM

45.0

6.40

K

Ca

Mg

Pb

4.51

60.4

11.4

72.31

some other chemical elements was as follows
(g . kg-1): P-1.05; K ± 1.00; Ca ± 2.40; Mg ± 1.25; S
± 0.508; Na-0.312. The Kroto variety of Italian
ryegrass was used in the randomised experiment,
set up in the autumn of 2012 and replicated three
times. The experimental area was divided into the
following 2.5 m2 plots: control plot with no
fertilisers, a plot with NPK fertilisers applied with
the ratio of 1-0.3-0.8 and plots with three different
doses of compost based on sewage sludge: 5, 10
and 15 Mg.ha-1 of fresh matter, each containing the
amount of nitrogen equivalent to 60, 120 and 180
kg N .ha-1, respectively. Nitrogen fertilisation took
place three times a year: in early spring before the
growing season, and after the first and second cut,
while phosphorus and potassium fertilisers were
used only once, before sowing. With the application
of ammonium sulphate the amount of nitrogen
applied was supplemented to 180 kg . ha-1 on those
plots where the rate of nitrogen introduced with the
compost was lower than 180 kg . ha-1. This way
there was the same amount of nitrogen applied to
each plot. The same kind of organic and inorganic
fertilisers was used each year. As said above, the
compost contained municipal sewage sludge and
15% of wheat straw (in relation to dry mass), with
the composting process lasting six months. The
compost obtained this way was of neutral pH
(Table 1) and had a considerable amount of
nitrogen and a low amount of phosphorus and
SRWDVVLXPZLWKVLPLODUUHVXOWVSURYLGHGE\.R]GUDĞ
[14]. Like in the case of the soil, the total
concentration of heavy metals in the compost did
not exceed the limits of Fertilisers and Fertilisation
[10, 15].
In each growing season of the 2013 and 2014
the grass was cut three times every 30 days, on
average. After each cut the dry matter yield was
measured and then grass samples were taken and
ground to the diameter of below 0.25 mm. Total
nitrogen content was determined using the CHN
analyser while the concentration of other chemical
elements was measured with the ICP ± AES
method, after dry mineralisation in a muffle furnace
at the temperature of 4500C. Then, 5 ml of

Hg

Ni

Zn

Cu

Cr

0.550

0.987

2.96

879.0

85.36

24.12

hydrochloric acid solution (1:1) was added and the
porcelain crucible was put into a sand bath to
decompose carbonates and to isolate silica. Next,
the contents of the crucible, after adding 10 ml of
10% of hydrochloric acid, were put into a 100 ml
conic flask. Additionally, after each year of the
experiment soil samples were taken and its
chemical composition was determined with the
ICP±AES method. Meteorological data for the
period of 2012-2014 were taken from the HydroMeteorological Station in Siedlce.
TABLE 2
6LHOLDQLQRY¶VK\GURWKHUPDOLQGH[ . LQHDFK
month of growing seasons of 2012-2014
Months

2012

2013

2014

IV
V
VI
VII
VIII
IX
X

1.12
1.22
1.56
0.69
0.94
0.27
1.32

1.60
2.20
1.80
1.50
0.25
2.70
1.22

1.53
2.29
1.20
0.16
1.95
0.59
0.13

.VHYHUHGURXJKW-0.69 drought;
0.70- 0.99 mild drought; K >1 no drought
To determine temporal variation of weather
conditions and to assess their impact on plant
JURZWK HDFK PRQWK 6HOLDQLQRY¶V K\GURWKHUPDO
coefficient (K) was calculated (Table 2) as the ratio
of monthly precipitation to one tenth of the sum of
average daily temperature [16]. The hydrothermal
coefficient values showed that during summer
months there were periods of drought and severe
drought.
In each year of the experiment, using the dry
matter yield of Italian rye grass, the total yield of
macro elements was calculated. Ion ratios of
selected macro elements were also calculated, with
K=1 and Na=1. The results were processed
statistically to analyse means with the analysis of
YDULDQFH 7XNH\¶V WHVW ZDV XVHG WR FDOFXODWH WKH
LSD0.05 value [17].
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TABLE 3
Italian grass yield (t.ha-1 DM)
Fertilization
Average yield of each cut
Yield of each year
Mean for
variants
years
I
II
III
2013
2014
1.60
1.20
1.30
4.80
3.40
control object
4.10
2.96
2.50
2.28
7.52
7.96
NPK
7.74
3.60
2.51
1.67
7.00
7.56
I dose +N0
7.28
3.50
2.89
2.36
8.26
9.23
II dose +N60
8.75
3.28
2.52
2.29
7.98
8.21
III dose +N120
8.09
Mean
2.99
2.32
1.98
7.11
7.27
7.19
NIR0.05 for: fertilization (F)-0.345; cuts (C) -0.272; years (Y) -0.185; FxC-n.s.; CxF-n.s.; FxY-n.s.; YxF-n.s.;
CxY-n.s.; YxC-n.s.
I dose of compost -15 Mg.ha-1+N0, II dose of compost -10 Mg.ha-1+N60, III dose of compost -5 Mg.ha-1+N120,
n.s.-not significant difference
while in the second cut the level of phosphorus was
40% lower than in the first. In turn, in the grass
from the third cut the amount of it was 6% higher
than in the second. A similar tendency in
fluctuation of the concentration of phosphorus was
noticed by Symanowicz, Kalembasa [22] in an
experiment with Galega orientalis Lam. The
medium dose of compost resulted in a considerably
higher rise in phosphorus concentration than in
grass fertilised with NPK.
The average concentration of potassium in
Italian ryegrass stood at 26.94 g·kg-1 DM (Table 4).
The highest concentration of this element was
found in the grass from the first harvest while in the
second and third one it was lower, standing at 31.1
and 43.9%, respectively. There was a higher
amount of potassium in the grass in the first year
than in the second. There was also a considerable
diversity of potassium concentration between all
experimental plots. In the grass fertilised with NPK
and with the medium compost dose (10 Mg.ha-1)
there was twice as much potassium as in the grass
from the control plot and from the plot fertilised
with the lowest dose of compost (5 Mg.ha-1).
The average calcium concentration in the
biomass of Italian ryegrass from both years and all
cuts was 18.38 g·kg-1 DM (Table 4) and was twice
as high as provided E\3áD]D et al. [23]. Fluctuation
in the amount of calcium in the grass of particular
cuts was similar to that of potassium. In the grass
from the plot with compost added there was a
considerably higher amount of calcium than in the
grass from the plots with NPK. The highest
concentration of calcium was in the grass from the
plots where 15 and 10 Mg . ha-1 doses were applied.
The experimental factors and their interaction
affected the content of magnesium, which was
significantly differentiated, standing, on average, at
3.20 g·kg-1 DM (Table 4). By analysing different
cuts, magnesium concentration in the grass can be
presented in the following order, from the highest
yield of the element to the lowest: 1st cut > 3d cut >
2nd cut, with phosphorus showing the same pattern.

RESULTS AND DISCUSSION
The dry matter yield of Italian ryegrass varied
in a significant way depending on the factor tested
and, on average, it stood at 7.19 t·ha-1 (Table 3).
Comparing all the cuts the highest average yield
was obtained from the first cut while the yields of
the second and third cuts were 22.4 and 33.8%
lower, respectively. In the second year the yield was
significantly higher than in the first year. The
medium dose of compost (10 Mg .ha-1) increased
the yield of Italian ryegrass more than twice
compared to the control. The same yield was also
higher than the yield from plots where other
fertilisers were applied. Many other publications
confirm the fact that organic fertilisers increase the
yield of crops [18-20].
The average concentration of total nitrogen in
the biomass of Italian ryegrass was 31.02 g·kg-1
DM and significantly varied according to different
experimental factors and their interaction (Table 4).
In a pot experiment with sewage sludge applied to
Italian ryegrass Malinowska and Kalembasa [3]
found similar concentrations of nitrogen. In the
experiment described here the highest average
concentration of nitrogen was found in the ryegrass
of the first cut (35.15 g·kg-1 DM), while the lowest
in the grass of the third cut (27.25 g·kg-1 DM).
Comparing the effect of different doses of compost
to the plot with NPK fertilises added, it can be said
that only the medium dose of compost (10 Mg.ha-1)
increased the amount of nitrogen in the biomass in a
significant way. In an experiment with maize
fertilised with compost made with sewage sludge
.R]GUDĞ [14] found that the availability of nitrogen
was high.
The average concentration of phosphorus in
the grass tested was 3.63 g· kg-1 DM (Table 4).
.DOHPEDVD :LĞQLHZVND [21] found a slightly
higher amount of this chemical element in an
experiment with ryegrass fertilised with spent
mushroom substrate. In the experiment described
here the highest concentration of phosphorus (4.90
g·kg-1 DM) was in the grass from the first harvest
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TABLE 4
Total macro element concentration (g . kg-1DM) in Italian ryegrass
Fertilization
variants

Cuts - means of 2 years
I
II

III

Years ± means of 3 cuts
2013
2014

Mean for
years

Control object
NPK
I dose +N0
II dose +N60
III dose +N120
Mean

22.42
40.25
34.38,
42.65
36.04
35.15

N
19.42
26.27
25.06
37.51
27.98
27.25

23.01
31.85
30.12
40.26
30.89
31.32

20.71
31.81
31.57
39.86
31.17
31.02

20.31
28.91
35.27
39.42
29.49
30.68

18.41
31.76
33.02
39.45
31.45
30.81

LSD0.05 for: (F)-0.719; (C)-0.566; (Y) -0.384; FxC-1.25; CxF-1.13; FxY-1.25; YxF-0.941; CxY-0.800; YxC-0.665

P
Control object
NPK
I dose +N0
II dose +N60
III dose +N120
Mean

2.53
4.95
4.99
7.78
4.26
4.90

2.00
2.51
3.01
3.80
3.38
2.94

1.71
2.14
3.01
5.78
2.95
3.12

2.13
3.07
3.12
5.90
3.29
3.50

2.03
3.33
3.98
5.68
3.77
3.76

2.08
3.20
3.55
5.79
3.53
3.63

LSD0.05 for: (F)-0.461; (C) -0.363; (Y) -0.247; FxC-0.799; CxF-0.726; FxY-n.s.; YxF-n.s.; CxY-n.s.; YxC-n.s.

Control object
NPK
I dose +N0
II dose +N60
III dose +N120
Mean

23.05
46.28
33.93
48.70
27.65
35.92

16.41
39.70
25.09
31.20
11.30
24.74

K
10.40
30.04
21.86
28.90
9.59
20.16

17.40
42.01
26.80
36.04
19.87
28.42

15.84
35.33
27.12
36.48
12.49
25.45

16.62
38.67
26.96
36.26
16.18
26.94

LSD0.05 for: (F)-0.382; (C) -0.301; (Y) -0.204; FxC-0.662; CxF-0.602; FxY-0.662; YxF-0,500; CxY-0.425; YxC-0.354

Control object
NPK
I dose +N0
II dose +N60
III dose +N120
Mean

11.48
13.89
34.08
30.37
25.01
22.97

11.04
10.67
25.09
28.00
14.30
17.82

Ca
9.30
10.67
21.86
20.35
9.29
14.29

11.98
11.12
26.32
25.19
16.35
18.19

9.23
12.36
27.69
27.52
16.01
18.56

10.61
11.74
27.01
26.36
16.18
18.38

LSD0.05 for: (F)-0.565; (C) -0.444; (Y) -0.302; FxC-0.978; CxF-0.889; FxY-0.978 ; YxF-0.739; CxY-0.628; YxC-0.523

Control object
NPK
I dose +N0
II dose +N60
III dose +N120
Mean

2.41
3.39
4.11
5.26
3.90
3.81

2.03
2.50
3.10
3.89
2.63
2.83

Mg
1.96
2.81
2.06
4.38
3.58
2.96

2.50
2.78
3.05
4.87
3.31
3.30

1.77
3.02
3.13
4.15
3.42
3.10

2.13
2.90
3.09
4.51
3.37
3.20

LSD0.05 for: (F)-0.446; (C)±0.351; (Y)±n.s.; FxC-0.773; CxF-0.702; FxY-n.s.; YxF-n.s.; CxY-n.s.; YxC-n.s.

Control object
NPK
I dose +N0
II dose +N60
III dose +N120
Mean

1.60
2.09
2.19
2.63
1.98
2.10

1.40
1.61
2.00
2.50
2.49
2.00

S
1.36
0.590
2.13
1.40
1.30
1.34

1.39
1.34
2.01
2.35
1.76
1.77

1.51
1.52
2.21
2.00
2.08
1.86

1.45
1.43
2.11
2.18
1.92
1.82

LSD0.05 for: (F)-0.310; (C)-0.244; (Y)-0.166; FxC-0.537; CxF-0.488; FxY-0.537; YxF-0.406; CxY-n.s.; YxC-n.s.

Control object
NPK
I dose +N0
II dose +N60
III dose +N120
Mean

1.72
2.05
3.98
3.48
2.81
2.81

1.08
0.855
2.46
2.31
1.00
1.54

Na
0.940
0.454
2.00
1.83
0.690
1.18

1.08
1.18
2.77
2.91
1.59
1.91

1.16
1.06
2.85
2.17
1.41
1.73

LSD0.05 for: (F)-0.128; (C)-0.101; (Y)-0.068; FxC-0.222; CxF-0.202; FxY-0.222; YxF-0.168; CxY-0.143; YxC-0.119
n.s.- not significant difference; fertilization (F); cuts (C); years (Y); interaction FxC; CxF; FxY; YxF; CxY; YxC
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TABLE 5
Ion ratio K:Ca, K:Mg and weight ratio (K+Na):(K+Ca), K:(Ca+Mg) in ryegrass biomass (the average of
cuts and years)
Fertilization variants
Control object
NPK
I dose +N0
II dose +N60
III dose +N120
Mean

K:Ca
0.624
0.296
0.977
0.710
0.976
0.717

K:Mg
0.207
0.120
0.184
0.202
0.336
0.210

(K+Na):(K+Ca)
1.44
1.23
1.67
1.53
1.71
1.52

K:(Ca+Mg)
0.831
0.417
1.12
0.910
1.31
0.918

TABLE 6
Macro element uptake (kg . ha-1) in the yield of Italian ryegrass in the first and second year of the
experiment
Fertilization
Uptake (kg . ha-1)
Years
variants
N
P
K
Ca
Mg
S
Na
2013
110.4
10.22
83.52
57.50
12.00
6.67
5.18
control object
2014
62.59
6.90
53.86
31.38
6.02
5.13
3.94
Mean
86.50
8.56
68.69
44.44
9.01
5.90
4.56
2013
239.5
23.09
315.9
83.62
20.91
10.08
8.87
NPK
2014
254.4
26.51
281.2
98.39
24.04
12.10
8.44
Mean
247.0
24.80
298.6
96.01
22.48
11.09
8.66
2013
248.8
25.77
221.4
217.4
25.19
16.60
22.88
I dose +N0
2014
304.8
36.74
250.3
255.6
28.89
20.40
26.31
Mean
276.8
31.26
235.9
236.5
27.04
18.50
24.60
2013
281.8
41.30
252.3
176.3
34.09
16.45
20.37
II dose +N60
2014
298.2
42.94
275.8
208.1
31.37
15.12
16.41
Mean
290.0
42.12
264.1
192.2
32.73
15.79
18.39
2013
246.5
26.25
158.6
130.5
26.41
14.04
12.69
III dose +N120
2014
258.2
30.95
102.5
131.4
28.08
17.08
11.58
Mean
252.4
28.60
130.6
131.0
27.25
15.56
12.14
Mean 2013
225.4
25.33
206.3
133.1
23.72
12.77
14.00
Mean 2014
235.6
28.81
192.7
145.0
23.68
13.97
13.34
Mean
230.5
27.07
199.5
139.0
23.70
13.37
13.67
NIR0.05 for:
F-fertilization
5.57
0.851
5.54
0.914
0.840
0.728
0.444
Y-years
2.45
0.375
2.44
0.403
n.s.
0.321
0.194
FxY- interaction
7.87
1.20
7.83
1.29
1.19
1.03
0.622
YxF-interaction
5.49
0.839
5.45
0.901
0.828
0.717
0.434

cuts the amount of sulphur was lower. In the second
year of the experiment, compared to the first one,
the amount of sulphur was higher. Compost
application of 10 and 15 Mg.ha-1 resulted in the
highest amount of sulphur in the grass.
Total sodium concentration in Italian ryegrass
stood at 1.84 g . kg-1 DM. On average there was
twice as much sodium in the grass of the first cut as
in the second or third cut. Additionally, there was a
higher amount of this element in the first year than
in the second. The use of compost resulted in
changes in sodium concentration similar to those of
sulphur.
Plant nutritional value depends not only on
macro element and microelement content but also
on balance of nutrients. In the case of plant fodder it

Compared to the first year, in the second year
there was a slight, statistically insignificant, 6%
decrease of magnesium concentration in the
biomass of Italian ryegrass. The highest
concentration of magnesium was in the grass from
the plots with the medium dose of compost applied
(4.51 g . kg-1), while the lowest amount of
magnesium was in the grass from the plot with
NPK fertilisers used (2.90 g . kg-1) and from the
control plot (2.13 g . kg-1).
Sulphur concentration in the grass was, on
average, 1.82 g . kg-1 and was significantly
differentiated under the influence of experimental
factors (Table 4). Like in the case of other macro
elements, the highest content of sulphur was in the
grass of the first cut while in the second and third
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NPK fertilisers applied resulted in grass yield with
the highest uptake of potassium. In the second year
the content of macro elements in ryegrass was
higher than in the first year, with the exception of
sodium. Total macro element content in the biomass
of the grass was mainly dependent on its chemical
composition and, to a lesser extent, on the mass of
the yield (Table 3).
Macro element content in the soil was
significantly differentiated under the influence of
experimental factors (Table 7). Their concentration
(g . kg-1) was as follows: N (1.09-2.89) > Ca (1.222.87) > P (0.725-1.03) > Mg (0.511-1.12) > K
(0.620-0.974) > S (0.226-0.472) > Na (0.1020.287). Symanowicz et al. [25] provide similar
concentration of K, Na, Ca and Mg (2015). In the
first year of the experiment the concentration of the
above elements was considerably higher than in the
second year.
The amount of N, K, Ca, S and Na in the soil
where the medium dose of compost (10 Mg . ha-1)
was applied was higher than in the soil of other
plots. The highest amount of phosphorus was in the
soil where mineral fertilisers were used while the
highest concentration of magnesium was in the plot
where the highest dose of compost (15 Mg . ha-1)
was applied.

can be difficult to ensure a proper amount of some
macro elements or to maintain a proper ratio
between some elements. To research this in the
present experiment a weight ratio between univalent
and divalent chemical elements was calculated
(Table 5). Thus, the average value of the
(K+Na):(Ca+Mg) ratio for Italian ryegrass from all
cuts and both years was 1.52. This ratio was
narrowest in the grass from the plot with NPK
fertilizers used and widest in the grass from the
plots enriched with the lowest dose of compost.
Similar patterns were found for the (K):(Ca+Mg)
ratio, the value of which was, on average, 0.918.
According to Czuba and Mazur [24] the
(K):(Ca+Mg) ratio should range from 1.6 to 2.2.
When this value is higher than 2.2, then it means
that the content of magnesium and calcium in the
plant fodder is too low. The values of the K:Ca, and
K:Mg ratios were diversified by the fertilisers
applied. Those ratios were wider in the grass from
the plots where compost was applied than form the
plots were NPK was used, which indicates that ion
antagonism had had an impact on this ratio.
Application of the medium dose of compost
enriched with mineral nitrogen resulted in a higher
uptake of nitrogen, phosphorus and magnesium by
the grass while the highest amount of compost
affected the uptake of calcium, sulphur and sodium
(Table 6). Compared to other plots, the plot with

TABLE 7
Macro element concentration (g . kg-1DM) in the soil
in the first and second year of the experiment
Fertilization
variants
control object

NPK

I dose +N0

II dose +N60

III dose +N120

Years
2013
2014
Mean
2013
2014
Mean
2013
2014
Mean
2013
2014
Mean
2013
2014
Mean

Mean 2013
Mean 2014
Mean
NIR0.05 for:
F-fertilization
Y-years
FxY- interaction
YxF-interaction
n.s.- not significant difference

Content (g . kg-1DM)
N
1.09
1.02
1.06
2.89
1.09
1.99
2.01
1.36
1.69
2.41
2.00
2.21
1.78
1.10
1.44
2.04
1.31
1.68

P
0.801
0.742
0.772
1.03
0.847
0.939
1.03
0.784
0.907
0.958
0.842
0.900
0.932
0.725
0.829
0.950
0.788
0.869

K
0.698
0.682
0.690
0.974
0.663
0.819
0.812
0.623
0.718
0.965
0.777
0.871
0.811
0.620
0.716
0.852
0.673
0.763

Ca
1.40
1.38
1.39
2.01
1.65
1.83
1.75
1.46
1.61
2.87
2.01
2.44
1.58
1.22
1.40
1.92
1.54
1.73

Mg
0.628
0.520
0.574
0.752
0.511
0.632
1.12
0.956
1.04
1.02
0.865
0.943
0.880
0.689
0.784
0.880
0.708
0.680

S
0.240
0.204
0.222
0.358
0.226
0.292
0.411
0.314
0.363
0.472
0.301
0.387
0.368
0.245
0.307
0.370
0.258
0.314

Na
0.131
0.104
0.118
0.148
0.127
0.138
0.272
0.122
0.197
0.287
0.201
0.244
0.208
0.102
0.155
0.209
0.131
0.170

0.673
0.352
0.950
0.704

0.044
0.023
0.063
0.046

0.049
0.052
0.070
0.026

0.224
0.117
0.317
0.235

0.072
0.038
n.s.
n.s.

0.013
0.007
0.018
0.013

0.015
0.008
0.021
0.016
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the content of nitrogen and carbon in test plants
and in soil in a four-year pot experiment. Ecol.
Chem.
Eng.
19(8),
873-886.
doi:
10.2428/ecea.2012.19(08)085
[4] Kalembasa, D., and Malinowska, E. (2013)
Bioaccumulation of zinc under the influence of
sewage sludge and liming and its speciation in
soil. Fresenius Environ. Bull. 22(11a), 33593369.
[5] -DNXEXV 0 DQG &]HNDáD -   +HDY\
metal speciation in sewage sludge. Pol. J.
Environ. Stud. 10(4), 245-250.
[6] Harrison, E.Z., Oakes, S.R., Hysell, M., and
Hay, A. (2006) Organic chemicals in sewage
sludges. Sci. Tot. Environ. 367, 481-497.
[7] Patorczyk-Pytlik, B., and Gediga, K. (2009)
BCR method in assessing alterations of copper
forms in sludge composted according to
different methods. Environ. Prot. Eng. 35(1),
89-94.
[8] Bernal M.P., Paredes C., Sanchez-Monedero
M.A., and Cegarra, J. (1998) Maturity and
stability parameters of composts prepared with
a wide range of organic wastes. Bioresource
Technology, 63, 91-99.
[9] Aydinalp, C., Marinova, S. (2003) Distribution
and forms of heavy metals in some agricultural
soils. Pol. J. Environ. Stud. 12(5), 629-633.
[10] The Act of 10 July 2007 on Fertilizers and
Fertilization (Dz.U. 2007r. Nr. 147, poz. 1033)
[11] 6NRZURĔVND0 05) Fractional composition
of soil organic matter in the conditions of use
of organic waste. Adv. Agric. Sci. Prob. 505,
383-389.
[12] Krzywy, E., Krzywy, J., Krzywy-*DZURĔVND
E., and Bujnicka, M. (2006) The impact of
compost from municipal sludge and potato
pulp, straw and sawdust to download
macronutrients and micronutrients by seeds of
spring rape. Adv. Agric. Sci. Prob. 512, 391401.
[13] Regulations of the Minister for Environment in
question sewage sludge 2010 year. Dz.U. Nr
137, poz. 924.
[14] .R]GUDĞ0  Utylization of nitrogen and
phosphorus by maize fertilized with compost
made of sewage sludge. Water-EnvironmentRural Areas 6, 1(16), 221-228.
[15] The Act of 14 December 2012 on Waste
Management (Dz.U. 2013 r. Nr. 62, 888, 1238,
poz. 21)
[16] %DF 6 .RĨPLĔVNL &., Rojek, M., (1993)
Agrometeorologia. PWN Warsaw, 32-33.
[17] StatSoft, Inc. 2011. STATYSTICA (data
analysis software system), version 10.
www.statsoft.com
[18] àDEĊWRZLF] - DQG 2ĪDURZVNL *  
Comparison of compost from municipal waste
(Dano) and manure in terms of the influence on
the yield and content of heavy metals in plants.

Agricultural use of organic waste affects
quantity and quality of plant yield and has an
impact on the level of nutrients in soil [26, 27] but it
also increases microbiological activity [28]. In a
five year experiment, using compost made from
waste, [29] grew rye and found that the yield was
higher and nitrogen leaching in the soil was lower.
Camberdella et al. [30] say that compost
mineralization in soil, and, at the same time, its
availability may be influenced but the way in which
composting process was conducted. The present
experiment showed that typical mineral fertilization
can be replaced by compost made from sewage
sludge in the dose of 10 Mg of fresh matter per ha
and supplemented by a small dose of mineral
nitrogen.

CONCLUSIONS
1.

2.

3.

4.

The 10 Mg .ha-1 dose of compost made with
municipal sewage sludge supplemented with
mineral nitrogen up to 210 kg/ha -1 resulted in
a significantly higher yield of ryegrass
biomass compared to the plot where only
mineral fertilisers were used.
A significantly higher content of all macro
elements tested (N, P, K, Ca, Mg, S, Na) was
found in the biomass of the first cut than in the
second and third cut. Concentration of some
chemical elements (N, K, Mg and Na), was
higher in the first year than in the second year.
Fertilisation significantly differentiated the
content of chemical elements in the plant and
in the soil. Compost applied with the medium
(10 Mg .ha-1) and the highest (15 Mg .ha-1)
doses affected macro element content in
ryegrass and their total amount in the biomass,
with the exception of potassium. Compared to
the plot where only NPK fertilisers were used,
the organic fertilisers, in particular in the
medium dose, also increased the amount of
nutrients in the soil, with the exception of
phosphorus.
The fertilisers also differentiated the ratios of
(K+Na):K+Ca), K:(Ca+Mg), K:Ca and K:Mg.
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IMPACT OF MUSHROOM SUBSTRATE FERTILISATION
ON THE CONCENTRATION OF PHOSPHORUS AND
CALCIUM IN THE BIOMASS OF DACTYLIS GLOMERATA
Beata Wisniewska ± Kadzajan*, Kazimierz Jankowski
Department of Grassland and Green Areas Creation, Siedlce University of Natural Sciences and Humanities, B. Prusa 14, 08-110 Siedlce

mushroom growing and on how high the yield is.
According to the above publication, out of all
studied elements, potassium concentration varied
most, probably because potassium does not occur as
part of any stable organic compounds and, in
consequence, it can be easily leached from the
growing substrate during mushroom watering.
According to Kalembasa and MajchrowskaSafaryan [18], concentration of assimilable
phosphorus and calcium in mushroom substrate
varied the most whereas organic matter content and
the pH were stable. Other publications [14, 15, 23,
26, 28] on the chemical composition of mushroom
growing substrate show notable differences of the
N:P:K ratio in the spent substrate, which is
probably caused by different kinds of its chemical
composition. Research conducted by Guo et al. [8],
Garcia-Gomez et al. [7] and Herrero-Hernandez et
al. [10] demonstrated, the using of mushroom
substrate improves on physical and chemical
properties of soils.
Many publications also proves [16, 24], that
spent mushroom substrate can be used in
agricultural crops, grassland, vegetable, and fruit as
well as for fertilizing turf lawns [31-32].
The aim of this research is to determine
phosphorus and calcium concentration and the
weight ratio of these elements in the biomass of
Dactylis glomerata grown on soil fertilised with
mushroom and with nitrogen and potassium applied
additionally.

ABSTRACT
The aim of the research is to determine
phosphorus and calcium concentration but also the
weight ratio of those macro elements in the biomass
of Dactylis glomerata grown in a three-year
experiment. The experiment was carried out on
loamy sand soil fertilized with fermented cow
manure and mushroom growing substrate, both on
its own and with mineral fertilisers applied
additionally.
Phosphorus
and
calcium
concentrations in the biomass of Dactylis glomerata
showed considerable differences, depending on
what fertilisers were used and from which year and
cut the grass was. The experiment found that macro
elements concentration in the grass was much
higher than optimal concentration, while the Ca : P
ratio was generally lower than optimal, except for
the grass from plots fertilised with mushroom
substrate only, and from plots with cow manure, in
both cases, during the third year of the experiment.
KEYWORDS:
mushroom substrate, fertilization, phosphorus, calcium,
Dactylis glomerata

INTRODUCTION
In Poland, because of a high proportion of
light soil in farmland, it is important to use organic
fertilizer in a proper way [17]. There have been
changes in agriculture, like falling manure
production. Besides, high doses of mineral
fertilizers are no longer frequently applied, which is
the reason why farmers have to use other fertilizers,
both organic and mineral-organic, but also organic
waste materials.
Because of the growing mushroom production
and the growing problem of utilizing spent
substrate left after the end of the growing cycle, in
particular in mid-eastern Poland, there is a need to
analyse its chemical composition, as well as the
composition of the plants growing on soil fertilised
with it.
Earlier research done by Kalembasa and
:LĞQLHZVND >@ DQG *XSWD HW DOO >@ IRXQG WKDW
chemical composition of spent (used) mushroom
substrate varied considerably. This chemical
composition depends on the technology of

MATERIAL AND METHODS
To determine the chemical composition, in the
experimental station of Siedlce University of
Natural Sciences and Humanities a three-year
(2012-2014) field experiment was set up with plots
of the area of 3m2 in a randomized order and in
three reduplications. The experiment was carried out
on soil with the granulometric structure of loamy sand,
belonging to the order of anthrosol soils, the group
of cultural anthropogenic soils of hortic type
according to the Polish Society of Soil Science
[25]. The pH value of the soil in 0.01 M CaCl2 was
6.8, carbon concentration in organic form was
13.45 g . kg-1 of soil, total nitrogen was 1.32 g . kg-1,
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TABLE 1
Dry matter (%) and selected macro elements concentration (g . kg-1 DM)
in organic materials used in the experiment.
Organic material

Dry matter
(%)

Farmyard manure
Mushroom substrate

24.6
29.0

Macro element concentration (g . kg-1 DM)
P
Ca
13.9
16.2
10.5
58.6
each growing season three cuts were harvested.
Immediately after the harvest the biomass from
each plot was weighed, with 0.5 kg samples taken
to be analyzed.
For each cut, phosphorus and calcium
concentrations in the dry matter were measured
after the samples had been air dried and mineralized
in a muffle furnace at the temperature of 450 0C.
The ash was put in crucibles and the hydrochloric
acid was added (HCl : H2O = 1:1) to dissolve
carbonates and to separate silica. The chlorides
formed this way were put into a 100-cm3 flask, with
silica removed by filtration. The AAS method with
the Varian Spectra AA-20 atomic absorption
spectrophotometer, together with the Merck test kit,
was used to measure the concentration of
phosphorus and potassium.
Metrological data from between 2012 and
2014 were provided by Hydrological and
Meteorological Station in Siedlce.
Sielianinow's hydrothermal index K was used
to determine temporal and spatial variation of
meteorological elements and to assess their
influence on the growth of plants. It was calculated
[2] dividing the sum of monthly rainfall by onetenth of the total average daily temperature of the
month (Table 2).
Statistical significance of the experiment
results was assessed. The Statistica programme was
used for data processing together with Tukey's test
to compare means with Į

while C:N ratio was 10.2. The concentration
of assimilable phosphorus was very high (P - 170
mg . kg-1 of soil), potassium concentration was
average (K ± 114.0 mg . kg-1 of soil), while
magnesium concentration was high (Mg ± 84.0 mg .
kg-1 of soil).
The organic fertilisers applied were fermented
cow manure and mushroom substrate, both with the
dry matter content 24.0 and 29.0 %, respectively,
whereas nitrogen concentration was 20.5 and 26.9 g
.
kg-1 DM (Table 1).
In autumn, before the grass was sown, 20
tonnes of both mushroom substrate and manure
were applied per hectare. Additionally, every year
the plots with mushroom substrate were fertilized
twice with two different doses, N1 K1 and N2K2.
The doses of nitrogen were as follows: N1 ± 60
and N2 ± 120 kg.ha-1, in the form of NH4NO3, while
potassium doses were K1 ± 80 and K2 ± 160 kg . ha1
, in the form of K2SO4. Because of the high content
of assimilable phosphorus in the soil, this mineral
fertiliser was not applied. Yearly doses of fertilisers
were divided into three equal parts. The first part
was applied in spring before the growing season,
the others after the second and third cut. The field
was divided into the following experimental plots:
1. a control plot, without fertilisers
2. a plot with fermented manure
3. a plot with mushroom substrate
4. a plot with mushroom substrate + N1K1
5. a plot with mushroom substrate + N2K2.
The grass Dactylis glomerata (Lam.) of the
Amila variety was used in the experiment. During

TABLE 2
Sielianinow's hydrothermal index K, by months, during the growing season in the years 2004 - 2006 (K <
0.5 severe drought; 0.51 ± 0.69 drought; 0.70 ± 0.99 mild drought;
K >1 no drought).
Months
IV
V
VI
VII
VIII
IX
X

2012
1.12
1.22
1.56
0.69
0.94
0.27
1.32
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Years
2013
1.60
2.20
1.80
1.50
0.25
2.70
1.22

2014
1.53
2.29
1.20
0.16
1.95
0.59
0.13
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TABLE 3
Phosphorus concentration in the biomass of Dactylis glomerata >JÂNJ-1 DM] in relation
to the fertilization, cut and year of research.
Plots

Cut

Control plot
Manure

Mushroom substrate
Mushroom substrate
+N1K1
Mushroom substrate
+N2K2
I
II
III
Control plot
Manure
Mushroom substrate
Mushroom substrate+N1K1
Mushroom substrate+N2K2
Average
LSD0,05 for:
A ± fertilization A = 0.42
B - cut
A/B = n.s.
C ± years
C/A = 0.61

I
II
III
I
II
III
I
II
III
I
II
III
I
II
III

Year of research
2012
2013
8.36
7.75
7.56
6.95
7.16
6.45
9.25
8.45
8.45
7.62
7.89
6.94
10.11
7.23
9.37
6.84
9.01
6.21
11.2
7.23
10.9
8.06
9.25
7.15
11.78
10.54
10.54
10.28
9.65
9.12
Cut average
10.14
8.24
9.36
7.95
8.59
7.17
Plot average
7.69
7.05
8.53
7.67
9.49
6.76
10.45
7.48
10.65
9.98
9.36
7.78

B = 0.27
B/A = n.s
B/C = n.s

2014
6.85
5.13
4.78
6.45
5.04
4.56
6.32
5.41
4.98
7.45
7.12
6.54
8.45
8.10
7.30

Average
7.65
6.54
6.13
8.05
7.04
6.46
7.88
7.21
6.73
8.63
8.69
7.65
10.25
9.64
8.69

7.10
6.16
5.63

8.49
7.82
7.13

5.58
5.35
5.57
7.04
7.95
6.29

6.77
7.18
7.27
8.32
9.53
7.81

C = 0.27
A/C = 0.73
C/B = n.s. (n.s- not significant)
Dactylis glomerata (Table 3). This concentration
was dependent on the fertilisation, the cut and the
year of the experiment.
Every year the highest concentration of
phosphorus in the biomass of Dactylis glomerata
(10.65; 9.98 and 7.95 g . kg-1 DM respectively) was
noted on plots where mushroom substrate was used
and where a higher dose of fertilizers was applied
(N2K2). The lowest concentration of phosphorus in
the biomass of Dactylis glomerata was found in the
grass growing on the control plot in the first year of
the experiment (7.69 g . kg-1 DM). In the second
year, the lowest concentration was in the grass
growing on plots with mushroom substrate (6.76 g .
kg-1 DM) and in the third year in the plants growing
on plots fertilized with manure (5.35 g . kg-1 DM).
The three-year average of the concentration of
phosphorus in the biomass from plots with
mushroom substrate was 7.27 g . kg-1 DM, which
was a little more than the concentration in the grass
growing on plots fertilized with manure, standing at
7.18 g . kg-1 DM.

RESULTS AND DISCUSSION
The mushroom substrate used in the field
experiment (Table 1) had a higher dry matter
concentration (29.0 g . kg -1) and calcium (58.6 g .
kg -1) than cow manure ( 24.6 and 16.2 g . kg-1,
respectively). The same substrate, however,
contained less phosphorus (10.5 g . kg-1 DM) than
the manure, for which the concentration of this
element was 13.9 g . kg-1 DM.
Research on concentration of phosphorus and
calcium done by Szudyga [27], Kalembasa and
Majchrowska - Safaryan [18], Kalembasa and
:LĞQLHZVND >-@ :LĞQLHZVND ± .DGĪDMDQ >@
also showed varied content of microelements in
mushroom substrate. Because of this variability and
the lack of nutrient balance in mushroom substrate
it is necessary to control its chemical composition
and, if necessary, to supplement it with needed
elements to improve fertiliser quality of this organic
waste.
There was a considerable variety in the
concentration of phosphorus in the biomass of
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phosphorus in hay ranges from 3.00 to 3.50 g . kg-1
DM, whereas for Falkowski et al. [6] the optimal
phosphorus concentration in fodder from meadows
and pastures should be 3.00 g . kg-1 DM. However,
Wasilewski [29] is of an opinion that phosphorus
content in grass from grasslands should range from
4.00 to 4.50 g . kg-1 DM. AccRUGLQJ WR 'RPDĔVNL
[3] grass from meadows and pastures optimally
fertilized with phosphorus should contain from 2.80
to 3.60 g . kg-1 DM of this macro element.
According to the findings of the experiment it
should be said that the average phosphorus
concentration in Dactylis glomerata was very high.
This high concentration of phosphorus in the grass
was because of the richness of soil on which the
experiment was conducted in assimilable
phosphorus.
Plants and animals cannot live without
calcium but in grass its concentration is relatively
low (from 4.0 to 8.0 g . kg-1 DM), a higher
concentration has clover, from 9.0 to 15.0 g . kg-1
DM, and some herbs, from 12.0 to 30.0 g . kg-1 DM
[4].

There was a considerable increase of
phosphorus concentration in Dactylis glomerata
growing on the plots where nitrogen and potassium
were applied together with mushroom substrate.
Those findings are confirmed by similar pot
experiments, studying the influence of mushroom
substrate on Italian ryegrass growth [Kalembasa
DQG:LĞQLHZVND>].
According to Jankowska-Huflejt and Wróbel
[11-12] as well as Jankowska-Huflejt et al. [13]
such research on mineral substances concentration
is very important in the breeding of ruminants
because pasture grass is often the only feed for
them. According WR )DELMDĔVND >@ VKRUWDJH RI
mineral nutrients in feed has a harmful effect on the
growth of the young and production of mature
animals, in particular on cows producing large
amounts of milk [1].
Falkowski at al. [6] say that phosphorus
concentration in meadow plants ranges from 1.00 to
8.00 g P . kg-1 of the feed dry matter, with herbs and
legumes having a higher concentration. According
to Falkowski [5] satisfactory concentration of

TABLE 4
Calcium concentration in the biomass of Dactylis glomerata >JÂNJ-1 DM] in relation to the fertilization, cut
and year of research.
Plots

Cut

Control plot
Manure

Mushroom substrate
Mushroom substrate
+N1K1
Mushroom substrate
+N2K2

I
II
III
I
II
III
I
II
III
I
II
III
I
II
III

I
II
III
Control plot
Manure
Mushroom substrate
Mushroom substrate+N1K1
Mushroom substrate +N2K2
Average
LSD0.05 for:
A ± fertilization
A = 1.16
B = 0.46
B ± cut
A/B = n.s. B/A = n.s.
C ± years
C/A = n.s. B/C = n.s.

Year of research
2012
2013
8.54
10.56
8.23
9.56
8.21
8.25
9.16
11.20
8.92
10.91
7.81
9.57
9.35
9.13
8.78
12.52
8.12
11.84
10.45
11.09
10.15
13.20
9.98
12.87
11.60
13.59
10.20
13.54
10.25
12.70
Cut average
9.82
11.11
9.26
11.95
8.75
11.16
Plot average
8.33
9.46
8.63
10.56
8.75
11.16
10.19
12.39
10.68
13.28
9.32
11.37
C = 0.76
A/C = n.s.
C/B = n.s.
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2014
9.87
9.58
8.75
10.39
10.45
9.54
11.54
10.04
9.48
12.87
12.45
12.14
13.13
12.15
11.08

Average
9.65
9.12
8.40
10.25
10.09
8.97
10.01
10.45
9.81
11.47
11.93
11.66
12.77
11.96
11.34

11.56
10.93
10.35

10.83
10.71
10.08

9.40
10.13
10.35
12.49
12.12
10.90

9.06
9.77
10.09
11.68
12.03
10.53
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who carried out an experiment using mushroom
substrate to grow Italian ryegrass.
Acording to Falkowski [5], Falkowski et al.
>@ DQG 'RPDĔVNL >@ FDOFLXP FRQFHQWUDWLRQ LQ
fodder from meadows and pastures of 7.0 g . kg-1
DM is considered to be satisfactory. However,
Wasilewski [29] says that calcium concentration in
pasture grass from 6.00 to 9.00 g . kg-1 DM is
optimal.
Comparing calcium concentration in fodder
given by the above publications, the concentration
in the present experiment is higher than optimal. A
high concentration of calcium in the grass was
caused by the fact that the soil on which the
experiment was conducted was pH neutral (pH ±
6.8), which is proof that the soil was rich in
calcium. What is more, the mushroom substrate
used in the experiment to grow Dactylis glomerata
had high calcium content.
Phosphorus metabolism is linked with calcium
metabolism and that is why both minerals should be
present in feed in a strict ratio. According to
Wasilewski [29] the optimal Ca : P weight ratio
should range between 1.8 and 2.1. In the first and
second years of the experiment, in the biomass of
Dactylis glomerata from plots with mushroom
substrate only and from plots with mushroom
substrate together with mineral fertiliser in both
doses (N1K1 and N2K2) the
TABLE 5
Ca : P ratio in the biomass of Dactylis glomerata in relation to the fertilization,
crop and year of research.
Year of experiment
Plots
Cut
Average
2012
2013
2014
I
1.14
1.36
1.44
1.31
II
1.09
1.37
1.86
1.44
Control plot
III
1.15
1.36
1.77
1.43
I
0.99
1.32
1.61
1.30
manure
II
1.06
1.43
2.07
1.52
III
0.98
1.38
2.09
1.48
I
0.92
1.26
1.82
1.33
Mushroom substrate
II
0.93
1.83
1.85
1.54
III
0.90
1.90
1.90
1.57
I
0.93
1.53
1.72
1.39
Mushroom substrate
II
0.93
1.63
1.74
1.43
+N1K1
III
1.08
1.80
1.85
1.58
I
0.99
1.29
1.64
1.31
Mushroom substrate
II
0.96
1.31
1.50
1.26
+N2K2
III
1.13
1.30
1.52
1.32
Cut average
I
0.99
1.35
1.65
1.33
II
0.99
1.51
1.80
1.44
III
1.05
1.55
1.83
1.47
Plot average
Control plot
1.13
1.36
1.69
1.39
manure
1.01
1.38
1.92
1.44
Mushroom substrate
0.92
1.66
1.86
1.48
Mushroom substrate +N1K1
0.98
1.65
1.77
1.47
Mushroom substrate +N2K2
1.03
1.30
1.55
1.29
Average
1.01
1.47
1.76
1.41

Calcium concentration in the biomass of
Dactylis glomerata (Table 4) showed considerable
variety related to the fertilization, the cut and the
year of the experiment. In the first and second years
of the experiment, Dactylis glomerata from plots
with mushroom substrate and a higher dose of
mineral fertilisers (N2K2) had the highest
concentration of calcium in the biomass (10.68 and
13.28 g . kg-1 DM, respectively ). In the third year
of the experiment the highest concentration of
calcium (12.49 g . kg-1 DM) was in the grass from
plots with mushroom substrate applied together
with a lower dose of mineral fertilizers (N1K1). In
each year the lowest concentration of calcium was
in the biomass of Dactylis glomerata from the
control plot (8.33, 9.46 and 9.40 g . kg-1 DM,
respectively).
The
three-year
average
of
calcium
concentration in the biomass of the grass tested on
plots with mushroom substrate only was 10.09 g .
kg-1 DM and was higher than in the grass from the
plot fertilized with manure, which was 9.77 g . kg-1
DM.
Calcium concentration was significantly
higher in the grass from plots fertilised with
mushroom substrate together with mineral nitrogen
and potassium. The findings were similar to those
SXEOLVKHG E\ .DOHPEDVD DQG :LĞQLHZVND >-21]
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[3] 'RPDĔVNL 3   *XLGDQFH IRU XVHUV RI
meadows and pastures. Poznan: Publisher.
Advertising Agency "Prodruk", 180 (in Polish).
[4] )DELMDĔVND 0   $QLPDO QXWULWLRQ DQG
feedstuffs. Collected edition. Warsaw, Warsaw
Agricultural University ( in Polish).
[5] Falkowski M. (1983). Grassland and meadow
management. Collection edition. by Falkowski.
Warsaw: PWRiL (in Polish).
[6] )DONRZVNL 0 .XNXáND , .R]áRZVNL 6
(2000). The chemical properties of meadow
plants. Poznan, AR, 132 (in Polish).
[7] Gracia-Gomez A., Szmidt D., Roig A. (2002).
Enhancing the compost rate of spent
mushroom substrate by rock dust. Compost
Science and Utilization, 10, 2, 99-104.
[8] Guo M, Chorover J and Fox RH (2001).
Effects of spent mushroom substrate
weathering on the chemistry of underlying
soils. J Environ Quality 30, 2127-2134.
[9] Gupta P., Indurani C., Ahlawat O.P., Vijay B.,
Mediratta V. (2004). Physico-chemical
properties of spent mushroom substrates of
Agaricus bisporus. Mushroom Research, 13,2,
84-94.
[10] Herrero-Hernandez E., Andrades M.S.,
Rodriguez-Cruz
M.S.,
Schanchez-Martin
M.J.(2011). Effect of spent mushroom
substrate applied to vineyard soil on the
behavior of copper-based fungicide residues.
Journal of Environmental Management, 92,
1849-1857.
[11] Jankowska-Huflejt H., Wróbel B. (2006).
Analysis of the use of permanent grassland in
animal production in selected organic farms.. J.
Res. Applic. Agric. Engng., 51 (2), 54±62 (in
Polish).
[12] Jankowska-Huflejt H., Wróbel B. (2008).
Evaluate the usefulness of fodder from
grasslands for livestock production in organic
farms surveyed.. J. Res. Applic. Agric. Engng.,
53 (3), 103±108 (in Polish).
[13] Jankowska-Huflejt H., Wróbel B., Kaca E.
(2006). Utilisation and quality of fodders from
grasslands in organic livestock production in
Poland. Proc. Europ. Joint Organic Congr.
Organic Farm. Europ. Rural Develop., 30±31
may 2006 in Odense, Denmark, s. 456±457.
[14] Jordan S.N., Mullen G.J. (2007). Spent
mushroom legislation in Ireland. Procedings of
Esai. Environ., 37-41.
[15] Jordan S.N., Mullen G.J., Murphy M.C.
(2008). Composition variability of spent
mushroom composts in Ireland. Bioresource
Technology, 99, 411-418.
[16] Kadiri M., Mustapha Y. (2010). The use of
spent mushroom substrate of L. Subnudus berk
as a soil conditioner for vegetables. Bayero
Journal of Pure and Applied Science, 3, 2, 1619.

Ca : P weight ratio was lower than optimal
(Table 3). In the third year of the experiment, the
Ca : P ratio in the biomass of the grass from plots
fertilised with mushroom substrate or manure was
also optimal and stood at 1.86 and 1.92,
respectively. In the third year of the experiment the
Ca : P ratio in the grass from the other plots was
close to the optimal.
The value of the Ca : P ratio in grass biomass
is important for its nutritional value. Feeding
animals with grass in which the ratio differs from
the optimal can cause metabolism disruption, which
can lead to health problems and a medical
condition.

CONCLUSIONS
1. In the experiment the grass grown on the
plot with mushroom substrate contained more dry
matter and calcium but less phosphorus than the
grass growing on the plot fertilised with cow
manure.
2. Phosphorus and calcium concentration in
the biomass showed considerable differences,
related to the fertilisation, cut and the year of the
experiment.
3. Each year the highest concentration of
phosphorus and calcium in the biomass of Dactylis
glomerata was on the plots with mushroom
substrate together with a higher dose of mineral
fertilisers (N2K2). In the third year of experiment, in
the biomass from plots with mushroom substrate
together with a lower dose of mineral fertilisers
(N1K1), calcium concentration was at its highest.
4. According to the findings phosphorus and
calcium concentration in the biomass of Dactylis
glomerata was significantly higher than those
considered to be optimal, which was probably
caused by a high content of assimilable phosphorus
in the soil and a high content of calcium in
mushroom substrate.
5. In the third year of the experiment the
value of the Ca : P ratio in the biomass of the grass
from the plots with mushroom substrate and with
manure was optimal while in the first year the value
was lower than optimal.
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IMPACT OF POLYFUNCTIONAL VERMICOMPOST ON THE
PRODUCTIVITY OF VEGETABLE ROOT CROPS
Amankul Dzhakanovna Akbassova*, Gaukhar Askerovna Sainova, Indira Orazgalievna Aimbetova,
Dilara Kakharovna Sunakbaeva, Madina Myrzakhanovna Akeshova
Research Institute of Ecology at Kh.A. Yassawi International Kazakh-Turkish University, Turkistan, Kazakhstan

prevalence of degradation processes in the soil
system on its biological productivity. On a global
scale as a result of soil degradation, crop yields are
reduced every year and consequently, the stocks of
humic substances, which are the main source of
nutrients, are reduced [5-6].
Rational use of fertilizers, ameliorants is one
of the most important measures for improving soil
fertility and increase of agricultural crops
productivity. Special prospects were presented by
the innovative eco-friendly bio-organic fertilizer,
enabling alternatively to implement the replacement
of traditional fertilizers, including a certain amount
of pollutants of various natures in its structure a
certain.
For example, the uncontrolled use of nitrogen
fertilizers in large quantities (60 kg of active
ingredient per 1 ha) suppresses the natural
biological process of nitrogen fixation in the soil,
causing the accumulation of nitrates and nitrites in
the plants [7].
In maintaining and enhancing soil fertility, the
special role among organic fertilizers is given to
manure or its decomposed form, i.e., compost. This
type of fertilizer has a positive impact on the
nutrition of plants, the soil properties and is an
important reserve of soil replenishment by organic
substance and increase of crop yields productivity.
[8]
Manure or compost in the soil forms
agronomically valuable structure, improving its
ability to retain water and contain air. On their
surface, they retain ions of soluble salts, provide ion
exchange equilibrium with soil solution and thus
affect the conditions of the plant nutrition [8].
But, however, as manure or compost is not
always environmentally safe fertilizer. They contain
seeds of weeds, viable helminth eggs and
pathogens. In order to prevent these drawbacks,
most feasible and promising way is the use of a
valuable fertilizer ± vermicompost which is
enriched by humus and sufficient nutrients. In this
regard, the development of rational methods of
disposal of animal waste and crop farms aimed at
generating vermicompost of vital importance in
maintaining and improving soil fertility, is one of
the most urgent tasks.

ABSTRACT
The impact of vermicompost which was
obtained on the basis of manure, yield and quality
of potatoes and beets was investigated. Application
of the vermicompost as organic fertilizer promotes
the formation of larger beet root, potatoes compared
with the control. The increase of root crops yield
1.2-1.5 times in making 8 t / ha vermicompost in
gray soils was established. It was shown that the
use vermicompost as a fertilizer was more
expedient, as it contains more nutrients (N, P, K)
and organic humic acids compared to conventional
compost. Vermicompost has a direct physiological
effect on plants; it stimulates the development of
root systems and reduces the harmful effects of
pollutants.

KEYWORDS:
vermicompost, manure, black earth soil fertility, yield,
root crops - potatoes, beets, humic acids, the optical
density.

INTRODUCTION
In the last century, with increasing amounts of
pollutants emitted from anthropogenic sources,
there has been a violation of the ecological balance
in ecosystems. In this regard, the problem of the
protection and rational use of natural resources was
put forward to the forefront. Especially, the loss of
soil fertility and accordingly deterioration of the
quality of plant growing and livestock production is
of great concern all of humanity, since it is of
paramount importance for economic and social
development of any country [1-3].
As it is known, in comparison with other
objects of the biosphere, the soil cover is the
medium receiving the pressure of the flow of
industrial, agricultural, municipal emissions of
different waste [4]. Under the intense pressure of
increasing anthropogenic media, a soil system
begins to lose the ability to perform its essential
role of buffer and detoxicant. One of the main
reasons of the observed phenomenon is the
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samples were selected by the square method.
7KHZDWHUVWDELOLW\ZDVGHWHUPLQHGE\$QGULDQRY¶V
method [12], which is based on the number account
of decayed soil aggregates in stagnant water at
certain intervals. To do this in Petri dish with filter
paper soil aggregates were placed (100 units per
plate). Then filter paper units were moistened
uniformly for saturation with water, and then an
equal amount of water was poured into in the cup,
until complete coverage of aggregates. During the
next 10 minutes the number of broken aggregates
was counted every minute, water resistance was
expressed in percentage. On the basis of
experimental studies, the following values of water
stability were pointed out: soil aggregates had a
water resistance in control of 15 ± 3%, and in
samples taken from sites with vermicompost at 4
t/ha and 8 t/ha, the value of water resistance
respectively equal to 57 ± 5 and 74% ± 2%.
Humic acids from manure and vermicompost
were recovered by the method KononovaBelchikova [13] in the form of ammonium humates.
Samples obtained humates dissolved in distilled
water and treated with an anion exchanger
sequentially AB-17 in OH- -form and katinitom
KU-2 in H + form by stirring. The resulting slurry
humic acid (HA) was separated from the ion
exchanger, and air-dried. The lowest ash content of
products GC was found and amounted to 0.9-1.0%.
for the vermicompost. Isolation, purification and
accumulation of fulvic acids (FA) are conducted in
accordance with known methods [14]. The dry
preparation of FC (from vermicompost) had an ash
content of 1.3%. To determine the optical density of
humic and fulvic acids spectrophotometric method
was used.
Statistical data processing was conducted by
using the software called Statistica. 6.0 [15].

The aim of this work is to study dependence of
productivity, quality, structural composition of root
crops (beets, potatoes) on the nature of the
vermicompost produced on the basis of manure use
of various farm animals.

MATERIALS AND METHODS
In this paper, the choice as a study of
composition and properties of vermicompost is
associated with the absence of established scientific
views on the reasons of such its high physiological
activity. To carry out skilled researches, black soil
region of Turkestan Republic of Kazakhstan with
general humus content in the layer (0-40 cm) - 1.01.2% of total nitrogen - 0.09-0.18% of available
phosphorus - 9,1-26,0 mg / kg and the amount of
exchangeable bases - 23,6-26,9 mEq / 100 g soil,
pH of water extract - 6.5.were used. Soils had
unfavorable physical properties, mainly the form
not only of the surface crust in drying, but also
lower structure of arable layer.
The area of the experimental plot - 45 m2, the
discount - 27,5m2, replicates fourfold. Bookmark
experiments, making observations and biometric
measurements were performed during the growing
season according to the procedure of experiments
with fertilizers [9]. Driving experience options: 1 without making vermicompost and fertilizer
(control); 2 - with the introduction of
vermicompost, 4 t/ha; 3 - with the introduction of
vermicompost, 8 t/ha; 4 - N83P61K112; 5 - manure
(8 t/ha) + N83P61K112. Fertilizers were applied in
the form of ammonium nitrate, double
superphosphate and potassium salt. Vermicompost
was locally introduced in the form of sockets as
well as random with following stirring with a layer
of 0-20 cm of soil.
Productivity of potatoes and beet were
determined by weighing the mass of the tubers. The
storability of tubers were analyzed after 6 months
of storage at a temperature of 5 ± 1 0C. The
repeatitiveness of experience is three times.
Field and laboratory analytical studies,
analyses of soils and plants were made by
conventional methods in soil science, agricultural
chemistry and ecology [10-11]. Determination of
soil fertility was defined by bioassays methods;
selection of soil sampling for chemical analysis was
conducted in accordance with SES 17.4.4.02-84;
the content of organic substances was identified by
the method of Turin; ɪɇɄɋ, was conducted by
Kappen, total nitrogen by Cornfield, mobile
phosphorus and exchange potassium was defined
by Kirsanov, condition of sowings and productivity
of crops by phenological phases of development
(SES 12014-80).
To determine water stability the fresh soil

RESULTS AND DISCUSSION
For vermicomposting, manures of large, small
cattle, horse, camel manures were selected and the
basic nutrients in them were defined. The obtained
data are presented in Table 1.
Of all types of manure on their nutritional
value and chemical composition, the most valuable
organic fertilizer is camel manure. A camel manure
which is practically odorless has a high lightness
and is more friable, less humid (from 5 to 8%) and
contains more organic substances (29,0-32,7%)
compared to the manure of other animals.
All types of manure separately and in mixture
were used as the main component in the substrate
intended for vermicomposting. Table 2 shows the
average composition of vermicomposts obtained
after 4 months of vermicomposting with red
californian worms.
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TABLE 1
The content of nutrient elements in different manure (%)
Nutrient
elements

Nitrogen
Phosphorus
Potassium
Calcium
Magnesium
Humidity
Organic substance
ɪɇ

horse
0,55±0,25
0,45±0,25
0,5±0,3
0,25±0,05
0,15±0,05
69,05±2,05
25,25±0,65
7,8±0,2

cow
0,4±0,3
0,35±0,25
0,45±0,25
0,4±0,1
0,15±0,05
75,9±1,4
20,05±0,15
7,9±0,2

Types of manures
sheep
0,8±0,1
0,3±0,1
0,55±0,25
0,35±0,05
0,2±0,1
62,85±1,65
31,15±035
6,85±0,05

camel
0,7±0,3
0,65±0,25
0,7±0,2
0,45±0,05
0,3±0,1
6,85±1,55
30,85±1,85
6,75±0,05

The sharp change in sugar content in beet roots
when introducing vermicompost or manure is not
observed, that indicates the preservation of the
qualitative composition (Table 4).
As the accumulated scientific basis and the
results of our experiments show, unlike composts
vermicompost has high growth stimulating (Figure
1), a fertilizer-ameliorating and other properties.
On the basis of comparing the values of the
optical densities of the humic and fulvic acids
extracted from manure and vermicompost, a exact
contrast from each other was found. Humic and
fulvic acids isolated from vermicompost have
higher optical density compared with preparations
derived simply from manure and sewage sludge.
This suggests getting a flavored humic acid from
vermicompost. The increase of the absorbance is
due to the increase in the proportion of aromatic
structures in molecules and the decline of the
aliphatic portion.

The experimental data suggest that
vermicompost greatly differs from the composition
of the compost on its microbiological, chemical and
other properties. The seeds of weeds are stored,
helminths and other pathological microorganisms
are not contained in the vermicompost.
The results of experimental studies to
determine the level of vermicompost influence
(with camel manure) on the yield and quality of
root crops are presented in Tables 3-4.
Trading productivity of root crops depends on
the nature and quantities of organic fertilizers. More
positive results are achieved in making
vermicompost than manure. When using 8 t / ha
vermicompost, the indicator of potato (32.0 t / ha or
53.1% of control) and beet productivity (36.7 t / ha
or 21.5% of control) is higher compared to the same
amount of the introduced manure.

TABLE 2
Chemical composition of vermicompost (biohumus),
obtained on the basis of manure of cattle, horses and camels
ʋ

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Name of the composition indicator

Contents, %

Dry remains
Humus substances
Humidity
ɪɇ
Total nitrogen
7RWDOSKRVSKRUXV Ɋ2Ɉ5)
Total pRWDVVLXP Ʉ2Ɉ
Calcium
Magnesium
Iron
Manganese
Heavy metals
Pathogenic microflora
Helminth eggs

The mixture of manures
of horse and cattle (1:1)
57,75±7,45
31,75±6,05
37,55±2,55
6,8±0,3
2,0±1,0
2,05±0,75
2,8±1,6
5,0±1,0
1,4±0,9
1,5±1,0
70,2±10,1 mg/kg
< MPC for soil
missing
missing
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Camel manure
66,15±1,45
33,05±5,85
30,6±1,8
6,85±0,05
2,6±1,4
2,8±1,1
3,6±1,6
6,0±1,2
0,6±0,3
1,1±0,7
ɦɝɤɝ
Not discovered
missing
missing
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TABLE 3
Productivity and seed quality of potato of Scottish varieties grown in gray soils
Variant

Productivity of
potato, t/hɚ

Control
Vermicompost, 4 t / ha
Vermicompost, 8 t / ha

20,9
26,5
32,0

N83P61K112
Camel manure, 8 t / hɚ +
N83P61K112

23,0
30,1

Increase of
productivity

Fractional composition of the
harvest, t / ha

t/ha

%

Trading

seminal

-

26,8
53,1

12,6
14,5
16,5

6,8
10,8
14,7

Non
trading
1,5
1,2
0,8

10,0
44,0

12,4
14,4

7,6
14,3

2,0
1,4

+5,6
+11,
1
+2,1
+9,2

TABLE 4
Results of comparative analysis on the impact of vermicompost and manure on productivity and
quality of beet roots.
Variant

Control
Vermicompost, 4 t / ha
Vermicompost, 8 t / ha
Camel manure, 8 t/ hɚ +
N83P61K112
Camel manure, 8 t / hɚ

Beet
productivity,
t/hɚ
30,2 ± 0,7
34,9 ± 0,5
36,7 ± 0,4
33,6 ± 0,6

Increase
of
productivity,
t/hɚ
_
4,7 ± 0,3
6,5 ± 0,3
3,4 ± 0,2

Collection of
sugar, t/hɚ

Sugar
content, %

4,02 ± 0,05
5,17 ± 0,03
5.58 ± 0,05
4,30 ± 0,03

15,9 ± 0,2
16,4 ± 0,2
16,3 ± 0,1
16,0 ± 0,2

34,0 ± 0,5

3,8 ± 0,4

5,01 ± 0,04

16,2 ± 0,2

Using the dependence of the optical density of
humic and fulvic acids on the wavelength the ratio
of extinction coefficients ȿ4:ȿ6 were calculated.
The value of these coefficients for the humic and
fulvic acids extracted from the manure is ~8.4 and
~2.5 and derived from vermicompost HA and FA
values are respectively equal to ~3.4 and ~2.6. The
changes observed in the value of E4: E6 indicate the
origin of the changes in the structure of the
molecules of humic substances.
The experimental data allow us to judge the
degree of condensation of aromatic larger nucleus
as humic and fulvic acids in biohumus, that is the
most high-chemically form of humic acids is
formed.
As follows from the accumulated scientific
basis and the results of our experiments, unlike
composts the vermicompost has high growth
b)
stimulating, fertilizing,
ameliorating and other
properties.
The established single scientific views on the
reasons of such a high activity of vermicompost
still do not exist. It requires conducting
fundamental
researches
as
the
chemical
composition and structure of organic substances as
bacterial communities contained in vermicompost.

a)
Substratum - manures: 1,3 ± large cattle
manure; 2,4 ± camel manure
FIGURE 1
Optical density humic (a) and fulvic acid (b)
allocated, respectively, from manure (1, 2) and
the vermicompost (3, 4).
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Moscow,
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[10] 1RYÕWVN\ M.N., DON I.N. and Chernov D.V.
(2009): Laboratory and practical training in soil
science. St. Petersburg, Russian Federation,
23-25.
[11] Sychev V.G. (2008): The program and research
methods of soil humus status of long
experience GeoNetwork, benchmark sites and
landfills of agroecological monitoring.
Moscow, Russian Federation, 9-16.
[12] 9DG\XQÕQD A.F., .RUFKDJÕQD Z.A.(1961):
Methods of study of the physical properties of
soils. Moscow, Russian Federation, 344.
[13] %HOFKÕNRYD N.P. (1972): Methods for
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substance and the processes of its
transformation. St. Petersburg,
Russian
Federation, 280.
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analysis of the data. Moscow, Russian
Federation, 4-9.

CONCLUSIONS
Thus, vermicompost increases the quantity,
quality and presentation of products, which is
important for the production of food root crops potatoes and beets.
A significant effect of the using vermicompost
as compared to humus manure is shown. Potatoes
and beets grown in introducing into unproductive
gray soils of about 8 t / ha vermicompost, gave a
yield increase respectively of 1.5 and 1.2-times
compared to the control. By visual observation, the
acceleration of flowering and ripening of crops,
development encouragement of the root systems
were observed. The absence of pathogenic
microflora, eggs and larvae of helminthes
introduced into the soil vermicompost can increase
the environmental safety of the harvest of potatoes
and beets.
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RESPONSES OF GROWTH, WATER RELATIONS AND
COMPATIBLE SOLUTES CONTENTS TO REPEATED
DROUGHT STRESS IN CEDRUS LIBANI
Ayse Deligoz*, Esra Bayar, Nilufer Yazici
Faculty of Forestry, Suleyman Demirel University, 32260 Isparta, Turkey

ABSTRACT

INTRODUCTION

In this study, to investigate the responses of
Cedrus libani A. Rich seedlings to repeated
drought cycles, morpho-physiological parameters
of the seedlings were determined. The seedlings
were conditioned by drought cycles which
consisted in withholding irrigation until the
predawn water potential (Ȍpd) fell to -0.8 MPa
(mild drought conditioning) or -2.1 MPa (severe
drought conditioning). At the end of each drought
cycle (once the target Ȍpd level was reached), the
seedlings were watered to field capacity. These
drought cycles were continued for 13 weeks. The
control (well-watered) seedlings were watered
every 2 to 3 days throughout the experiment.
Repeated drought stress caused a significant
reduction in growth parameters such as height
and dry weights (root, shoot and needle). Root
collar diameter also reduced significantly in the
severe drought-stressed seedlings compared to
well-watered and mild drought stress. However,
severe drought stress increased the root:shoot
ratio. Repeated drought stress had no effect on
water relation parameters such as osmotic
potential at full turgor and at turgor loss point. In
under severe and mild drought conditions,
proline significantly increased. Cedrus libani
seedlings showed the less growth, higher
root/shoot ratio and proline accumulation as an
adaptation mechanism against repeated drought
stress.

Drought stress is one of the most important
environmental abiotic stresses that negatively
affects growth and productivity of the plant [1].
Drought stress affects the plant water relations of
the plant at the level of cell, tissue and organ [2].
A decreasing water content is accompanied many
essential metabolic processes such as loss of
turgor and wilting, cessation of cell elongation,
stomatal closure, and reduction of photosynthesis
and interference of many other processes [3].
Many plant species are exposed to water stress
for short or long term and they are capable of
developing some adaptation mechanisms against
these stresses [4].
Cedrus libani A. Rich. is mainly spread all
over Taurus Mountains (between 800 and 2100
meters) in Turkey in addition to north of Lebanon
and a few areas in Syria. C. libani are preferred
for afforestation and reforestation of arid and
semi-arid areas since they have higher ability to
adapt and survival rate. In the range of C. libani,
there is drought and a summer water deficiency
[5]. Survival of seedlings in arid zone plantation
is strongly affected by drought conditions. So,
understanding of seedlings responses to water
and drought stress will provide the fundamental
basis for developing successful plantations in arid
zone under drought and water stress conditions
[6]. However, the number of studies investigated
the respond of C. libani against water stress is
very limited. Therefore, in this study, the respond
of C. libani seedlings against repeated water
stress at morphological, physiological and
biochemical levels were investigated. Repeated
drought stress (also called conditioning) was the
chosen method because it is representative of the
drought pattern that occurs under field conditions
[7]. The information about response of C. libani
seedlings against drought stress may shed some

KEYWORDS:
Cedrus libani, drought tolerance, proline, predawn
water potential, soluble sugar.
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light for a better understanding of general
principles in planting and to avoid failure in
different forestry programs.

Conditioning treatments were: mild drought
stress- watered when the mean Ȍpd fell to -0.8
MPa; severe drought stress- watered when the
mean Ȍpd fell to -2.1 MPa. Control seedlings
(well-watered) were irrigated every 2 to 3 days
throughout the experiment to keep water content
of the containers at field capacity. Irrigation was
applied at 07:30 h on the threshold was reached.

MATERIAL AND METHODS
Plant material and Experimental design.
The experiment was carried out in nursery of
Faculty of Forestry, Suleyman Demirel
University (37ஈࡋ 1ஈࡋ (  ,VSDUWD-Turkey).
Cedrus libani A. Rich. seeds were collected from
.DSÕGD÷ VHHG VRXUFH ஈ ࡋ 1 ஈ ࡋ ( 
(Isparta-Turkey) in October 2010. On January 18,
2011, these seeds were sown in polythene bags of
11 cm x 13 cm size, filled with a mixture of
humus and forest soil (1/3) and grown in under
open field conditions in nursery. A constant
fertilization regimen was applied, in which the
doses of N (18-20 gr/m2 of ammonium sulfate
fertilizer) were similar to those typically used for
commercial cultivation. At the beginning of
growing period (2012), one-year-old seedlings
were transplanted into polythene bags of 13 cm x
25 cm size, filled with a mixture of humus and
forest soil. The contents of the growing medium
used were as follows: sand 47%, silt 22%, clay
31%, pH 7.6, organic matter 4.63%, total
nitrogen 0.23%, CaCO3 9.81%, field capacity
23.1 % and permanent wilting point 17.7%. For
the experiment, these seedlings were moved on
the bench (100 cm) under shelter in order to
cover from rainfall. The shelter roof was covered
with a layer of clear transparent polyethylene
greenhouse film. Shelter sides and ends were
remained open to maximize air movement.
The drought experiment was initiated on 7
June 2012 and ended on 14 September 2012.
Seedlings were subjected to three irrigation
treatments with three replicates in a randomized
complete block design. 450 seedlings were used
for each treatment. At the beginning of the
experiment, all the containers were watered to
field capacity. Drought stress was created by
drought cycles which consisted in withholding
irrigation until a predetermined mean predawn
shoot xylem water potential (Ȍpd) was reached.
Once the target Ȍpd level was reached, seedlings
were watered at field capacity. These drought
cycles were continued for 13 weeks (from June to
September), during which time mean monthly
temperatures were 20±25 °C and mean monthly
humidity rate was 40-44%, respectively.

Measurements. Throughout the drought
stress experiment, Ȍpd was determined between
04:00 and 05:30 h the early morning hours before
dawn with a pressure chamber (PMS
Instruments, Corvallis, OR). Shoot of seedlings
taken randomly from each treatment were
excised from the root collar. Measurements of
Ȍpd were conducted on the six replicate samples
RI HDFK WUHDWPHQW 7KH ȌSG LQ WKH FRQWURO
treatment (well-watered) were varied between
about -0.5 and -0.6 MPa for all sample dates
except for 28 July (Because of some technical
failings, the seedlings were not irrigated in
control treatment for one week) (Figure 1). The
moisture content of the substrate in containers
was measured for two month (from June 7 to
August 8) during Ȍpd measurement periods at
approximately 06:00. Substrate moisture content
(%) was calculated according to the following
H[SUHVVLRQ6:& > ):í':  ': @î
To determine growth variables, twenty
seedlings per replicate for each treatment were
randomly selected monthly from June to
September. Seedling height and root collar
diameter were measured in June, July, August
and September. Dry weight of root, shoot and
needles were measured at the final harvest (in
only September). Roots, shoots and needles were
dried separately at 105 °C for 24 h and weighed.
In addition, root:shoot dry ratio were determined.
Water relation parameters were measured in
three seedlings of each treatment at the end of the
drought experiment. The shoots of seedlings
were cut at the root collar. The P±V curves were
performed by plotting the value of 1/P (balance
pressure) against the corresponding cumulative
weight-loss value. Osmotic potential at full
turgor (Ȍʌ100, MPa), osmotic potential at turgor
loss point (ȌʌTLP, MPa), free water content at
turgor loss point (FWCTLP, %), relative water
content at turgor loss point (RWCTLP, %) and
symplastic water/dry weight (Vo/DW) were
derived from P±V curves, by following the
standard procedure [8, 9].
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FIGURE 1
Predawn water potentials (Ȍpd, MPa) of Cedrus libani seedlings during drought stress experiment, Means
(n=6) ± SE.

The heights of well-watered seedlings were
higher than mild and severe drought treatments in
July, August and September. The height of
seedlings was reduced by 15% and 21% in mild
and severe drought stress in September,
respectively. No difference was found between
root collar diameters of seedlings in the
well-watered and mild drought stress. However,
the diameters of these two treatments were higher
than in severe drought treatment (Figure 2b).
The substrate moisture content was found as
23% under mild drought conditions and 11%
under severe drought conditions when target Ȍpd
level was reached. In the control treatment, the
substrate moisture content was found around
39% (Figure 3). In this study, it had been
determined that drought stress had negative
impact on the growth of C. libani seedlings. The
reduction in height may be related to reduction in
the growth and excessive leaf loss of plants
exposed to water stress. The reduction in growth
caused by water stress may be due to changes in
several
physiological
processes.
The
development of cell is considered to be one of the
most sensitive physiological processes against
drought due to the loss in turgor pressure [12].
Khan et al. [13] reported that the height and
diameter of Pseudotsuga menziesii seedlings
decreased with decreasing soil water content.

After completion of drought period, eight
seedlings per replicate for each treatment were
used for total soluble sugar and proline analysis.
Needles samples were dried at 65 °C in 48 hours
and then grounded. Total soluble sugar analysis
was determined on 0.1 g of dried samples
according to Dubois et al. [10] and recorded as
mg g-1 dried weight by reading absorbance at 490
nm. Proline analysis was performed on 0.5 g of
dried samples according to Bates et al. [11].
Absorbance values of samples were recorded
read as 520 nm wavelength at UV
spectrophotometer. A standard curve was
received to determine the content of proline
(μmol g-1 dry weight) by using pure proline.
Data Analysis. SPSS was used for
statistical analyses. Morphology, water relations,
total soluble sugar and proline data were
analyzed by two-way ANOVA test. If there was
a significant difference between these parameters
measured, means comparison was conducted
'XQFDQ¶V multiple range test at the significant
level 5%.

RESULTS AND DISCUSSION
Drought stress caused an important
reduction in height of the seedlings (Figure 2a).
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FIGURE 2
Height (a) and root collar diameter (b) in the different drought conditioning treatments. Different letters
indicate significantly difference between treatments (P<0.05). Means (n=60) ± SE.
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FIGURE 3
Substrate moisture content (%) of Cedrus libani seedlings (n=3) in the different drought conditioning
treatments.

Several studies have also shown that water
stress causes reduction in dry weight of root and
shoot of seedlings [14, 15]. In our study, mild
and severe drought stress had caused significant
reductions in dried weight of shoot, root and
needle (P <0.05) (Table 1).The limitation in plant
growth due to water stress is basically caused by
decrease in carbon balance depending on the
balance between plant photosynthesis and
respiration in the plant [16]. Seedlings with high
shoot:root ratio will be negatively affected by
water stress when they are planted in arid areas
especially under high evaporation conditions.
Therefore, shoot:root ratio is also used in
assessing the potential avoidance of seedlings
from drought [17]. In this study, root:shoot ratio
was affected by drought stress. Especially in

severe drought stress, root:shoot ratio was higher
compared to well-watered seedlings. Under
drought stress, root:shoot ratio significantly
increased in Eucalyptus microtheca [18] species.
In fact, increase in root growth or decrease in
shoot:root ratio is considered to be a general
response against water stress [19]. Because
seedlings may maximize their water intake from
soil with a strong root systems in order to ensure
their growth and survival [20]. The results of this
study showed that C. libani seedlings had
increased their root:shoot ratio in response to
drought stress.
Plants grown in arid, semi-arid and cold
climates are often met with some degree of
drought stress. As a result of this, plants have
some
mechanisms
with
changes
at
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treatments. Proline accumulation can be
considered as response of C. libani seedlings
against drought. Increase in proline and soluble
sugar of seedlings due to drought stress is also
reported by other studies [23, 24]. However, in
some other studies, reduction in soluble sugar
accumulation in severe drought-stressed plants
has also been reported [20]. Increase or decrease
in accumulation of sugar depends on the intensity
of stress and the role of sugar signal is not fully
understood in these processes [4]. In our study,
no significant changes were found in total soluble
sugars (Figure 4b). This may be associated with
that seedlings were irrigated at the end of each
drought cycle and probably improved their
soluble sugar content.

morphological, physiological and molecular level
developed in order to increase their tolerance to
drought [21]. One of the most important
responses to the drought is accumulation of
compatible solutes, which are also known as
osmolytes [22]. As two of the most important
compatible solutes in plants, soluble sugars and
proline play important roles in drought tolerance
strategies [20]. At the end of the drought
experiments, in response to repeated drought
stress, proline was significantly increased, with
mean values from 1.15 μmol g-1 dry weights in
the well-watered treatment to 1.46 μmol g-1 dry
weights and 2.21 μmol g-1 dry weights in the
mild and severe drought treatments, respectively
(Figure 4a).
Proline accumulation was higher in severe
drought-stressed seedlings compared to other

TABLE 1
Dry weights (root, shoot and needle) and root:shoot ratio of Cedrus libani seedlings in the different
drought conditioning treatments. Different letters indicate significantly different (P<0.05). Mean (n=60) ±
SE.
Parameter

P values

Treatments
Well-watered

Mild drought
stress

Severe drought stress

2.28±0.11b

1.76±0.09c
1.14±0.06c
0.66±0.02a

Shoot dry weight (g)

<0.05

Root dry weight (g)

<0.05

2.88±0.16a
1.68±0.09a

Needle dry weight (g)

<0.05

1.53±0.08a

1.44±0.07b
1.19±0.06b

Root:shoot ratio

<0.05

0.60±0.02b

0.64±0.01ab

0.95±0.04c

FIGURE 4
Proline (a) and soluble sugars (b) in the different drought conditioning treatments. Different letters
indicate significantly different (P<0.05). Mean (n=9) ± SE.
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TABLE 2
Osmotic potential at full turgor (Ȍʌ100) and at turgor loss point (ȌʌTLP), free water content at turgor loss
point (FWCTLP), relative water content at turgor loss point (RWCTLP) and symplastic water/dry weight
(Vo/DW) in different drought treatments. Different letters indicate significantly different (P<0.05). Mean
(n=3) ± SE.
Parameter
Ȍʌ100 (MPa)
ȌʌTLP (MPa)
FWCTLP (%)
RWCTLP (%)
Vo/DW

P values
ns
ns
ns
<0.05
ns

Well-watered
-1.81±0.05a
-2.55±0.07a
70.50±1.11a
88.70±0.77a
0.75±0.08a

Treatments
Mild drought stress
-1.58±0.16a
-2.51±0.19a
68.43±4.46a
87.70±1.10a
0.76±0.08a

Evéquoz et al. [25] reported that osmotic
adjustment was defined as a decrease in the
ȌʌTLP as a response to the water deficit.
Although there was a reduction in the ȌʌTLP
(-3.08 MPa) of seedlings exposed to severe
drought stress compared to well-watered (-2.55
MPa), no statistically important difference was
found (P > 0.05). However, RWCTLP was
significantly reduced in seedlings exposed to
severe drought stress compared to other
well-watered and mild drought stress (Table 2).
Repeated drought did not induce osmotic
adjustment. A similar result was reported for
Pinus pinea [26] species. Mild and severe
drought stress was not effect on Ȍʌ100 and
FWCTLP. Irrigation at the end of each drought
cycle may be considered as the reason why
drought stress has no impact on these parameters.
Drought-stressed seedlings might have rapid
recovery of physiological functions after
watering. Because plants may improve their
physiological functions when stress factors no
longer exist and improvement rate is a result of
stress tolerance of that particular plant [27].
Although there was no statistically significant
difference between treatments, the Vo/DW was
higher in seedlings exposed to severe drought
stress compared to other treatments. This allows
C. libani seedlings to delay the turgor loss point
until more negative water potential [28].

Severe drought stress
-1.91±0.44a
-3.08±0.42a
63.17±8.08a
80.56±2.52b
1.11±0.10a

accumulation is one of the responses of C. libani
seedlings against repeated drought stress. The
proline accumulation significantly increased with
increase of drought stress level. Differences in
proline levels of this species can be used as an
indicator of their tolerance to drought stress.
Root/shoot ratio was also increased in response
to drought stress. It had been seen that C. libani
seedlings develop an adaptation mechanism
against stress conditions with lower growth and
higher root/shoot ratios.
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DETERMINATION OF POSSIBLE DETOXIFICATION
MECHANISMS OF INSECTICIDE RESISTANCE IN
TRIBOLIUM CASTANEUM (HERBST) POPULATIONS
FROM TURKEY
Sakine Ugurlu Karaagac1,*, Metin Konus 2
1. Karabuk University Engineering Faculty, Environmental Engineering Department, 78050 Karabuk Turkey.
<X]XQFX<ÕO8QLYHUVLW\'HSDUWPHQWRI0ROHFXODU%LRORJ\DQG*HQHWLFV9DQ7XUNH\

common in grain storages, mills and flour depots,
as well as in foodstuff production plants [2].
Application of contact insecticides and
fumigants continues to be the most significant tool
for protection of stored products from insect pests.
Contact insecticides ensure long-term protection
and prevent infestation of treated products[3].
Malathion, chlorpyriphos-methyl, and pirimiphos
methyl have been registered and widely used for
management of this pest in Turkey.
The efficacy of contact insecticides in
protecting stored products is affected by several
factors, primarily altered susceptibility or resistance
of stored-product insects [4-5].. According to data
collected globally by the FAO, susceptibility to
malathion changed at the rate of 87% of the
examined populations of T. castaneum [6]. In the
USA, it was reported that populations collected
from peanut, barley, and wheat storages were
resistant to malathion [7-9]. Besides, populations of
T. castaneum from mills were resistant to
malathion. In addition, it was resistant to dichlorvos
and chlorpyrifos-methyl [10-11]. The first record
related to the resistance in red flour beetle dates
back to the end of 1959s and the first half of 1960s
[12]. For the purpose of monitoring T. castaneum's
resistance to insecticides in Turkish populations, we
used discriminating doses of malathion, pirimiphos
methyl, and chlorpyriphos methyl in populations
collected from different warehouses. Monitoring of
resistance is important in adopting proper control
measures regarding pest management for stored
product pests and protecting the human health. In
addition, detoxification mechanism was analysed
by determining glutathione S-transferase and
esterase enzyme activities were determined to
understand tested organophosphate insecticides
detoxification mechanism(s) in T. castaneum
populations.
The objectives of this study were to determine
the resistance status of malathion, pirimiphosmethyl, and chlorpyriphos-methyl insecticides on T.
castaneum; and to determine possible detoxification
mechanism(s) of T. castaneum populations,

ABSTRACT
Red flour beetle, Tribolium castaneum
(Herbst), is one of important grain storage pests in
the world. The pest contributes to maximum
spoilage of the stored grains at larval and adult
stages. Infestation by these beetles results in an
unappealing smell due to the secretion of
benzoquinones from abdominal glands. In order
to protect the stored product from this pest loss,
insecticides are commonly used all over the world
including Turkey. As a consequence of repeated
chemical treatments, many cases of insecticide
resistance have been detected in the genus
Tribolium around the world. In order to estimate
resistance
status
of
T.
castaneum
to
organophosphate insecticides, impregnated filter
paper bioassay method was used. It is important to
know resistance status of insecticides for resistance
management. Hence, resistance status of T.
castaneum to malathion, pirimiphos-methyl, and
chlorpyriphos methyl insecticides was determined.
In addition, detoxification mechanism was analysed
by determining glutathione S-transferase and
esterase activities with biochemical assays. The
objective of this study was to examine the
susceptibility in two populations of T. castaneum
from Turkey to different contact insecticides and to
analyse possible role(s) of
glutathione Stransferases and esterases in detoxification
mechanism in tested populations
KEYWORDS:
Tribolium castaneum, organophosphates, insecticide
toxicity, resistance, biochemical mechanisms

INTRODUCTION
Being a cosmopolitan species, Red flour
beetle, Tribolium castaneum (Herbst), is one of the
most widespread insects in storage facilities,
especially in mills in the world. It develops most
rapidly under favourable conditions [1]. It is
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The treated discs with diagnostic dose
solutions (0.5, 0.7, and 0.35 mg insecticide/disc)
were laid on a clean glass plate and glass rings with
a 5-cm diameter and a 2.5-cm height were placed
centrally on the top of the papers. The inside
surface of the rings was painted with a thin film of
fluon to prevent the escape of T. castaneum. Then,
ten insects were placed on test papers inside rings.
Approximately 150-200 insects were used for each
experiment. Rings were covered with fine-mesh
screen to prevent immigration. Then, insects were
maintained under the conditions at 25ͼC ± 2ͼC and
approximately 70% RH. Mortality was assessed
after the recommended exposure period (5 hours for
T. castaneum). Insects were counted as dead if they
were ataxic and unable to right themselves. A
gentle push with forceps was usually sufficient to
categorize individuals.

obtained from grain stores in the cities of Ankara
DQG7HNLUGD÷LQ7XUNH\

MATERIALS AND METHODS
Insect Materials. Insect populations of T.
castaneum were obtained from grain stores in the
FLWLHV RI $QNDUD DQG 7HNLUGD÷ LQ 7XUNH\ LQ 
They were reared on whole wheat grain free of
insecticide in the laboratory in glass boxes at room
humidity (RH) 60% ± 5% and a temperature of
o

o

25 C ± 2 C in the dark. Similarly, laboratory
population of T. castaneum was also reared under
the same conditions in different glass boxes. Insects
were allowed to breed several generations until
sufficient insect numbers were available for
resistance testing. Lastly, whole adult T. castaneum
were used for bioassay experiments and cytosol
preparation for biochemical assays.

Data of Bioassay Analysis. Mortality
percentages were calculated in populations treated
with discriminating doses of insecticides. The dead
or alive T. castaneum larvae were scored on
insecticide absorbed papers after a 5-hour
incubation. T. castaneum, which were unable to
make coordinated movement from gentle stimulus
ZLWK D VHHNLQJ SLQ ZHUH FRQVLGHUHG WR EH ³GHDG´
0RUWDOLW\ LQ WKH FRQWUROV ZDV   LQ DOO FDVHV
Mortality percentages were calculated from the
H[SHULPHQWDO UHVXOWV ZLWKRXW XVLQJ $EERWW¶V
formula because control mortality did not exceed
5%. The correction was virtually negligible when
control mortalities were below 5% [14].

Chemicals. The insecticides used in this study
were malathion and primiphos-methyl. The
technical grade (96%) malathion was obtained from
Safa Agricultural Chemicals Company in Turkey.
Pirimiphos-methyl (99.5%) and chlorpyriphosmethyl (97.5%) were obtained from Labor Dr.
Ehrenstorfer, Germany. Pure acetone was obtained
from Sigma Chemicals (Novagentek-Turkey).
Fluon was obtained from DuPont Agrochemical
Company, Turkey. All other chemicals were
purchased from Sigma-Aldrich (Novagentek,
Turkey). All solvents were of analytical grade.

Cytosolic Preparation from Tribolium
castaneum for Biochemical Assays. Batches of
§ LQGLYLGXDO DGXOW T. castaneum (25 mg) were
homogenised in 1 ml solution containing 100 mM
potassium phosphate buffer, pH 7.4, containing 1
mM
dithiothreitol,
1
mM
ethylenediaminetetraacetic acid, and 1 mM phenyl
methyl sulphonyl fluoride. The homogenates were
centrifuged twice at 10.000 X g for 30 and 5 min at
4 °C. The supernatant was used as the enzyme
source for esterase (EST) and glutathione Stransferase (GST) activity assays. Protein
concentrations in these supernatants were
determined by using Bradford method (1976) [15].

Insecticide bioassays. All populations were
tested by using discriminating doses of malathion
and pirimiphos-methyl chlorpyriphos-methyl. Adult
beetles (2-4 weeks) were tested for toxicity of
various insecticides by using a filter paper
technique with discriminating doses [13]. Beetles
were collected by sieving the infested commodity
prior to testing and placed in vials in groups of 40.
The procedure was repeated until the required
number was reached to minimize batch variation.
These insects were held without food for 1 h at
25ͼC ± 2ͼC and approximately 70% RH before
assigning batches randomly to treatments.
Insects were treated by exposing them to filter
papers impregnated with insecticide with acetone.
Technical grade (96%) malathion, pirimiphosmethyl (99.5%), and chlorpyrifos-methyl were
dissolved in acetone. Whatman No: 1 filter paper
discs with a 5.5 cm diameter were treated with 0.5
ml of the insecticide solutions to make 0.5 mg
malathion, 0,7 mg pirimiphos-methyl, and 0.35 mg
chlorpyrifos-methyl absorbed on each paper disc.
Treated papers were air-dried for 30 minutes to
evaporate the solvents. For control insects, only
acetone impregnated filter paper was used.

Determination of Non-Specific Esterase
Activity Towards p-nitrophenyl acetate (PNPA).
According to the method of van Asperen, nonspecific esterase enzyme activities in T. castaneum
larvae were determined by using p-nitrophenyl
acetate (PNPA) as the substrate. Reaction mixture
contained 100 mM potassium phosphate buffer, pH
7.0, containing 0.05% Triton X-100, and 3.8 mM
PNPA in D ILQDO YROXPH RI  ȝ/ (67-PNPA
activities were measured as described by Konus
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potassium phosphate buffer, pH 7.5, 5.0 mM
reduced glutathione (GSH), and 1.0 mM DCNB in
a ILQDO YROXPH RI  ȝ/ 7KH DFWLYLWLHV RI *67DCNB were measured as described by
Konus,(2015) [20]. The activities of GST-DCNB
were expressed as nmole/min/mg protein.

(2014) [16]. The activity of EST-PNPA was
expressed as nmole/min/mg protein.
Determination of Non-Specific Esterase
$FWLYLW\ 7RZDUGV Į-napthylacetate Į-NA).
Esterase-Į-napthylacetate activities of T. castaneum
populations were determined in micro plates by
PRQLWRULQJĮ-naphthol formation in a final volume
RI  ȝO DW  QP XVLQJ Į-QDSKWK\O DFHWDWH ĮNA) as a substrate according to the method of van
Asperen [17]. Reaction mixture contained 200 mM
potassium phosphate buffer, pH: 6.0, containing 6
PJ IDVW EOXH 55 VDOW DQG  P0 Į-NA in a final
YROXPHRIȝO7KHPRODUH[WLQFWLRQFRHIILFLHQW
IRU Į-naphthol is 9.25 mM±1cm-1 [18] and was
used to calculate activities as nmol/min/mg protein.

RESULTS
Bioassay Results. Table 1 summarises
bioassay results of malathion, pirimiphos-methyl,
and chlorpyrifos-methyl insecticides with the
VXVFHSWLEOH$QNDUDDQG7HNLUGD÷SRSXODWLRQVRIT.
castaneum. It was determined that while
discriminating dose of malathion (0.5 mg/disc)
killed all susceptible T. castaneum insects, it killed
only 6.3% and 96.2 % of T. castaneum insects from
$QNDUD DQG 7HNLUGD÷ SRSXODWLRQV UHVSHFWLYHO\
(Table 1). According to these results, it was
suggested that while Ankara population of T.
castaneum seemed to be resistant to malathion
LQVHFWLFLGH 7HNLUGD÷ SRSXODWion of T. castaneum
was not.
According to bioassay results, of the
pirimiphos-methyl it was found that while
discriminating dose of pirimiphos-methyl (0.7
mg/disc) killed all susceptible T. castaneum insects,
it killed 90% and 98% of T. castaneum insects from
$QNDUD DQG 7HNLUGD÷ SRSXODWLRQV UHVSHFWLYHO\
(Table 1). Therefore, it was suggested that both
$QNDUD DQG 7HNLUGD÷ SRSXODWLRQV RI T. castaneum
were not resistant to pirimiphos-methyl insecticide.
In addition, similar to pirimiphos-methyl results, T.
castaneum $QNDUD DQG 7HNLUGD÷ SRSXODWLRQV ZHUH
not resistant to chlorpyrifos-methyl (0.35 mg/disc),
as well (Table 1).

Determination of GST Enzyme Activity
Towards 1-chloro-2,4-dinitrobenzene (CDNB).
Glutathione S-transferase activity towards CDNB
substrate were measured by the modified method of
Habig et al [19]. Each reaction mixture contained
100 mM potassium phosphate buffer, pH: 7.4, 1
mM GSH, and 1 mM CDNB in a final volume of
 ȝO DW  QP ZDYHOHQJWK (DFK UHDFWLRQ ZDV
started by the addition of GST-containing protein
extracts into each well. GST-CDNB activity
measurements were performed for 10 min at 25 oC.
The activities of GST-CDNB were measured as
described by Konus (2015) [20]. The GST-CDNB
activities were expressed as nmole/min/mg protein.

Determination of GST Enzyme Activity
Towards 3,4-dichloronitrobenzene (DCNB).
Glutathione S-transferases activities of T.
castaneum populations were determined by using
3,4-dichloronitrobenzene (DCNB) as the substrate
according to the modified method of Habig et al.
[19]. Each reaction mixture contained 100 mM
TABLE 1
Mortality percentages of Tribolium castaneum populations treated with discriminating doses of malathion,
pirimiphos-methyl, and chlorpyrifos-methyl
Insecticides

Malathion

Pirimiphosmethyl

Chlorpyrifosmethyl

Populations

Discriminating Dose (mg/disc)

Mortality(%)

Tribolium castaneum-Ankara

0.5

6.3

Tribolium castaneum-7HNLUGD÷

0.5

96.2

Tribolium castaneum-Susceptible

0.5

100

Tribolium castaneum-Ankara

0.7

90

Tribolium castaneum-7HNLUGD÷

0.7

98

Tribolium castaneum-Susceptible

0.7

100

Tribolium castaneum-Ankara

0.35

100

Tribolium castaneum-7HNLUGD÷

0.35

100

Tribolium castaneum-Susceptible

0.35

100
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TABLE 2
Summary of overall biochemical assays of Tribolium castaneum populations
Biochemical Assay
Susceptible
Ankara
48.8±4.1
64.8*±5.4
EST-PNPA
(nmole/min/mg protein±S.E.M.)
(N=8)
(N=8)
315.4±36.9
406.9±26.6
EST-Į1$
(N=8)
(N=8)
(nmole/min/mg protein±S.E.M.)
109.2±10.9
217.1*±20.6
GST-CDNB
(nmole/min/mg protein±S.E.M.)
(N=8)
(N=8)
37.9±2.2
56.6*±7.6
GST-DCNB
(nmole/min/mg protein±S.E.M.)
(N=8)
(N=8)
* Value significantly different from the susceptible population (p<0.05) with Student-t test
Susceptible: Tribolium castaneum laboratory population
Ankara: Tribolium castaneum population obtained from infested grain store in the city of Ankara
S.E.M.: Standard Error of Mean
N: Number of batches (each batch contains 25 individual Tribolium castaneum insect)
Biochemical Activity Assays. As 7HNLUGD÷
population of T. castaneum did not show resistance
to all of the tested organophosphate insecticides
(malathion, pirimiphos-methyl, and chlorpyrifosmethyl), it was decided not to make biochemical
assays for this population. Thus, biochemical assays
were performed only for susceptible and Ankara
populations
to
understand
detoxification
mechanism(s) in T. castaneum from Turkey.

castaneum. Although chemical insecticides are the
most effective management tool for reducing insect
populations to acceptable levels, their overuse and
continuous application may lead to persistence of
insecticide residues, death of non-target species,
and development of resistance against the applied
insecticides [22-23]. Hence, there were several
reports indicating resistance development against
several insecticides belonging to different chemical
classes in T. castaneum [24-26]. These reports
stated that T. castaneum developed resistance
against
especially
organophosphates-type
insecticides such as malathion, and chlorpyrifosmethy [27-29]. Resistance development against
applied insecticides commonly occurs with
metabolic resistance mechanism by increasing
insecticide metabolism with detoxification enzyme
systems such as esterases and glutathione Stransferases. Role of these enzyme systems in
metabolic resistance was analysed in detail in
Sitophilus zeamais, stored-grain insect pest [21]. It
was proposed that there were different interactions
between these detoxification enzyme systems. For
example, Riberio et al., (2003) [30] found that
while esterases had an important role in
cypermethrin resistance, it did not participate in
chlorpyrifos-methyl resistance in Brazilian S.
zeamais populations. However, Fragoso et al., [31]
suggested that detoxification enzyme systems might
play a role together to develop resistance. For
example, glutathione S-transferase and esterase
enzyme systems worked together in cypermethrin
resistance in Brazilian S. zeamais populations.
Consequently, a detailed analysis of these enzyme
systems should be performed to understand
metabolic resistance mechanism of the tested
insecticide in T. castaneum populations from
Turkey.
After restriction of organochlorine insecticides
in grain storage areas, they were replaced with

Esterase (EST-PNPA and EST-Į1$ 
Activities of Tribolium castaneum Populations.
EST-PNPA and EST-Į1$ HQ]\PH DFWLYLWLHV LQ T.
castaneum populations were analysed to understand
the role of esterase enzyme system in tested
organophosphate insecticide metabolism. It was
determined that the EST-PNPA activity of Ankara
population of T. castaneum was 1.3-fold higher
(p<0.05) compared to the susceptible population;
however, no statistically significant difference in
EST-Į1$ activity was observed in Ankara
population of T. castaneum (Table 2).

DISCUSSION
Although there are about 300 different species
of stored product pests, 18 of these species may
lead to economically significant loss in stored
products [21]. Eighteen species of them take part in
two major insect groups; Lepidoptera (moths) and
Coleoptera (beetles). While Lepidopteran insect
damages on stored grains only in larvae form,
Coleopteran insect damages on stored grains in
both adult and larvae form. One of the Coleopteran
species commonly found in places of grain storage
and causing damages on various grain products is
T. castaneum [21]. Chemical insecticide based
control methods are widely applied to storage areas
for controlling damage to grains caused by T.
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reduced the oxidative stress as a result of
increased metabolism of malathion insecticide.

organophosphates. One of the most commonly and
extensively used organophosphate insecticides was
Malathion. Because of its excessive usage, this
caused resistance development against it in several
species such as T. castaneum [32]. Therefore, it was
replaced by other organophosphate insecticide like
chlorpyrifos-methyl and pirimiphos-methyl [21]. In
this study, toxicity of organophosphate type
insecticides (malathion, chlorpyrifos-methyl, and
pirimiphos-methyl) was analysed by biochemical
assays of detoxification enzyme systems in Turkish
populations of T. castaneum. Although Ankara
population showed significant resistance to
PDODWKLRQ LQVHFWLFLGH 7HNLUGD÷ SRSXODWLRQ GLG QRW
show resistance to malathion insecticide This could
be related with the variation in the amount of
malathion applied in storage areas where T.
castaneum
populations
were
collected.
Furthermore, genetic diversity of tested T.
castaneum populations might lead to difference in
determined resistance levels [33]. In addition,
bioassay results of chlorpyrifos-methyl and
pirimiphos-methyl insecticides indicated that there
was no significant resistance development in both
$QNDUDDQG7HNLUGD÷SRSXODWLRQV
It was previously reported that esterases can
metabolise different type insecticides like
pyrethroids, carbamate, and organophosphate
[34,33]. Besides, it was reported that they played a
major role in resistance to organophosphate
insecticides in T. castaneum [35-38]. Likewise,
esterase enzyme assay results of T. castaneum
showed a statistically significant (p<0.05) 1.3-fold
increase in malathion resistant T. castaneum
Ankara population. Although there was a slight
increase in EST-Į1$ LQ T. castaneum Ankara
population, it was not statistically significant.
Consequently, it was concluded that esterases
seemed to play a role in malathion resistance
development in Ankara population of T. castaneum.
Glutathione S-transferases are another
important enzyme family that may play an active
role
in
detoxification
metabolism
of
organophosphates. While some isoforms of insect
GSTs (delata and epsilon) can directly metabolise
organophosphates [39], others play secondary roles
such as acting binding proteins that lead to increase
in esterase enzymes [40-41]. They may also act as
antioxidant agents by detoxifying oxidative agents
that are formed during enhanced insecticide
metabolism [42-43]. Additionally, it was suggested
that an elevated GST activity was associated with
insecticide resistance in stored grain pests such as
T. castaneum [44]. In the present study, it was
found that both GST-CDNB (2-fold) and GSTDCNB (1.5-fold) activities significantly increased
in T. castaneum Ankara population. Consequently,
it was observed that GSTs played an active role in
either direct metabolism of malathion insecticide or

CONCLUSION
In conclusion, the results obtained in these
bioassays suggested that Ankara population had
resistance to malathion insecticides. ETSs and
GSTs might have a role in resistance development
against organophosphate insecticides (malathion) in
T. castaneum from Turkey. In addition, it was
suggested that there was no resistance development
DJDLQVW PDODWKLRQ LQ 7HNLUGD÷ SRSXODWLRQ DQG
malathion, pirimiphos-methyl, and chlorpyrifosPHWK\O LQVHFWLFLGHV LQ 7HNLUGD÷ SRSXODWLRQ RI T.
castaneum. Monitoring of resistance is important in
adopting proper control measures regarding pest
management for stored product pests. It also
protects the human health by providing less
insecticide usage.
Organophosphate resistance is the first report
determined in Turkish field populations of
T.castaneum. Besides, it was found that ETSs and
GSTs might have an important role in resistance
development in field populations of T. castaneum
from Turkey.
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STABILIZATION OF MSWI FLY ASH USING ALKALIACTIVATED STRONTIUM CARBONATE WASTE RESIDUES
Xiaofan Li1,2, Li¶ao Wang1,2,㸨, Hongliang Zhang1,2 , Jiaxiang Li1,2
1
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be recovered [1, 2]. However, municipal solid
waste incineration (MSWI) will LQGLVSHQVDEO\
accompany with fly ash, which is classified as the
hazardous material because of the presence of many
toxic species such as heavy metals and dioxins [3].
Currently, MSWI fly ash usually ends up in two
ways, landfilled or reused as secondary raw
materials [4]. According to Chinese Standard for
pollution control on the landfill site of municipal
solid waste, GB 16889±2008, MSWI fly ash must
be pre-treated prior to dispose of in landfills. The
following parameters of MSWI fly ash as moisture
content, dioxins content and leaching concentration
of heavy metals must be handled to meet the
criterion.
In general, MSWI fly ash treatments fall into
separation processes, stabilization/solidification
(S/S) and thermal methods [2, 5]. The S/S has been
the most adopted technology to convert
contaminants into less toxic forms with lower
environmental impacts than their initial patterns.
Different binders and/or additives have been
employed to stabilize pollutants. Concretely, such
alkaline materials as lime, Portland cement,
pozzolanic cement, etc. have been introduced, and
Portland cement is the most applied [5±7].
On the other hand, strontium carbonate is a
very significant inorganic chemical raw material for
its ability to absorb X-ray and other rays [8]. It has
been widely utilized to manufacture optical glass,
such as color picture tubes, display devices,
industrial monitors, etc. Besides, strontium
carbonate can be used in making strontium ferrate,
a kind of magnetic material, and high-grade electric
ceramics [9]. Yet, the production of strontium
carbonate will generate large amounts of waste
residues. According to the statistics, the production
of 1 t strontium carbonate will generate 2.5 t solid
waste. In China, strontium resources are mainly
distributed in such provinces as Chongqing,
Qinghai, Yunnan, Jiangsu and Xinjiang [10]. The
amount of strontium carbonate waste residues has

ABSTRACT
This paper aims to investigate feasibility and
effectiveness
of
alkali-activated
strontium
carbonate waste residues on stabilizing municipal
solid waste incineration (MSWI) fly ash. Blend
pastes (1#±4#) were prepared with different ratios
of MSWI fly ash, strontium carbonate waste
residue, potassium carbonate and Portland cement.
The compressive strength and leaching test were
conducted to verify the effectiveness of the
proposed method. The compressive strength shown
that the average compressive strength of 1#, 2#, 3#
and 4# pastes after 3 d curing in air did not show
significantly different values, with 0.1212MPa,
0.1175MPa,
0.1458MPa,
and
0.1162MPa,
respectively. After 28 d curing, the average
compressive strength of 1#, 2#, 3# and 4# pastes
were 19.2, 18.5, 12.2 and 10.5 times than that of 3 d
curing. The concentration of all heavy metals
(except Cr) leached from 1# pastes was the
maximum, followed by 2#, 3# and 4# pastes in
sequence. For all pastes, the leaching
concentrations of Cu, Cr and Zn were lower than
limit values; while Pb, Cd and Mn concentrations
were exceeded limit values. The proposed method
could be an effective approach to treat both MSWI
fly ash and strontium carbonate waste residues
before their final disposal.
KEYWORDS:
MSWI fly ash, strontium carbonate waste residue,
stabilization, alkali-activated material

INTRODUCTION
Incineration is a highly efficient technique for
municipal solid waste management, for it could
steeply diminish the volume of waste. Meanwhile,
the energy produced during waste incinerating can
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'HWHUPLQDWLRQ RI VDPSOHV¶ FKHPLFDO
properties. The elemental composition of MSWI
fly ash and strontium carbonate waste residues were
determined using X-ray fluorescence (XRF),
Shimadzu XRF-1800, equipped with an Rh X-ray
tube. The accelerating voltage was 40 kV and the
current was 95 mA.

accumulated more than 40 million tons, not only
occupying a lot of land, but also causing
environmental problems such as water pollution,
atmospheric pollution and ecological damage [11,
12].
The strength of strontium carbonate waste
residues is relatively lower than that of Portland
cement, due to the lower content of calcium oxide
(CaO) in residues. Also, strontium carbonate waste
residues have poor activity, for they are the byproducts of high-temperature calcination. This
paper attempts to improve the performance of
strontium carbonate waste residues by adding
alkaline material, potassium carbonate. Blend
pastes were prepared with different ratios of MSWI
fly ash, strontium carbonate waste residue,
potassium carbonate and Portland cement. To our
knowledge, little work has been reported on the
disposal of strontium carbonate waste residues, let
alone being applied to immobilize MSWI fly ash.
We believe this is the first report of stabilization of
MSWI fly ash using alkali-activated strontium
carbonate waste residues. The proposed method
could be an effective approach to treat both MSWI
fly ash and strontium carbonate waste residues
before their final disposal.

Pastes preparation. MSWI fly ash and
strontium carbonate waste residues were milled and
sieved in less than 0.15mm. Both were dried in the
oven at 105 °C to constant weight. Blend pastes
(1#±4#) were prepared with different ratios of
MSWI fly ash, strontium carbonate waste residue,
potassium carbonate and Portland cement (TYPE
PC425), which was revealed in table 1. Note that
the ratio of potassium carbonate and strontium
carbonate waste residues was approximately 0.15:1.
Four materials were blended with distilled
water in a planetary type mortar mixer at a solid-towater ratio of 25:1 by weight for 5 min. All
mixtures were poured into rectangular molds
(20mm×20mm×20mm), de-molding after 24 h
hydration at ambient temperature.
Compressive strength test. The compressive
strength of 20mm×20mm×20mm paste specimens
were determined after 3, 7, 14, and 28 d curing in
air by way of Chinese standard (GB/T 17671±
1999). The compressive strength results reported
were the average of three specimens with a
variation of no more than 10%. The compressive
strength ( Rc ) was calculated as follows:

MATERIALS AND METHODS
Samples of fly ash and strontium carbonate
waste residues. The samples of fly ash were
collected from MSW incinerator plant in
Chongqing, China. In this plant, the MSW was
directly incinerated without sorting; and semi-dry
gas purification system was employed to protect the
atmosphere. Accordingly, fly ash stem from
cyclone dust collector, spray tower and bag-type
dust collector. The samples were dried, mixed and
finely grinded, stored in drying oven at room
temperature.
The samples of strontium carbonate waste
residues were collected from strontium chemical
company in Tongliang, Chongqing, China. The
samples were piled up in open air.

Rc

Fc
A

where Fc represents the maximum load when
damaging;
A
is
the
compression area
(20mm×20mm㸻400mm2).

Leaching test. Leachability of heavy metals
was determined based on Chinese solid wasteextraction procedure for leaching toxicity, acetic
acid buffer solution method (HJ/T 300±2007).
Firstly, moisture content was measured by drying
samples in the oven at 105 °C to constant weight,
and
TABLE 1
The ratio of four materials in blend pastes

Blend pastes
MSWI fly ash
strontium carbonate waste residue
potassium carbonate
Portland cement

1#
70.0
8.7
1.3
20.0

2#
60.0
17.4
2.6
20.0
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3#
50.0
26.1
3.9
20.0

4#
40.0
34.8
5.2
20.0

by PSP

Volume 25 ± No. 9/2016, pages 3775-3780

Fresenius Environmental Bulletin


the error of two constant weights is less than ±1%.
Secondly, the samples were grinded and screened
through 9.5 mm sieve. Thirdly, in order to
determine the pH, 5.0 g sample and 96.5 mL
distilled water were added in conical flask, stirred
for 5 min by magnetic stirrer. Based on the result of
pH determination, leaching agent was prepared by
diluting 17.25 mL glacier acetic acid to 1 L using
distilled water. Finally, leaching agent was mixed
with samples at a water-to-solid ratio of 20:1 (L/kg)
in 2 L wide-mouth bottle, vibrated for 20 h by
rotary oscillation device. The rotary agitation speed
was 30 rpm, and the ambient temperature was set at
23 °C.

73.57% of total content. The content of S, Fe,
Si, Mg and Al ranges from 1.15 to 9.75, with sum
content of 25.04%. The content of Ba, K, Ti, Mn,
Y, Cu and Hf is less than 1%.
TABLE 3
The elemental composition of strontium
carbonate waste residues
Elements
O
Sr
Ca
S
Fe
Si
Mg
Al
Ba
K
Ti
Mn
Y
Cu
Hf

TABLE 2
The elemental composition of MSWI fly ash
Elements
O
Ca
Cl
Na
K
Si
S
Fe
Mg
Al
Zn
P
Ti
Pb
Other

Content (wt%)
31.18
28.00
8.15
5.33
4.69
4.20
3.54
1.58
1.51
1.17
0.96
0.55
0.48
0.22
8.44

TABLE 4
Chemical characteristics of strontium carbonate
waste residues
Major chemical
SrO
SO3
CaO
SiO2
Fe2O3
MgO
Al2O3
BaO
TiO2
K2O
MnO
Y2O3
CuO
HfO2
O

RESULTS AND DISCUSSION
Chemical properties. As shown in table 2,
the content of O and Ca in MSWI fly ash is much
higher than other elements, accounting for 59.18%
of total content. The content of Cl, Na, K, Si, S, Fe,
Mg and Al ranges from 1.17 to 8.15, with sum
content of 30.17%. The content of Zn, P, Ti and Pb
is less than 1%. Albeit the elemental composition of
MSWI fly ash varies with different burned wastes
and incineration plant, the type of major elements
can be ascertained. As to this work, elements in
MSWI fly ash listed in table 2 account for 91.56%
of total content.
Based on the content of elemental composition
(table 3), O, Sr and Ca are the dominant element in
strontium carbonate waste residues, accounting for

Content (wt%)
27.05
23.75
21.68
9.11
8.38
6.25
2.15
1.00
0.26
0.19
0.07
0.03
0.02
0.02
0.01

By comparing data enumerated in table 2 and
table 3, it can be found that elements of O, Ca, Si
and Al exist in both MSWI fly ash and strontium
carbonate waste residues. Furthermore, according
3777



Content (wt%)
34.02
23.64
15.91
9.75
6.03
4.31
3.80
1.15
0.92
0.17
0.16
0.06
0.03
0.02
0.02
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remarkable increase in strength was observed
after 28 d curing, compared with that of 3 d curing.

carbonate waste residues. Furthermore, according
to our previous work and reported studies [4, 7], the
fly ashes are usually composed of SiO2, Al2O3,
Fe2O3 and alkali metal oxides (i.e. Na2O, K2O, CaO
and MgO). As we can notice in table 4, CaO, SiO2,
Al2O3, Fe2O3, MgO and K2O also exist in strontium
carbonate waste residues. Thus, chemical similarity
of both materials makes the proposed method of
stabilizing MSWI fly ash using alkali-activated
strontium carbonate waste residues possible.
Compressive
strength.
The
average
compressive strength curves of 1#, 2#, 3# and 4#
pastes were shown in Fig. 1, revealing a similar
increasing trend of strength at different curing time.
In the first 14 d curing, the average compressive
strength had risen relatively slow. However, the


FIGURE 1
Compressive strength of blend pastes


FIGURE 2
Leaching concentrations of Cu, Cr, Pb, Zn, Cd and Mn
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Leaching test. Leachability of heavy metals
was determined based on Chinese solid wasteextraction procedure for leaching toxicity, acetic
acid buffer solution method (HJ/T 300±2007).
As to 28 d curing, the average compressive
strength of 1# was the largest (2.4438 MPa),
followed by 2#, 3# and 4# pastes in sequence, due
to the increase of potassium carbonate in pastes.
During the long-time curing, potassium carbonate
in pastes might expand their volume, thereby
reducing the compressive strength of pastes. In
particular, white potassium carbonate crystals were
precipitated from 3#, 4# pastes, because of higher
potassium carbonate in both pastes. This suggested
that moderate potassium carbonate in pastes were
conducive to enhancing compressive strength.

residues signifies that the proposed method
of stabilizing MSWI fly ash using alkali-activated
strontium carbonate waste residues is feasible.
(2) After 28 d curing, the average compressive
strength of 1# paste (70.0% MSWI fly ash, 8.7%
strontium carbonate waste residue, 1.3% potassium
carbonate and 20.0% Portland cement) was the
largest (2.4438 MPa).
(3) During the long-time curing, potassium
carbonate in pastes might expand their volume,
thereby reducing the compressive strength of
pastes. This suggested that moderate potassium
carbonate in pastes were conducive to enhancing
compressive strength.
(4) The leaching concentration of all heavy
metals (except Cr) decreased when the content of
MSWI fly ash in pastes reduced, suggesting that the
content of MSWI fly ash in pastes can influence the
leaching behavior of heavy metals. 
(5) The leaching test betrayed that Cu, Cr and
Zn concentrations of all pastes after 14 d curing
were lower than limit values, demonstrating that the
proposed method can effectively stabilize Cu, Cr
and Zn.
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RESPONSE OF PHASEOLUS VULGARIS PLANTS TO
CADMIUM WITH DIFFERENT ACCOMPANYING ANIONS
EXPOSURE
Jiri Simek*, Jiri Tuma
Department of Biology, Faculty of Science, University of Hradec Kralove, Rokitanskeho 62, 500 03 Hradec Kralove, Czech Republic

ABSTRACT
In this pot experiment Phaseolus vulgaris var.
nana were grown in model soils contaminated with
cadmium. We used two concentrations of Cd (2 and
20 mg kg-1) in pairs with the same anion (NO3-, Cl-,
SO42-). The highest content of cadmium was found
in the roots in all variants and declined in the order:
roots > stems > leaves > pods. It was different in
both variants contaminated with Cd(NO3)2. Here
pods accumulated more Cd than leaves. In all
variants with Cd contamination, the production of
biomass was stimulated. The most noticeable
symptoms of toxicity showed a variation with
CdCl2. Cl- has probably a tendency to move Cd
from the solid soil, which increases its
bioavailability. We found a very positive and strong
correlation (r= 0.9516) between the transpiration
rate and Cd accumulation in plants. We assume that
plants prevent against high doses of Cd.

KEYWORDS:
Cadmium, bush bean (Phaseolus vulgaris), heavy metals,
cadmium translocation, ions interaction.

INTRODUCTION
Cadmium (Cd) belongs to widespread
pollutants in the environment, mainly originating
from industrial processes and phosphate fertilizers.
Its easy uptake by plants [1] and their toxicity
causes in bean plants a reduction in seed
germination [2], [3], growth [4], [5], relative water
content (RWC) [6], rate of photosynthesis (A),
stomatal conductance (GS) and transpiration (E) [7],
[8], photosynthetic pigments [5], [9] and
concentration of mineral ions in leaves [10]. Cd is
mainly accumulated in the root zone, but it also
depends on the plant species [11]. Symptoms
include mainly leaf chlorosis, suggesting that
metabolism of Cd is mainly realized in the leaves
[11]. However, the mechanism of toxicity is still
questionable. Bean plants (Phaseolus vulgaris L.)
are a widespread and important agricultural legume
[12], [13], [14]. It is frequently used as a model
plant [15], [16] and can be a good accumulator of

lead and Cd [17], [18]. One of the methods limiting
heavy metals content in vegetables is the selection
of cultivars with a lesser ability of accumulation of
these metals [19].
The objective of the presented work was the
research of uptake and translocation of Cd from
roots to shoots by bush beans plants (Phaseolus
vulgaris L. var. nana), and the ability of the plants
to accumulate Cd in different plant organs. The
influence of different levels of artificially
contaminated soil and various accompanying
anions (NO3-, Cl-, SO42-) were also investigated.
These anions were used, because their speed of
transport through membranes can be different, not
only in the combination with a heavy metal ion. We
examined toxicity of Cd on bean plants and crops
characteristics too, and their effects on selected
physiological characteristics which were measured
by non-destructive methods. We studied the
dependence between these characteristics and the
content of Cd.

MATERIALS AND METHODS
The research was carried out during 84 days in
an outdoor environment and watered with
rainwater. The experiment WRRN SODFH LQ ³'YĤU
.UiORYpQDG/DEHP´ (DVWHUQ&]HFKUHJLRQ&]HFK
Republic) at an altitude of 371 m above sea level.
The average daily temperature levels for individual
ten-day periods and months at ³'YĤU .UiORYp QDG
/DEHP´DUHVKRZQLQ7DE 1.
The experimental plant was a common bush
bean (Phaseolus vulgaris L. var. nana), Gama
variety. Plants were grown in plastic pots (10 l), 6
plants in each container. Each container was filled
with 10 kg of alluvial soil, which was clay loamy in
texture.
The
agricultural
and
chemical
characteristics of the soil medium were as follows:
pH/KCl - 6.20; content of available P 30.0 mg kg-1,
K 382.2 mg kg-1, Mg 166.2 mg kg-1, Ca 6700.0 mg
kg-1 (in the Mehlich III. leach), CEC 211.5 mmol
kg-1. The total heavy metal content in aqua regia
was Cd <0.5; Ni 16.1; As 9.9; Cr 30.6; Pb 42.8; Hg
0.179; Zn 182.0 mg kg-1.
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TABLE 1
$YHUDJHGDLO\WHPSHUDWXUHV & LQ'YĤU.UiORYpQ/(371 m n.m., Eastern Czech, Czech Republic).
month
June
July
August

I. decade
22.63
22.98
19.89

II. decade
18.93
25.76
19.77

III. decade
20.72
20.43
19.80

TABLE 2
Variants of experiment

variants
Control
Cd2N
Cd20N
Cd2Cl
Cd20Cl
Cd2S
Cd20S

Cd concentration
(mg.kg-1) / anion
control
Cd 2
/
NO3Cd 20
/
NO3Cd 2
/
ClCd 20
/
ClCd 2
/
SO42Cd 20
/
SO42-

Thus, the soil was characterized by a high
content of potassium, the K/Mg ratio 2.29, and low
phosphorus content. High potassium content may
influence the absorption of Cd and other cations.
On the other hand, the effect of accompanying
anions on Cd absorption may be more obvious.
Plants were divided in 7 variants, each in three
replications. The first one was a control, with no Cd
addition. The others were with artificially added Cd
of 2 and 20 mg.kg -1. Always with the same anion
(NO3-, Cl-, SO42-). In text and tables are variants
labelled as Control, Cd2N, Cd20N, Cd2Cl, Cd20Cl,
Cd2S, Cd20S. NH4NO3 was used to achieve the
same amount of nitrogen. The scheme of the
experiment is in Tab. 2. The weighed amount of
chemicals was dissolved in 300ml of distilled
water, and the solutions were evenly applied to the
soil in the experimental pots.
Growth of bean plants was determined using
fresh weight per plant and pods. Mean weight of
pod was also measured. Plants were harvested after
84 days, roots were washed with distilled water,
dried with filter paper and then weighted by kitchen
scales (accuracy 0.1g). They were also
macroscopically observed and documented for
symptoms of toxicity. Each plant was divided into
root, stem, leaf and pods part. Parts were
homogenized into smaller pieces. The individual
samples were placed into paper bags and
immediately dried in the drying equipment
(Venticell 707; Ilabo, Borsovska, Kyjov, CZ).
Samples were dried at 65°C to constant weight (ca
48 h) and processed using a blender to a fine
powder. Mineralization of dried and ground
samples was carried out by means of what is
UHIHUUHG WR DV WKH ³GU\ FRPEXVWLRQ PHWKRG´ LQ WKH

Cd(NO3)2
--0.055
0.549
---------

chemicals (g / pot)
CdCl2
CdSO4
------------0.041
--0.405
----0.046
--0.456

NH4NO3
--0.129
--0.143
0.143
0.143
0.143

combustion muffle furnace (CALOR SN 305;
MIWY, Lipnik n. Becvou, CZ).
Samples by weight 1-50 g in a quartz
(platinum) crucible were placed in the furnace.
There is set the burning temperature program
according to the character of the samples. The
samples were slowly burn (maximum temperature
450 °C) to the white ash and then dissolved in 10%
HNO3. Concentrations of Cd were determined
using by atomic absorption spectroscopy at device
AAS
SOLAAR
M5
(Thermo
Electron
Spectroscopy Ltd., Solaar House, Cambridge, UK).
The sample is then fogging the flame acetylene-air,
and the absorbance is measured at a wavelength
belonging to a specified analyse (228.8 nm for Cd).
The appropriate concentration is read from the
calibration curve of the device software. Estimates
of measurement uncertainty based on the
calculation of experimental measurement data are
reference material for Cd 20%. The intensity of
photosynthesis (PN), transpiration rate (E) and
stomatal conductance (gs) was measured during the
growing by non-destructive method using the
device LCpro+ (ADC BioScientific Ltd., United
Kingdom). Chlorophyll content was measured
using the device Chlorophyll Content Meter CCM200 (Opti-Sciences, USA).
Statistica 10.0 (StatSoft Inc., Tulsa, OK)
software was used to analyse the data. All
measurements were replicated three times. Data
from each part of the plants were analysed
separately. The analysis of variance (P < 0.05) and
7XNH\¶V WHVW ZHUH XVHG WR GHWHUPLQH VLJQLILFDQW
differences between variants and for the yield
graphs. Correlation analyses were used to
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identical for all variants decreased in the order roots
> stems > leaves > pods. Different results were
found in both variants contaminated by Cd(NO3)2.
Here, pods accumulated more Cd than leaves.
Results slightly differ from the conclusion of the
works [26] and [27], where the higher amount of
Cd was monitored in leaves than in stems.
Cd contaminated plants were reflected not
only in their size but also in their visual appearance.
Compare to the control variant, the contamination
was more evident in all variants. The most common
symptoms of Cd toxicity were chlorosis of leaves,
lightening up and yellowing of leaves and litter fall.
These effects were also observed by many authors,
such as [28]. Treated plants also manifested rapid
aging. Similar symptoms were also observed in
soybean plants [29], [30]. The authors attributed
these symptoms to higher oxidative stress in Cd
contaminated plants.
Inhibition of root growth was observed in
variants with higher doses of Cd (data not shown).
Serious negative effect on root elongation observed
[31] and [29].
Contribution of this study consists mainly in
demonstration
of
significant
effect
of
accompanying anions on the toxicity of Cd in plants
and their effect on Cd translocation. The most
obvious manifestations of Cd toxicity showed
variant contaminated by CdCl2. This is consistent
with [32], [33] who demonstrated that chloride (Cl-)
has been related to increased phytoavailability of
Cd in soil. Several authors demonstrated that Clmay increase Cd bioavailability by its removal from
solid soil [34]±[36]. This effect is also evident in
the variant with a lower content of Cd in stems and
leaves. Compare to corresponding variants with
other anions, variants with CdCl2 had higher values.
The accompanying anions have a significant effect
on the translocation of Cd. Variant Cd20S showed
the highest concentration in the roots, but not in the
stems and leaves. This means that SO42- anion
contribute to the deposition of Cd in roots.

determine the relationship between transpiration
rate and Cd content.

RESULTS AND DISCUSSION
The results of the experiment shown a clear
influence of increased Cd added to the soil on
increase the concentration of metals in plant tissues.
This positive correlation between the metal content
in soil and the metal concentration in plants
confirmed a number of authors [20]±[22].
Both concentrations of Cd had stimulation
effect on biomass production and growth of aerial
parts and roots in all studied variants (Fig. 1).
Positive effect of low levels of Cd on plant growth
was previously described by [23], [24]. Both Cd
treatment increased plants average fresh weights
approximately 30%, compared to control plants.
Among all tested variants with low Cd
concentration, the lowest average fresh weight,
around 26 g per plant, was measured in Cd2Cl
variant. There is no difference between Cd2N and
Cd2S variants. In case of high Cd treatments, there
are no differences between all variants. Both Cd
treatments similarly increased average fresh
weights of pod, on average 15.2% higher in
comparison with control. In comparison to low Cd
treatments, the highest average values were in
variant Cd2N, concretely 3.1 g. In comparison to
high Cd treatments, the highest average values were
in variant Cd20Cl, concretely 2.8g. There is no
difference between Cd2Cl and Cd2S variants at
both Cd levels. All of the average fresh weights of
1 pcs of plant and 1 pcs of pod in grams for each
variant are shown in Fig. 1.
The highest concentrations of Cd were
determined in roots regardless of chemicals used as
contamination (Fig. 2). The fact that the highest
percentage of Cd accumulated by plants is located
just in the roots confirm for example [23] and [25].
The total content of Cd in different plant parts
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Effect of cadmium supplementation on the fresh biomass (FW) production in grams of 1 complete bean
plant (A) and the mean weights in grams of 1 pod (B). Error bars represent means ± SE (n = 3). Values
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FIGURE 2
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Chlorine at a lower concentration (Cd2Cl
variant) contributed to higher translocation of Cd in
stems and leaves, but higher Cl- levels did not show
act similarly. Different mechanisms of translocation
may occur in higher concentrations. [37] suggest
that after an assumed saturation point, Cd-Clcomplexes are possibly not being taken up with the
same efficiency as the free ion Cd2+ and, therefore,
CdCl+ activities greater than this saturation level do
not cause any increase in Cd content by plants.
Similarly, [38] showed that the Cd concentration in
the shoots and roots decreased with increasing
concentration of chloride. Charge reduction or
removal (e.g., CdCl20 species) increases the
diffusivity/lipophilicity of Cd and enhances its
penetration through the membranes of leaf
epidermal cells [39]. CdCl2 stimulated the uptake of
Cd into the vacuoles of mesophyll cells, where a
high proportion of Cd was coordinated to S-ligands.
In the presence of CdSO4, efflux of Cd from the
mesophyll symplast was more pronounced,
resulting in an accumulation of Cd-S rich deposits
in the cell walls and intercellular spaces [40].
Another important observation is that the
accompanying anion NO3- in variants Cd2N and
Cd20N significantly reflected in the increased
translocation of Cd in pods (Fig. 2). From that
reason, the use of nitrogen fertilizers may be
dangerous due to the potential of increased levels of
Cd in the consumer part of the plant [41]. [42]
found, that plants supplied with (NH4)2SO4 have a
lower Cd content than plants supplied with

NH4NO3 or Ca(NO3)2. Authors suggested an
antagonistic effect between NH4+ and Cd2+.
In variants with SO42- the highest content of
Cd was in the roots (315 mg.kg-1 DW), but in the
aboveground part no signs of toxicity was showed.
This fact was also confirmed in work by [35],
where authors showed that SO42- anions can
increase the uptake of Cd by plants.
Translocation of Cd within the plant depends
on three major transport processes: passive and/or
active uptake of Cd into the root [41], xylem
transport from the roots to the shoots [43] and
translocation to the seeds via phloem [44]. Each of
these processes is directly or indirectly correlated
with water transport and transpiration rate. Since
Cd is highly soluble in water, it is reasonable to
expect a relationship between transpiration rate and
Cd accumulation in plants. While the effect of Cd
on leaf transpiration has been well studied, little is
known about the effect of transpiration on Cd
accumulation and translocation in plants [45].
In some experiments Cd treatment led to an
inhibition of growth rate, transpiration [46] and ion
uptake by wheat seedlings [47]. [46] did not find
significant effect of Cd treatment on the
transpiration rate. [48] showed that the presence of
Cd and Pb in irrigation water reduces the
transpiration rates. The decrease in transpiration of
Cd-treated plants is likely due to stomatal closure
[47]. [45] confirmed, that transpiration alone cannot
explain plant Cd accumulation and it is likely that
active uptake of Cd also took place in the species.
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TABLE 3
Grow characteristics. Amount of Cd in leaves (mg.kg-1), gs (mol.m-2.s-1), PN ȝPRO&22.m-2.s-1) and
chlorophyll content. Error bars represent means ± SD (n = 3).
Cd

gs

PN

chl.

0.73

±

0.21

0.82

±

0.57

14.33

±

2.61

6.19

±

1.08

1.15

±

1.08

0.70

±

0.18

16.45

±

1.67

5.35

±

1.63

1.97

±

0.80

1.14

±

0.32

18.09

±

1.42

7.16

±

0.59

2.83

±

1.27

0.89

±

0.41

15.99

±

2.25
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±
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±
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FIGURE 3
Effect of cadmium supplementation on
transpiration rate in bean leaves. The
relationship between transpiration rate (mmol
H2O.m-2.s-1) and Cd content (mg.kg-1).

In our experiment we showed a positive effect
of Cd on plants transpiration (Fig. 3). We found a
very positive and strong correlation (r=0.9516)
between transpiration rate and Cd accumulation in
plants. In this case, increased metal content resulted
in increased transpiration. We can assume that
plants of common bush beans try to defend against
toxic high doses of Cd due to increased
transpiration. On the other hand, we have found no
effect of the amount of Cd on photosynthesis rate
and stomatal conductance (Tab. 3).

CONCLUSIONS
In all Cd variants, the production of biomass
was stimulated. Fresh weights of contaminated
plants and pods were higher than control. The
highest accumulation of Cd was found in the roots
in all variants and declined in the order: roots >
stems > leaves > pods. Differences were found in
both variants contaminated by Cd(NO3)2, where
pods accumulated more Cd than leaves.

The highest content of Cd (315 mg kg-1 DW)
was determined in roots of variant contaminated by
0.456 g CdSO4. But in the aboveground part of
these plants no signs of toxicity were detected.
SO42- anion contribute to the deposition of Cd in
roots. The lowest content of Cd (1 mg kg-1 DW)
was equally determined in leaves of plants
contaminated by 0.055 g of Cd(NO3)2 and in pods
of plants contaminated by 0.041 g CdCl2. Anion
NO3- significantly reflected in the increased
translocation of Cd in pods. From that reason, the
use of nitrogen fertilizers may be dangerous due to
the potential of increased levels of Cd in the
consumer part of the plant. The largest symptoms
of toxicity showed plants contaminated by CdCl2.
Chlorine at a lower concentration contributed to
higher translocation of Cd in stems and leaves, but
higher Cl- levels did not act similarly. After an
assumed saturation point, Cd-Cl- complexes are
possibly not being taken up with the same
efficiency as the free ion and therefore, CdCl +
activities greater than this saturation level do not
cause any increase in Cd content by plants. The
most common symptoms of Cd toxicity were
chlorosis of leaves, brighten and yellowing leaves
and leaf fall.
Increased metal content resulted in increased
transpiration. We can assume that plants of
common bush beans try to defend against toxic high
doses of Cd due to increased transpiration. No
significant decrease in the chlorophyll content in
leaves was observed. Based on the measured
photosynthesis rate and stomatal conductivity, no
correlation between these characteristics and the Cd
content in leaves was proven.
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exploitation in 1935, even a small oilfield could have
accumulated as much as 400,000 tons of oil sands
[2]. Without being effectively processed, these sands
are collected and stored in the open air, which result
in tremendous environmental pollution and energy
waste. Additionally, it would further reduce the
farmland which already has been a scarce resource
in China.
Oil sands pollution is a kind of major waste
pollution widely existed in Chinese oilfields. As
early as 1998, the State Environmental Protection
Administration listed oil sands as a kind of
hazardous waste and required that oil sands must be
harmless teated. Oil sands are a valuable secondary
resource. Effectively collecting and recycling oil
sands can not only recover large quantities of crude
oil and create economic benefits for oilfields, but
also effectively protect the environment and reduce
the huge disposing costs. Therefore, from economic
and environmental perspectives, it is essential and
urgent to recycle oil sands and make them harmless.
Currently, hot alkali washing and solvent extraction
are primary methods used to extract oil [3]. However,
these two methods have somewhat disadvantages.
For example, hot alkali washing requires large
quantities of hot alkaline water to soak and wash oil
sands. This method is expensive and labor-intensive,
consumes large quantities of water and produces a
large amount of wastewater, which causes
secondary pollution. Whlie the solvent extraction
usully use hydrocarbons as solvent oil, the system
is very comlicated and the equipment investment is
high. In addition, solvent oil has a very low flash
point and is highly combustible, it poses a great fire
safety hazard and has no obvious economic benefits.
Therefore, it is imperative to develop an efficient,
economic, and clean oil sands separation
technology.
Recent years, as a clean and efficient
separation technology, supercritical CO2 extraction
has received wide attention for oil extraction and
separation [4,5,6]. Supercritical CO2 is a fluid state
of CO2 where it is held at or above its critical
temperature (31°C) and critical pressure (7.38 MPa).
Supercritical CO2 has properties of both liquid and

ABSTRACT
In order to analyze the technical feasibility and
economy of diesel extraction from oil sands using
supercritical CO2 as solvent. Supercritical CO2
extraction of the long-chain alkanes of C10, C16, C18
and C20, which are the main compounds in diesel
were studied. Influences of the operating prameters
of pressure, extraction time, CO2 flow rate, and
effect of methanol as cosolvent were investigated.
Aspen Plus software was also used to simulate the
extraction efficiencies, and the results were
consistent with the experiment results. Results
indicated that the extraction efficiency of C10~C20
could reach 95% at 35°C, 20 MPa, with a flow rate
ratio of methanol to CO2 of 0.3, and extraction time
of 180 min. Technical economy of the supercritical
CO2 extraction system with a processing capacity of
20 t·d-1 were evaluated. Results indicated that when
treated the oil sands with an oil content of 21wt%,
the system investment was 2.4 million dollars, with
a daily revenue of 3740 dollars, and the investment
can be recouped within two years.

KEYWORDS:
Supercritical CO2 extraction, diesel, oil sands, economy.

INTRODUCTION
During the crude drilling and mining process,
a lot of oil sands will be generated. According to a
conservative estimate, a single drilling would
contaminate at least 6666 m2 land. These
contaminated lands generally contain an oil content
of 20%~30% and are unlikely to be reclaimed.
Without appropriate treating, the remaining oil in the
lands would continue to contaminate surrounding
lands, water, and air through permeation and
vaporization [1]. China currently has 128 oil-gas
fields and 24 large oilfields. Generally, one small to
medium sized oilfield produces approximately 100
tons of oil sands per day. Since China began oil
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with an average molecular weight of 220~240.
Its chemical and physical properties range between
those of gasoline and heavy oil, with a boiling point
of 200°C~350°C and a specific gravity of 0.82
kg·L-1 ~ 0.845 kg·L-1. The types and mass fractions
of the compounds in diesel are shown in Table 1[7].
The solubility of the main compounds in diesel
in supercritical CO2 is shown in Figure 1[8].
According to Figure 1, the increasing pressure
promotes alkanes dissolve in supercritical CO2, and
the effects are more significantly at a pressure
greater than 12.5 MPa for C10, C18 and C20. At 35°C
and 20 MPa, the solubility of C18 and C20 are as great
as 30.08 g·(100gCO2)-1 and 12.74 g·(100gCO2)-1.
The effect of pressure on C16¶VVROXELOLW\LVOLWWOHDW
10 MPa~12 MPa, while the solubility increased
with the increasing pressure (higher than 12MPa).
At a pressure greater than 12 MPa, the solubility of
alkanes reduces as the number of carbon atoms
increases under the same conditions.
A comparison of C18 and C20 at 35°C and 45°C
at the same pressure shows that an increase in
temperature reduces the solubility of alkanes, which
mainly due to the efffect of temperature on the
density of fluid and the vapor pressure (volatility) of
solute, both of which constrain the dissolving
capacity of supercritical fluid [8]. When the
volatility and diffusivity of separated constituents
improved by increased temperature are not sufficient
to offset the decrease in dissolving capacity caused
by the sharp decline in the density of supercritical
CO2 due to the increasing temperature, the increase
in temperature will cause a decrease in the solubility
of substances in supercritical CO2.
Figure 1 also shows that the pressures for the
maximum solubility of different substances differ. In
practice, pressure can be regulated based on the
properties of substances in order to realize the
efficient extraction of soluble substances. Although
the solubility of alkanes larger than C20 is relatively
low, it can be improved by adding cosolvents
during extraciton process.

gas, such as the high diffusivity of gas and the high
solubility of liquid. The low viscosity, and low
surface tension, make it able to quickly penetrate
into
microporous
substances.
Therefore,
supercritical CO2 is more efficient and effective than
liquid when used for extraction. Currently,
supercritical CO2 extraction technology has been
widely used in the fields of food and medicine.
However, it is seldom to be reported to be used to
extract diesel from oil sands. This paper evaluates
the feasibility and technical economy of diesel
extraction from oil sands using supercritical CO 2 in
order to provide a new idea for oil sands treatment.

MATERIALS AND APPARATUS
CO2  SXULW\  ZDV SXUFKDVHG IURP ;L¶DQ
Chenzhong Chemical Industry Co., Ltd. Alkanes of
C10, C16, C18 and C20 (analytically pure) were
purchased from Sinopharm Chemical Reagent
Beijing Co., Ltd.
Supercritical CO2 extraction equipment
(HA221-40-20) were purchased from Nantong
Yichuang Experiment Instruments Co., Ltd. The
exraction simulation process was operated by
Aspen Plus 11.1 software.
Concentration of C10, C16, C18 and C20 were
determined using a gas chromatograph (Shanghai,
GC-112) equipped with a flame ionization detector
(FID) and a 30 m × 0.25 mm DB-5 elastic quartz
capillary column.

FEASIBILITY ANALYSIS OF DIESEL
EXTRACTION FROM OIL SANDS BY
SUPERCRITICAL CO2
Solubility of the main compounds in diesel
in supercritical CO2. Diesel is made up of different
hydrocarbons and mainly consists of long-chain
alkanes (mainly C10~C20), naphthenes and aromatics,

TABLE 1
Types and mass fractions of the compounds in diesel.

Compounds

n-alkanes

isoparaffin

mononuclear
aromatics

polycyclic
aromatic
hydrocarbon

oxide

substituted
amides

Types

15~19

20~29

3~13

3~19

3~17

1

49.02~59.6
6

13.16~25.16

1.62~4.08

2.15~18.25

1.21~14.42

0~ 3.77

Mass
(%)

fractions
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C16 35ć

C18 35ć

C18 45ć

C20 35ć

C20 45ć

CO2 of 0.3. The extraction efficiency of C20
with and without addition of methanol at 35°C is
shown in Figure 3. According to this figure, after
addition of methanol, C20 could obtain an extraction
efficiency of greater than 95% at 20 MPa. Therefore,
the operating pressure of the extraction system was
set as 20 MPa.
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Pressure/MPa
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FIGURE 1
The solubility of the main compounds in diesel
in supercritical CO2.

Experiments and simulation results. The
supercritical CO2 extraction process is primarily
performed at constant temperature and varying
pressure, constant temperature and constant pressure,
and constant pressure and varying temperature. As
without temperature changes, the process at constant
temperature and varying pressure is easy to operate
and is commonly used. In this paper, the process at
constant temperature and varying pressure was
selected. The influences of operating parameters of
temperature, pressure, extraction time, and CO2 flow
rate were investigated by numerical simulation and
experiment. In order to reduce the energy
consumption of the system, a low operating
temperature of 35°C was selected. The treated
capacity of C10~C20 is 10g.
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FIGURE 2
Effect of pressure on extraction efficiencies
(35°C).
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The effect of pressure on extraction
efficiency. The curve in Figure 2 shows the
simulation results of the effects of pressure on
extraction efficiencies of C10, C16, C18, C20 using
supercritical CO2 as solvent at 35°C, CO2 flow rate
of 0.4 ml·min-1 and extraction time of 180 min. The
experiments results are shown in scatter plot in
Figure 2. Results indicated that the simulation
values and the experimental values were basically
consistent, proving the reliability of the simulation
results.
As pressure increased, the extraction
efficiencies increased. And the extractioin
efficiencies decreased as the number of carbon
atoms increased at the same condition when
pressure higher than 12MPa. At a pressure of 14
MPa, the extraction efficiency of C10 reached 98%
while that of C20 was lower than 50%; when pressure
increased to 20 MPa, the extraction efficiency of C20
was only 70%. To achieve an extraction efficiency
of above 90%, extraction pressure should increase to
24 MPa, which is primarily due to the low solubility
of C20 in supercritical CO2 (Figure 1).
In order to increase the solubility of C 20 in
supercritical CO2 and improve the corresponding
extraction efficiency, methanol was used as a
cosolvent with a mass flow rate ratio of methanol to
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FIGURE 3
The extraction efficiency of C20 with and
without methanol (35°C)

The effects of CO2 flow rate and reaction
time on extraction efficiency. The above results
indicated that the extraction of high carbon number
alkanes largely determined the overall extraction
efficiency of diesel in oil sands. This section
selected C20 as model compound of the high carbon
number alkanes. The influences of extraction times
and CO2 flow rates at the extraction efficiencies of
C20 were evaluated at 35°C, 20 MPa. The results are
shown in Figure 4.

3791

Volume 25 ± No. 9/2016, pages 3789-3795

© by PSP

Fresenius Environmental Bulletin

ECONOMIC ANALYSIS OF DIESEL



100

EXTRACTION FROM OIL SANDS USING
SUPERCRITICAL CO2.

80

Process. Taking the oil sands (an initial diesel
content (mass fraction) of 21%, a specific gravity of
1.6 g·(cm-3) of ** oilfield as an example, a process
was designed for a supercritical CO2 extraction
system with a handling capacity of 20 t·d-1, and its
technical economy was assessed. The process of the
supercritical CO2 extraction system is shown in
Figure 5. The system operates at constant
temperature and decreased pressure. The supply of a
cosolvent is provided in order to further improve the
extraction efficiency of high-carbon alkanes.
The operating procedure is as follows: The oil
sands are sent to the extraction kettle through a
conveyor firstly, and then the CO2 in CO2 storage
tank and the cosolvent in storage tank of cosolvent
enter the buffer tank through gas compressor and
liquid compression pump, respectively. The mixture
in the buffer tank enters the extraction kettle, and the
valves at the inlet and outlet of the extraction kettle
are closed. Then the heater is switched on. After a
period of time after the temperature in the kettle
reaches the extraction temperature, the valve at the
bottom of the kettle is opened in order to discharge
the sands. The valve at the exit on the top of the
kettle is opened, and the gas-phase fluid enters the
separator via the throttle valve. Diesel is discharged
from the exit at the bottom of the separator. The gas
at the top returns to the buffer tank via the purifier.
Two extraction kettles are set in the system to
operate alternately in order to realize continuous
operation.
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FIGURE 4
Influences of the extreaction time and CO2 flow
rates on C20 extraction efficiencies (35°C, 20
MPa).

According to Figure 4, the extraction efficiency
gradually increased as the CO2 flow rate increased,
which primarily because the increase in the CO2
flow rate intensified the collision between the feed
and the supercritical CO2 and helped strengthen
mass transfer and improve extraction efficiency. The
increasing extraction time also improved the
extraction efficiency before 180min. And the
positive effects was little after 180 min. The
extraction efficiency of C20 can reach 95% at an
extraction time of 180 min, indicating that it is
feasible be extracted using supercritical CO2.
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FIGURE 5
The process of the supercritical CO2 extraction system.
1 - band conveyor, 2 - the first extraction kettle, 3 - the first heater, 4 - the second extraction kettle, 5 - the
second heater, 6 - valves, 7 - CO2 storage tank, 8 - low-pressure gas compressor, 9 - preheater, 10 - buffer
tank, 11 - storage tank of cosolvent, 12 - liquid compression pump, 13 - high-pressure gas compressor, 14 ±
throttle valve, 15 - separator, 16 - gas purifier.
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TABLE 2
Main technical parameters and production capacity of the supercritical CO 2 extraction system.
Items
Main technical parameters

Production capacity/24h

Technical parameters
particle size of the oil sludge sand

ȝP

the maximum extraction pressure

35 MPa

extraction temperature

20°C ~80°C

volume of the extraction kettle
effective volume of the extraction kettle

1200 L
935 L

daily production
11 kettles
Occupied area
32m × 24 m=768 m2
The configuration of the extraction system is shown in Table 3. Through calculation, the complete set of
devices of this system costs 2.4 million dollars.

TABLE 3
Configuration of the extraction system.
Items

Materials cost

Equipment
cost

Processing
Installation
Cost
of
material
Total

Price/million
dollars

Equipment

Material

quantity

extraction kettle

22253 duplex stainless steel

2

separator

22253 duplex stainless steel

2

purifier

22253 duplex stainless steel

2

purification column

silica gel

2

preheater

22253 duplex stainless steel

1

heater

22253 duplex stainless steel

2

storage tank of CO2

Q345R seamless steel pipe

1

buffer tank

31353 duplex stainless steel

1

storage tank of entrainer

30408 duplex stainless steel

1

belt conveyor
liquid compression pump
low-pressure
gas
high-pressure
gas
pipes and valves
instrumentation
and
controls
__
__

__
__
__
__
__

2
2
2
2
80

__

1

__
__

__
__

0.32
0.08

__

__

__

0.12

__

__

__

2.42

1.40

0.50

according to experimental results in practice. The
design volume of the extraction kettle is 1200 L, and
the effective volume of the extraction kettle is 935
L.

Technical parameters and economic
analysis. The main technical parameters and
production capacity of the supercritical CO2
extraction system is shown in Table 2. The design
pressure of the system is 35 MPa and can be adjusted
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TABLE 4
Operating cost of the extraction system.
Items

Quantity

CO2 consumption
35 kg·kettle-1
Power consumption
240 kW·h
Labor
5 person
Total (excludes the diesel earning)

Operation cost/$·t-1 oil
sands

Price
125 $·t-1CO2
0.2 $·(kW·h)-1
470 $·(month·person)-1

The operating cost of the extraction system is
shown in Table 4. It takes the supercritical CO2
extraction system 64 dollars to treat a ton of oil sands,
and the diesel production is 4 t·d-1 when calculated
for an extraction efficiency of 95%. If the market
price of diesel is 1,256 dollars per ton, processing a
ton of oil sands will directly earn 251 dollars, and a
profit of 3,740 dollars can be obtained per day after
subtraction of the operating cost. The investment in
equipment will be recouped within two years.
Existing technology for solidification and burning of
oil sands can only earn 48 dollars per ton of oil sands
through recovery of crude oil (a recovery rate of
10%), and a profit of 386 dollars can be obtained per
day (calculated based on a handling capacity of 20
t·d-1) after subtraction of the processing cost of 28.5
dollars per ton of oil sands [9], far lower than that
obtained using supercritical CO2 extraction
technology. However, the oil sand can be harmless
treated by solidification and burning technology, as
the organic matter carried by them will be
completely removed and can be discharged directly.
By contrast, although supercritical CO2 can be used
to obtain an extraction efficiency of saturated
alkanes C10~C20 of 95%, the extraction efficiency of
the resin and asphaltene in oil sands are only 54%
and 33% [10], and the treaded oil sands still have a
high content of organic matter and need to be further
treated. Therefore, the expenses required for
subsequent treating should also be taken into
account. Taking the solidification and burning
disposal cost for the treated oil sands by supercritial
CO2 into account, the operating cost of the system
increases from 64 dollars per ton to 89 dollars per
ton, and the net profit reduces from 3740 to 3138
dollars, also proving the economic advantages of
supercritical CO2 extraction technology.
However, it needs to be pointed out that
supercritical CO2 extraction technology is of value to
diesel recovery only when used treating oil sands
with a high diesel content. It will be of no value if the
diesel content is lower than 8%, because the profit
obtained through diesel recovery is lower than the
operating cost under this condition. Therefore,
although supercritical CO2 extraction technology
can obtain economic benefits when used to recover
diesel from oil sands, its widespread application
should be based on the characteristics of oil sands.

2.4
57.6
4
64

CONCLUSION
Diesel extraction from oil sands using
supercritical CO2 is efficient and clean. The main
compounds in diesel are alkanes, naphthenes and
arenes. According to the simulation and
experimental results, the extraction efficiency of
C10~C20 can reach 95% at 35°C, 20 MPa, a mass
flow rate ratio of methanol to CO2 of 0.3 and
extraction time of 180 min, proving the feasibility of
using supercritical CO2 to extract diesel from oil
sands.
The economic analysis for a supercritical CO2
extraction system with a treatment capacity of 20
t·d-1 showed that the whole investment would cost
2.4 million dollars. And a profit of 3740 dollars can
be obtained per day for a diesel production of 4 t·d-1,
and the equipment investment can be recouped
within two years. However, supercritical CO2
extraction technology cannot completely make oil
sands harmless, and the processed oil sands need to
be further processed. In addition, this technology can
produce economic benefits only when used to
process oil sands with a diesel content of higher than
8%.
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for the control of broadleaf and gramineal weeds.
But the nicosulfuron residue in soil might bring
some trouble to sensitive crops, soil microbes and
soil enzymes[3-6]. Besides this, nicosulfuron had
strong transferability in soil, which could easily
enlarge range of contamination because of its low
Kow and high water solubility[7,8]. Therefore, its
contamination and degradation were paid close
attention.
It had been shown that microbial degradation
was one of the most important approaches to
decomposing sulfonylurea herbicide residue in the
environment [9-11]. However, the studies on the
microbial degradation of nicosulfuron were
relatively small and only a few cases had been
reported. Zhang et al. isolated a highly efficient
nicosulfuron
degrading
bacterium
Serratia
marcescens N80, which was capable of using
nicosulfuron as the sole nitrogen source, and
degrading some other sulfonylurea herbicides [12].
Lu et al. obtained Aspergillus niger YF1 and
Bacillus subtilis YB1, they could degrade
nicosulfuron effectively[13]. Besides, the structure
and correlative gene of nicosulfuron-degrading
enzymes were also studied preliminarily [14]. So
far, no reports on biodegradation of nicosulfuron by
Bacillus pumilus have been published. In this study,
Bacillus pumilus ZHU-11, a strain that could
effectively degrade nicosulfuron was isolated, its
degradation potential and the application for
agriculture and environment protection were
studied. A multifunctional microbial preparation
was developed by adding strain ZHU-11 into the
microbial
preparation
(it
was
YixingTM
commercially available). The new preparation had a
new function for degrading nicosulfuron residue
besides primal function. The successful experience
of this study might be used as reference for
prevention and control of herbicide s pollution. In

ABSTRACT
A strain ZHU-11 capable of highly degrading
nicosulfuron was isolated from soil. ZHU-11 was
identified as Bacillus pumilus based on 16S rRNA
analysis. The optimal pH value and temperature
were 6.5-7.2 and 37Ԩ. The 96h degradation rate of
nicosulfuron (20 mg/kg) by ZHU-11 was at about
97% in soil. The strain ZHU-11 could tolerate 400
mg/L of nicosulfuron and showed a high tolerance
to nicosulfuron. The salt tolerance test
demonstrated that ZHU-11 grew well at sodium
chloride concentration ranging from 0.5% to
4.0%ˊIn addition, it was actualized to develop a
new microbial preparation for dealing with
nicosulfuron pollution. The commercial microbial
preparation (soil amendment) added by strain
ZHU-11 has developed a new function for
degrading nicosulfuron residue in soil. This study
might provide theoretic basis and reference for
prevention and control of herbicides pollution.

KEYWORDS:
Nicosulfuron, bacillus pumilus, biodegradation, microbial
preparation.

INTRODUCTION
Nicosulfuron[2-[(4,6-Dimethoxypyrimidin-2ylcarbamoyl)sulfamoyl]-N,N-dimethylnicotinamide]
was a broad-spectrum sulfonylurea herbicide[1]. It
could control weeds by inhibiting acetolactate
synthase, a key enzyme in the branched-chain
amino acid biosynthetic pathways of higher plants
and some microbes[2]. Since its introduction to the
market in 1990s, nicosulfuron has been largely used
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addition, it might also provide the foundation for
application of Bacillus pumilus ZHU-11 or other
herbicides degradation strains.

Degradation of nicosulfuron in soil by
strain ZHU-11. The fresh soil samples from Baima
Farm was taken and divided into 4 groups. 1.
sterilized soil (the fresh soil was sterilized at 121Ԩ);
2. fresh soil; 3. strain ZHU-11 was added in
sterilized soil(100 g sterilized soil+10 ml
inoculums); 4. strain ZHU-11 was added in fresh
soil(100 g fresh soil+10 ml inoculums). In addition,
the concentration of nicosulfuron was 20mg/kg in
each group. Finally, they were incubated at 37Ԩ in
the incubator. The concentration of residual
nicosulfuron in soil was determined every 12 h so
as to evaluate the degradation effect of strain
ZHU-11 on the nicosulfuron.

MATERIALS AND METHODS
Chemicals
and
Media.
Chemicals.
Nicosulfuron(99.5%)
was
purchased
from
Sigma-Aldrich. All other chemicals used were of
analytical grade and commercially available.
Culture media. (1) Mineral salt medium:
(NH4)2SO4 0.1 g, MgSO4·7H2O 0.2 g, K2HPO4 0.1g,
FeSO4·7H2O 0.01 g, CaSO4 0.05 g, water 1 L, pH
7.0. (2) Isolation medium: mineral salt medium
containing nicosulfuron(20mg/L) was used to
isolate nicosulfuron degrading bacteria. (3)
Enrichment medium: peptone10 g, yeast extract
powder 5 g, beef extract powder 3 g, sodium
chloride 5 g, water 1 L, pH7.0.

Tolerance of the strain ZHU-11 on
nicosulfuron. The nicosulfuron was added in
nutrient broth culture medium, and the
concentration of nicosulfuron were 25mg/L,
50mg/L, 100mg/L, 200 mg/L and 400 mg/L
respectively. Then they was inoculated with 2%
of the strain ZHU-11 inoculum respectively,
incubated on a rotary shaker (120rpm, 37Ԩ). OD600
value was determined every 12 h, so as to evaluate
the tolerance of strain ZHU-11 on nicosulfuron.

Isolation and identification of nicosulfuron
degrading bacteria. 2.0 g soil sample was placed
in Erlenmeyer flask with 100 ml mineral salt
culture medium (contained 20 mg/L nicosulfuron)
for shaking culture (120 rpm) at 37Ԩ.
The degradation effect was measured every 12h
(the determination method of nicosulfuron was
selected according to the previous literature[15]). If
72h degradation rate> 50%, 2ml culture solution
was switched to the surface of mineral salt culture
plate with same concentration nicosulfuron for
inverted culture at 37Ԩ, and pick vigorous growing
colony on the plate for streaking and purified by
repeated streaking. Isolates were inoculated onto
nutrient broth plate for preservation after the
degradation ability was verified again, The bacterial
species would be identified by 16S rRNA analysis
and reference to its morphology, physiological and
biochemical characters[16,17].

Tolerance of the strain ZHU-11 on sodium
chloride. The sodium chloride content in nutrient
broth culture medium (containing 25mg/L
nicosulfuron) was adjusted, so that the
concentrations were 0.5%, 1.0%, 2.0%, 4.0%, 6.0%
and 8.0% respectively. Then they was inoculated
with 2% of the strain ZHU-11 inoculum
respectively, incubated on a shaker (120rpm, 37Ԩ).
The sample was taken regularly and OD600 was
determined, so as to evaluate the tolerance of the
strain ZHU-11 on sodium chloride.
Preparation of multifunctional microbial
preparation by using the strain ZHU-11. The
existing microbial preparation was improved by
using strain ZHU-11, so that it had the new function
of degrading nicosulfuron. The process of preparing
the microbial preparation was as follows: the
inoculum and sterilized nutrient broth medium were
mixed (1:6, v/v), and the mixture were incubated
for 12h (37Ԩ, 120rpm). Then, YixingTM microbial
preparation (contain Rhodop seudanonas palustris,
Bacillus thuringiensis, Streptococcus faecalis,
Bacillus subtilis and so on ) was used as carrier,
25ml prepared mixed liquid and 15g straw powder
were added in every 100g carrier. The mixture was
cultured in 30Ԩ incubator for 24h, then it was

Preparation of nicosulfuron degrading
bacteria inoculum. The screened nicosulfuron
degrading bacteria were cultured in nutrient
medium. The thallus was collected by
centrifugation at 6000×g for 6 min, washed with
sterile saline twice, resuspended in sterile saline
until OD600=2.0. The suspension was used as the
inoculum for subsequent nicosulfuron degradation
studies.
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preserved into sterile glass bottle at - 4Ԩ.
The microbial preparation containing the
strain ZHU-11 was used to degrade nicosulfuron in
soil: The nicosulfuron was added to fresh soil at
first so that the concentration of nicosulfuron was
20mg/kg. Then the soil was subpackaged into 25
cm×25 cm boxes, and the soil depth was 15cm. The
soil samples were divided into 3 groups. Groupϸ,
1.0 g YixingTM microbial preparation was mixed
into 35 ml sterile water and then scattered into the
soil in box. GroupϹ, the new microbial preparation
containing strain ZHU-11 was added into soil.
GroupϺ as the control group, 35ml sterile water
was added. Then the three groups were cultured in
the 37Ԩ incubator, stirred soil every 6 h and
supplied water moderately. The concentration of
nicosulfuron was determined every 12 h.

degradation rate in soil without ZHU-11 could only
reach 30% and 16%, hence it was considered that
the strain ZHU-11 possessed well viability and
could degrade nicosulfuron effectively in soil. On
the side, it was also shown in Fig.1 that the
degradation rate of nicosulfuron in fresh soil was
higher than the one in sterilized soil. A possible
reason was that some natural microorganism in
fresh soil possessed the ability to degrade
nicosulfuron. The amount of nicosulfuron
decreased by 16% after 4d in sterilized soil without
microorganism (Fig.1), nicosulfuron reduction with
time might be caused by hydrolysis and
photodecomposition[18]. Some research results had
showed that degradation of sulfonylurea herbicides
was affected by many factors, such as temperature,
pH, light, microorganism, soil type and fertilizer.
Generally, high temperature and acidic condition
would lead to the acceleration of sulfonylurea
herbicides decomposition [19,20].

RESULTS AND DISCUSSION
Identification and characteristics of
nicosulfuron-degrading bacteria. A strain capable
of utilizing nicosulfuron as the sole carbon sources
and energy was isolated from soil and named it
ZHU-11. ZHU-11 was identified as Bacillus
pumilus by 16S rRNA analysis combined with
analysis of the morphological, physiological and
biochemical property, the 16S rRNA analysis was
accomplished by Shanghai SANGON Co., Ltd.
(Genbank Acc. No. KT258633).The strain ZHU-11
was straight bacillus, 0.7-0.8×2.0-2.5um in size,
gram-positive, subterminal or middle spore, motile,
aerobic, and form opaque and white colonies on
nutrient broth plates. It was positive in tests for
catalase, glucose fermentation, V.P. test and gelatin
liquefaction, but negative for indole test, starch
hydrolysis, methyl red test and degradation of
casein. The optimal temperature and pH for the
growth of ZHU-11 were 37Ԩ and pH6.5-7.2
respectively. To our knowledge, this is the first
report for biodegradation of nicosulfuron by
Bacillus pumilus.

Concentration of nicosulfuron
(mg/kg)

20

15

(1)

10

(2)
(3)
5

(4)

0

0

1

2

3

4

Time(d)

FIGURE 1
The curve on nicosulfuron degradation in the
different treated soils.
[(1)-Sterilized soil, (2)-Fresh soil, (3)-Sterilized
soil + ZHU-11, (4)-Fresh soil + ZHU-11]

Effect of nicosulfuron concentration on the
growth of strain ZHU-11. The growth of strain
ZHU-11 was not affected apparently when the
concentration of nicosulfuron raised from 25 mg/L
to 50 mg/L. However, the concentration of
herbicides might have some effect on the
biodegradation and bioremediation. If the
concentration of nicosulfuron was 100 mg/L,
200mg/L or 400mg/L, the OD600 value would
decrease gradually, the growth of strain ZHU-11

Degradation of nicosulfuron in soil by
strain ZHU-11. The test result indicated that it is
possible to degrade nicosulfuron in soil by adding
strain ZHU-11, the degradation effectiveness of
nicosulfuron in soil added by strain ZHU-11 was
apparently higher than that in soil without ZHU-11.
The degradation rate of nicosulfuron (20 mg/ kg)
could reach 97% or more after 4d of incubation by
adding strain ZHU-11 (Fig.1). While the
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would be apparently inhibited but still was able to
grow (Fig.2). Therefore, it was preliminarily
determined that the strain ZHU-11 could tolerate at
least 400mg/L nicosulfuron under the experimental
conditions. According to the existing experimental
results, it could be speculated that: օ
High-concentration nicosulfuron would influence
the growth of strain ZHU-11, but it had good
tolerance to nicosulfuron. ֆIt was possible that
the strain ZHU-11 was used in the bioremediation
of nicosulfuron pollution. ևThe strain ZHU-11
could be used in a wider nicosulfuron concentration
range. The degradation ability of strain ZHU-11
might have close relation with the longtime usage
of nicosulfuron in the soil that isolated this
bacterium[21]. Generally, soil microorganism that
repeatedly or continuously encounter organic
pollutants were likely to develop capabilities to
degrade such pollutants[22].

the saline alkali soil at the sampling sites. The salt
tolerance of microorganism could be induced under
sustained osmotic stress, which might be achieved
by osmotic adjustment.

2.4

2.0

OD600

1.6

1.2

0.5%
1.0%
2.0%
4.0%
6.0%
8.0%

0.8

0.4
0

1

2

3

4

Time (d)

FIGURE 3
Effect of sodium chloride concentration on the
growth of strain ZHU-11.

2.4

2.0

Degradation of nicosulfuron in soil by
microbial preparation. It could be known from
Fig.4 that degradation of nicosulfuron in soil could
be significantly enhanced by adding microbial
preparation, especially by adding the microbial
preparation containing strain ZHU-11. The
degradation rate of nicosulfuron (20mg/kg) could
reach 98.5% by the microbial preparation
containing ZHU-11 after 4d, which resulted from
nicosulfuron -degrading strains or assistance strains
in the microbial preparation. It was also considered
that some microorganism in YixingTM microbial
preparation could degrade nicosulfuron or assist
degradation, but their degradation ability was lower
than that of strain ZHU-11. The amount of
nicosulfuron in control group decreased by 30%
after 4d (Fig.4), which might be caused by some
nicosulfuron-degrading strains in natural soil or
other
physical,
chemical
factor.
These
nicosulfuron-degrading strains or other assistance
strains by cometabolism must be stable and viable
in soil, which was a basic requirement for any in
situ xenobiotic degradation studies [23]. The strain
ZHU-11 was conjectured to survive well in soil or
microbial preparation according to the experimental
results, because it could degrade nicosulfuron
effectively.

OD600

1.6

25mg/L
50mg/L
100mg/L
200mg/L
400mg/L

1.2

0.8

0

1

2

3

4

Time (d)

FIGURE 2
Effect of concentration of nicosulfuron on the
growth of strain ZHU-11.

Effect of sodium chloride concentration on
the growth of strain ZHU-11. OD600 of the strain
ZHU-11 had no obvious change when the
concentration of sodium chloride was increased
from 0.5% to 4% (P>0.05) (Fig.3). If the
concentration of sodium chloride was further
increased to 6.0% or 8.0%, OD600 of ZHU-11
would decrease by about 33%-50% but still was
able to grow. It was preliminarily determined that
the strain ZHU-11 could tolerate 4.0% sodium
chloride at least, the salt tolerance of the strain
ZHU-11 was medium. The salt tolerance of the
strain ZHU-11 might have some relationship with
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ABSTRACT
The environmental benefits of biodiesel can be
significant in terms of reductions in the emission of
greenhouse gases, and reduction of other pollutants
e.g. acid rain, photochemical smog etc. There is
growing recognition that the use of biodiesel in
large commercial systems based on sustainability,
existing resources and residues can help to our
natural resources.
In this study, tobacco seed oil (TSO) for
biodiesel production was examined. TSO is a nonedible vegetable oil and a by-product of tobacco
leaves production. After obtaining TSO parametric
studies have been done and the KOH and NaOH
catalyst are used in the transesterification method to
produce tobacco seed oil methyl ester (TSOME).
Although, there were many parameters related with
the process, the four process parameters were only
determined such as catalyst type, molar ratio of
alcohol to oil, reaction temperature and catalyst
amount. A multi response Taguchi technique was
employed
for
determining
the
optimum
combination of these process parameters. The
catalyst type has two levels and whilst another
SDUDPHWHUV KDYH WKUHH OHYHOV 7KXV 7DJXFKL¶V /18
orthogonal array was chosen. Multi performance
characteristics such as methyl ester amount,
kinematic viscosity, density, freezing and flash
points of these methyl esters were chosen.
Experiment results were analyzed by calculating
multi response signal-to-noise ratio (MRSN) and
the optimum combination level of process
parameters for the performance characteristics was
obtained simultaneously using multi response
Taguchi method. ANOVA was applied to determine
influencing
process
parameters.
Obtained
combination was verified through confirmation
experiments. MRSN obtained from confirmation
experiment was placed in predicted interval then it
was decided adequacy of the optimum combination.

INTRODUCTION

The plants which can convert solar energy into
chemical energy within their own bodies are
considered as a new and renewable source in the
energy sector. Since the early 1900s, biodiesel has
been defined as an alternative form of diesel fuel
made from vegetable oils or animal fats and alcohol
[1]. 7KH PDMRU VRXUFHV RI WKH ZRUOG¶V HQHUJ\
requirement are provided from petroleum, coal and
natural gases which are fossil-derived and
nonrenewable. Scarcity of traditional petroleum
fuels, its over-dependence by nations, increasing
emissions of combustion-generated pollutants and
their increasing costs have made renewable energy
sources more attractive.
Vegetable oils have traditionally been applied
in food uses, but recent trends suggest their
economic usefulness as industrial fluids. Currently,
biodiesel is mainly prepared from conventionally
grown edible oils such as rapeseed, soybean,
sunflower and palm thus leading to alleviate food
versus fuel issue [2]. The use of non-edible plant
oils when compared with edible oils is very
significant in developing countries because of the
tremendous demand for edible oils as food, and
they are far too expensive to be used as fuel at
present. Increasing crude oil prices and emphasis on
the development of renewable, environmentally
friendly, derived from renewable resources,
biodegradable and non-toxic in nature industrial
fluids have brought vegetable oils to a place of
prominence [3].
Any vegetable oil or animal fat can be used as
a feedstock for biodiesel production, is an
alternative fuel for diesel engines. Biodiesel could
be an excellent renewable fuel for diesel engines. It
is derived from vegetable oils that are chemically
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design. Buasri et. al. [9] was used a Taguchi L9
(34) orthogonal array to evaluate the factors
affecting the conversion of palm oil to fatty acid
methyl ester (FAME). Kumar et al. [10] used
Taguchi experimental design for the optimization of
transesterification process parameters for the
production of manilkara zapota methyl ester
(MZME). Dhawane et al. [11] illustrated parametric
effects on biodiesel production from Hevea
brasiliensis using Taguchi method.
In this study the multi response Taguchi
technique was employed for determining the best
combination values of process parameters namely,
catalyst type, molar ratio of alcohol to oil, reaction
temperature and catalyst amount in order to
maximize methyl ester amount, density, flash point,
as well as to minimize freezing point and to
nominal kinematic viscosity. According our limited
knowledge, no work has been reported in the
literature with applying multi response Taguchi
technique for biodiesel production.

converted into biodiesel. Biodiesel is made up of
fourteen different types of fatty acids, which are
transformed into fatty acid methyl esters (FAME)
by transesterification [4]. Different fractions of each
type of FAME present in various feedstock
influence some properties of fuels.
Vegetable oil is converted into biodiesel
through a chemical process that produces methyl or
ethyl ester. Biodiesel is composed of long-chain
fatty acids with an alcohol attached, often derived
from vegetable oils. It is produced through the
reaction of a vegetable oil with methyl alcohol or
ethyl alcohol in the presence of a catalyst.
Commonly used alkali catalysts are potassium
hydroxide (KOH) or sodium hydroxide (NaOH).
Alkali-catalyzed transesterification is much faster
than acid-catalyzed reaction. The chemical process
is called transesterification which produces
biodiesel and glycerin [5].
In this study, tobacco seed oil (TSO) which is
one type of biodiesel production was studied. The
oil
extraction
process
from
TSO
and
transesterification process for biodiesel production
were considered. Parametric studies were
performed by using transesterification method for
reaction temperature, molar ratio of alcohol to oil
and the types and amount of the catalyst. Ester and
glycerine amounts were obtained during the
experiments. Kinematic viscosity, density, freezing
and flash points of these methyl esters were
measured and optimal values were investigated in
terms of the EN 14214 biodiesel standards.
A large number of experimental investigations
were required in order to identify optimum values
of process parameters inside biodiesel. Although,
full factorial investigation is possible, because of
cost and time consideration, a number of
experimental investigations is need to be reduced
significantly. It was believed that Taguchi is one of
the impressive ways of designing an experiment.
The approach could economically satisfy the needs
of problem solving and design optimization with
less number of experiments. Thus, it was possible
to reduce time and cost for the experimental
investigations. In the
literature, Taguchi
experimental designed method was employed in
some applications related with the vegetable oil
processing in order to produce biodiesel.
Some of them were surveyed in this article.
Mahamuni and Adewuyi [6] utilized the Taguchi
optimization methodology to optimize various
parameters for the ultrasound-assisted, KOHcatalyzed transesterification of soybean oil with
methanol. Kim et al. [7] employed Taguchi method
to optimize the process parameters, such as catalyst
type, catalyst amount, molar ratio of alcohol to oil
and reaction temperature on the transesterification
to produce rapeseed methyl ester. Antolin et al. [8]
studied optimization of biodiesel production from
sunflower with employing Taguchi experimental

MATERIALS AND METHODS
In this study tobacco seeds (TS) as a feedstock
for biodiesel production. TS are a by-product of
tobacco leaves production. Since Tobacco seed oil
(TSO) is a non-edible oil, it is not used as a
commercial product in food industry. Because of
TSO was not available in markets, the oil was
extracted from the collected seeds in laboratory
conditions. These seeds have high level of oil and
have produced satisfying chemical and biodiesel
results. In this study, TS (Saribaglar-407) were
provided Aegean Agricultural Research Institute,
Menemen districts of Izmir, Turkey. TSO was
extracted using hexane solvent and the oil was
separated from the solvent using a rotary vacuum
evaporator. The maximum oil extraction yield of
tobacco seed was found as 41.5 %.
Fatty acid composition of tobacco seed oil was
determined by Gas Chromatograph (GC) analysis.
A Hewlett Packard 5890 series II Gas
Chromatograph, with a SP2340 type column 30 m
long and split±splitless injector, was used. The
major fatty acid in the oil is linoleic (75.58 %). The
total saturated and unsaturated fatty acids in TSO
were found to be 11.98 % and 87.96 % respectively
[12].
Single-stage laboratory transesterification
process was carried out using the Buchi rotary
vacuum evaporator. Transesterification process was
used for producing tobacco seed oil methyl ester
(TSOME). Alkaline catalyst was chosen because
free fatty acid is found around 1% in the oil
analyses. Catalyst type, molar ratio of alcohol to oil,
reaction temperature and catalyst amount were
chosen as parameters to find out the optimum
conditions of TSOME. At the same time, the effects
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of these parameters on the kinematic viscosity,
density, methyl ester amount, flash and freezing
points were measured.
Parametric studies were performed for 40, 50
and 60 0C of reaction temperatures, 1/4, 1/5 and 1/6
molar ratio of alcohol to oil, 0.5%, 1% and 1.5%
KOH and NaOH catalyst levels. Methyl alcohol in
99% purity was used for transesterification process.

Turkey (TUBITAK) Marmara Research Centre.
Fuel properties of TSOME were conform to the EN
14214
biodiesel
standarts.
Performance
characteristics of TSOME such as density (EN ISO
3675), kinematic viscosity (EN ISO 3104), flash
point (ASTM D93), freezing point (ASTM D2500),
and methyl ester amount (EN 14103) were
measured.

TABLE 1
Steps of the multi response Taguchi method

Multi Response Taguchi Method. In
traditional Taguchi technique, experimental
analyses are completed assumption of a single
response. In case of more than one responses are
need to be optimized. Taguchi method cannot be
used to optimize a multi-response problem [13,14].
Recently some researchers have suggested different
modifications to the original Taguchi method for
multi response optimization. One of significant
research was completed by Tong et al. [15]. They
developed a new algorithm based on the quality loss
of each response to achieve the optimization on
multi-response problems in the Taguchi. Therefore,
multi response Taguchi technique should be
employed in case of multi responses. The applied
optimization procedure was summarized at Table 1.
Performance
characteristics,
process
parameters, and its levels can be chosen based on
the earlier experts opinions and research work
[6,7,8]. Selected performance characteristics and
their signal noise ratios were illustrated at Table 2.
Although, several process parameters may
affect transesterification processes of the TSO. The
chosen factors which accepted most important and
their levels were summarized at Table 3. In
addition, interactions among process parameters
were not taking into consideration.

Taguchi design
Selecting quality characteristics
(responses), factors, and levels of
factor
Selecting orthogonal array (OA)
Setting up an experiment
Analysis of
data
Calculating the quality loss
Normalizing the loss function
Determining multi response signal to
noise ratio (MRSN)
Performing Analysis of Variance
(ANOVA)
Confirmation experiment
Comparison between traditional and
multi response analysis

Measured and premixed methyl alcohol and
appropriate catalysts (KOH or NaOH) mixture were
poured on glass beaker, and then the catalyst was
stirred until all catalyst was completely resolved
with alcohol. After TSO was heated up to 500C
temperature. However, the maximum operating
temperature cannot exceed the boiling point of the
alcohol used in the process. The prepared alcoholcatalyst mixture was added to TSO to start the
transesterification
reaction
by
using
the
thermostatic bath and glass baloon of rotary
evaporator. For each parametric study, 100 grams
of TSO sample was used. The mixture was stirred
for one hour at 600 rpm, and then it was taken into
the separatory funnel and waited until esterglycerine separation was taken place. The bottom
layer was glycerol while the upper layer was the
methyl ester. After the separation process, the
glycerin was taken out after 6 hour. TSOME was
washed with pure water four times. After this
process, TSOME-water mixture was left to settle
for 12 hours and then pure water and glycerine
glimmers were removed from the separatory funnel.
The final ester was separated from unwanted
particles by using a centrifuge separatory device
called NUVE NF400 in 4000 rpm and 3600 RCF
for 30 minutes. At the end of the process, TSOME
was heated to 400C at vacuum to remove any water
and methanol from the ester [12].
In addition, the above statistical analysis, a
laboratory work was completed. A sample based on
the above optimal combination was analyzed at The
Scientific and Technological Research Council of

TABLE 2
Performance characteristics and their S/N ratio
Performance
characteristics
y1 :Methyl ester amount (g)
y2: Kinematic viscosity
(mm2/s )
y3 : Density ( g/lt )
y4 : Freezing point (0C)
y5 : Flash point (0C)

The larger the better
Nominal is the better
Nominal is the better
The smaller the better
The larger the better

TABLE 3
Process parameters and their levels

Process parameters
A.
Catalyst type
B.
Molar ratio of alcohol
to oil
C.
Reaction
temperature(0C)
D.
Catalyst amount (%)

3804



S/N ratio

Levels
1
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FIGURE 1
Levels of process parameters


An orthogonal array is major tool used in the
Taguchi design, which is applied to study several
design parameters by means of a single quality
characteristic. The orthogonal arrays enable to
study the effect of several factors simultaneously
with reduced number of experiments. Depending on
the number of process parameters and setting levels,
a suitable array is selected.
In this study, first and other process
parameters were chosen as two and three levels
respectively. Hereby, L18 orthogonal array was
chosen. If the traditional full factorial experimental
design were chosen instead of the Taguchi, the
number of experiment would be 54 (2x3x3x3). All
the eighteen experiments were randomly repeated
twice. Obtained performance characteristics for
each trial at different loading conditions were
analyzed to get a result for the formulated problem.
A multi response signal to noise ratio (MRSN) was
used to get the optimum level of combination. The
procedure employed in the optimization process
was given below. The quality loss for each
performance characteristic was computed according
the following formulations [15,16].
ଵ 
ଵ
ܮ ൌ ݇ଶ σୀଵ
for the larger-the better
మ


appropriate weight can be assigned to each
performance characteristic for computing the total
normalized quality. All the performance
characteristic weight were assumed as equal (i.e.
0.2). MRSN can be computed of each trial based on
Eq. 4.
ܴܰܵܯ ൌ െͳͲሺܶܰܳܮ ሻ

RESULTS AND DISCUSSION
The levels of process parameters according to
MRSN were shown in Figure 1. The optimum
process parameters combination levels were found
as ܣଵ ܤଶ ܥଷ ܦଶ . Catalyst type (A), molar ratio of
alcohol to oil (B), reaction temperature (C) and
catalyst amount values (D) were KOH, 1/5, 60 oC
and 1% respectively.
Performing
Analysis
of
Variance
(ANOVA). The obtained MRSN ratio was analyzed
by using ANOVA method that formed to identify
the level of importance of each process parameter
on the performance characteristic. The experimental
design was statistically analyzed according as a
95% confidence limit. The result implied that C
(reaction temperature) and D (catalyst amount)
process parameters were more significant than the
others. In addition; multiple correlation coefficient
(R2) was 0.77 which meant that the model could be
explained as % 77 in Table 4.

௬ೕೖ

performance characteristic
[1]
ଵ 
ଶ
ݕ
ܮ ൌ ݇ଵ σୀଵ
for the smaller-the-better


performance characteristic
௦ೕ

௬ೕ

[2]

ଶ

ܮ ൌ ݇ଷ ൬ ൰

for

performance characteristic

the

nominal-the-

best

[3]

In order to optimize the multiple performance
characteristics, Taguchi design is not applied
directly, as each performance characteristic may not
have the same measurement unit. The multi
response singal to noise ratio (MRSN) is used to
measure the performance characteristics. MRSN
can be computed on the basis of the total
normalized quality loss (TNQL). In addition, an

Confirmation Experiment. Confirmation
experiments were repeated three times. MRSN was
calculated as 2.787616. Similarly, the predicted
optimum value of MRSN ratio was determined
according to Eq. 5 and 6.
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TABLE 4
ANOVA for MRSN (Tests of between factors effects)
Source
Sum of Squares Degree of Freedom
7
Corrected Model 4.386
101.1810
1
Intercept
0.069
1
A
0.054
2
B
2.278
2
C
1.985
2
D
1.310
10
Error
116.877
18
Total
R-squared = 0.770 (adjusted R Squared=0.609)



ே

x There were difficulties in order to reach a
common judgement about effective process
parameters which produced best results of
performance
characteristics.
The
optimum
combination level of process parameters for the
performance
characteristics
was
obtained
simultaneously using multi response Taguchi
method.
x According to ANOVA only process
parameters C (reaction temperature) and D (catalyst
amount) have significant effect on the performance
characteristics. OSWLPXP SURFHVV SDUDPHWHUV¶ VHWV
were found asܣଵ ܤଶ ܥଷ ܦଶ . Catalyst type (A), molar
ratio of alcohol to oil (B), reaction temperature (C)
and catalyst amount values (D) were KOH, 1/5,
60oC and 1% respectively.
x A significant gain in terms of cost and time
were achieved with the employing Taguchi method
under 18 experiments instead of full factorial
experimental design required 54 experiments
(2x3x3x3).
x Produced TSOME was suitable for a diesel
engine and provided the EN14214 biodiesel
standards.

[6]

The predict value of MRSN at the third level
of reaction temperature (C) and the second level of
catalyst amount (D) were achieved 3.30829. CI was
calculated as ±ǤǤ The predicted optimal
interval was 2.767864 and 3.491744 (3.129804 ±
0.36194). Calculated MRSN (2.7876) was placed
between 2.767864 - 3.4917, then the optimum set
(ܣଵ ܤଶ ܥଷ ܦଶ ) justified the adequacy of the model.
In addition that after completing multi
response Taguchi experimental analysis, a
traditional Taguchi approach was also applied.
Optimum process parameters sets were found
different for each performance characteristics at
Table 5.
TABLE 5
Optimum set of each performance
characteristics
Response
Optimum
Set
y1 :Methyl ester amount (g)
ܣଵ ܤଷ ܥଷ ܦଵ 
y2: Kinematic viscosity ( mm2/s)
ܣଵ ܤଵ ܥଷ ܦଶ 
y3 : Density (g/lt)
ܣଶ ܤଶ ܥଷ ܦଶ 
y4 : Freezing point of methyl ester
ܣଶ ܤଷ ܥଷ ܦଶ 
(0C)
y5 : Flash point of methyl ester (0C)
ܣଶ ܤଵ ܥଶ ܦଷ 
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p
0.013
0.000
0.485
0.817
0.006
0.010

The following conclusions can be deduced as
follows:

The confidence interval (CI) value of
ܴܰܵܯ௧ for the optimum process parameter level
combination at 95% band was determined. CI was
given by;
ிሺఈǡଵǡ௩మ ሻ௫ெௌா

F
4.782
772.311
0.526
0.207
8.692
7.575

CONCLUSIONS

ܴܰܵܯ௧ ൌ ܶത  σୀଵ ቂ൫ܶതǡ ൯௫ െ ܶതቃ [5]

 ܫܥൌ േට

Mean Square
0.627
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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 of
natural resources and improve sustainable
agriculture [1,2,3,4,5]. From an energetic point of
view, an efficient agricultural operation is defined
as where the energy embodied in the outputs is
higher than the inputs. Thus, an output-input ratio
above one is to be expected. Input output
combinations are location specific and these local
particularities as well as externalities of each
system must be taken into account [6,5]. A great
part of the energy consumed in plant production is
used in soil tillage. The primary purpose in
agricultural farms is to obtain the maximum income
with the fewest amount of input as in all
managements [7,8].
Tillage typically represents half of the
operations carried out annually in a field in terms of
machine traffic. Soil tillage operation for millet
production was found to be the highest energy
consumed in all farmer groups with the rate of over
40% of total energy inputs. Tillage is one of the
operations that consume 55-65% of the direct
energy in arable production. High energy costs of
conventional tillage applications, damages of
stubble burning to soil and environment require
trying different tillage systems in production [9,5].
There is limited information available on long-term
energy balances for corn related to tillage. Longterm energy balance information would be useful
for improving the efficiency of corn production.
The main objectives of the present study were to
determine the energy output / input ratios for the
different tillage systems for corn production.
Researches were done energy input-output
analysis on soil tillage methods in the world. For
example, researches have been made on energy
usage activities of corn [5], wheat [10], chick pea
[11], maize [8], corn-soybean [12], and sugar beet
[13], etc. It has been not contained any research
regarding the energy balance of soil tillage methods
of corn production in Thrace province. Barut et al.
[5] , reported that, ³2QH RI WKH PDLQ FRQFHSWV RI

ABSTRACT
This study aimed to make an energy efficiency
analysis of different tillage methods on the
secondary crop corn silage production during
production years in 2011 and 2013. In order to
determine energy efficiency of corn, the treatments
were performed in Thrace region of Turkey to
determine the amount of energy use efficiency for
different tillage methods. This study was perform to
evaluate the effects of different tillage methods on
energy use, the energy input - output ratios and
profitability for corn silage production. The study
was planned as a completely randomized parcel
design with four tillage systems in four replications.
The tillage methods were consisted of (T1) : turn
shredder + heavy tine spring cultivator + pneumatic
precision drill, (T2) : turn shredder + rotory tiler +
pneumatic precision drill, (T3) : turn shredder +
chisel + heavy duty disk harrow + pneumatic
precision drill and (T4): plough + heavy duty disk
harrow + pneumatic precision drill. The effects of
tillage were found on energy indicators. The highest
corn yield 67035 kg, energy use efficiency (5.52),
energy outputs 2777793.04 MJ ha-1, energy
productivity (1.33 kg MJ-1) and net energy
(227493.67 MJ ha-1) were found in T4 method but
T1 had the lowest. T4 method should be supported
and recommended for the energy sustainability of
corn silage production.

KEYWORDS:
Energy use efficiency, tillage, corn silage, secondary
product, Turkey.

INTRODUCTION
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 growing population, chemical
fertilizers,
pesticides,
farm
tractors
and
machineries, electricity and other natural resources
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devices and the machines used for tillage and
planting in tillage. The timekeeper with hour,
minute, second, split-second was used for time
consumption. Fuel measurement device was used
for the calculation of fuel consumption. It was
utilized from Kienzle fuel measurement system for
the determination of the fuel consumptions of the
tools and machines. Systems after the pre-plant
harvesting in the treatment. Labor yield of each
parcel (ha h-1) was calculated by proportioning the
total time calculated for soil tillage and sowing in
each parcel of the trial to the area amount. The 25
kg of corn seed per hectare was used for sowing in
all treatments. N of 67.10 kg ha-1, P of 44 kg ha-1
and S of 26.40 kg ha-1 were performed at the same
time for all the treatments. Plant protection
(chemicals) and irrigation were performed at the
same time for all the treatments. Chemicals of 1.25
kg ha-1 and irrigation 9375 m3 ha-1 were applied.
Total energy input in unit area (ha) constitutes
RI HDFK WRWDO RI LQSXW¶V HQHUJ\ )ROORZLQJ WKH
treatments and measures held at corn facilities in
Thrace region, energy input and output values were
defined. As energy inputs, human labour energy,
machinery energy, chemical fertilizers energy,
chemicals energy, diesel fuel energy, irrigation
energy and seed energy values were taken into
consideration. Corn yield was the output calculated.
In the agricultural production of corn in Table 1,
energy equivalents of input and outputs had been
taken as energy values. Energy balance calculations
were made to determine the corn production
productivity.
The units shown in Table 1 was used to find
out the values of the inputs in corn production.
Input amounts had been calculated and then these
input data was multiplied by the energy equivalent
coefficient. When determining the energy
equivalent coefficients, previous energy analyse
sources had been used. By adding energy
equivalents of all inputs in MJ unit, the total energy
equivalent was found. For example, in order to
determine the energy usage efficiency in wheat
production, Mohammadi et al. [21]reported that,
³7KH HQHUJ\ UDWLR HQHUJ\ XVH HIILFLHQF\  HQHUJ\
productivity, specific energy and net energy were
calculated using the following formulates [28,29].
Resources of previous researches were used in
determining the coefficients of energy equivalence.
The results were tabulated after the analysis of data
was done using Microsoft Excel program
considering the inputs. Examining the values of
corn input - output and calculations were given in
Table 2 and Table 3. Average energy efficiency
calculations in corn silage production were given in
Table 4.

tillage should be to create the most appropriate soil
conditions by taking into consideration energy use
efficiency because it allows financial savings, fosil
resources preservation and environment pollution
GHFUHDVH´ Reducing tillage practices results in
lower energy consumption as well as soil erosion
protection, structural damage control and a
reduction in time and energy required for seedbed
preparation [14]. Corn silage is the most important
livelihood source within the Thrace region in macro
and micro terms and defining the energy balance is
the aim of this study.

MATERIALS AND METHODS
Thrace Region is located at north-western part
of Turkey, and is like a peninsula extension of the
European continent. The land area is 2,372,100 ha,
DQGWKHUHJLRQPDNHVXSRI7XUNH\¶VJHQHUDO
land area [15]. The great part of the precipitation is
as rainy and certain part is as snowy. The long
years precipitation average was determined as
594.70 mm. According to the perennial data, the
average temperature is 13 0C. When the highest
average air temperatures are observed in JulyAugust months, the lowest average temperatures
are observed in January and February months [16].
The textural class of the soil in the research site is
clayey and loamy. The research was carried out in
Atatürk Soil, Water and Agricultural Meteorology
Research Station in Thrace region. Treatments have
been performed in production season during in
2011 and 2013. Vetch was planted as first primary
product main material of research were composed
of treatments and measures made with parcels in
Thrace region. The research carried out on
treatments plots 240 m2 (6 m wide x 40 m length)
were planned in completely randomized parcel
design with four treatments and three replications
were used. Treatments methods were consisted
based on tillage intensities as follows:
T1 : Turn shredder + heavy tine spring cultivator +
pneumatic precision drill,
T2 : Turn shredder + rotory tiler + pneumatic
precision drill,
T3 : Turn shredder + chisel + heavy duty disk
harrow + pneumatic precision drill,
T4 : Plough + heavy duty disk harrow + pneumatic
precision drill.
T1, T2, T3 and T4 systems were performed in
once. The machinery used in this research were
operated with the standard tractor of 85 HP. Total
fuel consumption of each parcel was calculated as
(liter ha-1) by adding the fuel consumptions of the
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TABLE 1
Energy equivalents of inputs and outputs in agricultural production of corn.
Energy
Inputs and outputs

Unit

equivalent

Sources

coefficient
Inputs

Unit

Values

Sources

(MJ / unit)

Human labour

h

1.96

[17; 18]

Machinery

h

64.80

[3;19]

Nitrogen

kg

60.60

[19]

Phosphorous

kg

11.10

[19]

Potassium

kg

6.70

[19]

Sulfur

kg

1.12

[20;21]

Chemicals

kg

101.20

[22]

Diesel fuel

l

Chemical fertilizers

56.31

[19;23]

Irrigation (Sprinkler)

3

m

4.20

[24;25]

Seed

kg

104

[26; 5]

Outputs

Unit

Corn yield

kg

Values

12.95

[27;5]

ె
ሻ

ె
୬ୣ୰୷୧୬୮୳୲ሺ ሻ

ౡౝ
େ୭୰୬୭୳୲୮୳୲ሺ ሻ

ె
୬ୣ୰୷୧୬୮୳୲ሺ ሻ

ె
୬ୣ୰୷୧୬୮୳୲ሺ ሻ

ౡౝ
େ୭୰୬୭୳୲୮୳୲ሺ ሻ


Energy use efficiency =

Sources

(MJ/unit)

୬ୣ୰୷୭୳୲୮୳୲ሺ

(1)

Energy productivity =

(2)

Specific energy =

(3)

Net energy = Energy output (MJ ha-1) - Energy input (MJ ha-1)

(4)

biggest amount with 34404.90 MJ ha-1. Chemicals
of 1.25 kg ha-1 were performed and energy input
was 126.50 MJ ha-1. Seed of 25 kg ha-1 were
performed and energy input 2600 MJ ha-1. In this
research, fertilizer application energy had the
second of the biggest share as 4584.23 MJ ha-1.
Similarly, in previous studies, [30,31] found that in
sunflower research the fertilizer application energy
had the second of the biggest amount with 9707.20
MJ ha-1 and 4480 MJ ha-1, respectively.
Human labour energy was used for tractor and
farm operations such as land prepartion, planting,
irrigation, fertilizer application, spraying and
harvesting. Average human energy inputs was
ranged between (T2) 282.97 MJ ha-1 and (T3) 285.25
MJ ha-1. Average of machinery energy input was

RESULTS AND DISCUSSION
The energy equivalents of the inputs and
outputs in the corn production were given in Table
2 and Table 3. In corn silage production, it is
noteworthy that irrigation, chemical fertilizers and
seed energy were used as the highest input. The
irrigation, chemical fertilizers, chemicals and seed
were performed at the same amount for all the
treatments in 2011 and 2013 in all treatments. The
irrigation was the highest in the total energy input
with the value of 39375 MJ ha-1 followed by
chemical fertilizers and seed energy. N of 67.10 kg
ha-1, P of 44 kg ha-1 and S of 26.40 kg ha-1 were
performed. Similarly, [30] found that in sunflower
research the irrigation energy had the first of the
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ranged between (T2) 417.32 MJ ha-1 and (T3)
492.81 MJ ha-1. Machinery energy was used for
tractor and farm operations. Kheiralla et al. [32],
reported that, disk harrow was the most energy
efficient machinery in terms of fuel consumption
and specific energy, followed by the rotary tiller,
disk plough and moldboard plough. Similarly, in
this research diesel fuel consumption was the
highest T4 method. Carman [33], reported that,
tillage systems had a significant effect on wheat
yield. The greatest yield was obtained with a
stubble cultivator, followed by disc harrowing
treatment.
There was no significant difference in human
labor energy using. The average total energy input

for corn silage production in T1 method
49105.88 MJ ha-1, compared to 50299.37 MJ ha-1 in
T4 method. Based on average values, the different
tillage systems were effective on fuel consumption.
The differences in fuel consumption between the
tillage systems were significant. While the lowest
fuel consumption was T 1 method (1709.86 MJ ha-1),
the highest fuel consumption was T 4 (2871.25 MJ
ha-1). Similarly, [5], found that, based on average
values, the different tillage systems were effective
on fuel consumption. Average of the researches in
the treatments, the amount of corn produced per
hectare during the 2011 and 2013 production
season were calculated as 63430 and 63248.75 kg.

TABLE 2
Energy input - output analysis in corn silage production in 2011 (First year).
Inputs and outputs
Inputs
Human labour
Machinery
Diesel fuel
Chemical fertilizers
Chemicals
Seed
Irrigation
Total inputs
Total outputs

T1

T2

T3

T4

Energy value
(MJ ha-1)

Energy value
(MJ ha-1)

Energy value
(MJ ha-1)

Energy value
(MJ ha-1)

283.91
448.42
1730.41
4584.23
126.50
2600
39375
49148.47
254483

283.79
444.53
1941.67
4584.23
126.50
2600
39375
49355.72
249551.70

285.55
502.85
2410.63
4584.23
126.50
2600
39375
49884.76
271473.40

286.99
524.23
2926.99
4584.23
126.50
2600
39375
50423.94
275907.50

TABLE 3
Energy input - output analysis in corn silage production in 2013 (Second year).
Inputs and outputs

Inputs
Human labour
Machinery
Diesel fuel
Chemical fertilizers
Chemicals
Seed
Irrigation
Total inputs
Total outputs

T1

T2

T3

T4

Energy value
(MJ ha-1)

Energy value
(MJ ha-1)

Energy value
(MJ ha-1)

Energy value
(MJ ha-1)

282.61
405.65
1689.30
4584.23
126.50
2600
39375
49063.29
241802.40

282.14
390.10
1883.57
4584.23
126.50
2600
39375
49241.54
252949.80

284.95
482.76
2418.51
4584.23
126.50
2600
39375
49871.95
270976.20

282.18
391.39
2815.50
4584.23
126.50
2600
39375
50174.80
279678.60
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TABLE 4
Average of energy efficiency calculations in corn production.
Calculations
Corn silage yield
Inputs
Outputs
Energy use efficiency
Specific energy
Energy productivity
Net energy

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

T1
59880
49105.88
248142.72
5.05
0.82
1.22
199036.84

T2
60630
49298.63
251250.72
5.10
0.81
1.23
201952.09

T3
65450
49878.36
271224.80
5.44
0.76
1.31
221346.45

T4
67035
50299.37
277793.04
5.52
0.75
1.33
227493.67

significant determinants of the total energy input.
The highest energy output was determined in T 4
while the lowest ratio in T1. The highest corn yield,
energy use efficiency, specific energy, energy
productivity and net energy were in T4. It can be
concluded that the corn production is the most
profitable due to its higher energy use efficiency.
Average of the maximum yield was 66580 kg ha-1
in 2011 and 67035 kg ha-1 in 2013. Average of the
maximum yield was 67035 kg ha-1 in the T4
compared to the other tillage treatments. The lowest
task time and fuel consumption were determined in
the T1 that included less field traffic. Taking into
account the significant environmental advantages
that can be obtained with the adoption of a reduced
tillage system; the T4 appears the best method for
the replacement of the other tillages.
Tabatabaeefar et al. [14], reported that,
³$FFRUGLQJ WR [37], all of the reduced tillage
systems required significantly less energy than did
the conventional systems. This means that growers
can save money by reducing fuel costs. In addition,
since all of the reduced tillage systems required
fewer passes over the field surface than did the
conventional systems, a time savings would be
realized as well. Similar results were reported by
[38]. Efficient use of energy is one of the principal
requirements of sustainable agriculture. Energy use
in agriculture has been increasing in response to
increasing population, limited supply of arable land,
and a desire for higher standards of living.
Continuous demand in increasing food production
resulted in intensive use of chemical fertilizers,
pesticides, agricultural machinery, and other natural
resources. However, intensive usage of energy
causes problems which threatens public health and
environment. Efficient use of energy in agriculture
may minimize environmental problems, may
prevent destruction of natural resources and
promote sustainable agriculture as an economical
production system [39,40]. This research will be
helped in energy requirements of tillage machinery
for Thrace mechanization applies.

Different tillage treatments showed significant
effects on energy indicators (Table 4). The energy
use efficiency was the highest in T4 method with
the value of 5.52 while the lowest ratio in T 1
method with the value of 5.05. In the 2013 year of
the research, the yields were lower than the 2011
year, thus the energy use efficiencies were lower in
2011 than 2013. While the energy productivity was
ranged between 1.22 for T 1 method, 1.23 for T 2
method, 1.31 for T3 method and 1.33 kg MJ-1 for T4
method. Specific energy was between 0.75 for T 4
method and 0.82 MJ kg-1 for T1 method. Analysis
of mean comparasions between the treatments on
net energy value showed differences (Table 4). It
showed T4 had the biggest net energy and T1 had
the lowest.
In previous tillage researches, [34], calculated
the energy use efficiency in corn silage research as
2.27. [35], calculated energy use efficiency in
wheat research as 2.59, 2.38 and 2.81 for
conventional, reduced tillage and direct seeding
applications, respectively. [11], calculated energy
use efficiency in chick pea research as 2, 1.81,
0.205 and 0.875 for conventional, reduced tillage,
direct seeding and direct seeding with herbicides
applications, respectively. [36], calculated energy
use efficiency in chick pea research as 0.192, 0.141,
0.369 and 0.604 for conventional, reduced tillage,
direct seeding and direct seeding with herbicides
applications, respectively. [14], calculated specific
energy in wheat research as between 8.81 and
11.78. [10], calculated energy use efficiency in
wheat research as 6.63 and 5.29 for flat planting
and ridge planting. [31], calculated energy
productivity, energy output / input ratio in
sunflower research as 0.12 kg MJ-1, 2.95.
In this research, sustainability of different
tillage systems was examined in terms of energy
use efficiency. The results showed that different
tillage systems affected energy use efficiency for
corn silage production. Among the four different
tillage methods, the maximum energy was
consumed from irrigation followed by chemical
fertilizers, seed, diesel fuel, machinery, human
labour and chemicals. The level of irrigation,
chemical fertilizers and seed was one of the
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[12] Rathke, G. W., Diepenbrock, W. 2006.
Energy balance of winter oilseed rape
(Brassica napus L.) cropping as related to
nitrogen supply and preceding crop. Europ. J.
Agronomy 24: 35-44
[13] Cavalaris, C. C., T. A. Gemtos. 2004.
Evaluation of tillage efficiency and energy
requirements for five methods of soil
preparation in the sugar beet crop. Conference
Book of Energy Efficiency and Agricultural
Engineering, 3-5 June, Rousse, Bulgaria; pp.
110-116.
[14] Tabatabaeefar, A., H. Emamzadeh, M.
Ghasemi Varnamkhasti, R. Rahimizadeh, M.
Karimi. 2009. Comparison of energy of tillage
systems in wheat production. Energy, 34: 4145.
[15] Anonym, 1971. Topraksu Meric havzasi
topraklari. Topraksu Genel Mudurlugu
<D\ÕQODUL5DSRUODU6HULVL$QNDra (In
Turkish).
[16] &DNLU 5 8 &HEL $ *LGLULVOLR÷OX 
Irrigation programs and water production
functions applied for Virginia tobacco in
Kirklareli conditions. T. K. B. TAGEM
Publications, Publication, No: 152, Kirklareli.
[17] Karaagac, H. A., S. Aykanat, B. Cakir, O.
Eren, M. M. Turgut, Z. B. Barut, H. H.
Ozturk. 2011. Energy balance of wheat and
maize
crops
production
in
Haciali
undertaking. 11th International Congress on
Mechanization and Energy in Agriculture
Congress, 21-23 September, Istanbul, Turkey,
p. 388-391.
[18] Mani, I., P. Kumar, J. S. Panwar, K. Kant.
2007. Variation in energy consumption in
production of wheat-maize with varying
altitudes in hill regions of Himachal Prades,
India. Energy, 32: 2336-2339.
[19] Singh, J. M. 2002. On farm energy use pattern
in different cropping systems in Haryana,
India. International Institute of Management
University of Flensburg, Sustainable Energy
Systems and Management. Master of Science,
Germany.
[20] Nagy, C. N. Energy coefficients for
agriculture inputs in western Canada.
(http://www.csale.usask.ca/PDFDocuments/en
ergyCoefficientsAg.pdf, 1999).
[21] Mohammadi, A., S. Rafiee, S. S. Mohtasebi,
H. Rafiee. 2010. Energy inputs-yield
relationship and cost analysis of kiwifruit
production in Iran. Renewable Energy, 35:
1071-1075.
[22] Yaldiz, O., H. H. Ozturk, Y. Zeren, A.
Bascetincelik. 1993. Energy usage in
production of field crops in Turkey. 5 th
international congress on mechanization and
energy in agriculture, Kusadasi, Turkey.
October, 11-14, pp. 527-536.
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ERRATUM
A NEWLY FOUND CADMIUM HYPERACCUMULATOR ²
CENTELLA ASIATICA LINN.
Kehui Liu1, 3, Zhenming Zhou1, 2, Fangming Yu1, 2,*, Menglin Chen1, 2, Chaoshu Chen1, 2 Jing Zhu1, 2,
Yongrong Jiang1, 3
1

Key Laboratory of Karst Ecology and Environment Change of Guangxi Department of Education, Guilin 541004, China;
2
College of Resource and Environment, Guangxi Normal University, Guilin 541004, China;
3
College of Life and Environmental Science, Guilin University of Electronic Technology, Guilin 541004, China

Because Cd can be biomagnified in the food chains,
and become increasingly dangerous to humans and
wildlife [1]. Therefore, seeking remedial methods
and techniques for Cd contaminated soil and water
is
extremely
urgent
and
necessary.
Phytoremediation is a novel biological remediation
technique and has become a hotspot of pollution
remediation for its potentially cost-effective, simple
engineering operation and environmentally-friendly
characters [2-3]. While searching for proper
hyperaccumulators that accumulate high levels of
heavy metals is a prerequisite for the technique.
So far, more than 450 species that
hyperaccumulate heavy metal have been identified
in the plant kingdom, while few of them were
reported to be Cd hyperaccumulators [4-7].
Meanwhile, the species that can be utilized for Cd
phytoremediation usually have some limitations in
practice, i.e. small biomass, slow growth, poor
resistance or lack of seeds and competitiveness with
local plants [8]. Therefore, finding more and new
hyperaccumulators for the remediation of Cd
contaminated soil and water is necessary.
Centella asiatica Linn (Fig. 1) is one kind of
perennial herbs with the characteristics of prostrate
stems, stoloniferous, rooted at nodes, and widely
distributed in tropics and subtropics area. It tends to
grow in swamps, paddy fields or riversides in
southern China [9]. Except of its wide geographic
distribution, it also possesses characteristics of easy
cultivability and high competitiveness. Accidentally,
we found this kind of species could grow well in
one Lead-zinc mining area in Guangxi, south China,
during our vegetation investigation. We wondered
whether it has high accumulation or tolerance to Cd.
However, little information was available on the
accumulation potential and tolerance of Cd for C.
asiatica. Therefore we conducted hydroponics

ABSTRACT
Phytoremediation is a novel biological
remediation technique, and searching for new
hyperaccumulators is one of the key points during
its application. In the present work, both field
investigation (Siding lead-zinc Mines, southern
China) and laboratory experiment (incubation with
five concentration gradient 0 (CK), 0.5, 1, 2.5 and 5
mg L-1 Cd) were carried out to testify whether
Centella asiatica L. is a potential cadmium (Cd)
hyperaccumulator. Field results showed that C.
asiatica. could grow normally even as the soil
concentration of Cd was as high as 124 to 1010 mg
kg-1. In general, Cd concentrations accumulated in
leaves, petioles, and stems were over 100 mg kg-1.
The ratio of Cd concentration in petioles to that in
roots (P/R: the ratio of Cd concentrations in petiole
to those in roots) ranged from 0.83 to 1.84,
indicating its good translocate ability to
aboveground parts. The laboratory experiment
further confirmed its capable characteristic for
hyperaccumulation and hypertolerance of Cd, i.e.,
no negative effects on plant growth, high Cd
accumulation in tissues, high antioxdative enzyme
activities and the appropriate TF values (P/R > 1).
All these results suggested that C. asiatica was a
new Cd-hyperaccumulator.
KEYWORDS:
Cadmium; Centella asiatica L.; Phytoremediation

INTRODUCTION
Cadmium (Cd) is not essential to organism,
and its persistence in soil has brought a major
global concern as the associating health risks.
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experiment under controlled conditions to elucidate
its hyperaccumulation of Cd. The activities of
antioxidative enzymes (SOD, APX, CAT and POD)
and chlorophyll (CHL) contents were determined as
well to understand the involving mechanisms.


FIGURE 1
Centella asiatica Linn

METHODS
Field survey and sampling. Field surveys
were conducted in swamps and ditches of the
Siding lead-zinc Mine, which is located in Rongan
County, Guangxi Province, southern China
(109ƕ31E, 25ƕ01N). The climate in this area is
sub-tropical monsoon, with an annual average
temperature of 16.4Ԩ and an average rainfall of
1985 mm. The Siding lead-zinc Mine has vast
deposits of lead-zinc mineral resources, covers an
area of 13.64 sq km. The mining activities began in
1960 and stopped in 1998 [10], resulting in
heavy-metal contamination of soil and water in this
area. To investigate plants species kinds and their
phytoaccumulations in this mining area, we carried
out a preliminary field survey in April 2013 and
were surprised to discover that C. asiatica, which is
a common member of the woodland flora,
contained high levels of Cd in shoots. A detailed
study on C. asiatica was conducted in August 2013.
Nine individual plants, named S1 ± S9, were
collected randomly within the sampling area. The
corresponding rhizospheric soil (0-30 cm depth)
was gathered concurrently. Soil samples were
air-dried and sieved through a 2 mm sieve.

Chlorophyll content, enzyme activity and
lipid peroxidation, measurements. Chlorophyll
content, enzyme activity and Malondialdehyde
(MDA) contents were extracted and measured in
the same way as our previous study [10].
Determination of Cd accumulation. Cd
concentrations in plants and soils were prepared
and measured in the same way as our previous
study [10].
Calculation. Data were processed with
Microsoft Excel 2007 and SPSS13.0 software. All
the values expressed were means±standard
deviation (S.D.) of three replicates. Data were
statistically analyzed by the one-way ANOVA,
taking p < 0.05 DVVLJQL¿FDQWDFFRUGLQJWRWKH/6D
test.

Hydroponic culture. Seedlings of C. asiatica
were collected from swamps and ditches of the
Siding lead-zinc Mine, and pre-cultured in
Hoagland nutrient solution for 4 weeks. Then
3816


healthy and uniform seedlings were transplanted
into the prepared plastic pots, continued to culture
in solutions with 5 different Cd concentrations: 0
(CK), 0.5, 1, 2.5 and 5 mg L-1 Cd, added as
CdCl2·2H2O. Each treatment was triplicated . The
solutions were aerated 24h a day, adjusted daily to
pH 5.8 with 0.1 mol l-1 HCl or 0.1 mol l-1 KOH, and
renewed every three days to restore volume to their
original levels. The experiment was conducted in
controlled environmental conditions with a 16-h
light period at intensity of 350 ȝmol mí2 sí1, and
the day/night temperature of 25 °C/20 °C.
Plants were harvested at 18 d after Cd
treatment. After being rinsed with tap water, roots
of intact plants were immerged in EDTA-Na
solution for 15 min to remove the metal ions
adsorbed on the surface. Then the whole plants
were washed with tap water and rinsed with
deionized water, followed by drying with filter
paper. The fresh weight (fw), root length and plant
height were determined afterwards. The whole
plants were then separated into roots, stems and
leaves. The subsamples of different fractions for the
determination of Mn concentration were firstly
dried at 105 Ԩ for 30 min, and then at 70 Ԩ to
constant weight. The subsamples of different
fractions for the measurements of biochemical
parameters were frozen immediately in liquid
nitrogen and stored in refrigerator at -80 Ԩ.
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were constantly much higher than those in leaves,
stems and roots. Cd concentrations in leaves
(except S6, S8 and S9), petioles (except S7), and
stems (except S5 and S7) were all over 100 mg kg-1,
which was the critical concentration for a Cd
hyperaccumulator.
The ratio of Cd concentrations in petioles to
those in roots (P/R) ranged from 0.83 to 1.84,
indicating its good transport capacity to
aboveground parts. Because of the high level of Cd
concentrations (124 - 1010 mg kg-1) in the
corresponding mine soils, the values of L/S, P/S
and Stem/S were very low. (L/S, P/S and Stem/S
represented the concentration ratios in leaves,
petioles, and stems to that in soil, respectively).

RESULTS
The growth of C. asiatica and its
accumulation of Cd at field condition. The results
of the field investigation showed that only a few
species of plants were found in the swamps and
ditches in the Siding lead-zinc Mine, i.e. C. asiatica
and Miscanthus floridulus. C. asiatica could
prostrate and creep about one meter with no
macroscopic symptom therein, even though soil Cd
concentration in this area was as high as 124 to
1010 mg kg-1 (Table 1).
Cd concentrations in soils and in different
tissues of C. asiatica were listed in Table 1. In
general, petioles contained the highest Cd
concentrations, ranged from 85.3 mg kg-1 to 567 mg
kg-1 with the average value of 258 mg kg-1, which

TABLE 1
Cd bioaccumulation and transportation of C. asiatica growing on the Siding lead-zinc mine.
Cd in Soil

Cd in plant tissues (mg kg-1 DW)

Sample No.

L/Ra

P/Rb

S/Rc

L/Sd

P/Se

S/Sf

(mg kg-1)

Leaf

Petiole

Stem

Root

S1

330.7±16.1

517.0±12.3

361.9±18.2

281.7±14.6

1010.9±31.1

1.17

1.84

1.29

0.33

0.51

0.36

S2

327.9±15.4

567.0±17.1

390.4±7.6

551.6±18.8

338.8±19.9

0.59

1.03

0.71

0.97

1.67

1.15

S3

187.2±14.8

338.1±10.4

203.3±16.2

283.5±16.7

124.3±6.7

0.66

1.19

0.72

1.51

2.72

1.64

S4

164.0±7.6

254.3±10.5

155.3±8.8

253.9±11.9

757.6±37.2

0.65

1.00

0.61

0.21

0.33

0.21

S5

137.8±13.2

171.2±7.5

76.2±5.5

103.1±5.8

233.3±18.5

1.34

1.66

0.74

0.59

0.73

0.33

S6

87.9±7.6

118.8±8.9

111.9±5.6

143.5±8.0

132.3±8.8

0.61

0.83

0.78

0.66

0.89

0.85

S7

135.5±10.2

85.3±3.5

73.4±4.9

71.5±4.4

496.1±71.4

1.90

1.19

1.03

0.27

0.17

0.15

S8

88.2±5.6

165.6±6.9

182.2±11.5

100.1±6.3

397.8±20.2

0.88

1.65

1.82

0.22

0.41

0.45

S9

94.9±5.9

113.6±4.8

108.7±5.1

87.2±5.2

300.1±15.5

1.09

1.30

1.25

0.32

0.38

0.36

Note: Values are means ± S.D. (n = 3).
those in roots and

d, e, f

a, b, c

are the ratio of Cd concentrations in leaves, petioles and stems to

are the ratio of Cd concentrations in leaves, petioles and stems to those in soils,

respectively.
TABLE 2
Effects of Cd on growth of C. asiatica
Cd concentration (mg L-1)

Root length (cm plant-1)

Plant height (cm plant-1)

Fresh weight (g plant-1 FW)

0
0.5

7.88±0.64a
9.23±0.64a

11.90±2.41b
21.03±4.33a

0.74±0.15c
1.44±0.35a

1.0

8.83±1.10a

15.20±3.07b

1.29±0.09ab

2.5

8.80±0.56a

13.30±1.67b

1.24±0.39ab

5.0

4.45±0.31b

12.50±3.28b

0.85±0.20bc

Values are means ± S.D. (n = 3). One-way ANOVA (1 factor: type of issue) were performed for each parameter
and different letters within the same column meant there was significantly different at p < 0.05 based on LSD.
(the same below)
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The growth of C. asiatica and its
accumulation of Cd under controlled conditions.
Plant growth. The growth response of C. asiatica
to different Cd supply levels were shown in Table 2.
During the whole experiment period, there were no
visible toxic symptoms such as necrosis,
whitish-brown chlorosis, deformation of young
leaves, and growth retardation under any Cd
exposure (0-5 mg L-1). Cd supply could promote the
increase of plant height and biomass accumulation,
especially at low Cd concentration (0.5 mg L-1).
The plant height increased by 5.04% - 74.72%

under Cd treatments, and the corresponding values
were 14.86% - 94.59% in biomass. Root length
showed no significant (p > 0.05) inhibition below 5
mg L-1 Cd treatment. Significant (p < 0.05)
reduction of root length occurred at 5 mg L-1 Cd
treatment, which indicated that roots were more
sensitive to Cd pollution. Meanwhile, many new
roots tillered from the base of the old roots, which
may implicate that Cd stimulated the root
differentiation.

TABLE 3
Effects of Cd on the contents of chlorophyll and MDA in leaves of C. asiatica
Cd concentration(mg L-1)

CHLa

CHL b

CHL (a+b)

CHL(a/b)

MDA

0
0.5

0.74±0.10b
0.99±0.04a

0.14±0.01b
0.17±0.01a

0.88±0.11c
1.16±0.05a

5.21±0.45c
5.82±0.17c

3.18±0.15b
3.36±0.26b

1.0

0.93±0.04a

0.12±0.01c

1.05±0.03b

7.73±0.96b

3.18±0.19b

2.5

0.77±0.02b

0.08±0.01d

0.85±0.01c

9.49±1.30a

3.24±0.30b

5.0

0.79±0.03b

0.15±0.01ab

0.94±0.02c

5.21±0.71c

3.77±0.17a

SOD activity (U g-1 FW)

Root

leaf

a

a

600
450

b

b
b

b

b

b

b b

300
150

POD activity (U g-1 min-1 FW)

15.000

750

b

b
c

c
a

9.000
6.000
b

b

b

b

3.000
0

0,5

1

2,5

Cd concentration in solution (mg

Root

50

leaf

b

c

L-1)

16
a

b
b

b

30
c

0,5

1,0

2,5

5,0

Cd concentration in solution (mg L-1)

a
c

40

0,0

5

c

10

APX activity (U g-1min-1 FW)

0

CAT activity (U g-1 min-1 FW)

a

leaf

12.000

0

20

Root

Root

leaf

a

b
12
c
8

c

bc

a
b

b

d

d

4

0
0,0

0,5

1,0

2,5

5,0

0
0,0

Cd concentration in solution (mg L-1)

0,5

1,0

2,5

5,0

Cd concentration in solution (mg L-1)

FIGURE 2
Effects of Cd on the enzyme activities in leaves and roots of C. asiatica
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TABLE 4
Concentrations of Cd in C. asiatica under Cd treatments
Cd concentration

Leaf

Petiole

Stem

Root

L/R

P/R

S/R

0
0.5

1.97±0.06 e
51.72±0.61 d

1.64±0.04 e
85.98±3.67 d

0.53±0.02 e
51.01±1.65 d

1.88±0.25 e
84.54±2.64 d

1.04
0.61

0.87
1.02

0.27
0.60

1.0

112.34±6.22 c

204.23±11.90 c

187.51±5.90 c

194.94±8.39 c

0.58

1.05

0.96

2.5

167.66±6.96 b

337.52±11.16 b

240.68±5.32 b

316.3±18.40 b

0.53

1.07

0.76

5.0

282.27±7.95 a

604.96±30.05 a

378.28±23.06 a

567.6±33.71 a

0.50

1.07

0.67

Chlorophyll and MDA changes in leaves.
The changes of chlorophyll and MDA contents
under Cd exposure in leaves of C. asiatica were
shown in table 3. Cd treatments could promote Chl
a contents by 6.76% - 33.78% as Cd concentrations
in solution ranged from 0.5 mg L-1 to 5.0 mg L-1.
However, Chl b contents significantly (p < 0.05)
inhibited at 1.0 and 1.5 mg L-1 Cd, and significantly
(p < 0.05) increased at 2.5 mg L-1 Cd, indicating
that Chl b were more affected by Cd pollution than
Chl a as compared with control. The changes of Chl
(a+b) had the same tend as that of Chl a. The ratio
of Chl a/Chl b increased first, and then decreased
with the increasing Cd supply in solution and
peaked at 2.5 mg L-1 Cd level, which increased by
82.1% as compared with control. The contents of
MDA kept stable at Cd level  2.5 mg L-1, while
significantly increased (p < 0.05) at 5.0 mg L-1 Cd
exposure.

Cd
accumulation
in
plants.
Cd
accumulations in leaves, petioles, stem and roots of
C. asiatica increased significantly (p < 0.05) with
increasing Cd supply in the solution (Table 4). In
general, the contents of Cd were found the highest
in petioles, and then followed by that in roots,
stems and leaves. The average Cd concentrations in
leaves, petioles, stem and roots was 112.34, 204.23,
187.51 and 194.94 mg kg-1, respectively, as C.
asiatica was treated in solutions with 1 mg L-1 Cd,
which were all exceeded 100 mg kg-1, the critical
value for being a Cd-hyperaccmulator. The absolute
Cd accumulations in leaves, petioles, stems and
roots were reached its peak at 5 mg L-1 Cd
treatment. The ratio of P/R exceeded 1 under all Cd
treatments, the ratios of L/R (Cd concentration in
leaves to that in roots) and S/R (Cd concentration in
stems to that in roots) were 0.50 - 0.61 and
0.60-0.96, respectively, both belew 1.

Antioxidative enzymes activities changes in
leaves and roots. Effects of Cd on the enzyme
activities in leaves and roots of C. asiatica were
shown in Fig.2. SOD activities were similar at Cd
level  2.5 mg L-1, while increased significantly (p
< 0.05) at 5.0 mg L-1 Cd exposure both in leaves
Values are means ± S.D. (n = 3). One-way ANOVA
(1 factor: type of issue) were performed for each
parameter and different letters within the same
tissues meant there was significantly different at p <
0.05 based on LSD.

DISCUSSION
Cd hyperaccumlation potential of C.
asiatica. Cd hyperaccumulators are defined
according to the following criteria: (1) the
concentrations of Cd in the shoots (stems or leaves)
should not be lower than 100 mg kg-1 dry weight;
and (2) the TF, which is the ratio of the Cd
concentration in shoots to that in roots, should be
higher than 1 [11]. In the present study, based on
the field survey, C. asiatica could grow healthily
with no observed necrosis and whitish-brown
chlorosis. Moreover, the seedlings of C. asiatica
could grow normally with no visible harm effect
even as Cd concentration in soil was as high as
1010 mg kg-1, which demonstrated that C. asiatica
had high tolerance to Cd stress. The results of
hydroponic culture experiment also showed that
under high Cd stress (up to 2.5 mg Cd L-1 in
solution), the plant biomass (FW) were stimulated
instead of being inhibited, distinguishing C.
asiatica from a normal plant as a hyperaccumulator.

and roots. The similar trend was found in POD in
leaves. The CAT activities were decreased with the
increasing supply of Cd both in roots and leaves.
While the changes of APX activities in leaves and
roots were more complex: in root, it decreased first,
reached its nadir at 1.0 mg L-1 Cd; and then
increased with the increasing Cd concentration.
Compared to the roots, the changes of APX in
leaves had adverse trend and peaked at 0.5 mg L-1
Cd.
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Different tissues of C. asiatica contained
different Cd concentrations, with the highest
contents in petioles. And the values of TF were
exceeded 1 (except S6), which indicated its strong
transport capacity of Cd from roots to shoots. The
results from hydroponic culture experiment showed,
the concentration of Cd in the leaves, petioles and
stems of C. asiatica were close to or more than 100
mg kg-1; the concentrations of Cd in plants were
significantly (p < 0.05) increased with the
increasing level of Cd stress, and the values were
peaked at 5 mg L-1, the values were 282.27, 604.96,
378.28, and 567.7 mg kg-1 in leaf, petiole, stem and
root, respectively. The TF values (P/R) were higher
than 1.0 for all Cd treatments in C. asiatica,
indicating that this species has good ability to
transfer Cd from underground part to aboveground
part. So, both field experiment and controlled
experiment explicated that C. asiatica had high
tolerance to Cd and high capacity to accumulate
Cd.
Compared other Cd-hyperaccumulating plants,
the TF values were higher than Solanum
photeinocarpum
[5],
Arthrocnemum
macrostachyum [12], and some natural vegetation
[13]; but lower than Solanum nigrum L. (2.1) [14]),
Sedum alfredii Hance (>1.5) [15] and Bidens pilosa
L. [4] (1.3 ± 7.4 at the flowering stages and 1.9 ±
14.4 in the mature stage).

one survival strategy for C. asiatica under high Cd
stress. Its mechanism needs to further study.
Meanwhile, the TF were also more than 1, these
characteristics were consistent with the general
properties of a typical Cd accumulating plant.
Cd is not essential to plant growth, and too
high Cd concentration in plants usually causes
various phytotoxic symptoms, including leaf
chlorosis, root putrescence, growth inhibition, etc.
As a hyperaccumulator, not only can enrich heavy
metals in tissues, but also have strong detoxification
mechanism [19]. Results analyzed from plant
growth, contents of chlorophyll and MDA in the
present study explicated that Cd had no negative
effects on C. asiatica even at 5 mg kg-1 Cd
solutions. The same phenomenon has been found as
studying the enhancement of Cd to plant growth of
Lonicera japonica Thunb [19]. Cd was also known
to induce the burst of active oxygen species (AOS)
in plant tissues, leading to oxidative stress [4]. The
function of SOD in antioxidative defense is to
eliminate active oxygen species (AOS), which
generates H2O2, while the resulting H2O2 can be
removed by CAT, APX, and POD enzymes.
Increased activities of these enzymes commonly
have been reported in plants exposed to metals [20].
In the present study, SOD, POD and CAT activities
showed significant increase under Cd treatments
both in leaves and roots, which efficiently removed
the produced H2O2 and protected the physiological
function of the plants. This is probably the
protection mechanism of C. asiatica towards the
damage caused by Cd. The phenomenon is quite
similar to the results of some other
metal-accumulators, e.g., Thlaspi caerulescens,
Brassica juncea [21] and Solanum nigrum L. [22].
The efficiency of the protection mechanism can be
well revealed by the accumulation of MDA, a
breakdown product of lipid peroxidation [23-16]. It
is the most widely accepted indicator of oxidative
damage Cd has been reported to enhance lipid
peroxidation in many plant species, e.g., Triticum
aestivum [24], Oryza sativa [25] and Allium.
Sativum [26]. The MDA concentration in C.
asiatica did not show any significant increase as Cd
concentration in solution was up to 2.5 mg L-1,
indicating an undetectable Cd damage on the
plasma membrane of plant cells, which were
consistent with the previous report [4].

Plant growth and the mechanisms for the
tolerance of C. asiatica towards Cd stress.
Biomass changes were often concerned as it could
immediate explanation whether a plant affected by
heavy metal stress. The insignificant decrease in
aboveground biomass of a hyperaccumulator
growing in a heavy metal polluted environment is
one of characteristics for a hyperaccumulator
distinguished from a normal plant [16]. No
reduction in plant growth or shoot and root dry
biomass of Solanum nigrum L and Sedum alfredii H.
were noted as the plants exposure to high Cd
concentration (as Cd concentrations in soil were as
high as 25mg kgí1 [17] and 200 mol Lí1[18],
respectively) The results by hydroponics
experiment also illustrated that C. asiatica collected
from the swamps and ditches of the Siding
lead-zinc Mine, could also grow well in Cd
contaminated solution (0.5-5 mg L-1). Cd supplying
promoted the plant height increasing and biomass
accumulation. And high Cd concentration (5 mg L-1)
could significant (p < 0.05) decrease the root length
but promote new roots differentiation. It might be
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potential Cd-hyperaccumulator, J Hazard
Mater, 161:808-814.
[5]. Zhang, X.F., Xia, H.P., Li, Z.A., Zhang, P.,
&DR%  ,GHQWL¿FDWLRQRIDQHZSRWHQWLDO
Cd-hyperaccumulator
Solanum
photeinocarpum by soil seed bank-metal
concentration gradient method. J Hazard
Mater, 189, 414±419
[6]. Liu, Z.L. He, X.Y., Chen, W., Yuan, F.H.,
Yan, K., Tao, D.L. (2009) Accumulation and
tolerance characteristics of cadmium in a
potential
hyperaccumulator²Lonicera
japonica Thunb. J Hazard Mater, 169:170-175.
[7]. Liu, H., Yuan, M., Tan, S.Y., Yang, X.P., Lan,
Z., Jiang, Q.Y., Ye, Z.H. (2015) Enhancement
of arbuscular mycorrhizal fungus (Glomus
versiforme) on the growth and Cd uptake by
Cd-hyperaccumulator Solanum nigrum. APPL
SOIL ECOL, 89, 44 - 49.
[8]. Xiao, X., Luo, S.L., Zeng, G.M., Wei, W.Z.,
Wan, Y., Chen, L., Guo, H.J., Cao, Z., Yang,
L.X., Chen, J.L., Xi, Q. (2010) Biosorption of
cadmium by endophytic fungus (EF)
Microsphaeropsis sp. LSE10 isolated from
cadmium hyperaccumulator Solanum nigrum
L., Bioresource Technol, 101, 1668-1674.
[9]. Deletes Florae Reipublicae Popularis Sinica
Agendae Academiae Sinicae Edita, (1979)
Flora Reipublicae Popularis Sinicae, Science
Press, Beijing, China. (in Chinese)
[10]. Yu, F.M., Liu, K.H., Li, M.S., Zhou, Z.M.,
Deng, H., Chen, B. (2013) Effects of cadmium
on enzymatic and non-enzymatic antioxidative
defences of rice (Oryza saliva L.). INT J
Phytoremediat, 15, 513-521.
[11]. Baker, A.J.M. and Brooks, R.R. (1989)
Terrestrial
higher
plants
which
hyperaccumulate metallic elements: a review
of
their
distribution,
ecology
and
phytochemistry. Biorecovery, 1, 81-126.
[12]. Redondo-Gómez, S., Mateos-Naranjo, E.,
Andrades-Moreno, L. (2010) Accumulation
and tolerance characteristics of cadmium in a
halophytic
Cd-hyperaccumulator,
Arthrocnemum macrostachyum. J Hazard
Mater, 184, 299±307.
[13]. Perez-Sirvent, C., Martinez-Sanchez, M.J.,
Bech, J., Garcia-Lorenzo, M.L., Bech, J.
(2008) Uptake of Cd and Pb by natural
vegetation in soils polluted by mining
activities. Fresen Environ Bull, 17, 1666-1671.
[14]. Baker, A.J.M., Brooks, R.R., Kersten, W.J.
(1985) Accumulation of nickel by Psychotria

CONCLUSION
Both the field investigation and the lab
hydroponics experiment showed that C. asiatica
had good tolerance to Cd stress, i.e., with normally
growth, no visual Cd toxicity symptoms and strong
internal detoxification mechanisms inside plant
cells. The results suggested that C. asiatica was a
Cd-hyperaccumulator since the concentration of Cd
in aboveground tissues could be more than 100 mg
kg-1,
the
threshold
criterion
for
a
Cd-hyperaccumulator. Meanwhile, TF values were
all greater than 1.0.. Besides, C. asiatica is a widely
distributed perennial herb characterized by prostrate
stems, stolonisation, rooted at node and growing in
both hygrophytic and terrestrial environments. So,
there is a great potential for using C. asiatica in the
remediation of Cd-contaminated water and soil,
especially in mine slopes recovery.
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