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TWO-DIMENSIONAL TRANSPORT OF
TOLUENE IN UNSATURATED SOILS: ROLES
OF SOIL ORGANIC MATTER AND SOIL POROSITY
Fujun Ma1, Qian Zhang1, Haibing Shao2, Fasheng Li1 and Qingbao Gu1,*
1
State Key Laboratory of Environmental Criteria and Risk Assessment,
Chinese Research Academy of Environmental Sciences, Beijing 100012, China
2
Helmholtz Centre for Environmental Research – UFZ, Permoserstr. 15, 04103 Leipzig, Germany

ABSTRACT
Understanding the behavior of contaminants in subsurface is helpful to implement effective management and
remediation measures. Two-dimensional experiments
were conducted to investigate the contributions of soil
organic matter (SOM) and soil porosity to toluene
transport in three unsaturated soils (i.e., black soil, fluvoaquic soil, and red soil). The vertical migration distance
of toluene in the three soils followed the order of fluvoaquic soil > black soil > red soil and the lateral migration
distance of toluene in the three soils followed the order of
red soil > black soil > fluvo-aquic soil. The transport of
toluene in the three soils is only to a small extent dependent on the sorption behavior of SOM, but influenced by
the soil porosity distribution.

ciable quantities of SOM [2-4]. In addition, several studies
have stressed the importance of porosity on the transport of
contaminants in the subsurface [5-7]. Kechavarzi et al. [5]
has shown that light NAPL entrapment depends strongly on
the texture contrasts between the soil layers, leading to
permeability and capillary barrier effects. Köhne et al. [6]
developed an equivalent pore network model for predicting
the breakthrough curves of Brilliant Blue FCF with unsaturated, steady-state flux. In this work, we conducted
two-dimensional laboratory experiments to investigate
the transport of toluene, a typical light NAPL contaminant, in three typical Chinese soils. The contributions of
SOM and soil porosity to the transport of toluene were
analyzed accordingly.

2. MATERIALS AND METHODS
KEYWORDS:
Toluene, Transport, Soil organic matter, Soil porosity.

2.1 Materials

1. INTRODUCTION
Non-aqueous phase liquids (NAPL) frequently enter
the subsurface as a result of industrial accidents (chemical
spills, leaks in storage or transmission structures). Due to
the relatively low solubility in water, residual NAPL
remaining in unsaturated zone might act as a long-term
source of soil and groundwater contamination [1]. To
implement effective management and remediation measures
at these contaminated sites, it is imperative to understand
the transport behavior of NAPL under complex hydrogeological conditions.
The transport of NAPL in the subsurface is strongly
influenced by organic matter and porosity of the soil matrix. Soil organic matter (SOM) is generally considered as
the most important sorbent in soils. Sorption coefficients
of many organic contaminants are strongly correlated with
SOM contents especially in surface soils that contain appre* Corresponding author

Three typical Chinese soils, black soil (soil A), fluvoaquic soil (soil B), and red soil (soil C), were adopted in
this work. After collection from the surface layer (0-20
cm), the soils were air-dried and sieved through a 2-mm
mesh. The physical and chemical characteristics of the
three soils are presented in Table 1. In the toluene
transport experiments, a fixed amount of water was mixed
with given amount of soil. The moisturized soil was then
sealed in double plastic bags and equilibrated for at least
24 h before packed into columns. Soil material with a
volumetric water content of 10% was kept the same for all
samples applied in this work.
Pore size distribution of the soil samples was determined by both mercury intrusion porosimeter (MIP) (Pore
Sizer 9305, Micromeritics, Non-cross, GA, USA) [8] and
nitrogen adsorption-desorption method with an accelerated surface area and porosimetry system (N2-BET) (ASAP
2010, Micromeritics, USA) [9].
2.2 Transport Experiments

The simulated toluene spill was performed in a 50 cm
high, 50 cm long, 5 cm thick Plexiglas chamber. Fig. 1(a)
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TABLE 1 - Selected physical and chemical properties of soils.

a

Soil

pH

CEC

Black soil

5.88

37.7

fOC

Surface area
a

Sand

Silt

Clay

(% )

2

(m /g)

(%)

(%)

(%)

4.8

14.7

34.7

35.7

29.6

Fluvo-aquic soil

8.46

10.5

1.4

7.7

57.8

25.9

16.3

Red soil

5.28

10.8

1.2

38.9

21.0

32.1

46.9

Fractional organic carbon.

Injection source

FIGURE 1 - Design of the experimental apparatus (a) and sampling locations (b).

shows the main features of the experiment. The chamber
was placed in a room that was maintained at 20 °C. The
chamber was filled and packed with unsaturated soil in a
stepwise manner with 1 cm layers of moisturized soil
each time to avoid preferential flow. To prevent soil loss,
a thin aluminum grid was installed at the bottom of each
chamber and covered with 2 cm silica sand (grain size
range: 0.7-1.2 mm). The soil samples were then filled
into the tank up to a thickness of 40 cm. Finally, the soil
sample were covered with a 2 cm layer of silica sand
again to prevent the loss of moisture.
To represent the leakage of NAPL into the subsurface, 40 ml of toluene (pure chemical) was poured into a
rectangular chamber with 4 cm by 5 cm size located in the
middle of the sand layer. The chambers were capped with
a glass cover to reduce the toluene evaporation. A 0.1 cm
diameter pinhole was drilled in the corner of the covering
glass to maintain atmospheric pressure inside the system.
The sample locations were set based on the Delaunay
Triangulated Irregular Network (DTIN) with more sample
locations near the source of contaminant spills (Fig. 1(b)).
The DTIN model represents a surface as a set of contiguous, non-overlapping triangles, within each triangle the
surface is represented by a plane [10]. Each sample location was collected in triplicate. The measured results (in
g/kg) were used to generate the contour plots in Fig. 2
using the Kriging interpolation method provided by the

software Surfer 10. The total amount of toluene in the soil
(m) was calculated based on the following equations:

(1)
(2)
where ci is the concentration of toluene in i sampling location, mi is the weight of soil in i sampling location, Ai is
the triangle area in i sampling location, and A is the total area
(2000 cm2), M is the total weight of soil in the chamber.
2.3 Sorption Experiments

Sorption experiments were carried out in 20 ml
brown glass vials with Teflon lined screw caps (Fisher
Scientific). Approximately 2 g of soil was added into a
vial, approximately 20 ml of 0.01 mol/L CaCl2 electrolyte
solutions was added. The vials were shaken at 150 rpm
for 24 h to fully mix the soil and solution. Then stock solution of toluene (in methanol) was added to the vial with a
microsyringe. The final concentrations were maintained
at 14.3 mg/L, 42.8 mg/L, 71.2 mg/L and 99.5 mg/L,
respectively. The volume percentage of the methanol
stock solution was kept below 0.1% to minimize cosolvent effects. The vials were then filled with electrolyte
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solution to leave minimal head space and were shaken at
150 rpm at room temperature for 2 h (the time required to
reach sorption equilibrium was predetermined). Afterwards, the vials were centrifuged at 3,000 g for 30 min,
and the supernatant was withdrawn to analyze the aqueous phase concentration. The sorbed mass at each equilibrium concentration was then calculated from the measured concentration in the solution based on mass balance.
Duplicate samples were conducted for each sorbent–soil
combination.
2.4 Chemical Analysis

Toluene concentration in soil samples was analyzed
using a gas chromatography equipped with a flame ionization detector (GC-FID) (Agilent 7890A) using helium
(≥ 99.999% purity) as the carrier gas coupled with an
automatic headspace sampler (Gerstel MPS Headspace
Injection with 2.5-mL-HS syringe) [11]. Separation was
accomplished using a HP-5MS 5% Phenyl Methyl Silox
Column (30 m × 0.25 mm × 0.25 µm). The soil samples
were transferred to 20-mL glass vials with Teflon-coated
septa and aluminum seals. The samples were equilibrated
for 15 min at 85°C and rotated at 400 rev/min. An aliquot
of 1 mL of the headspace gas was injected into the GC.
Calibration curves included at least six standards over the
test concentration range.

3. RESULTS AND DISCUSSION

y (cm)

When poured into the soil, toluene spread quickly.
With the extension of time, the two-dimensional transport
of toluene became slower. Fig. 2 shows the contour plots
of the toluene distribution in the three soils at 13 h after
the spill. Vertical migration was accompanied by lateral
spreading. The vertical migration distance of toluene in
the three soils followed the order of soil B (24 cm) > soil
A (17 cm) > soil C (12 cm); and the lateral migration
distance of toluene in the three soils followed the order of
soil C (18 cm) > soil A (15 cm) > soil B (10 cm). Correspondingly, the centers of contaminant plumes (the place
with the highest concentration of toluene) in soil A, soil
B, and soil C were 7 cm, 10 cm, and 0 cm, respectively. To

assure the quality of the experiment, the residual amounts
of toluene in the three soils were evaluated because of the
volatility of toluene. The estimation by DTIN method
showed that toluene residing in the soil samples were 94%
(soil A), 90% (soil B), and 91% (soil C), respectively.
Sorption of contaminants on SOM is often considered
as a fundamental process controlling their transport. Generally, contaminant cannot diffuse easily in a soil with
high sorption capacity [2-4]. Therefore, the sorption isotherms of the three soils (Fig. 3) were conducted to elucidate the contribution of sorption to toluene transport and
to distinguish the role of SOM in toluene transport. The
Langmuir sorption model (qe =Qmbce/(1+bce)) was applied to the experimental results and the determination
coefficients (R2) were calculated (Table 2). The sorption
capacity of toluene (Qm) calculated based on the Langmuir model in the three soils followed the order of soil A >
soil C ≈ soil B. The SOM contents of the three soils
were 4.8% (soil A), 1.4% (soil B), and 1.2% (soil C),
respectively. Therefore, the high sorption capacity of a
soil was probably due to its high SOM content, which is
in accordance with other previous studies [12-14]. However, the vertical migration distance of toluene in soil A
was deeper than that in soil C, contradicting with the
sorption capacities of the two soils. Similarly, the lateral
migration distances of toluene in soil C and soil B contradicted with their sorption capacities (Fig. 2). These phenomena indicate that toluene transport cannot be entirely
explained by the sorption behavior of SOM in soils.
Gerakis et al. [15] has reported that the differences in the
organic matter content of the soils did not cause differences in the retention of benzene, which is similar to our
results. The possible reason is that the residual water fills
the small pores and coats the surface of the soil, which
making these places inaccessible to contaminants [15].
As gravity and capillary force are the driving forces of
subsurface NAPL flow, we tried to use soil porosity characteristics to explain the differences of toluene transport in
the three soils. According to Hartmann and Beaumont [16],
pore sizes are classified into nanopores (< 0.1 μm), micropores (0.1–0.5 μm), mesopores (0.5–2.5 μm), macropores
(2.5–10 μm) and megapores (> 10 μm). As shown in Fig. 4,
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FIGURE 2 - Two-dimensional distributions of toluene in three soils at 13h after spill.
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FIGURE 3 - Sorption isotherms of toluene in three soils. Each data point represents the value of three replicate measurements.

Soil

Qm

b

R2

Black soil
Fluvo-aquic soil
Red soil

1938.77
507.67
679.27

0.011
0.028
0.024

0.9966
0.9897
0.9876

25

MIP

8

Volumetric percent (%)

Volumetric percent (%)

TABLE 2 - Langmuir model fitted sorption isotherms of toluene on soils.

6
4
2
0

0.01

0.1
1
10
Pore size (μm)

20
15
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Black soil
Fluvo-aquic soil
Red soil

5
0

0.00

100

N2-BET

0.02

0.04 0.06 0.08
Pore size (μm)

0.10

FIGURE 4 - Pore distributions of the three soils.

when the pore size distributions were determined by MIP
(covering the mesopore, macropore and megapore ranges), the megapore, macropore, and mesopore distributions
of soils A and B were similar, and the megapore, macropore,
and mesopore volumetric percent of soil A or soil B was
more than those of soil C. As we know, megapores,
macropores, and mesopores of soils can facilitate the
vertical transport of contaminants. This may be the reason
of the deeper vertical distances of toluene in soil A and B.
When the pore size distributions were determined by N2BET method (for the nanopore and micropore ranges), the
volumetric percent of nanopores and micropores was in
the order of soil C > soil A > soil B, which was just contrary to the order of vertical migration distance of toluene

in the three soils (soil B > soil A > soil C, Fig. 2). Nanopores or micropores always have high entry pressure,
and toluene will only penetrate into nanopores or micropores when the capillary pressure has been built up to
the level of entry pressure of the nanopores or micropores.
Therefore, nanopores and micropores present will significantly impede the vertical transport of contaminants [5,7].
Correspondingly, toluene accumulates and spreads above
the nanopores or micropores prior to entry, which leads to
the order of the lateral migration distance of toluene in
soils (soil C > soil A > soil B, Fig. 2) [17]. Oostrom et al.
[18] has found that the movement of CCl4 in fine-grained
sand (70 mesh) was substantially slower than that in medium-grained sand (20/30 mesh); moreover, lateral hori-
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zontal movement in fine-grained sand was more pronounced than that in medium-grained sand, which is similar to our results. These results suggest that the transport
of toluene in the three unsaturated soils were probably
due to the difference of the soil porosity distribution.

4. CONCLUSION
In this study, two-dimensional experiments were
conducted to investigate the contributions of soil organic
matter (SOM) and soil porosity to toluene transport in
three unsaturated soils (i.e., black soil, fluvo-aquic soil,
and red soil). The vertical migration distance of toluene in
the three soils followed the order of fluvo-aquic soil >
black soil > red soil and the lateral migration distance of
toluene in the three soils followed the order of red soil >
black soil > fluvo-aquic soil. The transport of toluene in
the three soils is only to a small extent dependent on the
sorption behavior of SOM, but influenced by the soil
porosity distribution.
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ABSTRACT
The genotoxicity of different sweeteners (acesulfame
K, aspartame, saccharin and sucralose), has been evaluated
in the wing spot and the comet assays, using Drosophila.
Results indicate that acesulfame K, saccharin and sucralose
were not genotoxic in either of the two assays used. Low
but significant increases were obtained in transheterozygous flies treated with aspartame; but, when aspartame results were evaluated in balancer-heterozygous flies, to determine the origin of the mutant clones, negative results were
obtained indicating that the observed effects induced by aspartame are mainly due to somatic recombination. Results
from aspartame in the comet assay show a genotoxic effect
of this sweetener. Thus, in spite of the lack of dose-response,
and the low value obtained in the negative concurrent control
in the wing spot test with aspartame, the results obtained in
the comet assay support a potential genotoxic role of aspartame, at least in Drosophila.
KEYWORDS: Sweeteners, Drosophila melanogaster, genotoxicity, SMART assay, comet assay

1. INTRODUCTION
Artificial sweeteners are chemicals added to a wide variety of food, drinks, drugs and hygiene products. Saccharin was the first artificial sweetener synthesized in early
1879, followed by cyclamate in the 1950s. Later, in 1981,
aspartame was introduced in the market. Nevertheless, since
1970 when cyclamate was banned by the Food and Drug Administration (FDA, USA), as suspicious to be carcinogen, a
hallo of hazard has covered the consumption of artificial
sweeteners [1].
Chemicals such as saccharin, cyclamate and aspartame
are considered to be the first generation of sweeteners. New
artificial sweeteners, such as acesulfame K and sucralose
have been further synthesized conforming the named second generation of sweeteners. In spite of their extended use,
the number of studies reporting data on their potential genotoxic risk are relatively scarce, and the results are not always
* Corresponding author

conclusive enough [2, 3]. Thus, further studies on the genotoxic risk of artificial sweeteners seem to be appropriate to
avoid the shadow of suspicion associated with their use.
Among the different approaches designed to evaluate
the genotoxic risk, those using Drosophila melanogaster as
in vivo model are particularly useful. It must be remembered
that this organism is one of the most genetically and experimentally accessible model organisms in biology. It has been
used to gain insight into molecular, cellular, developmental,
and disease processes that are conserved in mammals. Although mammals have two to three times as many genes
as Drosophila, they have approximately the same number
of gene families [4]. In addition, since about 75% of human
disease genes have related sequences in Drosophila, it has
been suggested that it can serve as an effective model to
study the function of a wide array of genes involved in human disease [5, 6].
Among the different approaches for the detection of
genotoxic damage in Drosophila, those using somatic cells
are especially relevant to score the effects on the exposed
individuals. Somatic mutations are directly linked with
cancer processes which have a relevant role on human
health [7]. The wing spot test is a useful tool that measures
the induction of somatic mutation and recombination in
Drosophila wing tissues, and no assays exist out of Drosophila to detect and quantify somatic recombination processes. The testing approach is based on the loss of heterozygosity in normal genes affecting the wing’s hairs and the
corresponding expression of two recessive markers, namely,
multiple wing hairs (mwh) and flare-3 (flr3), in the wing
blade of adult flies, which modify the structure of the normal
hairs that cover the wings. Thus, the induced genotoxic effects are microscopically observed as a significant increase
in the frequency of mutant spots (mwh or flr3), on the wing
tissues [8, 9]. In addition, recently, we have shown that the
comet assay can be used to detect the genotoxic effects on the
somatic cells of Drosophila larvae and human cells [10, 11].
Thus, the aim of this study is to extend our knowledge
on the possible genotoxic risk of four sweeteners, namely,
acesulfame-K, aspartame, saccharin and sucralose, measuring it potential to induce genotoxic effects after in vivo treatment of Drosophila. It is important to point out that no previous studies using Drosophila have been carried out to determine the genotoxic potential of artificial sweeteners.
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2. MATERIALS AND METHODS
2.1 Chemicals

Acesulfame K (C4H4KNO4S, CAS No. 55589-62-3),
aspartame (C14H18N2O5, CAS No. 22839-47-0), saccharin
(C7H5NO3S, CAS No. 81-07-2), sucralose (C12H19Cl3O8,
CAS No. 56038-13-2), and ethyl methanesulfonate (EMS,
CH3SO3SCH2CH3, CAS No. 62-50- 0) were obtained from
Sigma Chemical Co. (St Louis, MO, USA). Chemical formulas of acesulfame K, aspartame, saccharin and sucralose
are indicated in Fig. 1. Sweeteners were dissolved in distilled water to obtain the tested concentrations. Distilled
water served as a negative control, while 1 mM of EMS
for Drosophila wing spot test and 4 mM of EMS for comet
assay were used as a positive control.

a) Aspartame: C14H18N2O5 (N-aspartyl-phenylalanine-1-methyl ester)

constitution y; mwh j; and the flare-3 strain with the genetic
constitution flr3 / In (3LR) TM3, Bds. More detailed information on genetic markers and descriptions of the phenotypes are given by Lindsley and Zimm [12]. The wild-type
strain Oregon R+, efficient for all types of repair, was used
for comet assay experiments. These strains were cultured
in bottles with standard medium of Drosophila at a temperature of 25 ± 1 ºC and a relative humidity of ~ 60%.
2.3 Drosophila wing spot test protocol

The wing spot test is based on the loss of heterozygosity in the somatic cells of exposed larvae [13]. Larvae
were obtained from parental crosses between flare-3 virgin
females and mwh males. Previously, eggs were collected
during 8-h periods in culture bottles containing standard medium. After 72 ± 4 h, the resulting larvae were floated off
with tap water and then transferred into plastic vials containing 1.5 g of Drosophila Instant Medium (Carolina Biological
Supply Company Burlington, NC, USA), and re-hydrated
with 9 ml of the different concentrations of the test compounds. The larvae were fed on this medium until pupation.
All experiments were performed at 25 ± 1 oC and at a relative humidity of approximately 65%. The selected concentrations of sweeteners ranged from 5 to 75 mM. As indicated, 1 mM of EMS was used as a positive control.
After metamorphosis, all surviving flies were collected
and stored in a 70% ethanol solution at 4 oC. Afterwards, the
wings were removed and mounted on microscope slides in
Faure’s solution. The wings were scored at 400 X magnification for the presence of clones of cells showing malformed wing hairs. Such somatic spots appeared as single
spots, showing either the multiple wing hairs (mwh) or the
flare (flr3) phenotype, and twin spots showing adjacent
mwh and flr3 areas. Three categories of spots were recorded: small single spots (1-2 cells), large single spots
(>2 cells), and twin spots [8]. The percentage of recombination induced by the treatment was calculated according
to Frei and Würgler [14].

b) Acesulfame K: C4H4KNO4S (6-methyl-1,2,3-oxathiazine-4(3H)-one
2,2 dioxide)

c) Saccharin: C7H4NNaO3S.2H2O (2, 3-dihydro-3-oxobenzisosulfonazole sodium salt)

d) Sucralose: C12H19Cl3O8 (1,6-dichloro-1,6-dideoxy-b-D-fructofuranosyl4-chloro-4-deoxy-a-D-galactopyranoside)
FIGURE 1 - Chemical structures of aspartame (a), acesulfame K (b),
saccharin (c) and sucralose (d).
2.2 Strains

Two D. melanogaster strains were used for the wing
spot test: the multiple wing hair strain having the genetic

2.4 Haemocytes comet assay protocol

Third instar larvae (72 ± 4 h old) were placed in plastic
vials containing 4.5 g of Drosophila instant medium, prepared with the different concentrations of the selected
sweeteners. Immediately before use, the compounds were
dissolved in distilled water. Larvae were fed on this medium during 24 ± 2 h. Distiller water and EMS were used
as negative and positive control, respectively. All the experiments were carried out at 25 ± 1 ºC and ~60% of relative
humidity.
D. melanogaster haemocytes were collected according
to [10]. Chilled larvae, 96 ± 2 h old, were removed from
food media, washed in water, sterilized in 5% bleach and
dried. The cuticle from 40-60 larvae was disrupted with
two fine forceps and the haemolymph and circulating haemocytes were directly collected in cold PBS solution containing 0.07% PTU, and separated in 1.5-ml microcentrifuge tubes. Pooled haemolymph was centrifuged at 300 g

3427

© by PSP Volume 23 – No 12c. 2014

Fresenius Environmental Bulletin

for 10 min at 4 ºC; the supernatant was discarded and the
pellet was resuspended in 20 µl of cold PBS.
For the comet assay, cell samples (~ 40,000 cells in
20 µl) were carefully resuspended in 140 µl of 0.75% LMA
prepared in PBS, layered onto microscope slides precoated
with 150 µl of 1% NMA (dried at room temperature). The
slides were immediately covered with cover slips and kept
on ice for 5 min to solidify the agarose. After solidification,
the cover slips were removed and 80 µl of molten 0.75%
LMA prepared in PBS was spread on the slides. The slides
were again covered with cover slips and kept on ice for
5 min. Then, the cover slips were removed and the slides
were immersed in cold, freshly made lysis solution (2.5 M
NaCl, 100 mM Na2EDTA, 10 mM Tris, 1% Triton X-100
and 1% N-laurosylsarcosinate, pH 10) for 2 h at 4 ºC in a
dark chamber. Dimethyl sulfoxide (DMSO) was omitted
from the lysis solution, because it has been considered unnecessary for Drosophila tissues, and DMSO at low concentrations is cytotoxic in Drosophila [15, 16]. To prevent
additional DNA damage, the following steps were performed under dim light. Slides were placed for 25 min in a
horizontal gel electrophoresis tank filled with cold electrophoresis buffer (1 mM Na2EDTA and 300 mM NaOH, pH
>13) to allow DNA unwinding. Electrophoresis was carried
out in the same buffer for 20 min at 25 V and 300 mA. Unwinding and electrophoresis processes were done at 4 ºC. After electrophoresis, slides were neutralized with three
washes of 5 min with 0.4 M Tris (pH 7.5), fixed with absolute ethanol for 3 min and stored in the dark at room temperature until scoring. Just before microscopic analysis, the
slides were stained with 50 µl of ethidium bromide (EtBr)
solution (60 µg/ml) for 10 min and covered with a cover
slip. For the visualizing of DNA damage, slides were examined at 400X magnification using a fluorescence microscope (Nikon Eclipse E200) equipped with a 480-550 nm
wide band excitation filter and a 590 nm barrier filter connected to a CCD camera and an image analysis system
(Comet assay IV version 4.11, Kinetic Imaging, UK). One
hundred fifty randomly selected cells (50 cells per three
replicate slides) were analyzed per treatment. The percentage of DNA in the tail (% DNA tail) was used to measure
DNA damage, given its extended and recommended use
for comet data analysis [17]. The cells with no head or a
dispersed head were regarded as apoptotic cells, and were
not included in the analysis.
2.5 Statistical analysis

For the wing spot assay, data was evaluated according
to the multiple-decision procedure of Frei and Würgler
[14]. For the statistical calculations, the conditional binomial test according to Kastenbaum and Bowman [18] was
used with 5% of significance levels.
For the comet assay, the general linear model (GLM)
was used to analyse significant differences between data
results. The Fisher (LSD) post hoc test was performed to
compare controls versus treatments in each experiment.
Results were considered to be statistically significant at P

≤ 0.05. All data were presented as arithmetic mean ± standard error, and 95% confidence intervals. Finally, data analyses were performed using Statgraphics plus, version 5.1.
(Statistical Graphics Corporation, 2001, Rockville, MD).

3. RESULTS AND DISCUSSION
The results obtained in the wing spot test for the genotoxic evaluation of acesulfame K are shown in Table 1. As
indicated, none of the five concentrations tested were able to
induce significant increases in the frequency of the different types of spots recorded, with respect to the negative
control obtained treating larvae with distilled water. Data
obtained in the positive control indicate that 1 mM EMS
induces high and significant increases in the frequency of
mutant clones, confirming the validity of the experiment
carried out. All reported data were obtained scoring marker
trans-heterozygous flies.
Table 2 refers to the five concentrations tested for aspartame in the wing spot test using trans-heterozygous larvae, showing the frequency of observed spots, classified as
small single, large single and twin spots. With respect to the
genotoxic effects induced by aspartame, positive responses
were obtained for small and total spots; nevertheless, no
dose-response relationship was obtained and the frequency
of mutant clones was similar to those obtained in the negative controls carried out with acesulfame K. To discriminate the possible genotoxic mechanism induced by aspartame, the clones obtained in the balancer-heterozygous
flies (mwh/TM3) were also scored (Table 3). In this way,
the clones induced by somatic recombination can be discriminated from those originating by somatic mutation. As
observed, the results obtained in balancer-heterozygous
wings were not statistically different from those obtained
in the control group for any of the spot categories recorded
(Table 3). It must be remembered that, in balancer-heterozygous individuals, the recombination process is suppressed
and, consequently, only clones induced by mutation can be
obtained. From a comparison of the results obtained in
trans-heterozygous and balancer-heterozygous flies, we
determined that induced mutant clones result from somatic
recombination.
Genotoxicity data of saccharin in the wing spot assay
are indicated in Table 4. As indicated, none of the concentrations tested were able to induce increases in the frequency
of any of the recorded spots, with respect to those obtained
in the negative control. Similar data were obtained in the
genotoxicity testing of sucralose (Table 5), where treatments
were unable of inducing significant increases in the frequency of mutant clones. With respect to the genotoxic effects of the selected sweeteners, the detected effects are indicated in Table 6.
As a summary, only aspartame was able to induce significant increases in the frequency of mutant clones, but
only when the induced spots were referred to its concurrent
negative control. Results lost significance when they are

3428

© by PSP Volume 23 – No 12c. 2014

Fresenius Environmental Bulletin

TABLE 1 - Genotoxicity of acesulfame K in the Drosophila wing spot test. Results obtained with mwh/flr3 wings
Test Compound
(mM)

Small single spots
(1-2 cells)
(m = 2)
No
Fr
D
27
(0.34)
144 (1.80)
+

Large single spots
(> 2 cells) (m = 5)

Twin spots
(m = 5)

Total mwh spots
(m = 2)

No
Fr
D
No
Fr
D
No
Fr
D
Distilled water
5
(0.06)
3 (0.04)
35
(0.44)
1 mM EMS
45
(0.56)
+
18 (0.23)
+
194 (2.43)
+
Acesulfame K
5
16
(0.20)
0
(0.00)
0
(0.00)
16
(0.20)
10
21
(0.26)
4
(0.05)
1
(0.01)
26
(0.33)
25
17
(0.21)
5
(0.06)
2
(0.03)
24
(0.30)
50
20
(0.25)
2
(0.03)
0
(0.00)
22
(0.28)
75
14
(0.18)
3
(0.04)
2
(0.03)
19
(0.24)
No: number, Fr: frequency, D: statistical diagnosis according to Frei and Würgler (1988), +: positive, -: negative,
i: inconclusive, m: multiplication factor, probability levels α = β = 0.05. Eighty wings were scored per concentration.

Total spots
(m=2)
No
Fr
D
35 (0.44)
207 (2.59)
+
16
26
24
22
19

(0.20)
(0.33)
(0.30)
(0.28)
(0.24)

-

TABLE 2 - Genotoxicity of aspartame in the Drosophila wing spot test. Results obtained with mwh/flr3 wings
Test Compound

Small single spots
(1-2 cells) (m=2)
No
Fr
D
12
(0.15)
163 (2.04)
+

Large single spots
(> 2 cells) (m=5)
No
Fr
D
2
(0.03)
89
(1.11)
+

Twin spots
(m=5)
No
Fr
D
2
(0.03)
32 (0.40) +

Total mwh spots
(m=2)
No
Fr
D
16
(0.20)
273
(3.41)
+

Total spots
(m=2)
No
Fr
16
(0.20)
284
(3.55)

Distilled water
1 mM EMS
Aspartame
5
19
(0.24)
i
1
(0.01)
i
3
(0.04)
i
23
(0.29)
i
23
10
30
(0.38)
+
5
(0.06)
i
1
(0.01)
i
35
(0.44)
+
36
25
31
(0.39)
+
3
(0.04)
i
0
(0.00)
34
(0.43)
+
34
50
27
(0.34)
+
1
(0.01)
i
4
(0.05)
i
32
(0.40)
+
32
75
30
(0.38)
+
4
(0.05)
i
0
(0.00)
34
(0.43)
+
34
No: number, Fr: frequency, D: statistical diagnosis according to Frei and Würgler (1988), +: positive, -: negative, i: inconclusive,
m: multiplication factor, probability levels α = β = 0.05. Eighty wings were scored per concentration.

D
+

(0.29)
(0.45)
(0.43)
(0.40)
(0.43)

i
+
+
+
+

TABLE 3 - Genotoxicity of aspartame in the Drosophila wing spot test. Results obtained with mwh/TM3 wings
Test Compound

Small single spots
(1-2 cells) (m=2)
No
Fr
D
17
(0.22)
63
(0.79)
+

Large single spots
(> 2 cells) (m=5)
No
Fr
D
2
(0.03)
30 (0.38)
+

Total mwh spots
(m=2)
Fr
D
1.02 (0.25)
93 (1.06)
+

Total spots
(m=2)
No
Fr
D
19 (0.25)
93 (1.06)
+

Distilled water
1 mM EMS
Adspartame
5
13
(0.16)
3
(0.04)
i
16
(0.20)
16
(0.20)
10
11
(0.14)
6
(0.08)
i
17
(0.21)
17
(0.21)
25
8
(0.10)
5
(0.06)
i
13
(0.16)
13
(0.16)
50
14
(0.18)
2
(0.03)
i
16
(0.20)
16
(0.20)
75
8
(0.13)
2
(0.03)
i
10
(0.16)
10
(0.16)
No: number, Fr: frequency, D: statistical diagnosis according to Frei and Würgler (1988), +: positive, -: negative,
i: inconclusive, m: multiplication factor. Probability levels α = β = 0.05. Eighty wings were scored per concentration.
*
Calculated using these results and data from Table 2.

-

Recombination
(%) *

45
110
169
100
169

TABLE 4 - Genotoxicity of saccharin in the Drosophila wing spot test. Results obtained with mwh/flr3 wings
Test Compound
(mM)

Small single spots
(1-2 cells) (m=2)
No Fr
D
27 (0.34)
144 (1.80)
+

Large single spots
(> 2 cells) (m=5)
No
Fr
D
5
(0.06)
45
(0.56)
+

Twin spots
(m=5)
No
Fr
D
3
(0.04)
18
(0.22)
+

Total mwh spots
(m=2)
No
Fr
D
35
(0.44)
194 (2.42) +

Distilled water
1 mM EMS
Saccharin
5
19
(0.24)
1
(0.01)
3
(0.04)
i
23
(0.29) 10
22
(0.28)
2
(0.03)
3
(0.04)
i
27
(0.34) 25
15
(0.19)
5
(0.06)
3
(0.04)
i
23
(0.29) 50
25
(0.35)
5
(0.07)
0
(0.00)
30
(0.42) 75
17
(0.21)
3
(0.04)
2
(0.03)
22
(0.28)
No: number, Fr: frequency, D: statistical diagnosis according to Frei and Würgler (1988), +: positive, -: negative,
i: inconclusive, m: multiplication factor, probability levels α = β = 0.05. Eighty wings were scored per concentration.
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Total spots
(m=2)
No
Fr
35
(0.44)
207
(2.59)

D

23
27
23
30
22

-

(0.29)
(0.34)
(0.29)
(0.42)
(0.28)

+
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TABLE 5 - Genotoxicity of sucralose in the Drosophila wing spot test. Results obtained with mwh/flr3 wings
Test Compound
(mM)

Small single spots
(1-2 cells)
(m=2)
No
Fr
D
27 (0.34)
144 (1.80)
+

Large single spots
(> 2 cells) (m=5)

Twin spots
(m=5)

Total mwh spots
(m=2)

Total spots
(m=2)

No Fr
D
No Fr
D
No
Fr
D
No
Distilled water
5 (0.06)
3 (0.04)
35
(0.44)
35
1 mM EMS
45 (0.56)
+
18 (0.22)
+
194 (2.42) +
207
Sucralose
5
30 (0.38)
8 (0.10)
i
0 (0.00)
38
(0.48) 38
10
34 (0.43)
4 (0.05)
1 (0.01)
39
(0.49) 39
25
26 (0.33)
4 (0.05)
3 (0.04)
i
33
(0.41) 33
50
19 (0.25)
3 (0.04)
2 (0.03)
23
(0.30) 24
75
10 (0.13)
0 (0.00)
0 (0.00)
10
(0.13) 10
No: number, Fr: frequency, D: statistical diagnosis according to Frei and Würgler (1988), +: positive, -: negative, i: inconclusive,
m: multiplication factor, probability levels α = β = 0.05. Eighty wings were scored per concentration.

Fr
(0.44)
(2.59)

D

(0.48)
(0.49)
(0.41)
(0.32)
(0.13)

-

+

TABLE 6 - Genotoxicity of the selected sweeteners in the comet assay using larvae haemocytes from Drosophila
Genotoxic damage (% of DNA in tail) a
Acesulfame-K
Aspartame
Saccharin
Control water
17.30 ± 4.87
7.81 ± 3.18
17.30 ± 4.87
EMS (4 mM)
40.39 ± 6.49**
23.02 ± 2.19*
40.39 ± 6.49**
5
12.95 ± 3.94
7.60 ± 3.22
16.06 ± 4.74
16.06 ± 4.67
10
20.02 ± 5.29
23.04 ± 5.43*
10.34 ± 1.32
25
20.33 ± 5.07
24.44 ± 5.12*
9.26 ± 3.49
50
19.40 ± 5.01
27.31 ± 4.62*
EMS, ethyl methanesulphonate. a Mean ± standard error from two experiments (150 cells).
*
P < 0.05, ** P < 0.01 versus control water.
Concentrations (mM)

Sucralose
7.81 ± 3.18
23.02 ± 2.19*
8.37 ± 2.30
4.74 ± 2.15
7.92 ± 2.85
6.64 ± 2.65

compared with the negative results obtained in the experiments testing the other sweeteners.

row cells [20], as well as DNA breaks as detected by the
comet assay [3].

From our experimental data, only aspartame seems to
pose a weak potential of genotoxic risk, at least when evaluated using somatic cells in Drosophila.

Sucralose has been reported as non genotoxic, based
on the data collected in many genotoxicity tests including
the Ames (Salmonella typhimurium) reverse mutation test,
the Escherichia coli pol A+/A- test, an in vitro chromosome
damage assay in human lymphocytes, a test detecting gene
mutation in TK +/- mouse lymphoma cells, an in vivo chromosome aberration test in rats, and two separate micronucleus tests in mice [22]. In addition, sucralose was also found
to be non-genotoxic in the rat hepatocyte DNA repair assay
[2]. All these results, together with those obtained in Drosophila, would support the overall conclusion stated by regulatory and heath agencies indicating that sucralose is safe
for its intended use, at least from the genotoxicological
point of view.

The negative results obtained with acesulfame K seem
to confirm the early conclusions reached by the FAO/WHO
Expert Committee of food additives [19]. Nevertheless, it
must be pointed out that some positive genotoxic results
have been reported with this sweetener, as those of
Mukherjee and Chakrabarti [20] in orally administered mice
who obtained clastogenic effects in bone marrow cells.
These positive results have also been obtained in a more recent study by using the comet assay applied to the bone marrow cells of Swiss albino mice [3]. In spite of this activity on
mouse cells, no DNA damaging activity has been found in
the rat/hepatocyte/DNA repair assay [2], and in the Ames/
Salmonella/microsome test in bacteria [3].
Data on saccharin have reported no genotoxic risk, as
early reviewed by Arnold and Boyes [21]. In addition, the
carcinogenic risk of saccharin consumption seems to be
negligible, if existing [1]. This negative genotoxic potential
of saccharin has been further confirmed in other studies,
such those using the rat/hepatocyte/DNA repair assay [2],
or the Ames/Salmonella/microsome test in bacteria [3].
Thus, our negative results would agree with these data;
nevertheless, it must be stated that DNA damage induction
has been also reported in orally treated mice where chromosomal aberrations have been reported in the bone mar-

Although aspartame has been considered to be safe
for human health [23], this sweetener has been the subject
of many studies designed to determine its genotoxic or carcinogenic potential. Although several studies have shown that
aspartame does not have any cancer-inducing effects, even
in high doses, there are studies indicating its carcinogenic
potential [1, 24]. With respect to the genotoxic potential of
aspartame, repeated negative results have been obtained in
bacteria [25], although a weak effect was obtained in these
organisms after nitrosation [26]. In in vitro studies with
mammalian cells, negative results were obtained in the rat
hepatocytes/DNA repair assay [2], but positive induction
of chromosomal aberrations and micronuclei were observed in treated cultured human lymphocytes [25]. In in
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vivo studies, aspartame has produced positive results inducing genetic damage in the bone marrow cells of mice,
as observed using the comet assay [3]. No studies in Drosophila have tested the genotoxic potential of aspartame,
and our positive findings would agree with those positive
results reported by other authors both in vitro and in vivo,
confirming a certain potential genotoxic risk associated
with aspartame consumption.
Genotoxic risk of aspartame has been associated to its
metabolism. In the gastrointestinal tract, aspartame is metabolized into aspartic acid, phenylalanine and methanol,
which are absorbed in the systemic circulation. Thus, several metabolites of aspartame have shown genotoxic potential, as is the case of formaldehyde that generates adducts
in nucleic acids [27], and methanol, another metabolite reported to be genotoxic [28]. In this point, it must be recalled that Drosophila is able to carry out most of the metabolic transformations that take place in the mammalian
liver [29].
Thus, Drosophila is a useful tool to detect those compounds that require metabolic transformation to generate
genotoxic by-products.

4. CONCLUSIONS
Our study shows that aspartame, at high concentrations, has a weak but significant genotoxic potential, and
perhaps this weak genotoxicity may be responsible of the
contradictory data found in literature. This suggests further
studies to characterize how aspartame can exert such genotoxicity. A recent paper showed that reactive oxygen species production are observed in endothelial cells after aspartame treatment as well as the induction of blood vessels
formation [30]. This angiogenic potential suggests that
more studies are required to determine the real risk that
such an exposure can suppose to human health.
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ABSTRACT
The physical and chemical properties of montmorillonite have been measured. Then, the structure of montmorillonite has been conducted by infrared spectroscopy,
X-ray diffraction analysis and simultaneous thermal analysis. Finally, cadmium adsorption behavior on montmorillonite has been studied. The cadmium adsorption on montmorillonite fitted to Langmuir, Freundlich and Dubinin–
Radushkevich models. Adsorption of cadmium on montmorillonite was severely affected by the ionic strength,
and presented fast as well as slow processes. The adsorption kinetics met the Lagergren pseudo second-order
equation well. The false thermodynamic parameters calculated through adsorption kinetics data at 293, 303, 313,
and 323 K showed that the ion exchange was the main
adsorptive way of cadmium on montmorillonite. The adsorption was a spontaneous and endothermic process.
KEYWORDS:
Montmorillonite, cadmium, adsorption, kinetics, thermodynamics

1. INTRODUCTION
The results of 1 to 250000 multi-goals geochemical
survey in the coverage area organized by the China Geological Survey Bureau showed that Cd anomalies in soils
reached 10 to 100-km widths from the headwaters to the
estuary of the Yangtze River [1]. The Cd anomaly along
the whole Yangtze River came from the supergene weathering of Cd-rich geological body, and the human activity
aggravated enrichment degree in some areas [2]. In the plain
area of the Pearl River Delta (distributive area of quaternary
transitional sediments), there was a large regionally distributed Level-3 Cd-polluted soil according to environmental
quality standard for soils of PRC. The Cd content was
comparatively high in the alluvial plain of the West River
and North River, while it was relatively low in the East
River. The Cd-rich region was consistent with the sediment sources in the West River and North River; the
* Corresponding author

process of marine transgression and regression might lead
to the enrichment of Cd [3]. In addition to the geologic
reason for heavy metal accumulation in the topsoil, adsorption, ion exchange, complexation, precipitation, dissolution and redox could affect environmental behavior of
heavy metals in soils. Adsorption and ion exchange were
the most important chemical properties of soil, and would
be main reason that soil had a certain self-purification
capacity to heavy metals [4]. The adsorption and ion
exchange property of soil depended on the composition,
content and form of the soil`s solid phase (which is mainly
clay mineral).
The extensive meaning of bentonite was put forward
on the world clay conference held 1972 in Madrid, Spain.
Bentonite is a claystone whose main component is montmorillonite. Montmorillonite belongs to the 2:1 clay family. The basic structure unit is composed of two Si-O tetrahedrons with angle entad (towards the inside, away
from surface), and an A1-O or Mg-O octahedron clamped
in the middle [5]. The isomorphous substitution of a part
of Al3+ by Mg2+ in the octahedron layer and a part of Si4+
by Al3+ in the tetrahedron layer result in the permanent
negative charge center. Montmorillonite has many unique
performances, dilatability, dispersivity, adsorbility, cation
commutativity, cohesiveness, stability, avirulence etc. The
montmorillonite could retain Cd in soils through electrostatic forces, ion exchange and complexation [6]. Therefore, the study of Cd adsorption behavior on montmorillonite shows profound theoretical and actual significance
for understanding the migration, transformation and accumulation of Cd in soils.
The studies of Cd adsorption on montmorillonite had
focused on the optimal adsorption conditions [6-10], or
modification, such as Na-modifying [11], acid modifying
[12], calcined modifying [13], salt modifying [14] and
organic reagent modifying [15]. However, the effect of
ion intensity on adsorption was neglected. What is more,
the adsorption mechanism of kinetics and thermodynamics
had been rarely reported. Zhu et al. [8] and Rao et al. [10]
had studied the adsorption mechanism of Cd on montmorillonite derived from different regions, respectively, and the
same results were concluded that the Cd adsorption on
montmorillonite fitted Freundlich model but the kinetics of
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adsorption behavior fitted Lagergren quasi-second model.
Song et al. [16] had studied organo-bentonite modified with
cetyl trimethyl ammonium bromide and 1-(2-pyridylazo)-2naphthol; the adsorption behavior also followed Langmuir
adsorption isotherm and pseudo-second-order kinetic model.
The 113Cd solid-state nuclear magnetic resonance (NMR)
was used to identify possible Cd2+ adsorption sites on montmorillonite. There was a two-site model: a larger particle size
favored Cd2+ adsorption on the external surface whereas a
smaller particle size favored that in the interlayer [17].
This study had tested saturated adsorption capacity of
Cd on montmorillonite under different ionic strengths,
and performed kinetics adsorption experiments for 48 h at
293, 303, 313, and 323 K. The kinetic and thermodynamic
behavior had been further discussed. The results will provide basic experimental data for Cd detention mechanism
in soils. It is very meaningful for montmorillonite used in
the remediation of Cd pollution in soil.

2. MATERIALS AND METHODS
2.1 Apparatus and reagents

GGX-6A Zeeman flame atomic absorption spectrometer (Beijing Geological Instrument Factory), S4 Pioneer Xray fluorescence spectrometer (Germany, Bruker company),
D/MAX-ⅢC X-ray Diffractometer (Japan Science Elec-

tric Company), STA409PCLuxx Simultaneous thermal
gravimetric analyzer (STA) (Germany, Netzsch company),
Z323 Freezing Centrifuge (Jiangsu Jintan Medical Equipment Factory), and SHZ-82 Swing-type water-circulator bath
oscillator (Jiangsu Jintan Jincheng Experimental Equipment
Factory) were used for experiments.
The reagents CdCl2.4H2O (Chengdu Kelong Chemical
Reagent Factory), KNO3, HCl, and NaOH were of analytical grade. All the glassware was treated in 10% nitric acid
prior to use, and the experimental water was distilled.
2.2 Experimental Methods

Adsorption experiment: Aliquots of 0.2500 g montmorillonite were put into 50-ml conical flasks, a certain concentration of cadmium was added, and the ratio of solid to
liquid was 1:100. Then, the pH value was adjusted to 6.5,
and 1 M KNO3 was added to adjust the ionic strength. The
conical flasks were shaken for 60 min at 25 ±1 ºC in the
bath oscillator and put aside for 12 h. The solutions were
transferred to centrifuge tubes and centrifuged for 20 min at
5600 rpm. The Cd of supernatant was determined by atomic adsorption spectrometry.
Adsorption kinetic experiment: the Cd concentration
was 20.00 µg/ml, and the KNO3 concentration was 0.1 M.
The conical flasks were shaken for 48 h at 293, 303, 313
and 323 K. The rest of experiments was as above (adsorption experiments).

TABLE 1 - Physical and chemical properties of montmorillonite.
Item
Value

Na2O
(%)
0.24

MgO
(%)
4.57

Al2O3
(%)
15.19

SiO2
(%)
58.17

K2O
(%)
0.26

CaO
(%)
2.53

MnO
Surface
CEC
(%) area (m2/g) (mmol/g)
0.0240
856.75
0.8709

Fe2O3
(%)
4.78

[钙基

獔吭]

Expansion
times (ml/g)
10

( )

d=3.0230

d=1.4983

d=3.7321

10.0

d=2.5669
d=2.4844

15.0

d=3.1324

d=4.464

20.0

d=3.4940
d=3.3391

d=4.032

25.0

d=5.042

Intensity (%)

30.0

d=15.03
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FIGURE 1 - XRD pattern of montmorillonite
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3. RESULTS AND DISCUSSION
3.1 Characteristics of sample

The montmorillonite was obtained from Sihui, Guangdong, China. The physical and chemical properties had been
determined by X-ray fluorescence and other chemical experiments.
The XRD data (Fig. 1) show that the clay is made up
of montmorillonite-15A (Ca0.2(Al,Mg)2Si4O10(OH)2.H2O; the
characteristic peak is 1.509 nm) and cristtobalite (SiO2, the
characteristic peak is 0.4032 nm). The content of montmorillonite is about 80%.

Simultaneous thermal analysis gets the differential
scanning calorimetry (DSC), thermogravimetric analysis
(TG) and derivative thermogravimetry (DTG). DSC and
TG curves supplement and verify thermal variables each
other. The first valley is at 99.3 °C with the weight loss of
11.26 %, which is the adsorption water on the montmorillonite surface. The second valley is at 159.6 °C with the
weight loss of 4.82 %, which is interlayer water. The third
valley is at 688.5 °C when the crystallization water of montmorillonite loses, which leads to weight loss of 9.73 %. The
fourth valley is relatively small, and is at 889.3 °C; the
montmorillonite crystal structure has changed, namely,
phase transition, but there is no weight loss.

FIGURE 2 - Thermal analysis graph of montmorillonite

FIGURE 3 - IR spectrum of montmorillonite
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The IR spectrum of montmorillonite is shown in Fig. 3.
The absorption band at 3625 cm-1 is attributed to stretching
of O-H on the montmorillonite. The absorption bands at
3400 cm-1 and 1641 cm-1 are ascribed to stretching vibration and bending vibration of O-H in H2O, respectively.
The absorption bands at 1033 cm-1 and 461 cm-1 are due
to stretching vibration and bending vibration of Si-O-Si,
respectively. The absorption band at 791 cm-1 is associated
with Al-Mg-OH bending vibration. The absorption band at
513 cm-1 appears due to bending vibration of Si-O-Al.

amount increased rapidly with the time prolonging to
120 min and decreased from 120 to 300 min; subsequently,
the adsorption amount increased till equilibrium. At 313 K,
the adsorption amount increased rapidly in 120 min reaching an equilibrium soon after. At 323 K, the adsorption
amount increased rapidly in 180 min, decreased between
180 to 600 min, and then, the adsorption amount increased
slowly till equilibrium. The adsorption amounts of Cd on
montmorillonite showed a trend, which was rise-fall-risebalance. There were two processes during Cd adsorption
on montmorillonite; a fast process took place in about
120 min, then, the competition of adsorption and desorption continued till dynamic equilibrium, and that was
a slow reaction.
The Lagergren pseudo second-order equation, Elovich
equation, Emendatory Freundlich equation and Intraparticle
diffusion equation are often used to fit the adsorption of
metal ions on mineral materials [10, 18].
The Lagergren pseudo second-order equation is based
on adsorption capacity, which equally agrees with chemisorption being the rate-controlling mechanism in adsorption processes. It is expressed as follows:

1
t
t


2
qt k 2  q e
qe

FIGURE 4 - Kinetics curves of Cd adsorption at different temperatures
3.2. Adsorption kinetics

Figure 4 shows the relationship between adsorption
amount of Cd and the shaking time at 293, 303, 313 and
323 K, respectively. At 293 and 303 K, the adsorption

where, k2 (g/mg min) is the rate constant; qt and qe
(mg/g) are the amount of adsorption time t (min) and
adsorption equilibrium.

TABLE 2 - Kinetic fitting results for Cd adsorption on montmorillonite
Kinetic models
Lagergren pseudo second-order model

Elovich equation

Emendatory Freundlich equation

Intraparticle diffusion model

Temperature(K)
293
303
313
323
293
303
313
323
293
303
313
323
293
303
313
323

Kinetic linear equation
y=0.5430x+2.5389
y=0.5277x+0.5572
y=0.5185x+0.3243
y=0.5178x+2.4791
y=0.014x+1.740
y=0.033x+1.682
y=0.026x+1.757
y=0.023x+1.755
y=0.008x+0.553
y=0.018x+0.521
y=0.012x+0.573
y=0.012x+0.563
y=9×10-5x+1.807
y=0.003x+1.786
y=0.002x+1.843
y=0.002x+1.817

Correlation coefficient( R)
0.999
0.999
1
0.999
0.278
0.666
0.512
0.453
0.284
0.665
0.452
0.458
0
0.388
0.326
0.397

TABLE 3 - Adsorption kinetics data of Lagergren second order equation
Parameters
k2 (g/mg·min)
qe (mg/g)

293
0.0061
1.8416

Temperature (K)
303
313
0.4997
0.8290
1.8950
1.9286
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The Elovich equation is useful in describing adsorption on highly heterogeneous adsorbents. It is as follows:

qt 

1



1
ln( )  ln t



centration (ce, mg/L) when adsorption and desorption
reach dynamic equilibrium of solid and liquid. Langmuir,
Freundlich, Temkin and Dubinin Radushkevich models
are often used to describe adsorption isotherm [19, 20].

In the equation, α is related to rate of chemisorption
(initial adsorption rate) and τ is related to surface coverage (desorption constant).
The Emendatory Freundlich equation is used to describe the heterogeneity of energy distribution on the
adsorbent surface. It is described by:

ln qt  a  b ln t
In the equation, a and b are constants, b is related to
the adsorption rate.
The Intraparticle diffusion equation is an intraparticle
mass transfer diffusion model; it can be obtained by:
FIGURE 5 - The adsorption curve of Cd on montmorillonite

qt  k id t 1 2  C
where, kid is the rate constant of intraparticle diffusion, and C is a constant.
The adsorption kinetics of Cd was investigated by using four equations described above. The results are shown
in Table 2. Elovich, Emendatory Freundlich and Intraparticle diffusion equations could not describe the kinetics
adsorption process well, and the relative constants were
smaller than 0.7. The Cd adsorption on montmorillonite
obeyed Lagergren pseudo second-order equation, and
correlation coefficients were greater than 0.999 at 293,
303, 313, and 323 K. The equilibrium adsorption amount
and the adsorption rate constant under different temperatures were calculated according to the equilibrium equation. The equilibrium adsorption amounts were 1.8416,
1.8950, 1.9286 and 1.9312 mg/g at 293, 303, 313, and
323 K, respectively, according to the experimental values.
The equilibrium adsorption amount increased slowly with
the increase of temperature, showing that the effect of
temperature was less. The kinetics results showed that the
adsorption of Cd on montmorillonite was chemisorption.
3.3 Adsorption capacity and isotherm

Figure 5 shows the absorption curves of Cd on montmorillonite under different ion strengths. Absorption capability
of Cd on montmorillonite increased with the increase of Cd
concentration, but then tended to saturation. The saturated
absorption capacity decreased with the increase of ion
strength, experimental saturated absorption capacity on
montmorillonite decreased from 29.05 to 2.88 mg/g when
the KNO3 concentration increased from zero to 0.1 M. The
ion strength had much effect on absorption, and ion
strength easily affected ion exchange adsorption. The
results showed that Cd adsorption on montmorillonite was
mainly ion exchange adsorption.
During adsorption process, adsorption isotherm describes the relationship between the equilibrium adsorption
capacity (qe, mg/g) and the corresponding equilibrium con-

Langmuir model shows that the adsorbent surface is
uniform, adsorption is a unimolecular layer, and the surface adsorption energy is invariable with the adsorptive
process. The linear form is described as follows:

ce
c
1

 e
qe k L q m q m
where, kL is the Langmuir constant related to the energy of adsorption, qm is the maximum adsorption capacity (mg.g−1). Based on the further analysis of Langmuir
equation, the dimensionless parameter of the equilibrium
can be expressed as follows:

RL 

1
1  K L c0

where, c0 (mg/L) is the initial amount of adsorbate.
The RL parameter is considered as more reliable indicator
of the adsorption. There are four probabilities for the RL
value: (i) for favorable adsorption, 0 < RL < 1, (ii) for
unfavorable adsorption, RL >1, (iii) for linear adsorption,
RL = 1, and (iv) for irreversible adsorption, RL = 0.
Freundlich model shows that heat of adsorption is a
logarithmic decline with the increase of coverage in the
isothermal process. It is based on the assumption that the
adsorbate adsorbs onto the heterogeneous surface of the
adsorbent. The linear form is expressed as follows:

lg q e  lg k F 

1
lg c e
n

where, kF and n are Freundlich constants related to
adsorption capacity and adsorption intensity, respectively.
Temkin model assumes that the adsorption energy
decreases linearly with the surface coverage. The linear
form is given by the equation:

3437

qe  a  kT lg ce

© by PSP Volume 23 – No 12c. 2014

Fresenius Environmental Bulletin

where, kT is the Temkin constant related to the heat of
sorption (J.mol−1) and a is the Temkin constant (L.g−1).
Dubinin–Radushkevich (D–R) model is a semiempirical equation where adsorption follows a pore-filling
mechanism. It assumes that the adsorption has a multilayer character and involves van der Waals forces. It is
applicable for physical and chemical adsorption processes. The linear form is expressed as follows:

Inq e  Inq D   2

  RTIn(1 

1
)
Ce

1

E

 2

where, qD is the D–R constant (mg.g−1), β is the constant related to free energy, ε is the polanyi potential, and
E (kJ/mol) is average adsorption energy.
Langmuir, Freundlich and D-R model could fit the
Cd adsorption isotherm at 298 K, and the order of fitting
goodness was Freundlich > D-R > Langmuir. The Temkin

model could not depict the adsorption of Cd on montmorillonite well because the relation constants were smaller
than 0.9 showing that the adsorption energy was not a
linear change with the surface coverage.
According to the analysis results of Langmuir model,
saturated adsorption capacities were 30.395, 28.736 and
3.291 mg/g when KNO3 concentrations in the system
were 0, 0.01 and 0.1 M, respectively, consistent to experiment data.
The variation of the adsorption intensity (RL) with the
initial Cd concentration (c0; mg/L) is shown in Fig. 6. The
RL value ranged from 0.03 to 0.93 when Cd concentrations were from 5 to 800 mg/L. The RL approached zero
with the increase of initial Cd concentration. This parameter (0<RL<1) indicated that montmorillonite is a suitable
adsorbent for Cd. There was a very significant linear
relationship between saturated adsorption capacity (including experiment and calculation data) and the ionic
strength (Fig. 7); the correlation coefficients of cal. and
exp. were 0.999 and 0.996, respectively. The linear relationship showed that Cd adsorption on montmorillonite
was mainly ion exchange adsorption.

TABLE 4 - Thermodynamic fit results for Cd adsorption on montmorillonite(T = 298 K)

Equation name
Langmuir
Freudlich
Temkin
Dubinin Radushkevich

Ion intensity
(M)
0
0.01
0.1
0
0.01
0.1
0
0.01
0.1
0
0.01
0.1

Linear equation
(n=9)
y=0.032x+0.989
Y=0.034x+2.946
Y=0.311x+22.80
y=0.420x+0.398
y=0.623x-0.182
y=0.425x-0.680
y=8.227x+3.593
y=8.973x-2.400
y=1.142x-0.472
y=-4×10-9x-7.653
y=-6×10-9x-7.315
y=-4×10-9x-9.872

Parameters
qm
k
(mg/g)
0.032
31.25
0.012
29.41
0.014
3.215
2.500
0.658
0.209
8.227
8.973
1.142
53.4
74.8
5.80

FIGURE 6 - The variation of adsorption intensity
with initial metal concentration

1/n

a

E
(kJ/mol)

0.420
0.623
0.425
3.593
-2.401
-0.472
11.18
9.129
11.18

Correlation coefficient
R(n=9)
0.978
0.972
0.949
0.996
0.991
0.984
0.878
0.871
0.889
0.988
0.995
0.971

FIGURE 7 - The liner curve of saturated adsorption
volume and the concentration of KNO3
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In Freundlich model, if the values (adsorption exponent, 1/n) ly between 0.1 to 0.5, the adsorption is easy to
happen, and adsorption is difficult to perform if 1/n is
greater than 2. The fitting results of Freundlich model
showed 1/n values of 0.423，0.624 and 0.460 when
KNO3 concentrations were 0, 0.01 and 0.1M, respectively,
and Cd adsorption reaction on montmorillonite easily
happened.
The D–R model gives information about adsorption
mechanism as chemical or physical adsorption. If E value
is between 8 and 16 kJ/mol, the adsorption process is
chemical, and if E is smaller than 8 kJ/mol, the adsorption
is physical in nature. The values of E were 11.18, 9.129
and 11.18 kJ/mol under the different ion strengths, and
the adsorption process might be carried out via chemical
mechanism.

The results of adsorption kinetics and isotherm analysis showed that cadmium adsorption on montmorillonite
is a monolayer based on chemical adsorption; it is mainly
ion exchange. There are many active sites on the surface
and interlayer regions of montmorillonite. The forms of
cadmium are Cd2+, and Cd(OH)+ in aqueous solution.
First of all, cadmium occupies the active sites on montmorillonite surface, which is a rapid response process
performed within 120 min, and adsorption is an electrostatic process. When the surface active sites are all occupied, electrostatic adsorption with weak adsorption force
is desorbed; further, cadmium goes into the interlayer
active sites through ion exchange, and the adsorption and
desorption happen constantly until the balance; this is a
slow reaction process.
The cadmium adsorption mechanism on montmorillonite can be described as follows:



tic attraction
 M   Cd 2  Cd(OH)  Electrosta


  (M ) 2 Cd 2   M  Cd(OH) 

 M  OH  Cd 2  Cd(OH)  Ion
exchange

  (M  O) 2 Cd   M  OCd(OH)  H 
 M  ONa  Cd 2  Cd(OH)  Ion
exchange

  (M  O) 2 Cd   M  OCd(OH)  Na
 (M  O)Ca  Cd 2  Cd(OH)  Ion
exchange

  (M  O) 2 Cd   M  OCd(OH)  Ca2
3.4. Adsorption thermodynamics

The false thermodynamic parameters were also calculated using the following relations according to the data of
kinetics adsorption [19]:

Kc 

qe
ce

ln K c  

TABLE 5 - Adsorption thermodynamics data of Cd on montmorillonite
T (K)
293
303
313
323

(1)

ΔH ΔS

RT
R

(2)

G   RT ln K c

(3)

G  ΔH  TΔS

(4)

Kc is the equilibrium constant, qe and ce are the equilibrium Cd concentrations in the solid phase (mg/g) and
the solution (mg/L), R is the gas constant, and T is the
Kelvin temperature. ΔG, ΔH and ΔS are the free energy,
enthalpy and entropy, respectively.
ΔG, ΔH and ΔS were calculated according to the
slope and intercept of the plot of ln Kc~1/T (Table 5). The
adsorption enthalpy (ΔH) was 24.16 kJ/mol, and Cd adsorption on montmorillonte was an endothermic process.
The free energy values (ΔG) at different temperatures
were smaller than zero, indicating that the adsorption was
spontaneous. The absolute value of ΔG increased and the
driving force became stronger with the increase of temperature (temperature was benefit to the adsorption). The
entropy (ΔS) was greater than zero, and the degree of disorder increased after Cd was adsorbed on montmorillonite.

ΔH (kJ/mol)

24.16

ΔG (kJ/mol)
-0.3671
-1.487
-2.586
-2.772

ΔS (kJ/mol·K)

84.30

Cd replaced the more lively ions (Ca, Na, Mg, etc.) or
the hydrogen ions in the interlayer area of montmorillonite. 1 mol of Cd ions could exchange 2 mol of hydrogen or sodium ions, which induced the entropy increase
more than the entropy decrease caused by ion adsorption.

4. CONCLUSION
The adsorption of cadmium on montmorillonite included two adsorption processes: one fastly happening
within 120 min, and another slowly happening after 120
min. The adsorption kinetics met the Lagergren pseudo
second-order equation well. The Cd adsorption on montmorillonite fitted to Langmuir, Freundlich and D-R models. The ion strength affected the adsorption seriously, the
adsorption of Cd on montmorillonite was mainly ion exchange adsorption. The adsorption of Cd on montmorillonite was a spontaneous and endothermic process, and high
temperature was favorable to absorption. The montmorillonite is prone to adsorbed Cd, it can be a good mineral
remediation material for Cd-contaminated soils.

3439

© by PSP Volume 23 – No 12c. 2014

Fresenius Environmental Bulletin

ACKNOWLEDGEMENTS
Authors wish to acknowledge financial support from
nonprofit special research projects of Ministry of Land
and Resources of the People’s Republic of China (No.
201111016).
The authors have declared no conflict of interest.

[16] Song, E.J., Zhang, D., Xu, L.Z. and Ren, G.J.( 2010) Modification of organobentonite with PAN and ITS adsorption behavior for cadmium ion in water, Ion Exchange and Adsorption, 26, 16 -23.
[17] Paolad, L. and Paul, O. (1999) Nuclear magnetic resonance
(NMR) study of Cd2+ sorption on montmorillonite. Clays and
Clay Minerals, 47,761-768

REFERENCES
[1]

[15] Addy, M., Losey, B., Mohseni, R., Zlotnikov, E. and Vasiliev, A. (2012) Adsorption of heavy metal ions on mesoporous silica-modified montmorillonite containing a grafted
chelate ligand,Applied Clay Science, 59–60 ,115–120.

Cheng, H.X., Yang, Z.F., Xi, X.H., Zhao, C.D., Zhao, H.C.,
Zhang, J.X., Luo, J.L., Tang, J., Zhuang, G.M. and Wang,
W.D. (2005) A research framework for source tracking and
quantitative assessment of the Cd anomalies along the Yangtze River Basin, Earth Science Frontiers, 12, 261-271.

[2]

Cheng, H.X., Yang, Z.F., Xi, X.H., Zhao, C.D., Wu, X.M.,
Zhuang, G.M., Liu, Y.H. and Chen, G.G. (2005) Strategy and
tactics for tracing and source tracking of Cd anomalies along
the Changjiang river basin, Quaternary Sciences, 25,285-291.

[3]

Lai, Q.H. (2005) Multi-goal regional geochemical assessment
of ecological environment in Pearl River Delta of Guangdong
province, Doctoral dissertation, Chinese Academy of Science.

[4]

Li, X.H. (2001). Soil Chemistry, Higher Education Press,
Beijing, 56-63

[5]

Wu, P.X. (2004) Clay minerals and environmental remediation, Chemical Industry Press, Beijing.

[6]

Zhu, X.P. (2008) Study on migration of cadmium and arsenic
in the soils in the pearl river delta under the acid rain conditions, Chengdu University of Technology, College of Materials and Chemistry & Chemical Engineering, Chengdu, China

[7]

Li, H.J.(2006) The physicochemical properties and the adsorption of bentonite in yanting to Pb2+ and Cd2+, China
Mining Magazine, 15,76-79.

[8]

Zhu, X.P., Bai, D.K., Li, X.K., Zeng, J.P. and Cao, S.Y.
(2009) The adsorption behaviors of montmorillonite and
some other clay minerals for cadmium, Acta Petrologica et
Mineralogica, 28, 643-648.

[9]

Lacin, O., Bayrak, B., Korkut, O. and Sayan, E. (2005) Modeling of adsorption and ultrasonic desorption of cadmium(II)
and zinc(II) on local bentonite, Journal of Colloid and Interface Science, 292 ,330–335

[10] Rao, G.P.C., Satyaveni, S., Ramesh, A., Seshaiah, K.,
Murthy, K.S.N. and Choudary, N.V. (2006) Sorption of cadmium and zinc from aqueous solutions by zeolite 4A, zeolite
13X and bentonite, Journal of Environmental Management,
81,265–272
[11] Yang, X.H., Hu, Z.Q., Gao, A.L. and Zhu, Y.G. (2004) Study
on adsorption of Cd2+ with Na-modified bentonite, Environmental Chemistry, 23,506-509
[12] Peng, R.H. and Li, X.X. (2006) Adsorption of Ni2+ and Cd2+
ions by acid-modified bentonite, Materials Protection, 1,6567.
[13] Xia, C.B. and He, X.Z. (2000) Study on adsorption of heavy
metal ions with natural bentonite, Multipurpose Utilization of
Mineral Resource, 4, 38-40.
[14] Liu, Y., Wang, Y.Q. and Chen, H. (2001) Bentonite’s modifying and its application, China Ceramic Industry, 3,39-42.

3440

[18] Hardiljeet, K.B., Meera, J., Denis, M.O. (2011) Kinetics
and thermodynamics of cadmium ion removal by adsorption
onto nano zerovalent iron particles, Journal of Hazardous
Materials, 186,458–465.
[19] Agrawal, A. and Sahu, K.K. (2006) Kinetic and isotherm
studies of cadmium adsorption on manganese nodule residue.
Journal of Hazardous Materials, 137, 915-924.
[20] Jiang, Y.Q. (1983) Adsorption of arsenate by soils. Acta Pedologica Sinica, 20,394-405.

Received: August 13, 2013
Revised: February 10, 2014
Accepted: February 17, 2014

CORRESPONDING AUTHOR
Xiaping Zhu
College of Materials and Chemistry &
Chemical Engineering
Mineral Resources Chemistry Key Laboratory
of Sichuan Higher Education Institutions
Chengdu University of Technology
Chengdu 610059
P.R. CHINA
E-mail: zhuxiaping@cdut.edu.cn
FEB/ Vol 23/ No 12c/ 2014 – pages 3433 – 3440

© by PSP Volume 23 – No 12c. 2014

Fresenius Environmental Bulletin

INFLUENCE OF CULTURE CONDITIONS ON
LIGNINOLYTIC ENZYMES PRODUCTION FROM
Ganoderma lucidum USING AGRO-INDUSTRIAL RESIDUES
Fasiha Tun Nisa1, Muhammad Asgher2, Zahid Anwar1, Amber Afroz3, Nadia Zeeshan3,
Umer Rashid3, Muhammad Irshad1,*, Sajid Mehmood1 and Kalsoom Sughra3
1

2

Department of Biochemistry, NSMC University of Gujrat, Pakistan
Department of Chemistry and Biochemistry University of Agriculture Faisalabad Pakistan
3
Department of Biochemistry and Molecular Biology University of Gujrat, Pakistan

production of enzymes of industrial significance under solid
state fermentation (SSF) by WRF [1].

ABSTRACT
The present study was carried out to investigate the
ligninolytic enzymes production potential of G. lucidum
using different agro-industrial residues and their by-products.
The enzyme profile of G. lucidum showed highest activities
of manganese peroxidase (MnP) after 4th day of incubation on peanut shells followed by lignin peroxidase (LiP)
and laccase after 6th and 7th day of incubation on orange
peel and wheat straw, respectively. The enzyme with maximum activity (MnP) was optimized, therefore, through process optimization the production of MnP was substantially
enhanced up to 2160 ± 212 U/mL, when fermentation
medium of peanut shells inoculated with 5 mL spore suspension of G. lucidum. Other optimum conditions were:
pH, 5; moisture level, 70%; temperature, 40oC; carbon
source, glucose (1%); nitrogen supplement, yeast extract
(0.2%), and modulator, MnSO4.
KEYWORDS: G. lucidum; ligninolytic enzymes; process optimization; still culture; white rot fungi

1. INTRODUCTION
White Rot Fungi (WRF) belong to class basidiomycetes and are among the most effective microorganisms [1],
able to degrade lignin by the action of their oxidative
enzymes system, mainly phenoloxidases (laccases) and peroxidases (LiP and MnP) [1-4]. Lignin Modifying Enzymes
(LMEs) are industrially important, therefore, microorganisms able to produce them are interesting in view of the
potential importance in industrial processes like bioremediation, bioleaching of pulp paper, degradation and detoxification of recalcitrant substances, textile and dying units and
food industry [5-9]. A wide spectrum of lignocellulosic
agro-industrial residues and their by products are available
in abundance and considered as good substrates for the
* Corresponding author

MnP is considered unable to oxidize non-phenolic substrates, although it has potential capacity to depolymerize
synthetic or natural lignins in vitro [6]. Laccase belongs to
a family of multi copper oxidases, which has a wide range
of reducing substrates like polyphenols and methoxy
substituted phenols [2-4]. SSF is a process occurs under
complete absence of free flowing water contents in the
growth media. Enzyme production in solid-state fermentation is higher than in submerged fermentation and this is
mainly because, there are several advantages of SSF, for
example high productivities, extended stability of products and low production costs. With increasing progress
and application of rational methods in engineering, SSF
has achieved higher levels in standardization and reproducibility [2, 10].
Keeping in view the extensive industrial applications
of ligninolytic enzymes, this paper reports the influence
of culture conditions on ligninolytic enzyme production
potential of G. lucidum under SSF technique. In the present study, a practical approach was adopted that dealt
entirely with the use of different wastes (wheat straw, apple
pomace, peanut shells, orange peel and municipal paper
waste) to obtain useful products (ligninolytic enzymes).
The present study was also focused on providing a potential solution for the management of a large magnitude of
solid wastes.

2. MATERIALS AND METHODS
2.1 Chemicals and lignocellulosic substrates

All the chemicals used were of analytical grade. The
agro-industrial wastes, i.e., wheat straw, apple pomace,
peanut shells, orange peel, were obtained from a local
fruit market in Gujrat, Pakistan, while a large quantity of
municipal paper waste was collected from the routinely
distributed local newspapers. All of the substrates were
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crushed into pieces, dried, ground to fine particle size
prior to the use for experimental work.
2.2 Micro-organism and inoculum development

The pure culture strain of white rot fungi G. lucidum
was grown on potato dextrose agar (PDA) slants. Aqueous
spore suspension of G. lucidum was developed in 250 mL
Erlenmeyer flask containing 100mL of Kirk’s basal nutrient medium composed of (g/L); glucose, 10.0; ammonium
tartarate, 0.22; KH2PO4.7H2O, 0.21; MgSO4, 0.05; CaCl2.
2 H2O, 0.01; thiamine, 0.001; 10% tween-80, 10mL;
100 mM veratryl alcohol, 10 mL and 10mL/L trace elements solution. The inoculated flasks were incubated at
30oC in a continuous shaking position at 120 rpm to get
homogenous inoculum suspension of G. lucidum.
2.3 Solid state fermentation procedure

All the samples for ligninolytic enzymes production
were run triplically in 250mL laboratory scale Erlenmeyer
flasks. Each flask contained 5g substrate initially moistened (60% w/w moisture) with Kirk’s basal salt medium
(pH 4.0). The prepared sample flasks were autoclaved
(120oC) for 15 minutes and inoculated with fungal spore
suspension (4-5mL) under sterilized environment. The
flasks were incubated at 30C in a temperature controlled
incubator for 1-10 days.
2.4 Harvesting and enzyme extraction procedure

At the end of each 24 h a set of incubated flasks were
harvested for extraction of extra-cellular enzymes. To
each flask 100mL distilled water was added and kept in
shaker at 120 rpm for 30 min [6]. The contents were filtered through Whatman No.1 filter paper and washed
twice with distilled water. The filtrates were centrifuged
at 4,000×g for 10 min and supernatants were assayed to
determine the activities for laccase, MnP and LiP.
2.5 Enzyme activity assays

Lignin peroxidase (LiP) activity of supernatants was
determined by following the H2O2 dependent oxidation of
veratryl alcohol to verataldehyde at 25°C using UV/Visible
spectrophotometer as described earlier [1]. Manganese peroxidase (MnP) activity of supernatants was determined
using a UV/Visible spectrophotometer as described earlier
[6]. While, the laccase activity was determined by the 2,2azinobis (3-ethylbenzothiazoline-6-sulfonate) ABTS oxidation method as described earlier [4]. All of the recorded
activities were expressed as U/mL.
2.6 Determination of dry biomass

Fungal biomass was determined by direct method at the
end of each experiment, the fermented biomass was transferred to a pre-weighed filter paper and dried in a hot air
oven for 72 h at 80°C, and the weights (g) were recorded.
2.7 Optimization of SSF culture conditions

Maximum production of enzyme require the optimization of different growth conditions so attempt was made

to investigate the effect of various parameters including
moisture levels, pH, incubation temperatures, additional
carbon sources (glucose, fructose, sucrose, maltose, molasses), additional nitrogen sources (urea, yeast extract,
beef extract, bacteriological peptone, ammonium sulphate),
inoculum size and mediators on ligninolytic enzymes production in SSF from G. lucidum.

3. RESULTS AND DISCUSSION
3.1 Screening of lignocellolosic substrates

G. lucidum was cultured in solid state fermentation of
lignocellulosic substrates for the production of ligninolytic
enzymes (laccase, MnP and LnP). After every 24 h triplicate flasks were harvested and cultured supernatants were
analyzed for ligninolytic enzymes. The results of screening trial showed that maximum production of MnP (332 ±
6.66 U/mL) after 4th day of incubation on peanut shells
followed by LiP (112 ± 1.10 U/mL) and laccase (55 ±
2.12 U/mL) after 6th and 7th day of incubation on orange
peel and wheat straw, respectively. While using other
substrates the enzyme production potential was substantially decreased. The results obtained are summarized in
Table 1. Results of screening trial showed that microorganism takes some time in settling on the substrate
and then showed its maximum activity after stipulated
time period. On different substrates pattern of fungus
growth may vary because of the difference in composition
nature of each substrate. Based on the results presented in
Table 1, the peanut shells as the best yielded growth substrate, was selected for further product optimization. The
time taken for ligninolytic enzymes synthesis depends on
the primary metabolism that varies with the chemical
composition of lignocellulosic substrates [11]. Low cost
substrates like wheat flour, wheat bran, straws, and molasses are suitable for fungal growth and enzyme production [4, 12].
3.2 Optimization of SSF culture conditions
3.2.1 Effect of moisture level

In order to optimize moisture content, varying levels
of moisture (% w/w) were employed ranging from (5075%) to the lignocellulosic substrate peanut shells. Peanut
shells fermented at 70 % (w/w) moisture gave maximum
MnP (545 ± 3.55 U/mL) production after 5 days of inoculation with G. lucidum however, an increase in moisture
level more than 70 % showed decreasing trend in enzyme
production (Fig.1). Higher moisture level had inhibitory
effect on ligninolytics formation from microbes in secondary growth [1, 13]. The wet condition of the mold
depends on an optimum moisture level and the water
holding capacity of the substrate in SSF. Low moisture
contents cause slower enzyme secretion from fungus due
to reduced solubility of nutrients and low substrate swelling whereas, high moisture level results in decreased substrate porosity that leads to fungal growth inhibition due to
poor accessibility of nutrients and limited aeration [1].
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TABLE 1 - Activities of ligninolytic enzymes produced by G. lucidum on different agro-industrial based lignocellulosic residues
Substrates
(5g)
Wheat straw

Apple pomace

Peanut shells

Orange peel
Municipal
paper waste

Enzymes
MnP
LiP
Laccase
MnP
LiP
Laccase
MnP
LiP
Laccase
MnP
LiP
Laccase
MnP
LiP
Laccase

1
28±0.09
32±0.06
9±0.00
52±1.25
22±2.12
4±0.00
145±2.22
32±0.00
16±2.20
99±3.23
42±0.00
5±0.05
55±1.12
22±0.09
14±0.04

2
56±0.36
45±0.35
12±0.15
66±0.65
18±1.15
8±0.26
199±1.33
58±0.26
29±1.22
145±3.56
62±0.26
14±0.36
65±0.26
28±0.33
15±0.45

3
112±0.12
56±0.14
25±0.09
78±1.25
36±1.96
11±0.06
288±2.36
66±0.06
32±1.15
188±2.66
79±0.06
22±0.09
71±0.06
48±0.12
39±0.12

Fermentation time (Days)
4
5
6
118±1.15
132 ±0.52
116 ±2.96
52±1.22
70 ±1.02
88 ±2.36
32±1.10
38 ±0.50
48 ±3.45
111±1.86
152 ±2.12
111 ±1.36
42±1.60
66 ±1.45
59 ±1.25
13±1.05
19 ±0.20
9 ±3.60
332± 3.66
274±0.00
248±0.26
86±1.05
45 ±0.20
88 ±3.60
22±1.15
44 ±1.32
41 ±2.23
255±2.45
266 ±3.32
132 ±3.22
91±1.05
102 ±0.20
112± 1.10
31±1.40
27 ±0.66
18 ±1.11
98±1.05
133 ±0.20
142 ±3.60
61±1.74
52 ±0.65
75 ±2.21
37±1.11
66 ±0.85
52 ±1.24

7
114 ±1.75
99 ±1.29
55± 2.12
99 ±1.85
41 ±1.42
11 ±1.52
266±0.06
95 ±1.52
19 ±1.52
111 ±3.45
98±0.00
14 ±1.15
121 ±1.52
51 ±0.09
22 ±1.52

8
119 ±1.87
66 ±3.85
36±0.45
42 ±1.32
29 ±1.32
7 ±3.97
22±1.05
49 ±3.97
23 ±2.12
99 ±2.56
64±0.26
11 ±0.65
139 ±3.97
38 ±1.25
26 ±0.08

9
116 ±2.22
45 ±1.85
24±0.12
52 ±2.33
31 ±1.52
4 ±3.02
198 ±0.20
29 ±3.02
11 ±1.21
79 ±1.66
39±0.06
9 ±0.02
99 ±3.02
32 ±1.24
12 ±0.05

10
40 ±0.90
42 ±1.10
10±0.08
22 ±0.06
14 ±0.95
2 ±0.06
166 ±3.60
15 ±0.06
8 ±2.32
66 ±3.65
44±1.05
12 ±0.06
59 ±0.06
36 ±0.66
10 ±0.06

FIGURE 1 - Effect of varying moisture levels on MnP production by G. lucidum

3.2.2 Effect of pH

The maximum activity of MnP (688 ± 5.88 U/mL)
was recorded in the SSF media containing peanut shells
processed at pH 5. From the growth pattern of fungus and
culture extracts it was observed that ligninolytic enzyme
formation progressively increased with an increase in the
pH of fermentation media and maximum activity was
recorded at pH 5 (Fig. 2). Fungi are very susceptible to
variation in the pH and dependent on chemical composition of the substrates and fermentation media as it is a
crucial factor of SSF medium that had a significant influence on ligninolytics synthesis Radha et al. [14]. Metamo-

ra et al. [15] reported maximum ligninolytics activities in
the pH range 4.0 to 5.0 at 25°C produced from G. lucidum. The study reveals that the enzyme secretion is greatly
influenced by the change in initial pH of the medium.
3.2.3 Effect of incubation temperature

A set of triplicate flasks were incubated under temperature controlled incubator and maximum enzyme activity was noted in the medium fermented and incubated
at 35°C (Fig 3). Activities of ligninolytic enzymes of WRF
were substantially decreased while cultured at temperatures
elevated than 35°C. The incubation temperature showed
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FIGURE 2 - Effect of varying pH levels on MnP production by G. lucidum

FIGURE 3 - Effect of different temperatures on MnP production by G. lucidum
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TABLE 2 - Activities of ligninolytic MnP produced by G. lucidum with different carbon and nitrogen sources
Nitrogen sources
(0.2% W/W)
Urea
Yeast extract
Beef extract
Bacteriological peptone
Ammonium sulphate

Glucose
888±8.52
1195±5.55
985±6.25
1002±3.52
758±6.52

Carbon sources (1% W/W)
Fructose
Maltose
555±5.88
784±6.99
754±5.60
857±7.56
456±4.46
658±6.25
654±4.36
555±4.85
754±6.56
657±6.54

Succrose
754±7.85
898±8.12
655±4.65
457±9.85
658±6.54

Molasses
457±3.66
999±4.85
875±6.54
422±5.25
245±3.56

FIGURE 4 - Effect of varying inoculums density on production of MnP by G. lucidum

significant impact on ligninolytic production. Tekere et
al. [16] found that optimum temperature for cultures of
Coriolus (Trametes, Polyporus) versicolor and Phanerochaete chrysosporium for ligninolytic synthesis in solidstate fermentation varied between 25-37 °C. A significant
influence of incubation temperature on ligninolytic enzymes
of G. sp. and Dichomitus squalens and other WRF has been
reported and temperatures ranging from 25 to 37°C were
found optimum [11, 17].
3.2.4 Effect of carbon and nitrogen sources

To investigate the effect of carbon and nitrogen
sources, Completely Randomized Design (CRD) was used.
Glucose, fructose, sucrose, maltose and molasses (1%) as
carbon sources along with (0.2%) nitrogen supplements
like urea, yeast extract, beef extract, peptone and ammonium sulphate were used in different interaction for highest production of ligninolytic enzyme (MnP) to study

their stimulatory/inhibitory effects under pre-optimized
conditions. It was important to note that by the addition
of carbon and nitrogen sources, the production pattern of
enzymes changed; the combination of glucose and yeast
extract proved best and gave maximal production of MnP
(1195 ± 110 U/mL) (Table 2). The enzyme profiles varied
with different carbon and nitrogen source combinations.
The source and concentration of carbon and nitrogen are
the powerful factors regulating the synthesis of ligninolytic enzymes by WRF [1, 18]. Different WRF show different growth and enzyme activity profiles with different
additional carbon supplements because some WRF grow
better under carbon and nitrogen limitations but others
grow better in culture media contained sufficient carbon
and nitrogen supplements. Selvam et al. [19] reported an
easily available and utilizable additional carbon sources
increase the growth and enzyme activity of WRF.
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3.2.5 Effect of inoculum size

Growth media containing 5g peanut shells with optimum (66.6 %) moisture content were inoculated with
varying volumes of inoculum and incubated under optimum conditions. The maximum enzyme was produced in
the flasks receiving 5 mL of inoculum (Fig. 4). The production of enzymes increased with an increase in inoculum from 1 to 5 mL. However, a further increase in an
inoculums size caused decrease in enzyme production.
Lower inoculum’s level may not be sufficient to promote
the fungal growth resulting in longer lag phase whereas,
higher inoculum size causes faster depletion of available
nutrients required for growth [1, 6, 20].
3.2.4 Effect of mediators

To study the effect of mediators on ligninolytic enzymes formation by G. lucidum, the flasks were supplemented with 1 mL of 1 mM solution of different mediators like veratryl alcohol, MnSO4, 2,2-azinobis ethylthiazolinone 6-sulfate (ABTS), H2O2, Oxalate and 3-hydroxy1,2,3-benzotriazin-4(3H)-one (HBTO) to the SSF medium
of peanut shells. The enzymatic analysis of extracted
crude enzyme showed that different mediators have different effects on production of MnP. Veratryl alcohol and
MnSO4 showed notably enhancing outcome on the MnP
production potential of G. lucidum. The maximum activity MnP (2160 ± 212 U/mL) was noted after four days in
the culture supernatants of flasks inoculated with MnSO4

followed by veratryl alcohol respectively (Fig. 5) whereas,
ABTS had little or no affect on MnP activities. However,
according to literature, reported by Lu et al. [21] ABTS
acts as mediator for ligninolytic laccase and laccase mediated oxidation of lignin and a variety of pollutants.

4. CONCLUSIONS
G. lucidum showed remarkable potential for ligninolytic enzymes formation in SSF of peanut shells (an inexpensive lignocellulosic substrate) under optimized conditions. However, the suitability of the present enzyme for
biotechnological applications can be investigated through
further characterization as thermo-stability is a desired
characteristic of an enzyme for its possible use in industry. In conclusion attempt was made towards finding the
best growth conditions for successful cultivation of G.
lucidum, and production of the ligninolytic enzymes.
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FIGURE 5 - Effect of different mediators (1mM) on MnP production by G. lucidum
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ESSENTIAL AND NON-ESSENTIAL HEAVY
METAL CONSTITUENTS OF GERMAN CHAMOMILE:
EFFECT OF DIFFERENT FARMING SYSTEMS
Bihter Çolak Esetlili*, Mahmut Tepecik, Özgür Çobanoğlu and Dilek Anaç
Department of Soil Science and Plant Nutrition, Faculty of Agriculture, Ege University, 35100, Bornova, Izmir, Turkey

ABSTRACT
Two different experiments were conducted with German chamomile grown according to conventional and organic farming systems. Flower (drug) and shoot yields were
determined, and their essential (Fe, Zn, Mn and Cu) and
non-essential heavy metal (Pb, Ni, Co, Cr and Cd) contents were measured and the results were compared according to treatments: control-without treatment to fertilization, 15:15:15 + ammonium nitrate (AN) + potassium
sulfate (KS), monopotassium sulfate (MKP) + AN + KS,
control + farmyard manure (FYM) + sulphur (S), bone
meal (BM) + zeolite (Z) + FYM + S, rock phosphate (RP)
+ Z + FYM + S. It can be concluded that the yield responses of chamomile in 15:15:15 treatment of the conventional and BM (bone meal) + Z (zeolite) treatment of
the organic experimentation were significant. All of these
findings showed that there is not a significant metal accumulation risk for chamomile cultivated either according
to the conventional farming system or to the standards of
organic farming because all of the studied essential and
non-essential metals are generally low or very slightly
over the acceptable limits.
KEYWORDS:
Matricaria chamomilla, non-essential heavy metals, essential
heavy metals, conventional farming, organic farming, fertilizer

(Matricaria chamomilla L.), which belongs to the Asteraceae family, is a well-known medicinal plant and the
fifth highest selling herb in the world. Medicinal value of
this plant is for active substances, mainly accumulated in
the flowers. Salamon and Plackova [5] stated that heavy
metal contents in different tissues of chamomile decreased
in the following order: roots > leaves > flowers, and the
mobility within the chamomile plants decreased as Cd >
Ni > Pb.
Most studies on residual levels of toxic metals in medicinal herbs existed on chromium, lead, cadmium, and
mercury [6, 7]. Medicinal plants are often wildly harvested;
therefore, there is no traceability. For the medicinal plant
industry, cultivated plant material is preferred, since in
this way, it is easy to control the supply chain and contamination. Cultivation will allow for controlled growth
[8]. However, many agrochemicals also contain heavy
metals which enter the soil due to fertilizer impurities.
Therefore, monitoring periodically according to Good Agricultural and Collection Practices will result in safe crops.
Moreover, the growing concern of consumers for more
and more food safety and protection of the environment
have spread organic farming systems throughout the world
in the recent few years.
The aim of this study is to examine the plant-essential
heavy metal elements (Fe, Zn, Mn and Cu) of German
chamomile and some other heavy metal (Ni, Pb, Cr, Co
and Cd) constituents under conventional and organic
farming systems.

1. INTRODUCTION
Heavy metals are always present in soil due to the
weathering of parent rocks [1], and in some ecosystems
their concentration increases because of anthropogenic
activities [2]. Numerous medicinal plants have the ability
to accumulate heavy metals when grown under natural
conditions. Some of these metals could be essential to
plants, and some could be threatening as non-essential
metals. In this regard, poisoning from these traditional
medicine products is well documented [3, 4]. Chamomile

2. MATERIALS AND METHODS
Two different field experiments were performed with
chamomile Matricaria L. according to conventional and
organic farming systems. In each experiment, the treatments were “fertilizer forms” with 4 replications, and
fertilizer rates (kg ha-1) were determined according to the
recommendations after soil testing. In the conventional
experiment, chamomiles were fertilized with widely used
standard fertilizers and the treatments were as follows:
a) control – without fertilization

* Corresponding author
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b) 15:15:15 + ammonium nitrate (AN 33%) + potassium sulfate (KS, 50% K2O)
c) monopotassium phosphate (MKP - 52% K2O 34%
P2O5) + AN + KS
In the organic experiment, chamomiles were fertilized according to standards of organic farming:
a) control + farmyard manure (FYM) + sulphur (S)
b) bone meal (BM) + zeolite (Z) + FYM + S
c) rock phosphate (RP) + Z + FYM + S
Standard fertilizers were measured for their chemical
properties (Table 1) [9-11].
After the transplantation of seedlings to the field, the
flowers (drugs) were collected at weekly intervals and the
shoots were harvested at the end of nearly 60 days. Flower and shoot yields were weighed and dry digested to
measure the essential (Fe, Zn, Mn and Cu) and nonessential heavy metals (Pb, Ni, Co, Cr, and Cd) in chamomile.
Soils were analyzed for their physical and chemical
properties. The pH [12], water-soluble salts [13], CaCO3

[14], texture and organic matter [15] contents were determined. Their plant extractable/available Fe, Zn, Cu,
Mn, Pb, Cr, Cd and Co [16] amounts were measured
(Table 2). Total concentration of the non-essential heavy
metals (Pb, Cr, Cd, Ni and Co) were determined by aqua
regia (HCl:HNO3, 3:1) extraction method [17]. Heavy
metal concentrations were measured by AAS analysis
(Varian SpectrAA 220, FS).
Soils were slightly alkaline in reaction with no salinity
problem, rich in CaCO3, poor in organic matter, and loamy
in texture. The organic field was poor in Fe and sufficient
in Mn, Zn and Cu. The conventional soil was also sufficient in all of these essential metal elements. Plantextractable concentrations of the non-essential heavy metals (Pb, Cr, Cd, Ni and Co) were found to be low in both of
the soils. The total amounts of these heavy metals in the
soils were also low, except for the Co content [18, 19].
Results were subjected to statistical variance of analysis, and LSD tests were used to find the significant differences [20, 21].

TABLE 1 - Chemical properties of the organic and inorganic fertilizers (mg kg-1).
Bonemeal
122
52.34
23.80
73.40
e
6.55
2.80
e
0.65

Rockphophate
1152
75.38
39.39
245
46.25
1650
0.11
e
15.29

Sulphur
200
400
100
70
88.71
32.23
e
78.10
6.94

FYM
875
98.15
467
87
0.25
9.40
25.58
2.80
e

15.15.15
900
e
100
800
7.81
31.18
e
68.07
2.63

MKP
e
e
e
e
0.37
0.22
e
3.39
0.01

TABLE 2 - Physical and chemical properties of the experimental soils.
Soil properties
pH
Water-soluble salts
Calcium carbonate
Organic matter
Texture
Fe
Cu
Mn
Zn
Mg
Pb
Ni
Cr
Co
Cd
Pb
Ni
Co
Cr
Cd
e: trace
Available/Extractable

Zeolite
1438
60.71
248
23.15
44.25
7.09
0.32
e
0.13

Total

Heavy Metals
Fe
Cu
Mn
Zn
Pb
Ni
Co
Cr
Cd
e: trace

(%)
(%)
(%)
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
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Organic
7.81
0.027
30.00
2.04
loam
3.98
2.84
1.28
1.09
582
3.25
2.20
e
0.26
0.12
26.63
33.95
147
18.63
e

Conventional
7.60
0.033
19.94
0.82
loam
8.65
2.71
7.61
1.32
290
3.78
2.13
e
0.43
0.10
20.50
40.66
126
21.19
e

NH4NO3
e
e
e
e
e
0.18
e
e
e

K2SO4
e
e
e
e
0.60
0.44
e
3.61
0.05
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3. RESULTS AND DISCUSSION
In the flow of this presentation, the concentration of
the essential metals that are required by the plants in trace
amounts (Fe, Zn, Mn ve Cu) and those of some of the
non-essential heavy metals (Pb, Ni, Co, Cr and Cd) in the
flowers and shoots of chamomile will be given. Conventional and organic experiments will be explained and
compared in this regard. Later, dry mass yield and the
essential and non-essential heavy metals removed (extracted) by the chamomile (flowers and shoots) will be
presented.
3.1. Essential metals

Results showed that the flowers of the chamomile
plants in the conventional MKP treatment parcels contained
more Fe (86.64 mg kg-1) and Mn (67 mg kg-1) than the
flowers of 15:15:15 treatment. On the other hand, the flowers of 15:15:15 plots had more Zn and Cu (Table 3). In the
organic experiment, the flowers from RP+Z treatment contained more Fe, Zn and Mn (80.53, 45.34 and 72 mg kg-1)
and the chamomiles from BM+Z had more Cu.
In general, results revealed that the concentrations of Zn
and Cu (39.68 and 12.99 mg kg-1) in the flowers of the
conventional as well as of the organic treatments were higher than those of Zn and Cu (16.19 and 7.87 mg kg-1) in the
shoots of the chamomile plants (Tables 3 and 4). In this
regard, Fe and Mn concentrations were more or less similar.

In relation to the essential metals which are generally
found in trace amounts in plants, our findings are in
agreement with the reports of many authors [22-24]. In
this regard, only the Mn contents of the flowers and shoots
were very slightly over the reported reference values (2025 mg kg-1), specifically in the conventional MKP and in
the RP+Z organic treatments.
3.2. Non-essential heavy metals

In the conventional experiment, results revealed that
Pb, Ni and Cr contents were higher in the flowers of the
chamomiles grown according to the MKP treatment conditions. The other studied heavy metals under consideration (Co and Cd) did not significantly vary between MKP
and the other treatment, 15:15:15. In the case of organic
chamomile flowers, no statistically significant variation
was found between the treatments.
Generally, the heavy metal concentrations of the
flowers and shoots did not differ much in both of the
experiments. In the flowers, Pb, Cr and Cd were lower
than the reports of WHO [25] and Anonymous [23]. Cobalt contents were within the acceptable limits according
to Kabata Pendias and Pendias [18, 19] but relatively high
according to some other scientists [24, 26]. Nickel was
measured more than the reference value “5 mg kg-1” [18, 26,
27], specifically in the MKP parcels (Tables 5 and 6).

TABLE 3 - Essential heavy metal contents of chamomile flowers as a function of treatments.
Treatments
15.15.15 + AN+ KS
MKP+ AN+ KS
Con. Control
mean
LSD
BM+Z
RP+Z
Org.Control
mean
LSD

Fe
84.47b
86.64a
62.02c
77.71
(%5) 3.38
65.25b
80.53a
75.15a
73.64
(%5) 6.24

Cu
12.99a
12.25b
12.00b
12.41
(%5) 1.64
12.21
12.10
10.89
11.73
n.s

Flower (mg kg-1)
Zn
39.68a
39.38a
35.12c
38.06
(%5) 0.59
42.54b
45.34a
41.06b
42.98
(%1) 2.15

Mn
54b
67a
51c
57
(%5) 2.35
56b
72a
64ab
64
(%1) 11.82

TABLE 4 - Essential heavy metal contents of chamomile shoots as a function of treatments.
Treatments
15.15.15 + AN+ KS
MKP+ AN+ KS
Con. Control
mean
LSD
BM+Z
RP+Z
Org.Control
mean
LSD

Shoot (mg kg-1)
Fe
73.53b
87.41a
65.02c
75.32
(%1) 5.33
65.45a
62.76ab
59.55b
62.59
(%1) 3.63

Cu
7.87a
7.53a
5.46b
6.95
(%5) 0.64
8.37
7.29
8.46
8.04
n.s
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Zn
16.19a
14.34ab
10.17b
13.57
(%5) 5.82
22.17b
24.19a
21.12b
22.49
(%5) 1.69

Mn
56ab
64a
45b
55
(%5) 14.25
56b
72a
74a
67
(%5) 14.78
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TABLE 5 - Non-essential heavy metal contents of flowers as a function of treatments.
Treatments
15.15.15 + AN+ KS
MKP+ AN+ KS
Con. Control
mean
LSD
BM+Z
RP+Z
Org. Control
mean
LSD

Flower (mg kg-1)
Pb
Ni
0.40b
5.80b
0.50a
6.03a
0.25c
5.43c
0.38
5.75
(%1) 0.05
(%1) 0.14
0.35a
5.63a
0.40a
5.47ab
0.25b
5.02b
0.33
5.37
(%1) 0.08
(%5) 0.54

Co
1.05
1.00
0.98
1.01
n.s
0.93ab
1.01a
0.85b
1.00
(%5) 0.08

Cr
0.16a
0.17a
0.12b
0.15
(%5) 0.03
0.25a
0.14ab
0.07b
0.15
(%1) 0.13

Cd
0.15
0.13
0.11
0.13
n.s
0.06
0.06
0.05
0.06
n.s

TABLE 6 - Non-essential heavy metal contents of shoots as a function of treatments.

15.15.15 + AN+ KS
MKP+ AN+ KS

Shoot (mg kg-1)
Pb
Ni
0.40a
3.69a
0.20b
4.01a

Co
0.94a
0.99a

Cr
0.24a
0.16ab

Cd
0.13
0.14

Con. Control

0.17b

3.23b

0.76b

0.09b

0.11

mean

0.26

3.64

0.90

0.16

0.13

(%5) 0.379

(%5) 0.122

(%5) 0.141

n.s

3.74ab
3.97a

0.90
0.90

0.08
0.17

0.06
0.09

Treatments

LSD
BM+Z
RP+Z

(%1) 0.076
0.27
0.23

Org.Control

0.20

3.42b

0.90

0.19

0.05

mean

0.23

3.71

0.90

0.15

0.07

LSD

n.s

(%5) 0.420

n.s

n.s

n.s

3.3. Dry mass yield

According to the yield results of the conventional experiment, the highest dry flower (2322 kg ha-1) and shoot
yield (4203 kg ha-1) was found in the 15:15:15 treatments.
In the organic experiment, shoot yield did not differ between the treatments; however, the highest flower yield
was from BM+Z application (2467 kg ha-1).
Generally, shoot dry matter yields obtained under
conventional growing conditions were higher than those
under organic growing conditions.
It can be concluded that the yield response of chamomile in 15:15:15 treatment of the conventional experimentation and BM+Z treatment of the organic experimentation was significant. Shoot yield was relatively higher in
the conventionally grown chamomiles while flower yields
were higher under organic conditions.
3.4. Essential and non-essential heavy metal uptakes

In the conventional experiment, the highest amounts
of Fe (103.8 g ha-1), Zn (34.3 g ha-1), Mn (81.2 g ha-1) and
Cu (13.9 g ha-1) removed/extracted by the flowers and
shoots of the chamomiles were found in the 15:15:15
treatment. In the organic treatments, Fe removal/ uptake
did not vary much between the treatments; however, Zn
(33.0 g ha-1) and Cu (10.6 g ha-1) uptakes were high in

BM+Z parcels, and Mn (63.8 g ha-1) in RP+Z. Generally,
the shoot yields were higher than those of the flowers.
Therefore, shoot uptakes were effective in determining
the uptake amounts.
From the non-essential heavy metal uptakes, Pb (590
mg ha-1), Ni (640 mg ha-1), Co (140 mg ha-1), Cr (320 mg
ha-1) and Cd (200 mg ha-1) were also higher in the
15:15:15 parcel chamomiles. In the organic experiment,
BM+Z yielded the highest uptakes: Pb (310 mg ha-1), Ni
(480 mg ha-1), Co (100 mg ha-1), Cr (170 mg ha-1), and Cd
(60 mg ha-1).

4. CONCLUSIONS
It can be concluded that, with respect to yield results,
15:15:15 can be recommended as a starter fertilizer together with potassium sulphate, if necessary according to
soil tests, and followed by a side dressed ammonium
nitrate or bone meal and zeolite after the incorporation of
farmyard manure and sulphur according to soil pH.
It can also be concluded that cultivated chamomiles,
either according to conventional conditions or to organic
standards, are safe to consume compared to wild harvest,
since our results pointed out that there is no significant
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metal accumulation risk. The studied essential and nonessential heavy metals are generally found to be low, or a
little slightly over the acceptable limits like Mn and Ni,
and in some cases, Co according to some other authors.

The present study was carried out in the framework
of the 110O733 project financed by the TUBITAK research program.
The author has declared no conflict of interest.
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ABSTRACT
The first detailed phycotoxin analysis of shellfish Mytilus galloprovincialis (Lamarck, 1819) from the Easternmid Adriatic Sea (Croatia) has been conducted. Mussel
samples were collected from a localized site in the Vranjic Basin (Kaštela Bay, Croatia) over the years 2004 and
2005. Analysis of shellfish toxicity was performed using
the mouse bioassay, separation by HPLC, and the ELISA
assay. Obtained results demonstrate the predominant presence of yessotoxin (YTX), and an occasional occurrence of
toxins from the diarrheic shellfish poisoning (DSP) group of
compounds. Phytoplankton analysis of corresponding
sea water samples, collected in the investigated area,
showed the presence of Lingulodinium polyedrum and
Gonyaulax spinifera, potential sources of YTX, as well as
the occurrence of dinoflagellates of the genera Dinophysis
and Prorocentrum, associated with DSP toxicity.
KEYWORDS: diarrheic shellfish poisoning (DSP), ELISA, Eastern-mid Adriatic Sea, HPLC, mouse bioassay, yessotoxins (YTX)

1. INTRODUCTION
Phycotoxins are natural secondary metabolites produced by phytoplankton organisms. Through accumulation in the food chain, these toxins may concentrate in
different marine organisms, and can be responsible for a
variety of human intoxications associated with consumption of seafood. Intoxications caused by metabolites from
marine phytoplankton have been classified as diarrheic
shellfish poisoning (DSP), paralytic shellfish poisoning
(PSP), neurotoxic shellfish poisoning (NSP), amnesic shellfish poisoning (ASP), and azaspiracides shellfish poisoning
(AZA). In addition, several groups of marine toxins, including the yessotoxins (YTXs), pectenotoxins (PTXs)
and cyclic imines, have been detected by means of specific bioassays [1].
Diarrheic toxins are produced by dinoflagellates of the
genera Dinophysis and Prorocentrum. Okadaic acid (OA)
* Corresponding author

and its analogues dinophysistoxins (DTXs), are the major
toxins responsible for diarrheic poisoning. In humans, OA
and DTX-1 are associated with tumor promoting activity,
most likely by inhibiting protein phosphatases 1 and 2A [2].
Yessotoxin (YTX) is a lipophilic disulphated polyether, often accompanying the occurrence of DSP toxicity,
giving positive results when tested using the conventional
mouse bioassay for DSP [3]. YTX and its derivatives are
produced by dinoflagellates Protoceratium reticulatum
(Claparède and Lachmann, 1885), Lingulodinium polyedrum (Stein, 1883), and Gonyaulax spinifera (Claparède
and Lachmann, 1859) [4-6]. YTX does not cause diarrhea,
and inhibits phosphatases much weaker than the DSP toxins
[7]. The toxicological threat of YTX on humans is still unknown, although some cardio toxic and neurological
effects have been discovered [8]. YTX has been shown to
display apoptotic activity in several tumor cell lines [9].
PSP (Paralytic shellfish poisoning) toxins are potent
neurotoxins, produced by various species of the genera
Alexandrium and Gymnodinium. Saxitoxin is the main
toxin responsible for this type of intoxication. PSP acts by
blocking sodium ion movement through voltage-dependent
sodium channels in nerve and muscle cell membranes, and
causes paralysis and death by asphyxiation [10].
Surveys of toxin profiles from coastal waters in the
eastern Adriatic Sea (Croatian territorial waters), over the
years 1995 to 2001, demonstrate that incidents of shellfish
toxicity in this area are predominated by the occurrence of
okadaic acid (OA) and a PTX derivative, 7-epi-pectenotoxin2-seco acid (7-epi-PTX-2SA) [11]. The occurrence of PSP
toxins was confirmed in the Kastela Bay during the summer of 1995 and 1996 [12], but in concentrations not endangering human health. Analyses were performed mostly
during the summer season, however the recorded occurrence of phycotoxins required more extensive investigations in the course of the entire year. This analysis was
performed using samples collected on monthly basis during 2004 and 2005 in the coastal area of the Eastern-mid
Adriatic Sea (Vranjic Basin, Croatia). The Vranjic Basin
is part of the Kastela Bay (Fig.1). The investigated area
is characterized by growing tourist activity and large
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FIGURE 1 - Location of the sampling station in the coastal waters of the Eastern-mid Adriatic (Vranjic basin).

aquaculture production. Therefore, consumption of sea
food is very significant. Also, around 10% of the population of the Republic of Croatia is inhabiting this area.
The presence of toxins associated with DSP, PSP and
YTX has been investigated.

2. MATERIALS AND METHODS
2.1 Sampling

Samples of the shellfish Mytilus galloprovincialis
were collected from the Vranjic Basin (Kaštela Bay, Croatia) (43°31.8’N; 16°27’E). Sampling was conducted
from February 2004 until December 2005. Mussels were
collected at a depth of 0.5 m, and stored at –20 °C.
Simultaneously, seawater samples for phytoplankton
analysis were collected at the surface, and preserved in
0.5% glutaraldehyde solution.
2.2 Phytoplankton analysis

Composition of the phytoplankton community was
determined according to Utermöhl [13]. Counting and
identification of the organisms were conducted using an
Olympus IX 50 inverted microscope.

2.3 Mouse Bioassay (MB)

Analysis of DSP toxicity by mouse bioassay was performed according to Yasumoto [14]. The method is also
sensitive to YTX toxicity. Shellfish hepatopancreases (20 g)
were extracted with acetone and diethylether. The organic
fraction was evaporated to dryness, and the residue dissolved in 4 mL 1% (v/v) Tween 60. Aliquots (1 mL) of this
solution were administered to the mice (strain BALB/C,
weight range 18-20 g) intraperitoneally. Three parallel tests
were preformed, and the reaction of the mice was observed
during 24 h after treatment or until death. A test was regarded as positive, and the shellfish as toxic for humans,
if at least two mice died within 24 hours, and if the median time of death was shorter than 5 hours. A median death
time shorter than 24 hours and longer than 5 hours indicated the presence of the toxin at levels not endangering
human health.
Analysis of PSP toxicity by mouse bioassay was performed according to the method proposed by the Association of Official Analytical Chemists [15]. Homogenized
shellfish tissue was treated by boiling in acidified water.
After centrifugation, the diluted extract was injected intraperitoneally into the mouse (strain BALB/C, weight range
18-20 g). Three parallel tests were preformed and the reaction of the mice was observed during 1 h after treatment.
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2.4 Determination of Okadaic Acid by High-Performance
Liquid Chromatography (HPLC)

HPLC analysis was performed according to Quilliam
[16]. The toxin was extracted from homogenized shellfish
hepatopancreases (2 g) using MeOH/H2O (8/2, v/v) (8 mL).
Following centrifugation (3 min, 6000-10 000 rpm), an
aliquot (2.5 mL) of the supernatant was mixed with
MeOH/H2O (8/2, v/v) (2.5 mL) and extracted twice with nhexane (5 mL). After discarding the hexane layers, 0.2%
HAc (1 mL) was added to the aqueous phase. Following
two extractions with chloroform (6 mL), the combined organic fractions were evaporated to dryness. The precipitate
was reconstituted with 100 μL deoxycholic acid (DCA)
and 400 μL methanol.
Derivatization was carried out using 9-anthryldiazomethane (ADAM) in methanol, followed by separation on
HPLC using fluorometric detection at λex = 365 nm and λem
= 412 nm. Identification and quantification of OA was
carried out by comparison with an appropriate OA standard
solution purchased from NRC Canada.
2.5 Determination of Yessotoxin (YTX) using Enzyme-linked
Immunosorbent Assay (ELISA)

Shellfish hepatopancreases (2 g) were homogenized
(2 min, 10000 rpm) in 90% methanol (18 mL). The homogenate was centrifuged at 3000 g for 10 min at room
temperature. The supernatant was retained for analysis.
Analysis is based on a competitive binding assay where
free yessotoxin and yessotoxin analogues in the sample
are competing with a plate-coated YTX-conjugated protein for binding to specific anti-YTX antibodies. The antibodies are labeled with horseradish peroxidase (HRP),
and the amount of anti-YTX-HRP conjugate bound in the
wells is measured after addition of substrate, which upon
reaction with the HRP enzyme gives a blue product. The
product turns yellow when the enzymatic reaction is stopped
by addition of acid. The color intensity is measured spectrophotometrically, and is inversely proportional to the
concentration of YTX and YTX analogues in the sample.
The assay is calibrated using a standard solution of YTX
supplied in the ELISA kit from Biosense laboratories
(Bergen, Norway).

3. RESULTS AND DISCUSSIONS
Wild mussels (M. galloprovincialis) have been harvested through 2004 and 2005 from a localized site in the
Eastern Adriatic (Vranjic basin). The results of the mouse
bioassay for PSP toxicity were negative for all samples.
Positive results of phycotoxin analysis, performed using
HPLC and the ELISA assay, in correlation with results
obtained from MB analysis of the intoxicated samples, are
shown in Table 1.
HPLC analysis was carried out to check for the presence of OA and its esterified derivative DTX-3. DTX-3
toxins constitute a group of O-acyl derivatives of OA,
DTX-1 and DTX-2 [17]. The DTX-3 group of toxins can
be derivatized and analyzed by HPLC only following
sample hydrolysis. Since DTX-3 analogues were not
found in the phytoplankton producers, it is assumed that
they are produced by metabolic transformation in shellfish hepatopancreas [18].
The obtained results demonstrate the presence of esterified OA at a mass fraction of 18.6 µg and 41.31 µg per
kg of shellfish tissue in April and May 2004, respectively
(Figures 2 and 3). D. sacculus, the phytoplankton species
associated with these toxic events, was detected in sea
water samples collected during the same period at an abundance of 2 960 and 1480 cell L-1, respectively. Results of
MB analysis in April and May 2004 were positive, and in
accordance with the results of the HPLC analysis.
The presence of phytoplankton species L. polyedrum
(1 480 – 8 900 cell L-1) and G. spinifera (1 480 cell L-1),
associated with YTX toxicity [5,6], in sea water samples
collected in 2004, indicated the potential presence of
YTX in shellfish samples. Further investigations were
performed using the ELISA assay to check for the presence of YTX. Fractions of YTX, experimentally determined by ELISA in tissue extracts of shellfish from the
Lim’s bay in 2007 amounted to 105 μg per kg of shellfish
tissue, displaying a positive MB [19]. The mass fraction
of YTX in this study, amounted to 170 - 219 μg per kg of
shellfish tissue, and can be correlated with the positive
results of MB analysis.

TABLE 1 - Positive results of phycotoxin analysis in correlation with the results of the mouse bioassay (Vranjic Bay, 2004 and 2005).
Date of sampling

February 2004
April 2004
May 2004
August 2004
April 2005
August 2005
October 2005
November 2005
December 2005
n.d., not detected

MB for DSP

HPLC analysis

ELISA assay

Median mouse survival time
(hours)
< 24
< 24
< 24
< 24
<1
< 5
< 24
< 24
<5

Esterified OA
(µg kg-1)
n.d.
18. 16
41. 31
n.d.
28.77
n.d.
n.d.
n.d.
n.d.

YTX
(µg kg-1)
199
n.d.
219
170
207
219
193
380
468
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FIGURE 2 - HPLC chromatogram of a standard sample of OA (1; 2.5; 5 i 12.5 mg mL-1). Rt (OA) = 16.76 min.

FIGURE 3 - HPLC chromatogram of a hydrolyzed extract from samples of shellfish collected in April 2004. Rt (OA) = 16.82 min.

HPLC analysis recorded the presence of esterified
OA in shellfish samples from April 2005. A mass fraction
of OA of 28.73 μg per kg of tissue does not pose a threat
to humans, and cannot be the sole cause of the short survival time (<1 hour), of mice. In Croatia, as in most EU
countries, a maximum of 160 μg of OA or DTX per kg of
shellfish meat is allowed. The results obtained using the
ELISA assay demonstrate the presence of YTX at a mass
fraction ranging from 193 to 468 µg per kg of shellfish
tissue. They are in accordance with the positive results of
the MB analysis. The short survival time of mice inoculated with the sample from April 2005 is a possible consequence of the combined action of esterified OA and
YTX. YTX often comes with the DSP toxins. It is possi-

ble that the toxins together show strong pharmacological
effects, which they do not exhibit independently [20]. Phytoplankton producers of DSP toxins, D. sacculus (2 940 – 5
870 cell L-1), and YTX, L. polyedrum (2 940 - 5 920 cell L1
) and G. spinifera (2 940 cell L-1), were recorded in samples of sea water collected in 2005.
The obtained results show that YTX is the most
common toxin found in the eastern Adriatic Sea. In recent
years many studies have been conducted in order to explain the mechanism of action of YTX, due to its cytotoxic
and apoptotic effects [9,21]. A large number of analogs,
lack of standards and lack of pharmacokinetic parameters
complicate such investigations. The emergence of YTX,
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and the presence of potential phytoplankton producers of
YTX indicates the need for continuous monitoring of
YTX in shellfish samples. It is important to note that in
the period prior to 2004, the presence of YTX was not
examined in the Croatian part of the Middle Adriatic,
although it has been recorded in Italian territorial waters
[5]. Tests conducted later (in 2006 and 2007), confirmed
the significant presence of YTX on the Croatian side of
the Adriatic Sea [22, 23].

During this investigation, YTX was confirmed as the
most common phycotoxin in the Eastern-mid Adriatic.
YTX appears through all seasons. This research has changed
the current view that DSP toxins are the main causes of
shellfish toxicity. This two-year study, conducted with a
much larger number of samples in relation to research performed in 1996 and 1997 [11], confirms the presence of
DSP toxins in the investigated area. While previously OA
prevailed, now only esterified OA (DTX-3) was found in
mussels.
Analysis of the composition of phytoplankton organisms in the Eastern-mid Adriatic Sea indicates the presence of potentially toxic species of the genera Dynophysis, Prorocentrum, Protoceratium, Lingulodinium, Gonyaulax, Alexandrinum, Pseudo-nitzichia and Gymnodinium. The presence of phycotoxins and potentially toxic
phytoplankton species in the Adriatic requires further
monitoring of the quality of bivalves due to their high consumption in Croatia.
The authors have declared no conflict of interest.
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EXOGENOUS ORGANIC ACIDS PROTECT CHANGBAI LARCH
(LARIX OLGENSIS) SEEDLINGS AGAINST CADMIUM TOXICITY
Jinfeng Song, Rui Ma, Wenbin Huang, Di Yang and Xiaoyang Cui*
College of Forestry, Northeast Forestry University, Harbin, China

ABSTRACT
This work focused on the beneficial role of exogenous organic acids (0.2, 1.0, 5.0 and 10.0 mmol/L oxalic
acid and citric acid) in protecting Changbai larch (Larix
olgensis) seedlings exposed to 10 mg/kg Cd for 10, 20 and
30 days against cadmium (Cd) toxicity, and alleviating
Cd-induced oxidative injuries. Exposure to 10 mg/kg Cd
had harmful effects on Larix olgensis seedlings. Lipid
peroxidation and electrolyte leakage significantly increased
in leaves, malondialdehyde (MDA) content and relative
conductivity increased, superoxide dismutase (SOD) and
peroxidase (POD) activities, proline, soluble protein, and
chlorophyll contents all decreased, while Cd contents in fine
roots and leaves significantly increased. And the toxicity
increased with increasing Cd exposure time. When Cdtreated plants were exposed to oxalic acid or citric acid
(especially 5.0 or 10.0 mmol/L for 20 or 30 days of treatment), the effect of Cd treatment on above physiological
parameters was reversed, Cd absorption and accumulation
in fine roots and leaves decreased, while seedling height
and ground diameter significantly increased; citric acid
was more effective than oxalic acid. The results showed
that exogenous organic acid treatments alleviated Cdinduced oxidative injuries and protected Larix olgensis
seedlings against Cd toxicity.

Cd toxicity in plants [9]. The beneficial role has been
established in Linum usitatissimum L. [10], barley [11],
wheat [12], soybean [13], etc. The role is closely related
to plant species, organic acid species and concentration,
Cd exposure concentration and time [7], as well as Cd
absorption and accumulation in plant [14, 15]. However,
the plants involved in these studies were mainly crops,
and research on forestry was few.
Vast amounts of Cd-polluted mine soils can be found
in northeast China, that need to be reclaimed. Here Changbai larch (Larix olgensis) is widely planted due to rapid
growth and its ability to survive in polluted soils. Theoretically, these characters would make it a good candidate for
artificial afforestation and phytoremediation. However,
under severe Cd stress, its survival and growth is restricted
[16]. We can assume that, exogenous organic acids may
protect it against Cd toxicity. Therefore, the possible beneficial role of oxalic acid (OA) and citric acid (CA) (dominant organic acids in Larix olgensis forest litters [17] on
Cd-stressed Larix olgensis seedlings was examined, specifically the changes of some physiological parameters at
different Cd exposure time. This study will be the first
experimental evidence which reveals the interrelations
between organic acids and Cd toxicity to Larix olgensis
seedlings. These findings may help to guide the artificial
afforestation and phytoremediation of Cd-polluted soils
by organic acids.

KEY WORDS: Cd toxicity, oxalic acid, citric acid, Larix olgensis,
physiological effects

2. MATERIAL AND METHODS
2.1 Plant culture and treatments

1. INTRODUCTION
With the rise of industrialization, metal pollution, such
as cadmium (Cd) etc, in soils is becoming more and more
serious [1-2]. Excess Cd would disturb plant metabolism,
decrease photosynthetic efficiency, and consequently reduce
growth rate [3, 4]. At the cellular level, Cd enhances oxidative stress [5], ultimately leading to cell death [6], and increasing Cd concentrations and time cause the gradual increase in stress level [6-8]. Organic acids play an important
role in regulating physiological processes and reducing
* Corresponding author

Experiments were conducted in the greenhouse of
Maoershan Forest Research Station (127°30′-127°34′E,
45°21′-45°25′N) of Northeast Forestry University, in
Harbin, Heilongjiang province, China. The site is a continental temperate monsoon climate, and a growing season
ranging from 120 to 140 days. The zonal soil is dark
brown forest soil with high organic matter content, welldeveloped horizons.
After Larix olgensis seed selection and disinfection, the
seeds were vernalized and sown in late April in pots (the top
of each pot was 42.5 cm [length] × 19.0 cm [width], while
the bottom was 33.0 cm [length] × 10.0 cm [width] and the
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TABLE 1 - Selected properties of A1 horizon soil at the initiation of the experiment (CEC= cation exchange capacity)
CEC
pH
(cmol L-1)
(H2O)
Measurement
5.36
40.46
a
Extracted with 30 mmol L-1 NH4F+25 mmol L-1 HCl
b
According to USDA soil classification
Parameter

Organic matter
(%)
14.81

height was 18.0 cm); the soil matrix comprised inclusionfree A1 horizon dark brown forest soil with a uniform
texture. The soil characters of A1 horizon are shown in
Table 1. A total of 60 seeds were planted per pot, and a 2–
3 cm void was left at the top of the soil layer in each pot
to facilitate watering, organic acid treatments and Cd
treatments. In late May, some seedlings were removed
from the pots, while 30 seedlings were retained in each
pot. A layer of sand was sprinkled onto the soil surface in
each pot to reduce evaporation. The plants were subjected
to normal light and water treatments. One month after
plant thinning, organic acid and Cd treatments were conducted. At the time of treatment, the average height of
seedlings was 4.30 cm, and the average ground diameter
was 1.05 cm.
Organic acid solutions (OA and CA at 0, 0.2, 1.0, 5.0
and 10.0 mmol/L) were applied to the upper and lower
surfaces of Larix olgensis leaves using a sprinkling can
(i.e., by foliar spray) until the leaf surfaces were uniformly wet and liquid drops fell from the leaf surfaces. Root
irrigation was performed at the same time. The organic
acid solutions were produced from organic salts (pH 5.16,
which matched the average pH of the soil). Treatments
were performed once daily at 8:00 am. On the seventh day
of treatment, Cd stress treatment was conducted
2 h after organic acid treatment; CdCl2 solution was added
to the soil, maintaining the Cd2+ content in the soil at
10 mg/kg. Distilled water was employed as the control
(Ck). Sampling and analysis were conducted at 10, 20 and
30 days after Cd treatment which made 30 treatments in
all [Ck: without organic acid and without Cd; T1: without
organic acid+Cd; T2: 0.2 mmol/L OA+Cd; T3: 1.0 mmol/L
OA+Cd; T4: 5.0 mmol/L OA+Cd; T5: 10.0 mmol/L
OA+Cd; T6: 0.2 mmol/L CA+Cd; T7: 1.0 mmol/L CA+Cd;
T8: 5.0 mmol/L CA+Cd; T9: 10.0 mmol/L CA+Cd. Treatments at 10, 20 and 30 days were all so], each in three
replicates (10 pots were employed per treatment, 300 pots
in all).
2.2 Physiological parameter measurements

For each treatment, in 6 pots, mature needles (from
the middle of each seedling) were randomly collected,
and combined samples were fully mixed (about 3.0 g).
Relative conductivity (to measure membrane permeability) was measured immediately with a conductivity meter
(DDS-6700, Shanghai Precision & Scientific Instrument
CO. LTD). For this, briefly, leaf tissue (0.1 g) was vibrated for 30 min in deionised water followed by measurement of conductivity of bathing medium (EC1). Then, the

Total N
(g kg-1)
6.41

Total P
(g kg-1)
2.10

Available P
(mg kg-1)a
46.11

Soil
Texture
Loam b

samples were boiled for 20 min and the final conductivity
(EC2) was measured. The percent leakage of electrolytes
was calculated by using the formula: (EC1/EC2)×100 [10].
The experiment was replicated three times.
Then fresh leaf samples were ground in liquid N2 using a mortar and pestle, and other physiological parameters were measured immediately. The experiments were
all replicated three times.
Malonaldehyde (MDA) content. 0.1 g of fresh tissue
was homogenized in 2.0 ml of 10% (w/v) trichloroacetic
acid (TCA), and centrifuged at 11,000 g for 20 min. To
1.0 ml supernatant, 1.0 ml of 0.6% (w/v) thiobarbituric
acid (TBA) in 10% (w/v) TCA were added. The mixture
was heated at 95℃ for 15 min and cooled immediately,
and the absorption of the supernatant was measured at
532 nm and 450 nm. MDA concentration was calculated
and expressed as µmol/g fresh weight [18].
Superoxide dismutase (SOD) activity. 0.1 g of fresh
tissue was homogenized in 1.5 ml potassium phosphate
buffer (pH 7.2), reacted for 30min at 4℃, and centrifuged
at 11,000 g for 20 min. The reaction mixture (2.0 mL)
consisted of 1.5 mL 50 mM potassium phosphate buffer
(pH 7.2), 13 mM methionine, 75 mM nitroblue tetrazolium, 0.1 mM EDTA, 2 mM riboflavin and 0.5 mL of enzyme extract was cultivated for 10min at 30℃ and at light
level 6. The absorption of the supernatant was measured
spectrophotometrically at 560 nm immediately. The reaction mixture, which was not exposed to light, did not
develop color and served as control. One unit of SOD was
defined as the amount of enzyme required to cause a 50%
inhibition of nitro blue tetrazolium (NBT) reduction per
min, under the assay conditions.
Peroxidase (POD) activity. Briefly, the assay mixture
contained 1.5 mL 100 mM potassium phosphate buffer
(pH 7.2), 100mM guaiacol, 8% H2O2, and 0.5 mL enzyme
extract in a total volume of 2.0 mL. Changes in the absorbance of the brown guaiacol at 470 nm in the presence
of H2O2 were recorded for calculating POD activity.
Proline content. Leaf tissue were homogenized with
3% sulfosalicylic acid, sealed and boiled for 10 min, and
cooled to room temperature. The homogenate was centrifuged at 11000 g for 5min. After acetic acid and acid
ninhydrin were added, the supernatant was boiled for
40min and the A520 was determined.
Soluble protein content was measured by coomassie
brilliant blue G-250 staining using bovine serum albumin
as standard. The assay is based on the stable dye-albumin
complex, which can be quantified spectrophotometrically
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at 595 nm. The protein-dye reagent consisted of 0.01%
(w/v) Coomassie Brilliant Blue G-250, 4.7% (w/v) ethanol and 8.5% (w/v) phosphoric acid.
Chlorophyll and carotenoid contents. Samples were
extracted by 80% acetone, and the absorbance of pigment
extract was measured at 470, 645, 663 nm with spectrophotometer (Shenguang Instrument, UV 754, China). The
contents of Chl a, Chl b and car were estimated according
to the experimental equation.
2.3 Analysis of cadmium contents in leaves and fine roots

For each treatment, middle needles and fine roots (diameter <2 mm) were randomly collected; root injury was
avoided during this process. The samples were washed
with distilled water and dried, de-enzymed for 15 min at
105°C and baked to constant weight at 70°C in a baking
box, then powdered and sifted through 2 mm nylon
screens and mixed. Finally, the Cd content in each sample
was determined by Inductively Coupled Plasma-Mass
Spectrometry (ICP-MS, PE, Sciex ELAN 6000) with
microwave digestion. All measurements were performed
in triplicate.

After organic acid treatment, the MDA content and
membrane permeability both decreased, and most of them
were below Ck (P < 0.05), which indicated that organic
acids were involved in protecting the cell membrane in
leaves against oxidative stress caused by Cd. This is in
agreement with the previous results including rice [7, 2324], soybean [13], maize [19], Solanum nigrum L. [6] and
barley [11]. The most prominent effect was observed at
10.0 mmol/L organic acid, and the effect of CA was
stronger than that of OA (P < 0.05). In terms of decreasing MDA content by OA and CA, the order was 20 > 10 >
30 days, while for relative conductivity by OA was 30 >
20 > 10 days, and CA was 20 > 30 > 10 days (P < 0.05;
Figure 1). Guo [23] proposed that SA application may
increase NPT (non-protein thiol) content in rice roots,
which would fix free Cd in the cytoplasm and relieve Cd
toxicity in rice. And the mechanism employed by the
organic acids tested in the present study might be similar
to that employed by SA.

a
0.045

2.4 Measurements of growth parameters
MDA contents (mmol kg-1 FW)

0.040

At 10, 20 and 30 days, before organic acids or distilled water and after with/ without Cd treatment, seedling
heights (with a meter rule, accuracy: 1.0 mm) and ground
diameters (with a vernier caliper, accuracy: 0.02 mm)
were measured for each treatment, respectively. A total of
30 seedlings were measured per treatment in 3 pots, and
the net growth ratios were calculated. Net growth ratio
(%) = (Valueafter treatment –Valuebefore treatment) ×100/Value
before treatment.
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2.5 Data analysis
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All of the data presented represent the means of at
least three independents replicates. ANOVA-L.S.D. test
was applied to determine the significance of results between different treatments (P < 0.05).
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Relative conductivity (%)
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3. RESULTS AND DISCUSSION
3.1 Changes in lipid peroxidation and membrane permeability

The MDA content and membrane permeability in Cdtreated leaves were higher than those of Ck, indicating that
Cd induced oxidative stress and damage to membranes, and
the effects increased with increasing Cd exposure time
(Figure 1). This is in agreement with the other studies,
similar increases have been reported for many plant species, including rice [7], maize [19], pea [20], soybean [21]
and sunflower [22]. Membrane permeability increases
when plants are exposed to high concentrations of Cd,
perhaps due to the fact that when Cd enters the plant, it
reacts with sulfhydryl or phospholipid groups in the membrane. As a result, some soluble substances in the cells are
exosmosed, and the relative conductivity increases [6].
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FIGURE 1 - MDA contents (a) and relative conductivity (b) in
leaves of Larix olgensis seedlings treated with different concentrations of organic acids and different Cd exposure times. The mean
values of three independent experiments are shown. Values followed
by a same letter for a same parameter are not statistically different
at P < 0.05 by ANOVA-LSD
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3.2 Changes in the activities of antioxidant enzymes

The activities of SOD and POD decreased (P < 0.05)
in Cd-treated Larix olgensis leaves, possibly due to the
binding of Cd to the thiol groups of the enzymes [6, 23],
and they were further reduced as Cd exposure time increased (Figure 2). Instead of simply increasing ROS
production, Cd inhibits or stimulates the activity of antioxidant enzymes via interference with the antioxidant defense system [25]. There is considerable debate about the
effects of Cd on SOD and POD activities, since there are
reports showing that Cd decreases the activities in wheat
[26, 27], Dittrichia viscosa L. [28], rice [6, 7] and Arabidopsis thaliana [29], while in other plant species, such
as sunflower [30], Nicotiana tabacum L. [31], maize [19],
barley [32] and soybean [21, 33], an opposite effect was
observed. Furthermore, POD activity in Solanum nigrum L.
first significantly increases to a peak value before gradually
decreasing in response to increasing Cd accumulation [34];
the same tendency was observed for SOD activity in rice
leaves [24]. Our results were consistent with some studies
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Compared with Ck, the proline contents decreased
slightly (Figure 3a), the soluble protein contents also
decreased (Figure 3b), perhaps due to the fact that, metal
toxicity in plants may result from the binding of metals to
protein sulfhydryl groups, or altering protein structures
[29]. And the effects increased with increasing Cd exposure time (Figure 3). Our results were in agreement with
some recent studies [24, 36]. However, proline accumulation in maize [19] and Solanum nigrum L. [6] leaves is a
suitable indicator of Cd stress, and the increasing of proline production in Cd-exposed maize and pea is also
found with increasing Cd concentration [19, 20].
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OA and CA both increased the activities of SOD and
POD, and 5.0 mmol/L OA and CA were most effective
for increasing SOD activity; however 10.0 mmol/L OA or
5.0 mmol/L CA was most effective for POD activity (P <
0.05). The CA-mediated increases were more prominent
than those of OA, and the order of two organic acids both
was 20 > 30 > 10 days (P < 0.05; Figure 2). So CA and
OA treatment may protect the membrane system of Larix
olgensis seedlings, as evidenced by the decrease in MDA
concentration and electrolyte leakage levels (Figure 1).
Some studies have shown that organic acid treatment
significantly increases SOD activity in rice [7, 24] and
maize plants [19] compared with the corresponding Cd
treatment, whereas in Juncus effusus L., SOD activity
decreases [25]. There is also considerable debate about
the effect of organic acids on POD activity. In some plant
species, it increases [6, 19, 25], whereas in others species,
it decreases [24, 34]. Our results were in agreement with
those of some previous studies but differed with others.
This discrepancy may have been due to differences in
research methods, organic acid species and concentrations
and plant species used in these studies.
3.3 Changes in proline and soluble protein contents

e

10d

discussed above and were in good agreement with the
increased rate of lipid peroxidation (Figure 1a) and relative conductivity (Figure 1b). Therefore, antioxidant enzymes (SOD, POD and others) may work in a cooperative
way to minimize oxidative stress [7, 35]. Activation or
inactivation of SOD and POD due to Cd stress depends
largely on the plant species or variety, exposure time and
concentration of Cd in the medium [27, 28].

30d
Treatment time

FIGURE 2 - SOD (a) and POD (b) activities in leaves of Larix olgensis seedlings treated with different concentrations of organic acids
and different Cd exposure times. The data and analysis were the
same as those in Figure 1

The proline contents in Cd-treated Larix olgensis
leaves were higher in organic acid-treated leaves than in
leaves treated with Cd alone, and 10.0 mmol/L OA and
5.0 mmol/L CA treatments were most effective (P < 0.05;
Figure 3a). The soluble protein contents also increased
after organic acids treatments; at 10, 20 and 30 days, the
most effective concentrations were 10.0, 5.0 and 10.0
mmol/L for OA, and 5.0, 10.0 and 10.0 mmol/L for CA (P
< 0.05; Figure 3b). To two substances, CA was more
effective than OA. The order of effective treatment durations for increasing proline content by OA and CA was 30
> 20 > 10 days and 30 > 10 > 20 days, respectively, while
for soluble protein content was 30 > 20 > 10 days and 20 >
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FIGURE 3 - Proline (a) and soluble protein (b) contents in leaves of Larix olgensis seedlings treated with different concentrations of organic
acids and different Cd exposure times. The data and analysis were the same as those in Figure1

TABLE 2-Changes in chlorophyll and carotenoid contents (mg g-1 FW) in leaves of Larix olgensis seedlings induced by different concentrations of organic acids and different Cd exposure times. The means ± S.D. (standard deviation) of three independent replicates are shown. The
analysis was the same as those in Figure 1 (Chl=chlorophyll; Cars=carotenoids)
Time
10
days

20
days

30
days

Treatment
Ck
T1
T2
T3
T4
T5
T6
T7
T8
T9
Ck
T1
T2
T3
T4
T5
T6
T7
T8
T9
Ck
T1
T2
T3
T4
T5
T6
T7
T8
T9

Chl a
0.879±0.103a
0.851±0.073c
0.761±0.027e
0.785±0.101d
0.747±0.034e
0.845±0.017c
0.858±0.001bc
0.847±0.011c
0.855±0.001bc
0.871±0.038ab
0.663±0.065bc
0.619±0.103c
0.636±0.097bc
0.665±0.020bc
0.694±0.065b
0.797±0.055a
0.664±0.076bc
0.691±0.115b
0.793±0.060a
0.812±0.084a
0.788±0.178d
0.707±0.017g
0.719±0.085g
0.743±0.080f
0.823±0.250c
0.753±0.049ef
0.744±0.067f
0.769±0.105e
0.898±0.034a
0.863±0.054b

Chl b
0.436±0.063a
0.431±0.037a
0.365±0.016c
0.372±0.024c
0.342±0.025d
0.373±0.016c
0.403±0.049b
0.372±0.095c
0.366±0.066c
0.371±0.020c
0.345±0.038cd
0.325±0.055d
0.361±0.050cd
0.328±0.020cd
0.365±0.028c
0.410±0.037b
0.333±0.037cd
0.338±0.056cd
0.439±0.037ab
0.453±0.057a
0.387±0.085b
0.339±0.011d
0.330±0.040d
0.331±0.040d
0.406±0.051a
0.415±0.029a
0.339±0.041d
0.340±0.021d
0.412±0.013a
0.365±0.027c

Chl a/b
2.016±0.082de
1.974±0.035e
2.086±0.079ce
2.112±0.161cd
2.184±0.093bc
2.263±0.067ab
2.128±0.017cd
2.277±0.189ab
2.335±0.060a
2.350±0.066a
1.920±0.036c
1.902±0.007c
1.762±0.012d
2.027±0.157a
1.902±0.079c
1.944±0.050bc
1.995±0.037ab
2.043±0.017a
1.807±0.044d
1.793±0.107d
2.036±0.016d
2.086±0.032cd
2.180±0.033bc
2.246±0.039b
2.026±0.063d
1.814±0.039e
2.195±0.074bc
2.262±0.075ab
2.179±0.065bc
2.363±0.053a

30 > 10 days by OA and CA, respectively (P < 0.05;
Figure 3). Their contents increased after organic acid treatments, due to decreased levels of Cd-induced oxidative
stress and toxicity, as previously described by Li [36] and
Xu et al. [24]. These results illustrate that organic acids
help stabilize the cellular structure in the Cd-treated leaves.
However, proline levels are significantly lower in SA-

Cars
0.177±0.021ab
0.165±0.013c
0.156±0.008de
0.164±0.041cd
0.153±0.006e
0.170±0.003bc
0.180±0.028a
0.175±0.024ab
0.170±0.025bc
0.172±0.007ac
0.146±0.016b
0.133±0.013c
0.134±0.017c
0.141±0.012bc
0.157±0.012a
0.163±0.011a
0.137±0.009c
0.135±0.021c
0.141±0.012bc
0.157±0.018a
0.156±0.036bc
0.152±0.004bc
0.149±0.013c
0.159±0.016bc
0.161±0.049b
0.157±0.007bc
0.153±0.013bc
0.159±0.023bc
0.191±0.002a
0.180±0.011a

Chl (a+b)
1.315±0.165a
1.282±0.109b
1.126±0.039g
1.157±0.121f
1.089±0.058h
1.219±0.032e
1.261±0.161bc
1.219±0.209e
1.221±0.188de
1.242±0.056cd
1.008±0.103bc
0.944±0.159c
0.997±0.147bc
0.993±0.016bc
1.059±0.090b
1.207±0.092a
0.997±0.113bc
1.029±0.171bc
1.232±0.097a
1.265±0.140a
1.175±0.163c
1.046±0.028c
1.049±0.124c
1.074±0.119c
1.229±0.184b
1.168±0.078c
1.083±0.108c
1.109±0.166c
1.310±0.043ac
1.228±0.080c

pretreated, Cd-exposed maize and pea, indicating that SA
pretreatment produces partial relief from Cd stress [19, 20].
3.4 Changes in chlorophyll and carotenoid contents

Under 10 mg/kg Cd stress, chlorophyll (a, b and [a+b])
and carotenoid contents decreased (P < 0.05), indicating
that the chloroplast membranes were damaged; the dam-
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age increased with increasing treatment time (Table 2). At
10 days, most organic acid treatments decreased these
contents, and they were lowest at 10.0 mmol/L (P < 0.05),
indicating the changes were mainly affected by Cd stress.
At 20 and 30 days, these contents increased significantly,
and the peak values were at 10.0 and 5.0 mmol/L organic
adids (P < 0.05), respectively. The results indicate that, Cd
damage to chloroplast was effectively relieved by organic
acids. CA generally was more effective than OA, and the
order was 20 > 30 days (P < 0.05; Table 2).
Various environment stressors, such as Cd, have been
shown to cause damage and degradation of chlorophyll, as
well as obvious chlorosis in plants such as soybean [13],
Arabidopsis thaliana [29] and rice [36]. Perhaps Cd combines with sulfhydryl (-SH) present in some enzymes in
the chloroplast, which leads to the decomposition of chlorophyll [37]. Organic acids have a beneficial effect on
chlorophyll formation in Cd-stressed Larix olgensis leaves
(Table 2), as demonstrated in maize [19] and pea plants[20]
treated with SA, and rice plants treated with citric acid
and oxalic acid [36]. Organic acids contribute to nutrient
mobilization (Mg, Fe, Mn, Cu and Zn etc, which are involved in chlorophyll formation) via mechanisms such as
complexation, acidification, dissociative adsorption and
oxidation-reduction reactions [11, 36, 38], thereby perhaps indirectly increasing chlorophyll levels. CA was
more effective at releasing nutrients (Fe etc.) from dark
brown forest soils than OA [39], and the same as increasing the chlorophyll content (Table 2).
Cd treatment decreased the level of chlorophyll a/b
by 2.06% and 0.98% at 10 and 20 days, respectively, while
it increased by 2.42% at 30 days. At 10 and 20 days, it was
highest at 10.0 and 1.0 mmol/L organic acids, respectively. At 30 days, it was highest at 1.0 mmol/L OA and 10.0
mmol/L CA. CA was more effective than OA, and the
order was 10> 30 > 20 days (P < 0.05; Table 2). Previous
studies have shown that, there is considerable debate about
the effect of Cd on Chl a/b levels [40, 41]. Our study is

a

partially in agreement with the studies described above.
These varying results may be related to differences in the
plant species and the conditions of the plants.
3.5 Changes in Cd accumulation and distribution

In the absence of Cd treatment, the Cd contents in
Larix olgensis fine roots and leaves were low (Figure 4).
However, they strongly increased under Cd stress, which
has been confirmed in similar studies employing rice [23]
and maize [19], and increased with increasing Cd exposure time. The Cd contents in Larix olgensis fine roots
were obviously higher than those in leaves, which indicated that Cd was mainly accumulated in roots, and Cd
was more toxic to roots than to leaves, as roots are the
first plant parts exposed to heavy metals in the soil. Similar tendency has been proved in other studies [13, 20].
At 10 days, organic acids increased the Cd contents in
fine roots and leaves, especially in leaves. However, at 20
and 30 days, Cd contents were obviously inhibited by
organic acids (P < 0.05); the longer the duration of treatment, the more serious the inhibition. To fine roots, at 20
and 30 days, the strongest effect both was at 10.0 mmol/L
OA or 5.0 mmol/L CA. To leaves, it was highest at 1.0
mmol/L at 20 days, and 5.0 mmol/L at 30 days (P < 0.05).
CA was more effective than OA (P < 0.05). The Cd contents in organic acid-treated fine roots were obviously
higher than those in leaves (P < 0.05; Figure 4).
Previous studies have shown that, the exogenous application of organic acids, especially citric acid and SA,
increased Cd concentrations in wheat roots [12, 42-43], in
roots and aboveground parts of Juncus effuses L. [25], and
in all organs (roots, stems and leaves) of soybean [13].
Organic acid application may also promote Cd transport
from roots to shoots by regulating the distribution of inorganic ions in plant organs [13], including potassium (K)
and magnesium (Mg). This increase depends on the concentration of organic acids and Cd in the medium, and
varies with different plant organs. However, treatment
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FIGURE 4 - Cadmium accumulation (mg/kg DW) in fine roots (a) and leaves (b) of Larix olgensis seedlings treated with different concentrations of organic acids and different Cd exposure times. The data and analysis were the same as those in Figure 1
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with organic acids (such as SA) leads to a nonsignificant
decrease in the root levels of Cd in maize plants treated
with 15 or 25 mM Cd [19]; the same tendency was observed in barley [11]. Other studies have shown that the
effects of organic acid treatment are complicated, as citric
acid enhances Cd uptake, and suppresses Cd transport to
aboveground plant parts in wheat [12]. Xu et al. [24] proposed that Cd levels in the grains, straw and roots of rice
decrease after the addition of organic acids and EDTA,
because organic acids and EDTA decrease the solubility
and bioavailability of Cd in the soil and the potential for
plant uptake. We previously found that, organic acids can
contribute to Cd release from mixed-polluted dark brown
forest soils [44]. Therefore, our hypothesis explaining why
Cd levels decline in organic acid-treated Larix olgensis
roots and leaves is not consistent with Xu’s [24], and this
topic requires further exploration.

backbone, and citric acid is a stronger detoxifying agent
than malic acid, acetic acid or lactic acid.
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3.6 Changes in the growth of Larix olgensis seedlings

Treatment time

The seedling heights and ground diameters both decreased in Cd-treated leaves. However, they both increased
after organic acid application (Figure 5). At 10, 20 and
30 days, to seedling height, the most positive effects were
at 5.0, 5.0 and 10.0 mmol/L, respectively (P < 0.05). To
ground diameter, they were at 10.0 mmol/L (P < 0.05).
The effect of CA was greater than that of OA at the same
concentration (Figure 5).

250

Growth ratio of ground diameter (%)

Currently, polluted environmental remediation and
improving plant tolerance have got more and more attention [45]. Some elements influence many physiological
processes in plants [46]. Under Cd stress, bivalent metallic ions on transport enzymes of cell membranes are replaced and inactivated by accumulated Cd in roots, along
with a decrease in transmembrane potential and an inhibition of H+ secretion from plant roots. These responses
decrease nutrient uptake and transportation by roots, leading to a decrease in plant growth [23]. The effects of
organic acids on Cd-treated plant growth and biomass
accumulation generally fall into one of three categories:
(1) Organic acids have harmful effects [42-43]. (2) Organic acids do not have obvious effects [23]. (3) Organic
acids have beneficial effects. The beneficial role of citric
acid has previously been established in many plants [34,
47], the same as SA in rice [6-7], barley [11] and soybean
[13], possibly through phytochelatins or by the activation
of Cd dislocation into vacuoles [13]. Our results are consistent with these reports, and may be due to the fact that
the toxicity of organic complexes comprising Cd and
organic acids is lower than that of Cd ions [48], or due to
the decline in the potential for plant to uptake Cd [24].
Our results also indicate that, exogenous organic acids
protect Larix olgensis seedlings against Cd toxicity. In the
current study, CA was more effective at decreasing Cd
toxicity than OA (Figure 1-Figure 5, Table 2), which was
consistent with other reports [12, 25]. Hue [49] also reported that the detoxifying ability of organic acid depends
on the relative position of OH/COOH in the main carbon
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In addition, the increasing Cd exposure time caused a
gradual increase in oxidative stress to Larix olgensis
leaves (Figure 1-Figure 5), it was in agreement with other
findings [6-7]. At different treatment durations, the protective effects of organic acids were different (Figure 1Figure 5, Table 2), and they were most prominent at 20 or
30 days, i.e. exogenous organic acid treatments should be
done at this time when artificial afforestation and phytoremediation of Cd-polluted dark brown forest soils by
Larix olgensis.
4. CONCLUSIONS
Exposure to 10 mg/kg Cd had significant effects on
the levels of some vital parameters associated with oxidative stress, and the toxicity increased with increasing Cd
exposure time.
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Compared with the Cd-only treatment, the application
of organic acids reversed the physiological parameters of
Cd-stressed Larix olgensis leaves; the Cd contents in fine
roots and leaves decreased, and the Cd-induced inhibition
of seedling height and ground diameter were significantly
alleviated. Hence, exogenous organic acids protected Larix
olgensis seedlings against Cd toxicity and alleviated Cdinduced oxidative injuries. The most prominent effect was
observed at 20 or 30 days, 5.0 or 10.0 mmol/L, and CA was
more effective than OA at the same concentration.
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ABSTRACT
Due to serious pollution and limited governance space
of urban rivers, the traditional technologies and engineering
cannot meet the requirements of treatment. This paper takes
a typical urban river engineering treatment of Xinyunliang
River in Kunming City, Yunnan Province as an example,
trying to provide a useful guideline for other polluted urban
rivers. First, sewage interception engineering was implemented in Xinyunliang River by the Kunming City Government in 2010 for solving the major pollution source-point source pollution, since hundreds of wastewater vents
collected domestic sewage or industrial wastewater on both
sides of the river discharge sewage caused deterioration
of water quality and ecosystem. Then, a series of ecorestoration engineering including in-situ remediation engineering, ex-situ remediation engineering and constructed
wetland engineering based on the different environmental
characteristics of the river was applied to treat low concentration sewage. After three years’ practice, the water
quality of Xinyunliang River has been improved obviously.
The average values of chemical oxygen demand, biochemical oxygen demand, ammonia nitrogen, total phosphorus
and total nitrogen in the same monitoring point of the
river were all decreased from 244.45, 84.95, 28.75, 2.28
and 36.05 mg/L in 2009 to 28.67, 8.58, 6.92, 0.38 and
13.40 mg/L in 2012, respectively.

KEYWORDS: Dianchi watershed; engineering treatment; Xinyunliang River; urban river; water pollution control

1. INTRODUCTION
In recent years, numerous treating engineering practices have been widely applied to polluted urban rivers [1-5],
including technologies of physical remediation, chemical
* Corresponding author

remediation and bioremediation. Physical remediation
technologies include aeration technology [6], water diversion to flush out pollutants technology [7], and sediment
dredging technology [8, 9]. Chemical remediation technologies contain flocculation and sedimentation technology [10] and removal of algae by chemical agents [11]. In
the bioremediation process, microbes and other organisms
[12, 13] are used to transform the pollutants to non-toxic
substances under the controllable environment. Generally,
the bioremediation could be divided into in-situ bioremediation and ex-situ bioremediation. All these measures play
important roles in pollutants discharge reduction and ecological restoration. To achieve health and sustainable development of the river ecosystem, the river should be treated
by bioremediation as priority, and the physico-chemical
remediation as the assistant means.
Due to the complicated eco-system and limited treating space of urban rivers, the traditional technologies and
engineering cannot meet the requirements of treatment.
And hence, the urban river is still difficult to establish
“city scuba” and exert its eco-effectiveness even after
complicated and expensive treatment. Therefore, the
paper takes a typical urban river engineering treatment of
Xinyunliang River as an example, trying to provide a
useful guideline for other polluted urban rivers treatment.
The applied engineering of Xinyunliang River combines
pollution control from source, eco-restoration and pollutants reduction along the river organically. First, sewage
interception engineering was implemented in Xinyunliang
River by the Kunming City Government in 2010 for solving the major pollution source--point source pollution,
since hundreds of wastewater vents collected domestic
sewage or industrial wastewater on both sides of the river
discharge sewage caused deterioration of water quality
and ecosystem. Then, a series of eco-restoration engineering including in-situ remediation engineering, ex-situ
remediation engineering and constructed wetland engineering based on the different environmental characteristics of the river was applied to treat low concentration
sewage. After three years, the water quality of Xinyunliang River has been improved obviously.
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2.2 Environmental data source

2. MATERIALS AND METHODS
2.1 Study Area

The Dianchi lake is located in the southwest of Kunming City, Yunnan Province, which is one of the highly
eutrophicated lakes in China. With a total area of 309 km2,
it is divided by a dam into two parts, inner lake (the small
northern Caohai) and outer lake (the much larger Waihai),
occupying 2.7% and 97.3% of the lake surface area, respectively (Fig. 1). The Dianchi lake has 35 inflowing
rivers which account for almost 100% of the Dianchi watershed area. These inflowing rivers flow radially into the
Dianchi lake from north to south.
As one of the Dianchi inflowing rivers, Xinyunliang
River (Fig. 1) runs through the west district in main urban
area of Kunming City. With a watershed area of 83.4 km2,
it is 19.7 km long, 1.0-6.4 m wide and 0.5-4.4 m deep.
Xinyunliang River, as a typical urban river, is very important to Kunming City and areas surrounding the river
due to its use in flood control and water supply. The minimum and maximum values of flood discharge capacity of
the river are 0.95 m3/s and 25.4 m3/s. Since the 1990s,
along with rapid urbanization, increasing the domestic
and industrial wastes, and urban and agricultural nonpoint
source all have drain into Xinyunliang River, causing high
organic matter in water. With hundreds of wastewater
vents on both sides of the river, industrial wastewater in
Xinyunliang River accounts for 41.28% of the amount of
industrial wastewater in the Dianchi watershed.
The green area along Xinyunliang River reaches about
4500 m2. However, without systematic regulation before
2009, Xinyunliang River is at an anaerobic condition and
has little aquatic plants, which almost lost its functions. In
2007, the values of chemical oxygen demand (COD), total
phosphorus (TP), total nitrogen (TN), and ammonia nitrogen
(NH4-N) in Xinyunliang River were 45-518, 0.53-3.99,
12.04-49.24 and 5.11-38.7 mg/L, respectively, and the
amount of water from Xinyunliang River flow into Caohai
reaches up to 80~90 million m3. Monitoring data in 2007
show that the amounts of water, COD, NH4-N, and TN from
Xinyunliang River flowing into Caohai account for 34.3%,
62.5%, 50.4% and 46.4% of the annual total amount into
Caohai, respectively. With the largest amount of water and
pollutants flow into Caohai, Xinyunliang River is the most
seriously polluted river in the north bank of the Dianchi lake.

The pollutants index data in Xinyunliang River include COD, biochemical oxygen demand (BOD5), NH4N, TN and TP, respectively. The Yunnan Province Research Academy of Environmental Sciences provided the
data of every month from 2008 to 2012.
2.3 Pollution control from source

Sewage interception engineering along Xinyunliang
River to solve point source pollution was completed by the
Kunming City Government in 2010. Point source pollution
(such as domestic sewage, industrial wastewater) is the
major pollution source for urban rivers [14]. Hundreds of
wastewater vents on both sides of Xinyunliang River discharge sewage causing water quality deterioration and
ecosystem pollution (Fig. 2). Within a range of 4.442 km,
the engineering collected sewage at the range of 0.81 km2
on both sides of the river through laying main pipes.

FIGURE 1 - Map of the study area

FIGURE 2 - Wastewater vents on both sides of Xinyunliang River
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FIGURE 3 - (a) The traditional combined system principle; (b) The intercepting combined system principle

The main task of sewage interception engineering is to
reconstruct sewage pipe networks. The traditional drainage
system on both sides of Xinyunliang river is a combined
system; sewage and rainwater enter into nearby bodies of
water without any processing. The traditional combined
system has been widely applied in the early urban construction due to small invest, causing water-bodies polluted
seriously. Thus, the reconstruction of the old combined
drainage system is necessary, although it is a complex engineering. Based on the existing economic conditions, sewage interception engineering for Xinyunliang River adopted
an intercepting combined system, installing intercepting
facilities on the end of pipe networks under conditions of
remaining the existing pipe networks (Fig. 3).

FIGURE 4 - The map of eco-restoration engineering in Xinyunliang
River
2.4 Eco-restoration and pollutants reduction along the river

After treatment of sewage interception engineering, a
series of eco-restoration technologies and related engineering practices including in-situ remediation, ex-situ remediation and creating estuarine wetland were carried out to

further cut pollution load in Xinyunliang River (Fig. 4).
Low concentration sewage as the main pollution source is
from tail water in sewage treatment plants, and parts of
the combined and overflow wastewater.
2.4.1 In-situ remediation

In-situ remediation is a technology using the river as
treatment space, setting water purification facilities, making water gradually run through these facilities with different functions, and then, achieving the goal of removing
pollutants and purifying water [15]. Based on pollution
features in different reaches, different in-situ remediation
engineering, from perspective of space, resource and operability, was implemented in Xinyunliang River.
Domestic sewage is the main source of pollution in
the upper reach of Xinyunliang River. With excessive
pollutants (organic compounds, TN, TP), black odor phenomenon of the river becomes a serious problem and low
transparency water is at an anaerobic condition in the upper
reach. Thus, for this reach, the in-situ remediation engineering located in Shizigou reach in the main tributary of
Xinyunliang River, contains forepart, middle segment and
posterior segment. With water depths measured at 1.8 m
and 20~30 m wide, the engineering makes use of about a
500 m long reach of Shizigou as practice area. The forepart
is 350 m long and designed as the biochemical reacting
zone, using artificial biological stuffing and micro-aeration
system to form a contact oxidation reaction zone. In this
phase, sludge will be formed in the process of sewage
treatment. One part of the sludge settles to the settling zone
and accumulates at the bottom of the biochemical reacting
zone, which is pumped to a filter pressing tank near to the
settling zone regularly for dewatering, clearing away phosphorus and other nutrients from the water. Another part of
sludge floating on the water is prevented into the river by
interception and salvage. As the ecological remediation
settling zone in the middle segment, the colonization of
submerged plants and emergent aquatic plants were adopted to further reduce pollutants. Based on the forepart and
the middle segment, the posterior segment is set to the
settling zone to improve the transparency of water, which
is similar to the secondary sedimentation tank in the sewage treatment plant.
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FIGURE 5 - Technological process of ex-situ remediation system

For the high concentration of nitrogen in middle and
lower reaches of Xinyunliang River, another in-situ remediation engineering with four phases (anaerobic phase of
biofilm, nitration phase, denitrification phase and settling
phase) located in the main channel of Xinyunliang River
was carried out to enhance nitrogen removal [16]. This
engineering covers about 2.8 km length of the river,
which includes four characteristics. 1) in anaerobic phase
(750 m long), biological stuffing with a quick biofilm recovery was laid in the river bottom to enrich anaerobic
microbes, reducing organics load effectively through their
role and helping nitration and denitrification phases. 2) To
reduce ammonia nitrogen, nitration phase (700 m long)
uses an own developed integrated equipment of a solar
aeration system and blast aeration device to intensify
aeration. 3) In denitrification phase (150 m long), own
developed solid denitrification fillers were laid in the river
to provide carbon sources and habitats for microbes. 4)
Settling phase is buffer zone before river water enter into
ecological downstream.
2.4.2 Ex-situ remediation

Ex-situ remediation technology is a viable treatment
transferring parts of polluted river water from the main
channel to a water treatment system established on the
riparian zone, and the purified water after treatment still
returns to the river. Strengthened denitrification technology of solid carbon source is the core of ex-situ remediation
engineering in the lower reaches of Xinyunliang River. The
system, with a water treatment facility area of about 1000
m2 and total water treatment scale of 2000 m3 per day, was
established on the riparian zone in the lower reaches,
including a pre-treatment unit of a micro-aeration biofilter, an improved multilevel soil infiltration and a microaeration corridor biofilter (Fig. 5, [16]). At first, river water
enters into the micro-aeration biofilter to reduce organics
and complete ammonia nitrogen nitrification. Then, to
intensity denitrification, the water after first-phase treatment was treated in a parallel way through improved

multilevel soil infiltration and a micro-aeration corridor
biofilter. Finally, the treated water as landscape water enters back into Xinyunliang River.
2.4.3 Estuarine ecological remediation

Estuarine ecological remediation system of Xinyunliang River is an engineering based on an estuarine wetland with an area of about 66700 m2. Estuarine wetland
occupies a large area of lands, which is a limiting resource
in the estuarine of Xinyunliang River. Therefore, floating
island technique can be an alternative tool. Hydrophytes
have been widely planted in a floating island for the remediation of surface water and wastewater due to their efficacy in assimilating nutrients and creating favorable conditions for the microbial decomposition of organic matter
[17].
To treat low pollution water at the end of the river,
constructed estuarine wetland engineering transforms the
existing ditch, pool and wetland of Xinyunliang River,
and builds estuarine floating islands to form a combined
process of river-ditch-pool-floating islands, establishing
the national lake ecological wetland treatment system for
low pollution water. The treatment scale of the wetland in
dry season was 5 000~10 000 m3 a day, and the largest
hydraulic load achieved 0.15 m3/m2 per day. Moreover,
unit investment and operation costs of this method are
both lower than that of a traditional artificial wetland.

3. RESULTS AND DISCUSSION
3.1 Sewage interception engineering

Through sewage interception engineering, 114 wastewater vents on the both sides of Xinyunliang River have
been blocked, and sewage and rainwater directly into the
river was intercepted to city sewage plants. Sewage interception engineering decreases pollutants of COD, BOD5,
TN and TP, and improves water quality in this area effec-
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tively, keeping pollution emissions within the range of
Xinyunlliang River water environmental carrying capacity.

3.2.2 Ex-situ remediation

Ex-situ remediation engineering for Xinyunliang River
has the function of artificially intensifyimg the riparian
zone, not only to ensure that polluted water can be treated
effectively, but also to make original functions of the river
(such as shipping, flood discharge) work well. To build an
improved multilevel soil infiltration system near the riversides, an ex-situ purification system with landscaping and
pollution control was formed. This method combined exsitu remediation technology with landscaping construction on the both sides of the urban river, making building
facilities have the function of purification and landscaping.
During the operation period, the average removal rate of
TN is >85% after treatment [16]. Thus, denitrification effect
has been improved effectively.

3.2 Eco-restoration engineering

After outside source pollution is controlled, series of
eco-restoration technologies and related engineering were
implemented for the different reaches with surrounding
environment characteristics of Xinyunliang River.
3.2.1 In-situ remediation

The in-situ remediation engineering located in Shizigou
reach works well. Pollutants of organic compounds, TN and
TP in the water-body of Shizigou reach are over the limit
badly, and water transparency keeps within a range of
0.2-0.35 m. Water quality in practice area has been improved obviously after engineering treatment (Fig. 6a).
In Fig. 6a, water transparency of the outlet is >1 m, which
is beneficial to the recovery and growth of aquatic plants
in the settling zone. COD removal of the outlet is >40%,
because domestic sewage is the main pollution source in
this reach, causing a good biodegradability. Furthermore,
this engineering also can remove TN and TP. The removal
rates of TN and TP are 13.4% and 12.9%, respectively.
The in-situ remediation engineering applied to the
middle and lower reaches of Xinyunliang River combined
aeration, biofilm, bioremediation and other related technologies organically. One year’s practice proves that this
engineering has a good effect, even after the scour of rainwater, sewage into the river, much fluctuation of water
quantity and other harmful factors. Figure 6 b shows that
pollutants in this reach decreased obviously, especially
pollutants of COD, NH4-N and TP. After treatment, the
average removal rates of COD, NH4-N, TP are 43.3%,
45.8%, and 50.1%, respectively [16]. The results indicate
that this in-situ remediation engineering has good ability
to remain stable and resist interference, which solved the
local conflict between in-situ remediation engineering and
flood safety, developing an in-situ remediation technology
system with no influence on flood safety and function of
rapid remediation and purification after a flood season.

Pollutants of organics and TN in river water after insitu and ex-situ remediation treatment have been reduced
obviously. Then, the processed water enters into the ecological remediation system of estuarine wetland. Water
outlets of estuarine wetland on east side and west side are
divided by ecological floating islands, reducing the impact of Dianchi backwater on estuary water quality, which
is more accurate to show the purification effect of water
quality with the estuary treatment system. Moreover, the
average values of COD, TP and NH4-N of outlet water are
30, 0.255 and 2.75 mg/L. Furthermore, a healthy ecological system of Xinyunliang River also can be restored
gradually by creating an estuary wetland (Fig. 7).
3.3 The effect of Xinyunliang River after treatment

Since 2009, the water quality of Xinyunliang River has
been improved obviously. In Fig. 8, in the same monitoring
point of Xinyunliang River, the average values of COD,
BOD5, NH4-N, TN and TP firstly increased and then decreased after 2009. The values of pollutant indices in 2009
are all higher than data in 2008 due to implementation of
the sewage interception engineering in 2009, causing water
quality temporarily more serious. Meanwhile, data from

water inlet before treatment
water outlet after treatment
pollutant concentration/ mg/L
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40
30
20
10
0

3.2.3 Estuarine ecological remediation
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(b)
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FIGURE 6 - (a) The application effect of in-situ remediation engineering located in Shizigou reach (T: Transparency); (b) The application
effect of in-situ remediation engineering with four phases.
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FIGURE 7 - (a) The wetland area after the remediation; (b) The estuary of Xinyunliang River after treatment
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FIGURE 8 - The water quality of Xinyunliang River after treatment

2009 to 2012 in Fig. 8 show that pollution level in Xinyunliang River decreased obviously. Especially, the average
values of COD, BOD5, NH4-H and TP in 2012 are decreased to 28.67, 8.58, 6.92 and 0.38 mg/L respectively.

4. CONCLUSION
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How to effective control and prevent water pollution
for an urban river has become a hot and difficult problem.
Point source pollution as the major pollution source for
urban rivers should be controlled well. Then, low concentration sewage as the main pollution source is more difficult to control than point source pollution. In this study,
sewage interception engineering, and a series of ecoengineering including technologies of in-situ remediation,
ex-situ remediation, constructed estuary wetland and
floating islands based on the space size and main pollution source of different reaches of Xinyunliang River
were developed. The effect of a 3-years practice in
Xinyunliang River is obvious, trying to provide a useful
guideline for other polluted urban river treatments.
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ABSTRACT
In this study, genotoxic effects of tributyltin (TBT) and
methidathion (MD) were investigated using Drosophila
wing somatic mutation and recombination test (SMART).
This test is based on the principle that the loss of heterozygosity of suitable recessive marker hairs such as multiple
wing (mwh) and flare-3 (flr3), can lead to the formation of
mutant clones of larval cells, which are then expressed as
spots on the wings of the adult flies. Third-instar larvae that
were trans-heterozygous for the two genetic markers mwh
and flr3 were treated at different doses (0,1 mg/L, 1 mg/L,
10 mg/L, 30 mg/L, and 50 mg/L of TBT and 0.01 mg/L,
0.025 mg/L, 0.05 mg/L, 0.06 mg/L, and 0.075 mg/L of MD)
of the test compounds. Mitomycin C (MMC), a commonly
known mutagen, was used as positive control. The results
indicated that highest experimental dose of TBT showed
toxic and genotoxic effects, including recombinogenic activity in the marker-heterozygous flies. However, based on our
results, MD showed no genotoxicity in the SMART assay,
an in vivo model.

KEYWORDS: Genotoxicity, Drosophila melanogaster, SMART,
Tributyltin (TBT),Methidathion (MD), Mitomycin-C (MMC).

1. INTRODUCTION
In recent years, more than 100,000 new chemicals
have been introduced as consumer products into our environment. Many of these chemical compounds present in
the environment have indicated plastic softoners (bisphenol-A) or detergents (4-octylphenol or 4-nonylphenol),
natural and synthetic compounds (17- β -estradiol and 17- α
-ethinyl estradiol), heavy metals (cadmium and copper),
organotins (TBT, etc), and pesticides [1]. Exposure to these
chemicals is known to be associated with several disorders
* Corresponding author

including the endocrine and reproductive systems, nervous
system, cardiovascular system and is also associated with
immune dysfunction [2, 3]. Most of these chemicals have
been described as endocrine disrupting chemicals (EDCs)
[2]. EDCs have actions that disturb the endocrine function
in animals and humans [4]. Studies have reported that
especially some pesticides have been identified as potential endocrine disrupting chemicals [5]. In addition, these
chemicals are of particular concern due to their toxicity in
animal studies and effects on humans and animals [2].
Pesticides are chemical compounds that are considered as one of the main factors involved in environmental
contamination of today [6-8]. In recent years, the use of
pesticides, especially organophosphorus compounds (OPCs),
has increased [9]. Consequently, many adverse effects of
OPCs have been reported. There are many studies that
showed the negative effects of these compounds on non
target organism, such as mammals, birds, fish, and also
humans [10]. These compounds have some adverse reaction such as animal and human poisoning, cancer, resistance of pesticide, and mutagenic, carcinogenic and
teratogenic effects etc. [6, 9, 11].
Methidathion (MD) is one of the most widely used
organophosphorus insecticide in agriculture and public
health programmes [9, 12, 13]. MD is a highly toxic compound listed by US EPA as a class I toxic chemical (US
EPA, 1991) [14]. Its toxic effect is based on the inhibition
of acetylcholinesterase activity (AChE) [10]. AChE is a
basic enzyme implicated in the proper functioning of the
nervous system of humans [15].
Tributyltin (TBT) is an organotin compound that has
largely been used as a biocide agent in antifouling paints
of ship and in agriculture [16, 17]. TBT poses a significant hazard to aquatic organisms via genotoxic, neurotoxic,
hepa-totoxic, teratogenic, and endocrine disruptive effects
[18, 19]. Furthermore, TBT is characterized by environmental mobility, and a tendency to accumulate in organism [11, 20]. Therefore, at present, the use of antifouling
paints containing TBT is restricted in many countries
[21]. Nevertheless, TBT is still considerably distributed in
marine and freshwater environments [16, 18].
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MD and TBT were selected in the present study due
to their potential risk to the environment and health. Several studies have evaluated toxic and genotoxic effects of
TBT and MD in different test systems [22, 23]. However,
no studies on genotoxic potential of these chemicals in
Drosophila imaginal wing disc cells have been conducted
until now. Drosophila melanogaster is an in vivo model
organism commonly employed in genetic toxicology
testing given its advantages: it presents a short generation
time, allowing a fast genotoxic evaluation; and it has a
metabolic activity capable of activating pro-mutagens and
procarcinogens. Thus, D. melanogaster has been used
basically in short-term tests for identifying potential carcinogens and as a model organism to study the mechanisms
of mutagenesis [24, 25]. Somatic mutation and recombination test (SMART) in the wings of D. melanogaster is
based on the loss of heterozygosity for two recessive markers mwh (3-0.3) and flr3 (3-38.8) [26]. In this test, chemicals are administered to the larvae by feeding and genotoxicity can be monitored in wings of adult flies [27].
The aim of the present study was to investigate the
genotoxicity of two different chemical biocides (TBT and
MD) using the Drosophila wing somatic mutation and
recombination test (SMART).

2. MATERIALS AND METHODS
2.1 Chemicals

Tributyltin chloride (CAS Registry number is 146122-9, purity 96%); methidathion (CAS Registry number is
950-37-8, purity 98%) and mitomycin C (CAS No. 50-077, ultra pure grade), ethanol absolute (CAS No. 64-17-5),
dimethyl sulfoxide (CAS No.67-68-5, purity ≥99.9%)
were used in the experiment.
2.2 Drosophila Strains

Two strains of D. melanogaster were used: the multiple wing hairs strain with genetic constitution of mwh/mwh
and flare-3 strain with the genetic constitution of flr3/In
(3LR) TM3, Bd. Detailed information on the genotypes used
in the test crosses is given by Lindsley and Zimm [28].
2.3 Treatment Procedure

The treatment procedure was carried out according to
the protocol by Graf et al. [26] with some modifications.
Eggs from the cross between mwh males and flr3 virgin
females were collected during 8 h periods and, 72±4 h
later the resulting larvae were collected using a 17% sodium chloride solution. After that, in the genotoxicity test
with the chronic treatment, third instar larvae were placed
into glass vials containing Drosophila instant medium
(Formula 4–24, Carolina Biological Supply, Burlington,
NC, USA), with the addition of respective test solutions
on which they feed for the rest of the larval development
(approx. 48 h). For chronic feeding, glass vials were prepared with 0.5 g Drosophila instant medium and 2.5 mL

of the respective experimental solutions. DMSO (0.5 %)
and ethanol (4 %) was used as solvent for experimental
chemicals. Methidathion was dissolved in DMSO and TBT
was dissolved in ethanol. The different doses of experimental solutions were added on Drosophila instant medium
(0,1 mg/L, 1 mg/L, 10 mg/L, 30 mg/L, and 50 mg/L of
TBT and 0.01 mg/L, 0.025 mg/L, 0.05 mg/L, 0.06 mg/L,
and 0.075 mg/L of MD). Distilled water was used as
negative control. Aqueous solutions of MMC were used as
positive control. The concentrations of MMC tested was
selected on the basis of previous studies [29- 31]. Feeding
ended with pupation of the surviving larvae. Only the
trans-heterozygous adult flies (mwh+/ +flr3) were collected
from the exposure vials and stored in ethanol (70%). Adult
flies that were eclosed from pupal stage were collected
from the treatment vials and the number of eclosions was
counted. The toxicity was evaluated as the percentage of
larvae that survival to adulthood. All experiments were
performed at 25±1OC and at approximately 50-60% of
relative humidity. These are optimal environmental conditions for Drosophila. It is reported that temperature has a
large effect on the frequencies of spots and the development of Drosophila [32].
2.4 Preparation and Microscopic Analysis of the Wings

The wings were removed, mounted in Faure’s solution
(30 g of gum Arabic, 30 mL glycerol, 50 g chloral hydrate
and 50 mL distilled water) on microscope slides and inspected, under 400× magnifications, for the presence of
clones of cells showing malformed wing hairs. The mutant
clones were classified into three types: (1) small single
spots, containing one or two cells; (2) large single spots,
containing three or more cells; and (3) twin spots, containing adjacent mwh and flr3 cells [26].
2.5 Statistical Analysis

For evaluation of detected genotoxic effects, the frequencies of spots per wing in the treated series were statistically compared to negative controls, which was distilled water. The data were evaluated according to Frei and
Würgler multiple-decision procedure [33]. For the statistical calculations, the conditional binomial test according
to Kastenbaum and Bowman was used at 5% significance
levels [34].

3. RESULTS
In this study, different concentrations of TBT and MD
were investigated for toxic effects and a potential genotoxicity by using SMART test on D. melanogaster. We believe
that this is the first study to evaluate the genotoxic potential of these chemicals in Drosophila imaginal wing disc
cells. Firstly, toxicity studies were carried out to define the
range of doses to be tested in the genotoxicity studies.
Toxicity was measured as the decrease in the percentage of
treated larvae that reach the adult stage. For this purpose,
the larvae treated with different doses of TBT (0,1 mg/L,
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1 mg/L, 10 mg/L, 30 mg/L, and 50 mg/L) and MD (0.01
mg/L, 0.025 mg/L, 0.05 mg/L, 0.06 mg/L, and 0.075 mg/L).
In this context, the results of the survival (the percentage of larvae surviving to adulthood) reported for control
and experimental groups are shown in Table 1. All concentrations of TBT, MD and positive control MMC exerted a
concentration dependent inhibitory effect on larval survival, so larval survival decreased with an increase in the
concentration. As it is seen from data in Table 1, the toxicity of TBT and MD were different and MD was toxic more
than TBT. The highest concentrations of TBT (50 mg/L) and
MD (0.075 mg/L) caused a 30% and 36% survival ratio,
respectively.
In addition, the results obtained in the SMART are
shown in Table 1 based on the data from three categories:
small single spots (1 or 2 cells in size), large single spots
(3 or more cells) and twin spots. Also, the number of total
spots is given in the table. As can be seen from the data of
Table 1, the distilled water (negative control) leads to a
low spontaneous frequency of small single spots, large
single spots and twin spots. In addition, DMSO and ethanol are known to be reliable solvents and not induce a
significant increase in any mutant clone types in SMART
test. Thus, DMSO and ethanol showed no genotoxicity in
the SMART assay, an in vivo model. These results were
similar to those reported in other studies [35, 36].
As expected, MMC (0.025 mM, 0.05 mM and 0.1 mM),
which was used as a positive control, induced all types of
spot (small single, large single and twin spots) with a clear
dose–response relationship over three concentrations. The
frequency of total spots per wing (sp/w) was 0.19 for the
negative control and 9.93, 17.43 and 19.39 for three differ-

ent concentration of the positive control, MMC (0.025 mM,
0.05 mM and 0.1mM, respectively). This shows the strong
mutagenic and recombinogenic activity of MMC. These
results agree with previously SMART assay studies [29,
30]. It is reported that MMC alkylates DNA, forms DNA–
DNA cross-links and leads to genotoxic effects such as
inducing micronuclei, chromosomal aberrations [37].
According to the data observed from the transheterozygous flies showed inconclusive results for all categories of spots at 0.1, 1, 10, and 30 mg/L TBT exposure
doses while showed clearly positive results at 50 mg/L
TBT for small single spots and total spots. The frequency
of total spots per wing (sp/w) was 0.19 for the negative
control and 0.21, 0.25, 0.22, 0.29, and 0.4 for five different concentration of the TBT (0.1mg/L, 1mg/L, 10mg/L,
30mg/L, and 50 mg/L, respectively).
Furthermore, as can be seen from the data of Table 1,
inconclusive results were obtained from small single spots,
large single spots, twin spots, and total spots in all concentrations of MD. The frequency of total spots per wing
(sp/w) was 0.16 for the negative control and 0.26, 0.29,
0.27, 0.27, and 0.25 for five different concentration of the
MD (0.01, 0.025, 0.05, 0.06, and 0.075mg/L, respectively).
4. DISCUSSION
In recent years, there is a rising concern about some
chemicals released into the environment [38]. For this
reason, MD and TBT were selected in the present study
due to their potential risk to the environment and health.
TBT are typical environmental contaminants and endocrine-disrupting chemical. In addition, most of the or-

TABLE 1 - Results of genotoxicity assay of Mitomycin C (MMC), Tributyltin (TBT) and Methidathion (MD) through the SMART assay in
D. melanogaster.

Treatment
Groups
Concentration

Survival
rate (%)

Number
of wings

Spots per wing (number of spots) statistical diagnosisa
Small single spots (1–2 Large single spots
Twin spots
Total spots
cells) (m =2)
(>2 cells) (m =5)
(m=5)
(m =2)

97
224
0.16 (35)
0.01 (4)
Distilled water
93
90
0.15(14) i
0.02(2) i
Ethanol 4 %
95
110
0.14(16) i
0.009(1) i
DMSO 0.5 %
MMC (mM)
0,025
62
85
3.53(300) +
3.93(334) +
0,05
58
70
6.86(480) +
7.19(503) +
0,1
45
70
7.23(506) +
7.61(533) +
TBT (mg/L)
0,1
87
70
0.19 (13) i
0.03 (2) i
1
86
65
0.22 (14) i
0.03 (2) i
10
75
83
0.19 (16) i
0.02 (2) i
30
34
45
0.27 (12) i
0.02 (1) i
50
30
38
0.39 (15) +
0.03 (1) i
MD (mg/L)
0,01
90
108
0.21 (23) i
0.04(4) i
0,025
93
104
0.27 (28) i
0.02(2) i
0,05
88
87
0.25 (22) i
0.02(2) i
0.06
86
70
0.26 (18) i
0.01(1) i
0.075
36
60
0.25 (15) i
0.00(0) i
a
Statistical analysis according to Frei and Würgler [33]: +, positive; −, negative, i, inconclusive. Significance
factor.
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0.00 (0)
0.00(0) i
0.00(0)

0.17 (39)
0.18 (16) i
0.15(17) i

2.47(210) +
3.39(237) +
4.54(318) +

9.93(844) +
17.43(1220) +
19.39(1357) +

0.00(0) i
0.00(0) i
0.00(0) i
0.00(0) i
0.00(0) i

0.21 (15) i
0.25 (16) i
0.22 (18) i
0.29 (13) i
0.42 (16) +

0.009(1) i
0.26 (28) i
0.00(0) i
0.29 (30) i
0.00(0) i
0.27 (24) i
0.00(0) i
0.27 (19) i
0.00(0) i
0.25 (15) i
levels α = β = 0.05. m, Multiplication
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ganotins used as agricultural pesticides are easily metabolized to TBT [39]. In recent years, the environmental contamination and the high toxicity of TBT have been documented [40]. In addition, the negative effects of TBT on
oyster [41],and mussel [42] at low doses are well determined. In another study has been reported that TBT delayed the metamorphosis and inhibited the growth of
tadpoles in Xenopus laevis [43].
Furthermore, there are some reports on adverse effects
of TBT in different organism. For example, besides the
acute toxicity of TBT some studies show that TBT have
genotoxic on molluscs [44, 45], fish [46, 47], mammals
[48] and it can produce endocrine disruptive effects [40].

results proffered here contribute to increase the database
on the genotoxic activity of TBT. More studies in different types of in vivo and in vitro test systems are therefore
needed in order to understand the effects of various types
of contaminants on the ecosystem.

ACKNOWLEDGMENTS
This work (Project no. BAP 2011-171) was financially supported by Inonu University.

MD is an organophosphate compound employed commercially as an agricultural pesticide since 1966 [49]. MD is
organophosphorus insectisides that is a highly toxic insecticide used to control a broad spectrum of agricultural insects
[50]. There are many studies that utilized the adverse effects of MD on non target organisms, including humans,
bees, birds and aquatic organisms [51]. In another study, a
case of intoxication by methidathion was reported [52]. In
addition, a fatality involving trichlorfon and methidathion
was reported [53]. Another study reported that MD caused
a significant increase in histopathological changes in the
liver tissue [12].
In a previous study [54], some pesticides such as
methidathion and parathion, were tested for their clastogenic and aneugenic activities in mouse bone-marrow
micronucleus test (MN) in vivo and for their sisterchromatid exchange-inducing (SCEs) activities in human
lymphocytes in vitro in the presence and absence of an
exogenous metabolizing system from rat-liver S9. Consequently, methidathion does not increased the rate of micronuclei in polychromatic erytrocytes significantly neither in
male nor in female animals in vivo mouse bone-marrow
micronucleus test (MNT). However, methidathion induced
significant increases of SCE-frequencies in human lymphocytes in vitro only in the absence of rat liver S9.
Based on our results, the used doses of MD did not
increase the spontaneous frequencies of spots, when compared to negative control. Thus, MD showed no genotoxicity in the SMART assay, an in vivo model. However, the
highest concentration of TBT (50 mg/L) significantly
increased the frequencies of small spots and total spots.
Small or large single spots can be produced by point mutation, chromosome breakage, and mitotic recombination,
while twin spots are especially a result of recombination
[26]. According to our study, TBT might induce gene
mutations, chromosome deletion, non-junction and mitotic recombination.

5. CONCLUSIONS
In conclusion, from our study we can conclude that
TBT has toxic and genotoxic effect of Drosophila, being
the first reported data using this assay of Drosophila. The
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ABSTRACT
Water quality concerns have motivated the investigation of toxic trace element levels in natural systems and
the weathering of outcrops of ultramafic rocks is a potential source of toxic trace elements. The Pollino Massif
(southern Italy) is included in the area of the Pollino National Park, where ophiolite-bearing terrains outcrop. In
this area anthropogenic pollution is negligible and a proper
groundwater chemical characterization furnish the chance
of evaluating solely natural metal pollution. With this in
mind we assessed the distribution of a large set of trace
elements, including Cr as total dissolved Cr and Cr(VI),
in spring water sampled both in the wet season and in the
dry season. The water have either a Mg-HCO3 or CaHCO3 type composition and during the dry season there is
a significant increase in the number of the Mg-HCO3 water.
A critical scenario of contamination from natural mineralization has been observed for Cr(VI) in springs of both
Mg-HCO3 and Ca-HCO3 type water, and in both the seasons. These water flow in serpentinite, gneiss, conglomerate, and slate. The Cr(VI) concentration is, for each water,
higher in the dry season, suggesting that natural Cr(VI)
pollution may be enhanced during drought periods. Finally,
R-mode factor analysis indicates the water, in both seasons
are characterized by: i) the release of Si, Sc, and Cr, due
to the dissolution of Cr-rich silicic rocks, ii) a common
fate of high solubility for As, Ba, Sr, and, iii) a common
fate of low solubility for Al, Fe, and Mn.
KEYWORDS: Groundwater; hexavalent chromium; seasonal
variation; southern Italy

1. INTRODUCTION
Trace element levels in groundwater are important because they dictate potential water uses and water quality
concerns have motivated the investigation of toxic trace
* Corresponding author

element levels in natural systems and facilitated a better
understanding of trace element behavior [1]. Trace elements in subsurface environments originate from both natural and anthropogenic sources, including the weathering of
minerals, and the upper continental crust is the primary
non-anthropogenic source of trace elements in hydrologic
systems. The physical and chemical degradation of soils
and rocks results in the release of chemical elements into
groundwater, where toxic elements may accumulate and
result in human exposures, both from drinking water and
food consumption [2,3].
The weathering of outcrops of ultramafic rocks is a
potential source of toxic trace elements, especially first
row transition elements [4]. A preliminary study [5], part
of a comprehensive study concerning potential metal contamination in groundwater in the northern sector of the
Pollino massif, showed this water has either a Mg-HCO3 or
Ca-HCO3 type composition. The Mg-HCO3 type water is
produced from the interaction of meteoric water and serpentinites whereas the Ca-HCO3 type water is hosted in
lithologies ranging from carbonates (carbonate breccias
and dolostones), rocks of carbonate and silicate minerals
(calc-schists and conglomerates), and silicate rocks (shales,
gneisses, and metabasites). A critical scenario of contamination from natural mineralization has been observed for
Cr(VI) in both Mg-HCO3 and Ca-HCO3 type water. In
some cases, the contamination cannot be simply attributed
to interactions with serpentinites or to mixing with water
interacting with serpentinites, and Cr(VI) contents may be
also due to the weathering of garnet-rich gneiss. More in
general, high levels of chromium in the water resulting
from natural sources are uncommon [6]. The Pollino Massif is included in the area of the Pollino National Park,
where the effect of anthropogenic pollution is negligible;
in addition, sampled water come from springs located
between 550 meters above sea level and 1310 meters
above sea level. As a consequence, a proper groundwater
chemical characterization furnishes the chance of evaluating solely natural metal pollution, in a scenario where potential adverse health effects, due to exposure from drinking water, especially associated with Cr(VI), exist.
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With this in mind, and in order to estimate also possible seasonal effects, we assessed the distribution of Cr (as
total dissolved Cr and Cr(VI)) and of a large set of other
trace elements, including those of environmental concern
(V, Mn, Fe, Ni, Cu, Zn, As, Pb, and U) and other elements (erg., Al, B, Ba, Br, Li, Mo, Rb, Sc, Se, SiO2 (aq),
and Sr) in 34 spring water sampled both in the wet season
and in the dry season.

2. GEOLOGY AND
HYDROLOGICAL BACKGROUND
The Pollino massif is located in the southern Apennines, which consists of tectonically superimposed thrust
belts derived from the deformation of the African passive
margin.
In the Pollino massif there are outcrops of the terrains
of the ophiolite-bearing Ligurian Complex tectonostratigraphic unit [7, and references therein]. The Ligurian
Complex is affected by an intense tectonic deformation
and the stratigraphic succession consists of two ophiolitebearing units (the Calabro-Lucanian Flysch Unit and the
Frido Unit) unconformably overlain by turbiditic synorogenic sequences (Fig. 1). The Frido Unit was subjected
to low-temperature, high-pressure metamorphism. The unit
is composed of two sub-units tectonically juxtaposed, with
the structurally lower sub-unit composed of slates and
phyllites, and the structurally overlying sub-unit dominated
by calc-schists.
The lower sub-unit consists of grey slates intercalated
with grey–green metalimestones and quartzite. The foliation is frequently overprinted by tight to isoclinal folds
associated with a crenulation cleavage. The calc-schists
are metalimestones, which occur as grey carbonate rocks
and marls affected by low-grade metamorphism and frequently crosscut by both carbonate and quartz veins. The
maximum thickness of this unit is several hundred meters.
As a consequence of post-Alpine low-temperature
metamorphism, the primary mineralogical paragenesis of
the Pollino complex ultramafic rocks experienced extensive alteration [8]. Ophiolitic rocks of the Frido Unit consist of lenticular metabasites interbedded with cataclastic
and highly fractured serpentinites. The metabasites are
foliated and fine-grained, and in some cases have a porphyritic texture. They are often intercalated with serpentinites,
slates, and metalimestones, and form levels with a maximum thickness of several dozen meters. Pyroxenes in
metabasites are replaced by chlorite, actinolite, epidotes,
titanite, and Fe-oxides. Metadolerites, in some cases with a
porphyritic texture, occur in dikes within serpentinites.
Microprobe analyses of spinels in metadolerites identified
them as Al-chromites and Cr magnetite (ferrichromite),
with Cr concentrations of 30%–35% [7].
The serpentinites represent serpentinized green-bluish
mantle peridotites. Locally, these serpentinites are very
brittle, as indicated by the large number of fracture sur-

faces. The fractures are commonly filled with tremolite
fibers. Serpentinite primary minerals (olivine, orthopyroxene, clinopyroxene, spinel, and plagioclases) often occur as
relics transformed into serpentine minerals (chrysotile,
antigorite, and lizardite), chlorite, Fe-Cr spinel, epidotes,
amphiboles, and Fe-oxyhydroxides. Chromite and magnetite occur as accessory phases.
Near the villages of Episcopia and San Severino Lucano (Cropani hamlet), there are outcrops of fine-grained
gneisses and leucocratic veins of granitoid composition.
The primary minerals of the gneisses are garnet, quartz,
feldspars, biotite, and muscovite, along with minor amphiboles, chlorite, epidotes, and serpentine. Greenish rocks
containing amphibole and pyroxene (amphibolites and
amphibole gneisses) are found near the base of the garnet
gneisses .
In the study area, Pleistocene deposits of the S. Arcangelo Basin outcrop as alluvial and fan-delta deposits,
which are generally well cemented, and consist of polygenic conglomerates with well-rounded clasts (Castronuovo Conglomerates). They unconformably overlay slates,
phyllites, and calcschists of the Frido Unit, including
crustal and ultramafic rocks, as well as both the marine
siliciclastic and calciclastic Tortonian flysch deposits of the
Perosa Formation, which consist of clayey marls, sandstones, and calcarenites. These terrains also overlay, unconformably, the phyllites and slates of the Frido Unit.
The Frido Unit terrains, especially the slates, are aquicludes and represent the impermeable unit for all the springs
studied. The aquifers consist of conglomerate, carbonates,
metabasites, gneiss, and serpentinites, and the springs are
generally located in contact with lower-permeability terrains
of the Frido Unit or along fractures (Fig. 1). Generally, the
aquifers are thin and laterally discontinuous, because the
ultramafic rocks and gneiss are lenticular and limited in
size occurring within lower-permeability terrains of the
Frido Unit. Therefore, groundwater circulation in the
study area is expected to be fast and primarily superficial,
with the rapid mobilization and dilution of various chemical elements under the influence of seasonal variations in
hydrology and weather. In the case of carbonate aquifers,
a more considerable water circulation is possible because
of the relatively larger continuous areal extent of these
lithologies [5].
The carbonate permeability is caused by secondary porosity, for karst dissolution and tectonic fracturation. Also
the crustal rocks (gneiss) and ultramafic (metabasites and
serpentinites) aquifers are permeable because intensely
tectonized, although with different fracturation intensity.
Particularly, the serpentinites are very hardly fractured,
sometimes assuming the feature of rock meal, and this
promotes the rock-water interaction, increasing the effective contact surface between the solid matrix and circulating water, and facilitating, consequently, the weathering
processes.
Giammetta et al. [9] reported that the average rainfall in
the northern sector of the Pollino massif area is 1390 mmy-1
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during the 1922-2000 period, with an average annual temperature of 12.5 °C. We collected more recent data concerning the 2006-2011 period, based on the data of three
local meteorological stations, which show a general trend
of decrease for the average annual rainfall (833 mm y-1)
and of increase for the average temperature (13.8 °C) with
respect to the 1922-2000 database.

3. MATERIALS AND METHODS
A total of 34 spring water samples were collected
over two 15-day periods during January and February
(wet season), and June and July, 2008 (dry season) and
many of these springs are sources for drinking and irrigation water. The water sampling locations are shown in

Fig. 1 and Table 1. All water samples were filtered through
0.45 μm MF-Millipore membrane filters in the field and
stored in high-density polyethylene bottles (50 mL). Prior
to their use, these bottles were cleaned with nitric acid
(HNO3) and then rinsed with deionized water. The bottles
were filled to the top with water, capped without leaving
any head space, stored in a refrigerated container (~4 °C)
during transportation to the laboratory, and kept cool until
analysis. At each sampling site, two water samples (for
cation and trace element analyses) were collected and
acidified with Nitric acid 65% Suprapur® (1% v/v), after
filtration, in order to prevent metal precipitation. In addition, another sample was collected and acidified with
Nitric acid 65% Suprapur® (0.5 % v/v) for As analysis.
For anion analysis, an un-acidified 100 mL sample was
collected.

FIGURE 1 - Geological sketch map of the northern Pollino massif (modified after Cavalcante et al. 2009), and A–A' geological section. Sampling sites are also shown. See text for further details
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TABLE 1 – Location of sampling sites, aquifers lithology and type of water in dry and wet season. The location of sampling sites is provided
in UTM Zone 33 coordinates using the European Datum of 1950.
n spring

1 Valle del Carpano
2 Radicata
3 Pitillo
4 Fiumarella 1
5 Fiumarella 2
6 Torna
7 Bosco Difesa
8 Perruttiere
9 Piscicolo della Manca
10 Pantoscuro
11 Tarantola Nuova
12 Acqua Ficavozza
13 Fosso Arcangelo
14 Fontana Giudea
15 Fontana di Crocetta
16 Fontana di Mezzo
17 Fontana di Matarazzo
18 Fontana di Pagnottella
19 Fontana Magnano
20 Montagna Pastoroso
21 Piscicolo
22 Fontana di Muscello
23 Omo Morto
24 Fonte del Sagittario
25 Fonte Perretta
26 Fonte Tufo - Mazzarella
27 La Caserma
28 Altosano
29 Cerri
30 Pomagreste
31 Iazzolimite
32 Calcagno
33 Tarantola Vecchia
34 Fontana di Cropani

WGS 84/UTM
E
584032
584473
581937
584152
584227
583975
584115
583529
582860
596753
594049
595883
596859
597125
598733
596918
596863
596804
596039
590115
594337
596044
594435
598664
603794
602018
603863
605615
583432
589539
588515
587525
593997
596339

WGS 84/UTM
N
4432928
4432975
4432579
4431573
4431502
4430671
4430096
4432919
4430294
4436907
4435115
4435975
4431482
4430406
4430171
4430593
4430701
4431006
4433873
4430141
4429663
4429547
4429807
4433346
4433426
4434802
4429617
4436167
4436730
4433995
4434682
4434147
4435027
4433396

Altitude
(m a.s.l.)
970
1002
1065
875
874
870
820
985
925
550
665
565
800
885
1045
860
860
850
650
970
985
850
990
745
875
680
1310
620
640
765
670
715
670
670

We used a high-resolution multiparametric probe
(Hach HQ 30d) to measure the pH, Eh, temperature, and
conductivity of each sample. The water samples were
analyzed using a PerkinElmer Sciex ELAN-DRC-e inductively coupled plasma–mass spectrometer (ICP–MS) and
the United States Environmental Protection Agency method
200.8 [10] for multi-element analysis. Trace element concentrations were determined using an external standard
calibration method and NIST and SLRS standard reference
materials for calibration. Several certified reference materials (TM-RAIN 95, NIST 1640e, and NIST 1643e) were
processed and analyzed along with the samples to assess
the accuracy of our method. Our concentration measurements for these certified reference materials agree with the
certified values. Ion chromatography (IC) coupled with
ICP–MS was used to measure Cr(VI) concentrations [11]
according to the United States Environmental Protection
Agency method 7199 [12]. Anions were determined by

Lithology

Metabasites
Metabasites
Limestones
Carbonatic breccia
Carbonatic breccia
Carbonatic breccia
Carbonatic breccia
Metabasites
Dolomites
Gneiss
Conglomerates
Slates
Serpentinites
Serpentinites
Slates
Serpentinites
Serpentinites
Serpentinites
Gneiss
Metabasites
Metalimestones
Slates
Metalimestones
Slates
Metalimestones
Gneiss
Metalimestones
Conglomerates
Slates
Conglomerates
Gneiss
Conglomerates
Conglomerates
Gneiss

Water type
dry conditions
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Mg-HCO3
Ca-HCO3
Mg-HCO3
Mg-HCO3
Mg-HCO3
Ca-HCO3
Mg-HCO3
Mg-HCO3
Mg-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Mg-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Mg-HCO3

Water type
wet conditions
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Mg-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Mg-HCO3
Mg-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Mg-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Ca-HCO3
Mg-HCO3

using a Dionex 2000i Ion chromatograph equipped with a
Ion Pac AS4A-SC column. Thermodynamic calculations
were performed using the geochemical modeling program
Geochemist’s Workbench® GWB® 8.0 [13], with the
thermodynamic databases thermoddem [14].
4. RESULTS AND DISCUSSION
4.1 System parameters and major ions

Temperature, pH, Eh, electrical conductivity (EC
at 25 °C) and the water chemical composition for both
the wet and the dry season are provided in Table 2 and
Table 3, respectively.
In the wet season pH varies between 6.69 and 8.09, water temperature ranged from 5.9 to 13.3 °C, EC ranged from
193 to 687 µS cm–1, and Eh were between 105 and 256 mV.
The measured concentrations of major ions identifies the
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TABLE 2 - Physical parameters and chemical composition data of water for the wet season (b.d.l. = below the detection limit)
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TABLE 3 - Physical parameters and chemical composition data of the dry season water (b.d.l. = below the detection limit)
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geochemical compositions of 29 water samples as the CaHCO3 type and 5 as the Mg-HCO3 type.
In the dry season the pH varies between 7.29 and
8.45, water temperature ranged from 7.4 to 16.8 °C, and the
electrical conductivity ranged from 177 to 688 µS cm–1.
The TDS of each water in the dry season is larger than in
the wet one (Tables 2 and 3). The Eh ranged from 87 to
217 mV. The concentrations of major ions identify the
geochemical composition of 25 water samples as CaHCO3 type and 9 as Mg-HCO3 type.
In the cation concentration plot, and in both the seasons, the samples fall close to the Ca–Mg edge along a
line (Fig. 2) and this can be explained by either assuming
water derived from interactions with different lithologies

FIGURE 3 - Mg–SiO2–HCO3 ternary diagram for wet and dry season.
Expected compositions of the aqueous phases, produced by CO2driven dissolution of Mg-bearing solid phases after Fantoni et al. [15]

FIGURE 2 - Relative amounts of cations analyzed in groundwater
for wet and dry season. Open circles indicate Ca-HCO3 waters,
filled circles Mg-HCO3 waters

or Ca-HCO3 and Mg-HCO3 water were mixed. In the
Mg2+ vs. Ca2+ binary plot, Ca-HCO3 and Mg-HCO3 type
water form two distinct arrays and in both the seasons the
Ca-HCO3 type water is characterized by Ca/Mg ratios
above 1, whereas the Ca/Mg ratios of the Mg-HCO3 type
water, especially those flowing in serpentinites, are well
below 1. This result indicates that the mixing of Ca-HCO3
and Mg-HCO3 water is limited.
Figure 3 shows data plotted in a Mg–SiO2–HCO3 ternary diagram. The expected compositions of the aqueous
phases, produced by dissolution of Mg-bearing solid phases (after [15]), are also shown. These theoretical compositions have a HCO3/Mg molar ratio of 2 (constrained by
electroneutrality) and variable SiO2/Mg and SiO2/HCO3
ratios, which reflect the stoichiometry of the different
mineral phases. The Ca-HCO3 type water have a HCO3/Mg
molar ratio significantly >2, excluding few water during
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the wet season, because much of their dissolved HCO3 is
balanced by Ca ions. In addition, this water point toward
the HCO3 apex, suggesting that in most cases HCO3 originated mainly from carbonate dissolution. The Mg-HCO3
type water has HCO3/Mg molar ratios close to 2 and plots
to the left of the serpentine point suggesting Mg-HCO3
type water derive from the incongruent dissolution of
serpentine, also according to [5].
It can be seen that rainwater interacting with rocks
experienced an increase in Ca and Mg levels by one order
of magnitude, and a decrease in Na levels. This result
suggests that Na-bearing minerals (albite, Na-pyroxenes,
and paragonite) do not contribute significantly to water
chemistry.
Based on these findings and on the geographical distribution of these two water types (Ca-HCO3 and MgHCO3) and the geological features of the area (Fig. 1), we
suggest that Ca-HCO3 water originate from the interaction
between meteoric water and rocks containing Ca minerals
(primarily carbonate rocks, calc-schists, and metabasites),
and that most of the Mg-HCO3 type water is produced by
the dissolution of serpentinites.
4.1.1 Ca-HCO3 water in the CaO-SiO2-Al2O3-H2O system

The Ca-HCO3 springs are hosted in lithologies ranging from carbonates (carbonate breccias and dolostones),
rocks formed of carbonate and silicate minerals (calcschists), and silicic rocks (shales, conglomerates, gneisses,
and metabasites). In a logaH4SiO4(aq) vs. log[aCa2+/(aH+)2]
activity plot (Fig. 4a), these water, in both seasons, fall
either in the field of gibbsite or in the field of kaolinite as
a function of changes in the logaH4SiO4(aq). The larger
amount of total dissolved solids associated to the water of
the dry season cause a shift toward higher logaH4SiO4(aq)
and log[aCa2+/(aH+)2] values.
This picture is in agreement with what was observed
by [5]. Carbonate dissolution supplies minor amounts of
dissolved silica and water flowing in carbonates have very
low logaH4SiO4(aq) values, and gibbsite saturation is reached,
whereas water in equilibrium with kaolinite mostly derive
from the interaction with silicic rocks. Because these
water reside in shallow aquifers with small residence times,
thereby excluding a significant evolution toward more
mature water, logaH4SiO4(aq) variability may result from the
mixing of different water or local heterogeneity in
chemical and mineralogical composition within a given
lithology, or both of these factors.
4.1.2 Mg-HCO3 water in the MgO-SiO2-Al2O3-H2O system

The Mg-HCO3 water flows mostly in serpentinites but
also in conglomerate, gneiss, and slate (Table 1). During
the dry season, as previously stated, there is a significant
increase in the number of the Mg-HCO3 water (9 water
instead of the 5 Mg-HCO3 water associated to the wet
season).
In a logaH4SiO4(aq) vs. log[aMg2+/(aH+)2] activity plot the
Mg-HCO3 water of the wet season fall in the kaolinite

FIGURE 4 - a) LogaH4SiO4 vs. log[aCa2+/(aH+)2] and b) LogaH4SiO4 vs.
log[aMg2+/(aH+)2] activity plot. Performed using the geochemical
modeling program GWB® 8.0, with the thermodynamic database
thermoddem.dat

field, toward the kaolinite–vermiculite-Mg phase boundary and a similar trend is observed in the dry season for the
water not flowing in serpentinites (Fig. 4b).
During the dry season the water flowing in serpentinites, with the exception of the Fosso Arcangelo spring, are
more evolved and are either close to the kaolinite-Mgvermiculite boundary or are in the Mg-vermiculite field,
close to the Mg-vermiculite – Mg-saponite boundary.
The first significant event during serpentine dissolution is gibbsite saturation; only after the dissolution of
serpentinite the aqueous solution becomes saturated with
kaolinite. When the two phases coexist, all the silica re-
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leased by serpentinite dissolution is used to convert the
previously precipitated gibbsite to kaolinite. Upon the
elimination of gibbsite, the activity of aqueous SiO2 can
increase again, together with the aMg2+/(aH+)2 activity ratio,
and serpentinite dissolution is accompanied by the precipitation of kaolinite [16].
A continuing increase in the aMg2+/(aH+)2 ratio and in
dissolved silica evidences the appearance of Mgvermiculite [17]. The coexistence of the two solid phases
is illustrated by the following reaction [5]:
Kaolinite + 5.30 H4SiO4 + 7.98 Mg2+ = 2.33 Mgvermiculite + 15.96 H+ + 2.30 H2O (1).
During the interaction between water and serpentinites,
kaolinite is a relatively early reaction product, produced in
small quantities and completely consumed during later
stages of water–rock interaction to produce Mg-vermiculite
and further Mg-saponite [17]. Again, a continuing increase
in the aMg2+/(aH+)2 ratio and in dissolved silica evidences
the appearance of Mg-saponite and the coexistence of
Mg-vermiculite and Mg-saponite is illustrated by the
following reaction:
Mg-vermiculite + 6.12 H4SiO4 + 4.59 Mg2+= 2.53
Mg-Saponite + 9.18 H+ + 6.12 H2O (2)
This general picture is in agreement with what is observed in the dry season relatively to water interacting
with serpentines, indicating that precipitation of 2:1 clay
minerals requires, in addition to increase in the
aMg2+/(aH+)2 ratio and in dissolved silica, less diluted water, i.e. is promoted during drought periods.

high-hexavalent-Cr springs flow: eight springs are located
in Cr-rich rocks (e.g., serpentinite and gneiss), one in a
conglomerate that includes clasts of serpentine and gneiss,
whereas the Acqua Ficavozza spring flows through slates
of the Frido Unit, acquiring its chemical composition from
interaction with serpentinites that underlie the slates [5].
Regardless of the Cr source, Cr is present as Cr(III) in
rock-forming minerals, and its release into solution requires oxidation to Cr(VI). The Mn-oxides of the birnessite group are retained the most effective electron acceptors involved in Cr(III) oxidation [18] and traces of amorphous Mn-oxides, coating primary minerals, especially
phyllosilicates and garnets, have been observed in ultramafic rocks and gneisses of the Pollino area [5].
In serpentinites the primary geochemical processes responsible for Cr release are chromite dissolution and disintegration of chromite exsolution rims, with minor contributions of Cr resulting from magnetite dissolution [6]. An

4.2 Trace element distribution and origin of Cr(VI) in solution

Trace element distributions in both the wet season
and dry season water are shown in Fig. 5.
All the elements of environmental concern are below
Maximum Admissible Concentration (hereafter MAC)
values in both the seasons, with the Ni exception in the
Pagnottella spring (Ni = 22.03 μg L–1; MACNi = 20 μg L–1)
during the dry season.
A different scenario is observed for hexavalent chromium. We have identified the contamination of waters
with Cr(VI) related to natural mineralization in both the
seasons. Although in many of the water samples Cr(VI)
levels are below the detection limit (1 μg L–1), in water
samples from the same nine springs, and in both the seasons, the Cr(VI) levels exceed the MAC of 5 μg L–1 (Fig.
6). These water are both of Mg-HCO3 type and of CaHCO3 type, and the related springs flow in serpentinite,
gneiss, conglomerate, and slate. The Cr(VI) concentration
is, for each water, higher in the dry season, suggesting
that natural Cr(VI) pollution may be enhanced during
drought periods.
It has to be stressed that hexavalent Cr is a toxin that
may be derived from natural sources [3, 18]. In our study,
a lithological origin for Cr(VI) in solution is evidenced by
both the absence of local potential anthropogenic sources
and the correlation with lithologies through which these

FIGURE 5 - Box and whisker plot of trace elements for the different
type of water sampled in both the wet and the dry season.
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turn suggests that a significant amount of Cr may be released in solution during the weathering of gneiss.
4.3 R-mode factor analysis

FIGURE 6 - Cr(VI) distribution in springs where its concentration
is above the detection limit (1 μg L−1). In these nine springs the
Cr(VI) levels exceed the MAC of 5 μg L−1 either in the wet and
season and in the dry season

evolved weathering cover with soil formation is not observed, thus preventing Cr reduction through microbial
oxidation of organic matter [19].
In garnet-rich gneiss, the garnet is likely the most important Cr source. In metamorphic rocks, garnet-group
minerals are generally characterized by numerous cracks
defining a reticular pattern. The cracks divide the mineral,
promoting its weathering [20]. In addition, weathering of
garnet-rich gneiss may lead to a Cr mass decrease of
~20% in saprolite relative to the parent rock [21]. This in

The relationships between trace elements, Ca, Mg,
and HCO3, in both the seasons, were evaluated with Rmode factor analysis. The factors were extracted with
principal components analysis using the KyPlot® 2.0
Package. This operation was performed on a standardized
correlation matrix, weighting all the variables equally,
which allowed to convert the principal component vectors
into factors. This allows to assess the participation of
individual chemical parameters in several influence factors, a fact which commonly occurs in hydrochemistry
[22]. Furthermore, instead of eliminating trace element
concentrations below detection limits of some groundwater samples, a value corresponding to half of the detection
limit of the element was assigned to that sample, according to [23]. The communalities provide an index of the
efficiency of the proposed set of factors [24] and we excluded all variables having communality less than 0.60.
Thus we re-extracted factors on the limited number of
variables having communality higher than 0.60. The factor loadings are arranged as in Table 4, and most of the
original variance is accounted by these sets of factors.
In the wet season four factors explained 89.7 % of the
total variance.
In the first factor (F1, var. % = 30.0) Si, Sc, and Cr
have high positive weights. The covariance between these
ions suggests that an increase in dissolved silica leads to
an increase in dissolved chromium and scandium. F1 may
thus simply account for the dissolution of Cr-rich silicic
rocks, including serpentinite, gneiss, and conglomerate
with serpentinite and gneiss clasts.
In the second factor, which explains the 26.0 % of the
total variance, Ba, Sr, and U have high positive weights.

TABLE 4 – R-mode factor analysis results of springs sampled in wet and dry season.

Elements
Al
Ba
Cr
Fe
Li
Mn
Sc
Si
Sr
U

Variance %
Cumulative

Wet season
F1
F2

F3
0.75

F4

0.98
0.92
0.98
0.97
0.78
0.97
0.99
0.98
0.94

32.0
32.0

26.0
58.1

19.9
77.9

11.8
89.7

Elements
Ca
Mg
HCO3
Al
As
Ba
Cr
Fe
Ni
Sc
Si
Sr
U
V
Variance %
Cumulative

F1

Dry season
F2
F3

F4

F5
0.67

0.84
0.92
0.99
0.88
0.79
0.88
0.95
0.68
0.95
0.95
0.91
0.97
25.5
25.5

21.7
47.2

0.80
18.3
65.5

Note: numbers are weights of the variables in the extracted factors. Weights below 0.60 are omitted.
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Sr and Ba are largely soluble as free ions over a large
range of Eh and pH conditions [25], including the near
neutral to alkaline conditions associated to the water of
the Pollino massif. U typically occurs, under circa-neutral
to alkaline pH and in oxidizing water, as carbonate complexes or as soluble oxyanions [26]. Thus F2 may accounts for the solubility of those ions which are more
soluble under the Eh-pH conditions associated to the
studied water.
In the third factor (F3, var. % = 19.9) Al, Fe, and Mn
have significant positive weights. Al exists only as Al(III)
in nature and its insolubility over much of the natural pH
range is well known (e.g. [27]). As for iron, it is well
known that soluble ferrous iron Fe(II) in aerated water at
near neutral pH is rapidly oxidized to produce Feoxyhydroxides (e.g. [28]). The solubility of Mn, as Mn(II),
is very high in low pH (reducing) water, and much lower in
oxidizing water and under neutral to alkaline pH because
manganese precipitates as Mn(IV)-oxide [26]. However,
Mn is strongly adsorbed by clay minerals, and adsorption
increases with pH [29]. In addition, uptake of Mn from
surface water may be enhanced by microbial oxidation of
Mn2+ to produce Mn3+ and Mn4+ ions bonded to O2- and
OH–, which generally form poorly ordered oxides of the
birnessite group [30]. Thus F3 likely accounts for the
process involving those elements expected to be less
soluble under the Eh-pH conditions associated to the
studied water.
In the fourth factor (F4, var. % = 11.8 %) only Li has
a significant weight. Lithium is a monovalent ion differing from other monovalent ions for its smaller radius.
Dissolved lithium derives from silicate weathering [30]
and it is well established its solubility under a large range
of Eh-pH conditions [25]. The lithium solubility can be
limited by a preferential incorporation into secondary minerals, such as clay minerals, over other alkali metals [31].
In the dry season five factors explained 89.0 % of the
total variance.
In the first factor (F1, var. % = 25.5) Si, Sc, and Cr
have high positive weights. Similarly to what observed
for the wet season F1 simply account for the dissolution
of Cr-rich silicic rocks.
In the second factor, which explains 21.7 % of the total variance, As, Ba, Sr, and U have high positive weights.
Since As is largely soluble as arsenates [25] and similarly
to what observed for the wet season, F2 likely accounts
for the solubility of those ions which are more soluble
under the Eh-pH conditions associated to the studied
water.
In the third factor (F3, var. % = 18.3) Mg, Ni, and V,
have high positive weights. In the Pollino massif these
elements are mostly concentrated in serpentinites and
metabasites [9]. Mg in solution exists as bivalent free ion
and its mobility, in our scenario, may be limited only by
the precipitation of secondary Mg-clay minerals, as stated
in 4.2.3. In a similar way, Ni in solution exists as bivalent

free ion and its mobility may be limited only by adsorption onto secondary minerals [29]. Vanadium, in oxidizing and near neutral to alkaline pH waters, form oxyanions [25]. F3 thus reflect the fact that Mg, Ni, and V share
the same fate as dissolved ions after dissolution of ultramafic rocks.
In the fourth factor (F4, var. % = 13.6) only Al and
Fe have significant weights. Similarly to F3 for the wet
season database, F4 likely accounts for the process involving those elements expected to be less soluble under
the Eh-pH conditions associated to the studied water.
Finally the fifth factor (F4, var. % = 9.9) only Ca and
HCO3 have significant weights. F4 simply accounts for
the dissolution of carbonate rocks.

5. CONCLUSION
The water samples of the Pollino area have either a
Mg-HCO3 or Ca-HCO3 type composition and during the
dry season there is a significant increase in the number of
the Mg-HCO3 water. Ca-HCO3 water originate from the
interaction between meteoric water and rocks containing
Ca minerals (primarily carbonate rocks, calc-schists, and
metabasites), and that most of the Mg-HCO3 type water
are produced from the dissolution of serpentinites. The
Mg-HCO3 type water flowing in serpentinite have Ca/Mg
ratio below 1:3 in the wet season and below 1:4 in the dry
season. Only Mg-HCO3 type water characterized by
Ca/Mg ratios below 1 and above 1:3 (wet season) and
below 1 and above1:4 (dry season) are likely a mixture of
the Ca-HCO3 and Mg-HCO3 (serpentinite-derived) type
water.
In the CaO–SiO2–Al2O3–H2O system, based on thermodynamic data and in both seasons, Ca-HCO3 water fall
either in the field of gibbsite or in the field of kaolinite as
a function of changes in the logaH4SiO4(aq). The larger
amount of total dissolved solids associated to the water of
the dry season cause a shift toward higher logaH4SiO4(aq)
and log[aCa2+/(aH+)2]. In the MgO–SiO2–Al2O3–H2O system the Mg-HCO3 water of the wet season fall in the kaolinite field, toward the kaolinite–vermiculite-Mg phase
boundary and a similar trend is observed in the dry season
for the waters not flowing in serpentinites. During the dry
season the water flowing in serpentinites result more
evolved and are either close to the kaolinite-Mg-vermiculite
boundary or are in the Mg-vermiculite field, close to the Mgvermiculite – Mg-saponite boundary. This finding suggests
that precipitation of 2:1 clay minerals requires less diluted
water, i.e. is promoted during drought periods.
A critical scenario of contamination from natural
mineralization has been observed for Cr(VI) in nine
springs of both Mg-HCO3 and Ca-HCO3 type water, and
in both the seasons. These water flow in serpentinite,
gneiss, conglomerate, and slate. A lithological origin for
Cr(VI) in solution is evidenced by both the absence of
local potential anthropogenic sources and the correlation
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with lithologies through which the high-hexavalent-Cr
springs flow: eight springs are located in Cr-rich rocks
(e.g., serpentinite and gneiss), one is in a conglomerate
including clasts of serpentine and gneiss, whereas the
water flowing through slates acquires its chemical composition from interaction with serpentinites that underlie
the slates. In garnet-rich gneiss, the garnet is likely the
most important Cr source and significant amount of Cr
may be likely released in solution during the weathering
of gneiss. This will be the subject of a future study. Of
note, the Cr(VI) concentration is, for each water, higher in
the dry season, suggesting that natural Cr(VI) pollution
may be enhanced during drought periods. Therefore, we
recommend a mode-of-action analysis [32] to evaluate the
potential adverse health effects associated with Cr(VI)
exposure to these water.
Finally, R-mode factor analysis indicates that the water, both in the wet and in the dry season, are characterized by: i) the release of Si, Sc, and Cr, due to the dissolution of Cr-rich silicic rocks including serpentinite, gneiss,
and conglomerate with serpentinite and gneiss clasts, ii) a
common fate of high solubility for As, Ba, and Sr, and,
iii) a common fate of low solubility for Al, Fe, and Mn.
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ABSTRACT
In recent years, estimation engineering has become a
popular subject in soil science. This circumstance is due
to the necessity of database update, easiness requirement
by researchers and demand of reduce the cost by funders.
Pedotransfer approach is one of the most common prediction tools. The objective of this study was to investigate
suitability of pedotransfer functions (PTFs) for predicting
wet aggregate stability (WAS) in pilot area of
Kahramanmaras Sutcu Imam University Campus, located
in the Southern Anatolia, Turkey. Soil samples were collected from surface (0-15 cm) of research area. Seasonal
variability of structural strength was considered in methodological construction. Correlation matrix and path
analysis results were regarded as statistical guides before
generated PTFs. Accuracy of the PTFs was evaluated
using coefficient of Durbin Watson (CDW), coefficient of
determination (R2) and root mean square error (RMSE).
According to the results of this study, pedotransfer concept was suitable to estimate the WAS values of soils in
the research area. Developed seventh equation (WAS7)
was determined as the best model in this study. It was key
finding of this study that soil moisture constants such as
field capacity and permanent wilting point may be used as
equation components in PTFs predicting WAS.

KEYWORDS:
Aggregate stability, Erodibility, Pedotransfer functions, Soil

fer functions (PTFs)” term for these equations. PTFs are
predictive models of certain soil properties from other
easily-, routinely-, or inexpensively-measured soil properties, and they bridge the gap between the available soil
data and the required data [3]. In the last thirty years,
many PTFs were developed for estimating some soil physical and mechanical properties such as Atterberg limits [4]
bulk density [5,6], hydraulic conductivity [7-11], CaCO3
content [12], swelling-shrinkage behavior [13], moisture
constants [14,15] and mean weight/ geometric diameter
[16-18].
Wet aggregate stability (WAS) which suggested by
Yoder [19] and developed by Kemper and Rosenau [20]
is a good indicator of the susceptibility of soil to accelerated erosion action. This indicator is extensively used in
soil erosion studies. WAS is easy to perform; however, it
is rarely being included in routine soil analyses, particularly when large amounts of sample are required [21]. In
fact, WAS value information of soils provides very available information to field/land/catchment management.
There are some published study about estimating of WAS
with mathematical models [22-24].
All above mentioned studies shed light on an idea
that by using PTFs it is probable to predict soil structural
strength. Measurement of structural stability at different
seasons within a certain year often exhibits large variability so then reality about seasonal fluctuation of stability
must be regarded when a PTF developed for erodibility
estimating. The objective of this study was to investigate
suitability of PTFs for predicting WAS value in pilot area of
Kahramanmaras Sutcu Imam University Campus, Turkey.

1. INTRODUCTION
As far as we know, the oldest inscription about prediction in soil science is Briggs and Shantz’s article published by USDA in 1912 [1]. Since that time, many equations were established that allow estimating soil properties
by using basic soil database. Bouma [2] coined “pedotrans* Corresponding author

2. MATERIAL AND METHODS
2.1 Site description and sampling procedure

In this study, soil samples were collected from surface of pilot area in Avsar Campus of Kahramanmaras
Sutcu Imam University located in the Southern Anatolia.
The area coordinated geographically in 306.305 m- 306750 m E longitude and 4.162.600 m-4.162.950 m N lati-
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tude, UTM (Universal Transverse Mercator) according to
International 1909 Spheroid and European 1950 Datum
system (Figure 1). The area has approximately 500 m height
above sea level. Climate of Kahramanmaras city classifies
as C2 B3 s2 b3 according to Tronthwaite classification system. Monthly temperatures range from -5.7 ˚C in January
to 40.1 ˚C in July. Annual mean precipitation is 710.0 mm
[25, 26].
Soil temperature regime and moisture regime were
classified as Mesic and Xeric, respectively and soil class
was determined as Typic Xerorthent by Gundogan et al.
[27]. The area has different soil properties in different
points. This variability results from differences in plant
cover (weak forest, shrub, grass or bare surface) and
topographic aspect. In addition, there is a soil compaction
in foot slope and rubble accumulation in hill slope, signally. It is planned that the area will converted an erosion
research site in future.
For our purpose, disturbed soil samples were collected from 30 different points (0-15 cm depth) of the site.
Sampling points were selected by taking account of land
conditions such as land cover, rubble accumulation, soil
compaction and land aspect. In each point, sampling actions were operated three different times such as winter,
summer and spring (N= 90) in same year. Winter sampling was operated when the site was under snow cover
and soil temperature was 2 degree of Celsius below zero.
When summer sampling was carried out soil temperature
was measured as + 44 ˚C. In the spring, soil temperature
was measured as + 22 ˚C. After each sampling procedure,
soil samples properly prepared for laboratory analyses.

method [28]; soil reaction (pH) and total salt content
(SLT) in saturated soil paste by pH and EC meter; calcium carbonate content (CaCO3) by Scheibler calcimeter
method; cation exchange capacity (CEC) by Bower
method; soil organic matter content (SOM) by WalkleyBlacks’s wet digestion methods [29]; soil moisture constants (FC: field capacity and PWP: permanent wilting
point as gravimetric) by pressure plates method [30]; wet
aggregate stability (WAS) by standard wet sieving procedure [20].
2.3 Statistical evaluations

Before generate PTFs, effects of basic soil properties
were examined on WAS by path analysis using TARIST
[31] statistics package for data set (N= 90). In the analysis, WAS indicator was the dependent variable and the
selected soil properties were independent variables. Path
coefficient is direct effect of an independent variable on a
dependent variable [11,32]. Then, main data set was divided two subgroups as input data set (70 %) and validation set (30 %). In this operation, 9 soil samples were
randomly separated from sampling group of each season
so validation set was occurred (N= 27). Remained samples were wholly evaluated as input data set (N= 63).
In order to develop PTFs, multiple linear regression
technique which is the most common method was used.
The general form of the resulted PTFs can be expressed as
Equation 1. Accuracy of the PTFs was evaluated using
coefficient of Durbin Watson (CDW), coefficient of determination (R2) expressed as Equation 2 and root mean
square error (RMSE) expressed as Equation 3.
[Eq. 1]

2.2 Laboratory analyses

Some soil characteristics were determined as follows:
Clay (C), silt (Si) and sand (S) contents by hydrometer

Where, Y= dependent variable, b0= intercept, b1 to bn=
regression coefficients, X1 to Xn= independent variables

FIGURE 1 - Topographic map of KSU Avsar Campus and showing of sampling points

3495

© by PSP Volume 23 – No 12c. 2014

Fresenius Environmental Bulletin

[Eq. 2]
[Eq. 3]
Where, yi= measured value, yz= predicted value, ym=
average of measured value y, N= total number of observation

ies, it is stated that aggregate strength reaches the highest
value in summer [33] and reduces at the lowest value in
spring [34]. Vermang et al. [35] pointed out that the aggregate stability mostly fluctuates with dynamic antecedent moisture content. Bajracharya and Lal [36] found that
erodibility is high during the winter and spring due to wet
conditions and low soil strength.

3. RESULTS AND DISCUSSION
3.1 Descriptive Statistics and ANOVA Results

Descriptive statistics were given in Table 1. According to the Table, C contents of soil samples were found
relatively low and maximum C content was measured as
25. 1 %. Accordingly with C results, S and Si contents of
soil samples were found high and maximum S and Si
contents were measured as 54.6 and 53.9 %, respectively.
It was determined that dynamic soil properties affected
from seasons such as SOM and WAS were found in large
ranges. Minimum and maximum SOM values were measured as 0.22 and 4.87 %, respectively. Minimum and
maximum WAS values were measured as 22.6 % and
89.0 %, respectively. In addition, study soils showed a
difference in terms of soil moisture constants (FC and
PWP). Mean FC and PWP values were measured as 24.6
% and 13.6 %, respectively.
According to ANOVA results, soils were statistically
different in terms of C, S, WAS, SOM, FC, PWP
(P<0.001), CEC, CaCO3 and SLT (P<0.01). This finding
can attribute to different inherent soil quality properties.
TABLE 1 - Descriptive statistics for some soil properties

Min.
4.80
29.9
20.0
0.22
0.32
6.26
0.09
25.2

Input Data Set (N= 90)
Max.
Mean
25.1
20.8
59.3
35.4
54.6
43.6
4.87
2.35
39.2
4.52
8.60
7.03
2.00
0.85
97.6
38.7

SD
C, %
11.2
Si, %
7.50
S, %
3.25
SOM, %
0.96
CaCO3, %
5.88
pH
0.78
SLT, g kg-1
0.37
CEC, cmolc
6.82
kg-1
FC, %
12.3
45.7
24.6
8.41
PWP, %
5.02
24.0
13.6
4.18
WAS, %
22.6
89.0
48.9
17.4
C: USDA clay, Si: USDA silt, S: USDA sand, SOM: Soil organic matter
content, CEC: Cation exchange capacity, FC: Field capacity, PWP:
Permanent wilting point, SLT: Total salt, WAS: Wet aggregate stability

It is a noteworthy ANOVA test finding that WAS values were significantly influenced from seasons (P<0.001).
Because of the statistically significant F value, LSD0.05
(least standard deviation) comparison test was used to
evaluate the effect of seasons on WAS. LSD0.05 results were
given in Figure 2. As shown in this figure, the highest
mean WAS value was found in summer, whereas the
lowest WAS value was found in spring. In previous stud-

FIGURE 2 - Mean WAS values of seasons (LSD0.05= 1.605)
3.2 Relationships among the Selected Soil Properties and WAS

A correlation matrix was computed for the measurements over the entire a year period, regardless of seasons
(Table 2). As shown in Table 2, WAS gave significant
positive correlations with SOM, FC, PWP, C (P < 0.01)
and CaCO3 (P < 0.05), and give negative correlations with
Si + S and SLT (P < 0.01) values of soils. Generally, soils
with higher levels of organic matter and improved soil
structure have a greater resistance to erosion [37] whereas
soils with higher content of coarse particles such as sand
and silt are easily eroded [38]. Also carbonate content and
organic matter levels effect on erodibility [39].
SOM changing depends on seasons gave positive correlations with WAS, FC and PWP whereas did not give a
correlation with SLT. These results must have ascribed to
a reality that soil organic matter content have positive
effect on both soil aggregate stability [40,41] and soil
moisture contents [42,43].
Correlations should be considered to select of PTF
components but Candemir and Gulser [11] explained that
Path analysis is more available than correlation matrix to
evaluate relationships between variables. It is difficult to
separate the effects of one variable from another by the
matrix. Path analysis is a good check procedure before
generate of PTFs. Path analysis results were given in
Table 3. According the Table 3, FC had the strongest
direct effect (49.0 %) on dependent variable WAS. Direct
effect of independent variables on WAS in the following
order; FC > PWP > SLT > C > CaCO3 > SOM. These
results means that selected soil properties can be used as
components of PTFs generated to predicting WAS.
Skidmore and Layton [33] showed that PWP can be
used as a component of PTFs estimated structural stability.
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TABLE 2 - Correlations among WAS and some soil properties

C
Si + S
SOM
CaCO3
FC
WAS
0.267**
-0.268**
0.542**
0.170*
0.859**
C
-1.000**
0.593**
0.802**
0.445**
Si + S
-0.594**
-0.802**
-0.445**
SOM
0.448**
0.643**
CaCO3
0.293**
FC
PWP
C: USDA clay, Si: USDA silt, S: USDA sand, SOM: Soil organic matter content, FC: Field capacity,
PWP: Permanent wilting point, SLT: Total salt, WAS: Wet aggregate stability

PWP
0.750**
0.709**
-0.710**
0.768**
0.543**
0.873**

SLT
-0.306**
0.469**
-0.469**
0.155ns
0.496**
-0.171*
0.097ns

TABLE 3 - Direct and indirect path coefficients between WAS and some soil properties

Direct path percentages,
%
C
SOM
C
27.79
0.71
SOM
1.30
17.27
CaCO3
8.12
27.96
0.71
FC
49.0
10.74
0.69
PWP
38.29
16.20
0.78
SLT
36.25
27.14
0.41
C: USDA clay, SOM: Soil organic matter content, FC: Field capacity,
PWP: Permanent wilting point, SLT: Total salt

Indirect path percentages, %
CaCO3
FC
5.22
25.08
3.04
38.02
20.68
1.65
2.89
40.45
6.68
20.10

PWP
33.03
37.54
31.71
35.33
9.42

SLT
8.17
2.83
10.82
2.59
1.39
-

TABLE 4 - Pedotransfer models developed to WAS predicting and their descriptive statistics

PTFs

For training data set
(N= 63)
F
R2
20.054***
0.301
30.888***
0.471

For testing data set
(N= 27)
R2
RMSE
0.385
1.2987
0.612
1.1715

CDW
WAS1 = 25.776 + (-0.061 x C) + (-0.219 x LIM) + (10.528 x SOM)
0.4937
WAS2 = 40.816 + (0.462 x C) (8.998 x SOM) + (0.213 x LIM) + (-23.524
0.9217
x SLT)
WAS3 = 6.227+ (1.730 x FC) + (-0.0003 x PWP)
199.3***
0.739
1.5863
0.808
0.7904
WAS4 = 6.579 + (1.724 x FC) + (0.089 x PWP) + (-0.457 x SOM)
132.1***
0.741
1.6098
0.810
0.7932
WAS5 = 17.987 + (1.249 x FC) + (0.919 x PWP) + (0.039 x SOM) + (- 119.1***
0.776
1.7107
0.871
0.6696
10.773 x SLT)
WAS6 = 19.617 + (1.067 x FC) + (1.824 x PWP) + (0.162 x SOM) + (- 103.3***
0.792
1.8437
0.861
0.6552
7.595 x SLT) + (-0.757 x C)
WAS7 = 20.842 + (1.080 x FC) + (1.783 x PWP) + (0.205 x SOM) + (- 86.107***
0.799
1.8828
0.857
0.6610
8.024 X SLT) +(-0.902 x C) + (0.171 x LIM)
WAS1…7: Wet aggregate stability, C: USDA clay, LIM: Scheibler CaCO3, SOM: Soil organic matter, SLT: Total salt, FC: Field capacity, PWP:
Permanent wilting point, F: Calculated F value, R2= Determination coefficient, CDW: Coefficient of Durbin Watson, RMSE: Root mean squire error

Furthermore SOM can use an input constituent in
WAS estimator PTFs. Temporal variation in WAS due to
the climatic factors may, however, be as large as or even
larger than the variation caused by changes in soil organic
matter quantity [24].
3.3 Prediction of WAS by PTFs

PTFs were generated to estimate WAS values of soils
by using selected soil properties based on the results of
statistical assessments. Developed seven PTFs are given
in Table 4. To evaluate generating performance of a PTF,
some statistical criteria such as F, R2 and CDW were
considered in the training data set (Table 4). While the R2
of training data set ranged from 0.301 to 0.799, the CDW
ranged from 0.4937 to 1.8828. PTF predicting performance was assessed by the R2 and RMSE in the testing

data set. The RMSE and R2 values varied among PTF
functions within a range of 1.2987 to 0.6610 % and
0.385-0.871, respectively. It is known that the accuracy of
a developed PTF increases with decreasing the RMSE
value. The highest RMSE and lowest R2 values were
obtained for first and second models. These functions
were not include components such as FC and PWP with
high direct effect on WAS. On one hand according to R2
values, the most reliable PTF model was the fifth function
(WAS5) on the other hand according to RMSE values the
most reliable equation was the seventh equation (WAS7)
because of its lower RMSE value than the others. Relationship between measured WAS and WAS values computed using model WAS7 was depicted as Figure 3. This
figure clearly described that performance of model PTF7
was very high.
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FIGURE 3 - Relationship between measured and calculated WAS
by PTF5

4. CONCLUSION
Structural stability of a soil tends to fluctuate during a
year depends on variations in antecedent soil moisture
content, soil organic matter quantity, microbial activity
level, surface cover conditions, drying-wetting and freezing-thawing cycles, and cultivation operations. Changes
in soil structure may also happen as a result of fluctuations in the level of aggregants or their bounding power. It
is known that the magnitute of the effect of these factors
is determined by the climate and this effect gains a giant
importance in countries living four seasons like Turkey.
Due to these reasons, seasonal variability in structural
strength should be taken into account when generate any
pedotransfer model to predict wet aggregate stability. In
our study soil sampling and wet aggregate stability measurement procedures were fulfilled three different seasons
(winter, spring and summer) for each soil so performance
of developed pedotransfer functions was increased.
Results of this study prove that PTF concept is suitable to estimate the wet aggregate stability and developed
seventh PTF (WAS7) in this study is able to use to estimate WAS value of the research area soils at any time.
Because of the some limitations results from complex soil
nature and inadequacy of pedotransfer approach, these
models can be used for the soils in KSU Avsar Campus
and in other regions on earth having similar soil properties. In our opinion, transferability of pedotransfer functions for different soils should be rendered research priority. It is key finding of this study that soil moisture constants such as field capacity and permanent wilting point
can be used as equation components in pedotransfer functions predicting wet aggregate stability.
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ABSTRACT
This paper analyzed the spatiotemporal distribution
and change rate of reference evapotranspiration (ET0)
calculated by the FAO Penman-Monteith method based on
meteorological data from 96 weather stations from 1951 to
2011 located in Northeast China and quantified the contribution of driving climatic factors to ET0. The results showed
that annual ET0 was 659.9 mm ranged from 433.86 mm to
894.49 mm with a significant increasing trend of about
11.76 mm per decade. Annual mean maximum temperature
increased by 0.15 °C per decade while wind speed, sunshine duration and relative humidity showed decreased by
0.14 m s-1 per decade, 33.76 hours per decade and 1.0%
per decade, respectively. Sensitivity analysis showed that
relative humidity was the most sensitive variables, then
followed by maximum temperature while wind speed and
sunshine duration exhibited the least sensitivity. However,
the contribution of the increase in maximum temperature
to ET0 was far larger than other meteorological variables.
This study indicated that ET0 has been aggravated in recent
several decades with climate warming and water shortage
will be serious in Northeast China.

KEYWORDS: meteorological variables;
sensitivity analysis; northeast China

evapotranspiration;

1. INTRODUCTION
Evapotranspiration (ET), as the sum of soil evaporation and vegetation transpiration from the Earth's land
surface to the atmosphere, is an essential component of
the hydrologic cycle that integrates soil surface conditions
and atmospheric demands. Any variations in meteorological variables associated with climate change will affect
ET and thereby influence fundamental properties of ter* Corresponding author

restrial ecosystems such as soil moisture, runoff and plant
growth. Meanwhile, ET is of particular concern due to the
transfer of latent energy to the atmosphere which directly
controlling the surface energy balance and playing a significant feedback on climate change [1, 2]. Thus, understanding spatiotemporal variations of ET associated with
climate change is a vital part in regional hydrological
studies.
ET, depending on the underlying surface condition,
can be divided in to reference evapotranspiration (ET0)
which represents the environmental demand for ET from
an ideal surface of green grass of uniform height, actively
growing, well-watered, and completely shading the ground
[3] and actual evapotranspiration (ETa). Generally, ETa can
be calculated based on ET0 by a calibration coefficient
depending on specific plant type and soil water stress. ET0
can be computed from weather data by the PenmanMonteith method, which has been accepted as a successful method to estimate ET0 under different climatic conditions [4-7]. The Penman-Monteith equation, calculated from
atmospheric variables, makes the calculation of ET0 easier,
more accurate and practical to make reliable ETa estimates.
So it was recommended by FAO [3] as a standard to calculate ET0 wherever the required atmospheric data are
available.
Due to the ideal gas law, a warmer atmosphere will
be able to hold more water and therefore allow for higher
evaporation. So with globally increasing temperatures, the
ET0 is supposed to intensify [2, 8]. However, lots of studies have proved that ET0 were declining at both global and
regional scales. Declining trends in ET0 were observed over
USA [9] and India [10]. Thomas [11] and Zhang [12] calculated the time series of ET0 in China during 1954–1993
and 1975-2004 respectively and the results of both showed
a decreased trend. ET0 had a significant decreasing trend
over the last 50 years in the Yunnan Province, Yangtze
River basin, Yellow River basin, Tibetan Plateau, Northwest regions and Northern regions of China [12-17].
On the other hand, the annual ET0 values showed a
significantly increasing trend with the aggravation of
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drought in North China from 1961 to 2010 [18]. ET0 was
likewise increased in semi-arid Iran and other parts of the
world for the same period [19-23].
The trend of ET0 implicates changes in atmospheric
water demand, especially changes in climatic parameters
driving evapotranspiration. In recent years, a flurry of
papers have examined the relative impact of climate change
on ET0. Decreases in solar radiation and wind speeds reduced ET0 and there was little evidence for a significant
relationship between evapotranspiration and temperature
[11]. The reason for the decreasing actual evapotranspiration
seemed to be a decrease in precipitation [24], while wind
speed actually plays a lesser role [25]. Although many
studies have been conducted to investigate the relationship between evapotranspiration and meteorological factors in many regions, due to the influence of regional
domains of climate pattern and the complex topography,
there is currently no consistency conclusion about the
contribution of climatic variable on ET0 in China.
Northeast (NE) China is one of the major grain producing areas being threatened by water shortages, especially under global warming. Understanding ET0 trend
and the main contribution climatic factors is key to cope
with the shortage of water resources, but fewer studies
concentrating on NE China from a climatological point of
view have been published. In this study, we analyzed
spatiotemporal variability of ET0 and decadal linear
trends rates of ET0 over NE China. We also examined
trends of key climatic factors and their temporal contribution to ET0 rates. We tried to (1) analyze spatiotemporal
of ET0 and climatic parameters, (2) identify the key climatic factors contributing to ET0 and (3) quantify the
relationship between ET0 and its driving climatological
variables. Since spatiotemporal distribution of annual ET0 is
an important driving force in the hydrological cycle in
catchment, it will provide worthwhile information in
regional water resources planning and management in the
NE China.

2. MATERIALS AND METHODS
2.1 Study area

The study regions, including Heilongjiang province, Jilin province, Liaoning province and the eastern part of
Neimenggu province, covers an area of about 1.47×104 km2
between 38°40' –53°31' N, 115°34' – 135°5' E (Fig.1a).
This region belongs to the sub-humid temperate continental
monsoon climate featured by hot and rainy summers, cold
and dry winters. Based on the meteorological date from
1951 to 2011, the mean annual temperature was -10 − 5 °C
with mean monthly temperature ranging from -32 − -12 °C
in January to 14 – 22°C in July, and annual precipitation
was 450 − 900 mm, with 51 – 89% occurring in the growing season (May–September). Recently, water resource has
served as the dominant factors afflicting the regional ecological, economic and social development under the com-

bined impacts of climate change and intensified human
activities.
2.2 Meteorological Data

Data from 96 National Meteorological Observatory
(NMO) stations within NE China, including the maximum,
minimum and mean air temperature, wind speed, sunshine
hours, relative humidity, vapor pressure and precipitation
from 1951 (the earliest year for which data are available) to
2011, was obtained from the website of China Meteorological Administration (CMA) (http://cdc.cma.gov.cn/). The
homogeneity and reliability of the meteorological data
have been checked and firmly controlled by the CMA
before its release. Missing values were infrequent and
generally account for only 0.3 %, which were replaced with
estimated values predicted from four to six neighbouring
and highly correlated stations or regression relationships
established on the time series [26].
2.3 FAO Penma-Monteith method

The FAO Penman-Monteith method is recommended
as the standard method for the definition and computation
of the reference evapotranspiration ET0 in both arid and
humid climates [3] and is used in this study. The FAO
Penman-Monteith equation is given by:

Where ET0 is the reference evapotranspiration (mm
day ),
is the net radiation at the crop surface (MJ m-2
-1

day-1),

the soil heat flux density (MJ m-2 day-1),

mean daily air temperature at 2 m height (°C),
-1

wind speed at 2 m height (m s ),
pressure (kPa),

the
the

the saturation vapour

the actual vapour pressure (kPa),

the saturation vapour pressure deficit (kPa), ∆
the slope vapour pressure curve (kPa °C-1), γ the psychrometric constant (kPa °C-1).
ET0 rates were calculated by using ET0 Calculator
software version 3.2 recommended by FAO (http://
www.fao.org/nr/water/eto.html). All the data required for the
calculation followed the method and procedure given in
ET0 calculator reference manual.
2.4 Trend analysis

Generally, the linear trend for the time series can be
estimated by the conventional linear regression in the
form of the equation is:

Where

is the annual ET0 or climate variables in-

is the year in the selectcluding MT, SD, WS and RH,
ed time, and the slope of α is the estimated trend of annual
ET0 or climatic factors. If α<0, the trend is negative; if
α>0, the trend is positive. The linear regression and a 10-
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years low-pass filtered line was fitted to emphasize longterm fluctuations. Statistical significance of linear trends
was determined by Student’s t test. The Mann–Kendall
test (M–K test), also called Kendall’s tau test due to Mann
[27] and Kendall [28], is a rank based non-parametric test
for assessing the significance of a trend, was used to detect the change point in this study. Spatial distributions of
the linear trends (slopes) were plotted on the map using
ArcMap/ArcGIS software, version 9.2 (ESRI, Redlands,
CA, USA) and the magnitude of the trends was expressed
in decadal scale.
2.5 Sensitivity analyses and sensitivity coefficients

Sensitivity analysis involves testing the relative
change of ET0 calculated by the FAO P-M method as
various input climatic variables are changed, which helps
determine which variable is having the greatest effect on
the ET0 and has been used by many researchers due to its
simplicity and practicability [29-31].
In this study, seven climate change scenarios by adjusting the observed data series by adding delta changes
(∆ = 0，±10 %, ±20 %, ±30 %) were used as input for the
FAO P-M method. The ET0 were recalculated by using
one scenario at each time and the relative changes between the recalculated ET0 and the original ET0 against
the relative changes in each climatic variable were calculated and plotted, the sensitivity coefficient (Cse) is the
slope of the tangent at the origin of the sensitivity curve.
Generally, a positive or negative sensitivity coefficient of a variable indicates that ET0 will increase or decrease as the variable increases. The larger the sensitivity
coefficient, the larger relative effect a given variable has
on ET0 [17, 31].
2.6 Quantitative the contribution of climate variables
change on ET0

In order to quantitative the contribution of climate
variables on ET0, similar to Zen et al. [16], stepwise multiple regression with ET0 as dependent variable and all the
climatic factors as the predictors, was used to detect the
key meteorological variables by SPSS software version
14.0 (SPSS Inc, Chicago, IL). And then quantify the contribution of each significant variable by the explained
variance (R2) of regression analysis.
We further analyzed the temporal variability of the
contributions of different climatic variables for each station by stepwise multiple regression for moving windows
of 10 years length (1951–1960, 1952–1961, …, 2001–
2011) and we got the time series of the explained variance
[16]. After that, the R2 in all individual stations were
separated by year and numbers of significant (decided by
the results of stepwise multiple regression) stations in the
year were counted for the special climatic variable then
the proportion is the contribution on ET0 in the study
region.

3. RESULTS
3.1 Spatial and temporal distribution of ET0

The average annual ET0 over NE China from 1951 to
2011 was presented in Fig.1a, which reflects a rich spatial
structure with a combined effect of all climatological
factors. Mean annual ET0 ranged from 433.86 mm in
Mohe to 894.49 mm in Chifeng, with a mean value of
659.9 mm in the whole region.
The higher annual ET0 rates occurred along the
coastal regions and the southwest part of NE China,
whereas the lower ET0 rates were discovered in the mountain regions of northwest and Sangjiang Plain in the
northeast of the study region. A clearly south-north decline gradient of ET0 is shown in Fig.1b, indicating the
dominant role by the net total radiation and the temperature; the trend of ET0 along the prevailing wind direction
also declined with the distance from the sea in Fig.1d,
illustrating the prevalent effects of precipitation and wind
speed. Compared with the horizontal trends, the vertical
trends had a fairly homogeneous spatial distribution from
200 m to 800 m in Fig.1c.
The time series of all annual area averaged ET0 over
NE China from 1951 to 2011 fluctuated with a rising
trend (Fig 2a, 2b). Linear regression results revealed that
the ET0 averagely increased 11.76 mm per decade in the
past 61 years. In order to assess the significance of the
trend, the student’s T-test was performed and the results
were highly significant at the 0.01 level. Annual ET0
trends at individual stations varied from −102.17 to 71.59
mm per decade and 85.5% of which showed an increase
trends, with 69.5% larger than 10 mm per decade were
either significant or highly significant increase.
Unlike the case for ET0 where a clear variation with
latitude or the distance from the sea was shown, the complicated spatial distributions of the changes rate of ET0
clearly reflected the climatic variability combined with
intense human activities. The spatial variations of ET0
change rates showed a weak upward trend along latitude
but downward trend along the distance from sea, meanwhile, a saddle-shaped fluctuation along elevation
(Fig.2c, 2d, 2e).
3.2 Temporal and spatial trends of meteorological variables

According to results of stepwise multiple regression,
maximum air temperature (MT), wind speed (WS), sunshine duration (SD) and relative humidity (RH) were
selected into the final model to analyze the relationship
between ET0 and climatic variables.
All climatic variables changed significantly during
the study period and linear regression method was again
used to identify trends of variables. The results of trend
analysis clearly revealed upward trend in MT but downward trend in WS, SD and RH during the study period
(Fig.3). It was noted that the annual average MT markedly increased by 0.15 °C per decade in the past 61 years (p
< 0.01) (Fig.3a). However, annual average WS, SD and
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RH had significant decreasing trends with a reduction of
0.14 m s-1 per decade (Fig.3b), 33.76 hours per decade
(Fig.3c) and 1.0% per decade (Fig.3d), respectively.
The 10-years low-pass filtered line of the four climatic variables showed distinct variations over the study
period, such as the marked high MT in the following
decade from 1995, the continued decline of annual WS
after 1975, the pronounced SD minimum around 1990
and the gentle fluctuation of RH during 1965 to 1995
(Fig.3). Furthermore, the M-K test showed that there were
changed points in 1992, 1992, 1956 and 1968 respectively
for the four climatic factors.
3.3 Sensitivity of ET0 to key climatic variables

The results of the sensitivity analysis in NE China are
illustrated in Fig 4 and sensitivity coefficients for each
key meteorological variable are also calculated based on
the average value for each meteorological variable and
analyzed period. It is clear that the relative change in ET0
showed a positive relation with MT, WS, and SD but the

negative relation with RH (Fig.4). Judging from the sensitive coefficients, RH is the most sensitive variable and
followed by MT (Fig.4a) while ET0 is insensitive to WS
and SD in NE China (Fig.4b).
In NE China, RH was the most sensitive variable,
which was in accordance with the study in some climate
regions of China [30, 32-34]. However, MT was the second sensitive variable and WS showed the less sensitivity
on ET0, which is different from most studied in Yellow
river catchment and Yangtze catchment which reported
that WS was the most sensitive factor but temperature
exhibited the least sensitivity [13, 16, 35-37] . Furthermore, SD proved the least sensitivity on ET0 in this region.
3.4 Attribution of key meteorological variables

In order to assess the contributions of key meteorological variables to the change trend of ET0, the time
series of R2 and the contribution of each climatic factor
were calculated by the method mentioned before.

(a)

(b)

(c)

(d)

FIGURE 1 - Spatial distribution of mean annual reference evapotranspiration (ET0) for the period 1951–2011 of 96 meteorological stations in
Northeast China.
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(b)

(a)

(c)

(e)

(d)

FIGURE 2 - Spatial patterns of the change rate of annual reference evapotranspiration (ET0) for the period 1951–2011 of 96 meteorological
stations in Northeast China.

3504

© by PSP Volume 23 – No 12c. 2014

Fresenius Environmental Bulletin

(a)

(b)

(c)

(d)

FIGURE 3 - Spatial patterns of linear trends per decade for the four key meteorological factors (a–d, left) and their temporal change trends
(a–d, right) for the period 1951–2011 of 96 meteorological stations in Northeast China. Linear regression and 10-year low-pass filter were
also showed, R represents the correlation coefficient of linear regression.
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(a)

(b)

FIGURE4 - Sensitivity analyses of ET0 to the key climatic variables in Northeast China.

(b)

(a)

(c)

(d)

(e)

FIGURE 5 - Spatial patterns and corresponding time series of explained variance (R2, %) derived by stepwise multiple regression with annual reference evapotranspiration (ET0) as dependent variable and annual means of maximum temperature (MT, °C), wind speed (WS, m s−1),
sunshine duration (SD, h) and relative humidity (RH, %), and as predictors.
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As shown in Fig. 5b, the temporal evolution of the
contributions of climatic variables on annual ET0 showed
relatively stable during the entire study period. The biggest contributor was MT, accounting for almost 58.02%
and the contribution rate was expanding slowly, after
which the contribution of WS reduced slightly. SD also
showed a gentle reduction trend while RH showed reversed trend, with both of them remaining on the lowest
level.
The spatial distribution of R2 in each station in Fig.5a
does not show obvious conclusive signs. We further analyzed the spatial distribution along latitudes, distance
from the sea and elevation (Fig.5c, 5d, 5e), there was not
a significant uniform rule for each climatic variables.

4. DISCUSSION
ET is a combined result of soil surface conditions and
atmospheric demands, therefore it varies with soil water
available, plant type, sunshine duration and wind speed
which all affected by latitude, distance from sea and topography. NE China shows a wide range of evapotranspiration rates with highest annual ET0 rates of 894.49 mm
and a lowest of 433.86 mm owing to the regional complex
characters (Fig.1a).
Although a generally reducing ET0 trend at a global
scale as well as over China was found by previous studies, the temporal and spatial variability of these trends in
China is considerable [11, 25, 38].
In the Yangtze River basin, there is a significant decreasing trend in ET0 and this trend is more significant in
the mid-lower than in the upper Yangtze reaches, which is
mainly caused by a significant decrease in the net total
radiation and wind speed [30, 39-42].
Since 1960, ET0 has decreased substantially in the
whole Huanghe River watershed, which was observed at
most stations in the eastern and southern areas of the basin.
The decrease of wind speed may be the dominating factor
causing ET0 decreasing over the whole basin [37, 43].
In the recent 45 years, ET0 trend in both Haihe River
basin and Huaihe River basin have been reduced evidently [30, 36, 44-46], the critical factors which influenced
ET0 are wind speed and radiation in the whole Haihe
catchment [30, 44] while the mean humidity and time of
sunlight in the Huaihe River basin [36, 46].
ET0 had a significant decreasing trend with an averagely value of about 3 mm per year during 1955–2008 in
the whole northwest China and wind speed was the most
sensitive meteorological variable, followed by relative
humidity [38, 47]. However, in the Tarim River basin,
ET0 showed a significant increase trend from 1965 to
1998 and then decreased apparently up to now [48]. In the
Pearl River basin, ET0 also showed decreasing trend and
which may imply weakening hydrological cycle in South
China [48, 49].

However, the annual ET0 values showed a significantly
increasing trend with the aggravation of drought in North
China. ET0 was most susceptible to effective precipitation
and mean daily temperature in drought periods [18].
In most parts of China, the seasonal and annual ET0
show decline tendencies during the past 50 years except
the NE China [32, 50].
ET0 rates over NE China have been generally increasing over the last decades, with a decreased trend before
1975 and then continue to increase up to 2011 (Fig.2b).
Similar spatial variability of temporal trends was observed
in the upper and middle of the Yellow River Basin [51, 52].
The observed temporal similarities suggest a common
origin of the temporal variation. From a climatological
view, the upper and middle Yellow River Basin and NE
China were a homogenous region, sharing the same monsoon climate characteristics with the cold and humid due
to seasonal frozen soil.
In previous researches of the relative condition of climatic variables on ET0 so far, the decrease trends may be
caused by (1) decreasing net total solar radiation or sunlight
as the result of increases in cloud coverage [11, 38, 52-55]
or atmospheric turbidity and aerosol concentration [56]; (2)
decreasing vapor pressure deficit due to increasing air
humidity [57]; and, (3) decreasing wind speed, referred as
to monsoon change [58-60]. While the increase trends
mainly resulted from air temperature [61, 62].
In this study, MT increased while WS, SD and RH
decreased during the study period (Fig.3) and changes in
the ET0 rates over NE china are primarily attributed to
increased MT (Fig.4b), which is consistent with the findings from the upper and middle regions of Yellow River
Basin [32].
This was in contrast to many studies that report air
temperature was not a decisive factor in ET0 change rates
but SD [16]. With decreasing SD (Fig.3c), ET0 is expected to decrease but increase factually in NE China.
Despite the observed decline of SD, the contribution of
SD to ET0 rates ranked as one of the least important variables in all stations.
During the study period, WS has decreased from 3.47
m s-1 in the 1970s to 2.32 m s-1 in 2010 in NE China
(Fig.3b). This was consistent with a global decrease of
terrestrial WS [63]. However, the relative contributions of
the climatic variables show that WS is not a decisive
factor for the ET0 in NE China, even though WS has
decreased almost constantly over the previous 40 years.
RH are often reported being an important climatic variable, but the contribution is the least one of the key climatic factors in this study.
With climate change beginning to affect water supplies and the increased ET0 indicated climate drought has
been aggravated in recent several decades in NE China.
Northeast China, as one of the principal grain production,
depends on irrigated land to provide 70 percent of the
grain [64], which showed great sensitivity to shifts in
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increasing drought frequency and intensity. The increasing trend of ET0 means an increase in irrigation water
demand for agricultural crops or wetland ecological conservation.

[6]

Sentelhas P.C., Gillespie T.J. and Santos E.A. (2010) Evaluation of FAO Penman–Monteith and alternative methods for
estimating reference evapotranspiration with missing data in
Southern Ontario, Canada. Agricultural Water Management
97, 635-644.

[7]

Zhang X., Chen S., Sun H., Shao L. and Wang Y. (2011)
Changes in evapotranspiration over irrigated winter wheat
and maize in North China Plain over three decades. Agricultural Water Management 98, 1097-1104.

[8]

Huntington T.G. (2006) Evidence for intensification of the
global water cycle: Review and synthesis. Journal of Hydrology 319, 83-95.

[9]

Irmak S., Kabenge I., Skaggs K.E. and Mutiibwa D. (2012)
Trend and magnitude of changes in climate variables and reference evapotranspiration over 116-yr period in the Platte
River Basin, central Nebraska–USA. Journal of Hydrology
420–421, 228-244.

5. CONCLUSION
In this study, we assessed the spatiotemporal variation of ET0 and major climatic factors during 1951–2011
in NE China and quantitative contributions of meteorological variables to the ET0 trends. ET0 has a significant
increasing trend with an average of about 11.76 mm per
decade owing to the combined effect of these meteorological variables. Annual MT had significant increasing
trends while decreasing trends were found for WS, SD
and RH. Sensitivity analysis showed that RH was the
most sensitive variables, then followed by MT while WS
and SD exhibited the least sensitivity. The contribution of
the increase in MT to ET0 was greater than for other meteorological variables. As a result, the increased ET0 of
this study indicated climate drought has been aggravated
in recent several decades in NE China. It means an increase in irrigation water demand for cultivated crops or
wetland ecological conservation in NE China.

ACKNOWLEDGMENTS
We would like to thank the anonymous reviewers for
the constructive comments which have greatly improved
the quality of the paper. We also gratefully acknowledge
the financial support from National Basic Research Program of China (No. 2010CB951301) and the National
Natural Science Foundation of China (No. 40830535,
41271107) for financial support.
The authors have declared no conflict of interest.

[10] Bandyopadhyay A., Bhadra A., Raghuwanshi N. and Singh
R. (2009) Temporal Trends in Estimates of Reference Evapotranspiration over India. Journal of Hydrologic Engineering
14, 508-515.
[11] Thomas A. (2000) Spatial and temporal characteristics of potential evapotranspiration trends over China. International
Journal of Climatology 20, 381-396.
[12] Zhang Y., Liu C., Tang Y. and Yang Y. (2007) Trends in pan
evaporation and reference and actual evapotranspiration
across the Tibetan Plateau. Journal of Geophysical Research:
Atmospheres 112, D12110.
[13] Wang Y., Jiang T., Bothe O. and Fraedrich K. (2007) Changes of pan evaporation and reference evapotranspiration in the
Yangtze River basin. Theoretical and Applied Climatology
90, 13-23.
[14] Zhang X., Kang S., Zhang L. and Liu J. (2010) Spatial variation of climatology monthly crop reference evapotranspiration and sensitivity coefficients in Shiyang river basin of
northwest China. Agricultural Water Management 97, 15061516.
[15] Song Z., Zhang H., Snyder R., Anderson F. and Chen F.
(2010) Distribution and Trends in Reference Evapotranspiration in the North China Plain. Journal of Irrigation and
Drainage Engineering 136, 240-247.
[16] Fan Z. and Thomas A. (2013) Spatiotemporal variability of
reference evapotranspiration and its contributing climatic factors in Yunnan Province, SW China, 1961–2004. Climatic
Change 116, 309-325.

REFERENCES

[17] Huo Z., Dai X., Feng S., Kang S. and Huang G. (2013) Effect
of climate change on reference evapotranspiration and aridity
index in arid region of China. Journal of Hydrology 492, 24-34.

[1]

Trenberth K.E., Fasullo J.T. and Kiehl J. (2009) Earth's
Global Energy Budget. Bulletin of the American Meteorological Society 90, 311-323.

[2]

Genfo A.D.D., Lacis A.A. and Ruedy R.A. (1991) Simulations of the effect of a warmer climate on atmospheric humidity. Nature 351, 382-385.

[18] Feng J., Yan D., Li C., Yu F. and Zhang C. (2014) Assessing
the impact of climatic factors on potential evapotranspiration in
droughts in North China. Quaternary International 336, 6-12.

[3]

Allen R.G., Pereira L.S., Raes D. and Smith M. (1998) Crop
evapotranspiration-Guidelines for computing crop water requirements-FAO Irrigation and drainage paper 56. FAO,
Rome 300, 6541.

[19] Dinpashoh Y., Jhajharia D., Fakheri-Fard A., Singh V.P. and
Kahya E. (2011) Trends in reference crop evapotranspiration
over Iran. Journal of Hydrology 399, 422-433.

[4]

Yu P., Yang T. and Chou C. (2002) Effects of Climate
Change on Evapotranspiration from Paddy Fields in Southern
Taiwan. Climatic Change 54, 165-179.

[5]

Chaouche K., Neppel L., Dieulin C., Pujol N., Ladouche B.,
Martin E., Salas D. and Caballero Y. (2010) Analyses of precipitation, temperature and evapotranspiration in a French
Mediterranean region in the context of climate change.
Comptes Rendus Geoscience 342, 234-243.

3508

[20] Jung M., Reichstein M., Ciais P., Seneviratne S.I., Sheffield
J., Goulden M.L., Bonan G., Cescatti A., Chen J., de Jeu R.,
Dolman A.J., Eugster W., Gerten D., Gianelle D., Gobron N.,
Heinke J., Kimball J., Law B.E., Montagnani L., Mu Q.,
Mueller B., Oleson K., Papale D., Richardson A.D., Roupsard O., Running S., Tomelleri E., Viovy N., Weber U., Williams C., Wood E., Zaehle S. and Zhang K. (2010) Recent
decline in the global land evapotranspiration trend due to limited moisture supply. Nature 467, 951-954.

© by PSP Volume 23 – No 12c. 2014

Fresenius Environmental Bulletin

[21] Sabziparvar A. and Tabari H. (2010) Regional Estimation of
Reference Evapotranspiration in Arid and Semiarid Regions.
Journal of Irrigation and Drainage Engineering 136, 724-731.
[22] Tabari H. (2010) Evaluation of Reference Crop Evapotranspiration Equations in Various Climates. Water Resources
Management 24, 2311-2337.
[23] Tabari H. and Marofi S. (2011) Changes of Pan Evaporation
in the West of Iran. Water Resources Management 25, 97111.
[24] Liu Q. and Yang Z. (2010) Quantitative estimation of the impact of climate change on actual evapotranspiration in the
Yellow River Basin, China. Journal of Hydrology 395, 226234.
[25] Zhang Q., Xu C.-Y. and Chen X. (2011) Reference evapotranspiration changes in China: natural processes or human
influences? Theoretical and Applied Climatology 103, 479488.
[26] Peterson T.C., Easterling D.R., Karl T.R., Groisman P.,
Nicholls N., Plummer N., Torok S., Auer I., Boehm R. and
Gullett D. (1998) Homogeneity adjustments of in situ atmospheric climate data: a review. International Journal of Climatology 18, 1493-1517.
[27] Mann H.B. (1945) Nonparametric tests against trend. Econometrica: Journal of the Econometric Society 245-259.
[28] Kendall M.G. (1948) Rank correlation methods. C. Griffin,
London, 1-160.
[29] Xu C., Gong L., Jiang T., Chen D. and Singh V. (2006)
Analysis of spatial distribution and temporal trend of reference evapotranspiration and pan evaporation in Changjiang
(Yangtze River) catchment. Journal of Hydrology 327, 8193.
[30] Wang W., Peng S., Yang T., Shao Q., Xu J. and Xing W.
(2010) Spatial and temporal characteristics of reference
evapotranspiration trends in the Haihe River basin, China.
Journal of Hydrologic Engineering 16, 239-252.
[31] Wang W., Shao Q., Peng S., Xing W., Yang T., Luo Y.,
Yong B. and Xu J. (2012) Reference evapotranspiration
change and the causes across the Yellow River Basin during
1957–2008 and their spatial and seasonal differences. Water
Resources Research 48, W05530.
[32] Yin Y., Wu S., Chen G. and Dai E. (2010) Attribution analyses of potential evapotranspiration changes in China since
the 1960s. Theoretical and Applied Climatology 101, 19-28.

[38] Gao G., Chen D., Ren G., Chen Y. and Liao Y. (2006) Spatial and temporal variations and controlling factors of potential evapotranspiration in China: 1956–2000. Journal of Geographical Sciences 16, 3-12.
[39] Wang Y., Liu B., Su B., Zhai J. and Gemmer M. (2011)
Trends of Calculated and Simulated Actual Evaporation in
the Yangtze River Basin. Journal of Climate 24, 4494-4507.
[40] Ye X., Li X., Liu J., Xu C.Y. and Zhang Q. (2013) Variation
of reference evapotranspiration and its contributing climatic
factors in the Poyang Lake catchment, China. Hydrological
Processes.
[41] Wang Q., Zhang M., Pan S., Ma X., Li F. and Liu W. (2013)
Spatiotemporal variation patterns of potential evapotranspiration in the Yangtze River basin of China. Chinese Journal of
Ecology 5, 032.
[42] Cao L., Zhang Y. and Shi Y. (2011) Climate change effect on
hydrological processes over the Yangtze River basin. Quaternary International 244, 202-210.
[43] Yang Y., Feng Z., Huang H. and Lin Y. (2008) Climateinduced changes in crop water balance during 1960–2001 in
Northwest China. Agriculture, ecosystems & environment
127, 107-118.
[44] Liu W., Peng S. and Wang W. (2012) Reference evapotranspiration changes in the Haihe River basin during past 50
years. Procedia Engineering 28, 258-263.
[45] Yang G., Wang Z., Wang H. and Jia Y. (2009) Potential
evapotranspiration evolution rule and its sensitivity analysis
in Haihe River basin. Advances in Water Science 20, 409415.
[46] Kang Z., Lu Y., Wu G. and He H. (2009) Study on Reference
Crop Evapotranspiration and Its Change Responding to Climate Change in Huaihe River [J]. Water Resources and Power 6, 003.
[47] Ma Z., Kang S., Zhang L., Tong L. and Su X. (2008) Analysis of impacts of climate variability and human activity on
streamflow for a river basin in arid region of northwest China. Journal of Hydrology 352, 239-249.
[48] Xu C., Chen Y., Li W. and Chen Y. (2006) Climate change
and hydrologic process response in the Tarim River Basin
over the past 50 years. Chinese Science Bulletin 51, 25-36.
[49] Xu Z., Chen Y. and Li J. (2004) Impact of climate change on
water resources in the Tarim River basin. Water Resources
Management 18, 439-458.

[33] Zuo D., Xu Z., Yang H. and Liu X. (2012) Spatiotemporal
variations and abrupt changes of potential evapotranspiration
and its sensitivity to key meteorological variables in the Wei
River basin, China. Hydrological Processes 26, 1149-1160.

[50] Liu B., Xu M., Henderson M. and Gong W. (2004) A spatial
analysis of pan evaporation trends in China, 1955–2000.
Journal of Geophysical Research: Atmospheres 109, D15102.

[34] Gong L., Xu C., Chen D., Halldin S. and Chen Y.D. (2006)
Sensitivity of the Penman–Monteith reference evapotranspiration to key climatic variables in the Changjiang (Yangtze
River) basin. Journal of Hydrology 329, 620-629.

[51] Liu Q., Yang Z., Cui B. and Sun T. (2010) The temporal
trends of reference evapotranspiration and its sensitivity to
key meteorological variables in the Yellow River Basin, China. Hydrological Processes 24, 2171-2181.

[35] Huo Z., Dai X., Feng S., Kang S. and Huang G. (2013) Effect
of climate change on reference evapotranspiration and aridity
index in arid region of China. Journal of Hydrology 492, 2434.

[52] Zhang Q., Xu C.-Y., Chen Y. and Ren L. (2011) Comparison
of evapotranspiration variations between the Yellow River
and Pearl River basin, China. Stochastic Environmental Research and Risk Assessment 25, 139-150.

[36] Cai H., Yu Z., Yang C., Ju Q. and Yan W. (2012) Analysis of
variation of reference evapotranspiration in Huaihe Basin.
Journal of Hohai University: Natural Sciences 40, 76-82.

[53] Wild M., Gilgen H., Roesch A., Ohmura A., Long C.N., Dutton E.G., Forgan B., Kallis A., Russak V. and Tsvetkov A.
(2005) From Dimming to Brightening: Decadal Changes in
Solar Radiation at Earth's Surface. Science 308, 847-850.

[37] Ma X., Zhang M., Li Y., Wang S., Ma Q. and Liu W. (2012)
Decreasing potential evapotranspiration in the Huanghe River Watershed in climate warming during 1960–2010. Journal
of Geographical Sciences 22, 977-988.

3509

[54] Pinker R.T., Zhang B. and Dutton E.G. (2005) Do Satellites
Detect Trends in Surface Solar Radiation? Science 308, 850854.

© by PSP Volume 23 – No 12c. 2014

Fresenius Environmental Bulletin

[55] Roderick M.L. and Farquhar G.D. (2002) The Cause of Decreased Pan Evaporation over the Past 50 Years. Science 298,
1410-1411.
[56] Stanhill G. and Cohen S. (2001) Global dimming: a review of
the evidence for a widespread and significant reduction in
global radiation with discussion of its probable causes and
possible agricultural consequences. Agricultural and Forest
Meteorology 107, 255-278.
[57] Chattopadhyay N. and Hulme M. (1997) Evaporation and potential evapotranspiration in India under conditions of recent
and future climate change. Agricultural and Forest Meteorology 87, 55-73.
[58] Cohen S., Ianetz A. and Stanhill G. (2002) Evaporative climate changes at Bet Dagan, Israel, 1964–1998. Agricultural
and Forest Meteorology 111, 83-91.
[59] Wang Z., Ding Y., He J. and Yu J. (2004) An updating analysis of the climate change in China in recent 50 years. Acta
Meteorologica Sinica 62, 228-236.
[60] Zhang X., Ren Y., Yin Z., Lin Z. and Zheng D. (2009) Spatial and temporal variation patterns of reference evapotranspiration across the Qinghai-Tibetan Plateau during 1971–2004.
Journal of Geophysical Research: Atmospheres 114, D15105.
[61] Parry M.L. (2007) Climate Change 2007: Impacts, Adaptation and Vulnerability: Working Group II Contribution to the
Fourth Assessment Report of the IPCC Intergovernmental
Panel on Climate Change. Cambridge University Press.
[62] Amir M.S., Khan M.M.K., Rasul M.G., Sharma R.H. and
Akram F. (2012) Rainfall, temperature and evaporation
trends in the Fitzroy Basin, Queensland, Australia. .
[63] McVicar T.R., Roderick M.L., Donohue R.J., Li L.T., Van
Niel T.G., Thomas A., Grieser J., Jhajharia D., Himri Y.,
Mahowald N.M., Mescherskaya A.V., Kruger A.C., Rehman
S. and Dinpashoh Y. (2012) Global review and synthesis of
trends in observed terrestrial near-surface wind speeds: Implications for evaporation. Journal of Hydrology 416–417,
182-205.
[64] Brown L.R. and Halweil B. (1998) China’s water shortage
could shake world food security. World watch 11, 10-21.

Received: January 23, 2014
Revised: May 20, 2014
Accepted: June 24, 2014

CORRESPONDING AUTHOR
Xianguo Lu
Northeast Institute of Geography and Agroecology,
Chinese Academy of Sciences
4888 Shengbei Street
Changchun 130102
P. R. CHINA
Phone: +86-431-85542216
Fax: +86-431-85542298
E-mail: luxg@neigae.ac.cn
FEB/ Vol 23/ No 12c/ 2014 – pages 3500 - 3510

3510

© by PSP Volume 23 – No 12c. 2014

Fresenius Environmental Bulletin

SO2 REMOVAL FROM A
SIMULATED FLUE GAS ON [BPy]Br/AC
Jinping Tian1, 2*, Haidong Guo2, Zhiqiang Wang2, Lijing Wen2 and Yongkang Lv1,*
1

College of Chemistry & Chemical Engineering, Taiyuan University of Technology, Taiyuan 030024, P.R. China
2
School of Environment & Safety, Taiyuan University of Science & Technology, Taiyuan 030024, P.R. China

ABSTRACT

1. INTRODUCTION

The butyl-pyridinium bromide ([BPy]Br) was synthesized from pyridine and bromobutane. [BPy]Br-immobilized
activated carbon ([BPy]Br/AC) was prepared through impregnation–vaporization method. The effect of [BPy]Br
on the pore properties of AC and on the sulfur dioxide
(SO2) removal behavior, and the effect of absorption
temperature on SO2 removal from a simulated flue gas by
AC and [BPy]Br/AC, were studied. Desorption behaviors
of SO2 on [BPy]Br/AC were investigated. The [BPy]Br
was characterized through Fourier transform infrared
spectrometry and thermal gravimetry coupled with mass
spectrometry, whereas pore properties of [BPy]Br/AC
were measured through N2 adsorption. The results show
that [BPy]Br has good thermal stability until 211 °C.
Micropores and mesopores of AC after [BPy]Br immobilization obviously increase and decrease, respectively.
[BPy]Br introduced on AC significantly increases SO2 removal efficiency. Absorption is an important factor in
removing SO2 from flue gas by [BPy]Br/AC. The breakthrough time of SO2 of [BPy]Br/AC decreases with an
increase in absorption temperature. The desorption of SO2
on [BPy]Br/AC can be categorized into rapid and slow
absorption and equilibrium periods. SO2 desorption occurs mainly before 30 min, and its capacity increases with
increasing desorption time. SO2 desorbs rapidly from
[BPy]Br/AC for the first 10 min, and desorption efficiency accounts for about 89.9% of the total amount. For the
succeeding 10 to 30 min, SO2 desorbs slowly, and the
desorption amount is about 6.8%. SO2 absorption capacity
slowly decreases with increasing adsorption–desorption
cycles, but the absorption capacity of [BPy]Br/AC for
SO2 during the 10th cycle is about 4 times superior to that
of AC.

KEYWORDS:
SO2, removal, [BPy]Br/AC, absorption, desorption
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In 2012, sulfur dioxide (SO2) emission amount in China
reached about 22.18 million tons [1], which is seriously
polluting the environment; so SO2 in waste gas should be
effectively treated before its emission into the atmosphere.
Currently, SO2 is removed from waste gas mainly by some
alkaline chemical substances, such as lime, organic amine
and ionic liquids (ILs) [2-7]. Among these, Ils are promising for SO2 removal because ILs have unparalleled advantages including: 1) Purified flue gas and collected SO2
through absorption and desorption methods, respectively,
have not been polluted by ILs because these compounds do
not evaporate; 2) ILs concentration does not decrease because the substance is non-volatile; and 3) ILs can be
designed and developed into new functional ILs with high
absorption capacity and high selectivity to meet actual
needs [7-10].
However, the high viscosity and small boundary area
of ILs in a homogeneous system is not favorable for the
dissolution and diffusion of the gas. In addition, the high
cost of ILs limits its applications. To overcome the shortcomings of ILs, immobilization of ILs on supports or
immobilized ILs [7] have emerged. Immobilization is the
process through which ILs change from liquid state into
solid state, accounting for the supports’ surface IL characteristics [10]. Supports typically contain silica, molecular
sieves, zeolites, and so on [11-16]. However, zeolites and
molecular sieves have small surfaces because of their
undeveloped pore structures, thus limiting their uses.
Little attention has been given to activated carbon (AC),
although it has a large surface area and developed pore
structures. Therefore, the immobilization of ILs on AC
and its adsorption behaviors for SO2 are important.
In this work, the thermal stability of [BPy]Br and the
effects of immobilized [BPy]Br on AC pore textures and
its absorption behaviors for SO2 were investigated. Furthermore, absorption behaviors of [BPy]Br/AC for SO2
removal at different temperatures and desorption behaviors of SO2 at different adsorption times were studied. To
understand the effect of desorption operation on absorption behaviors, absorption–desorption cycles were studied.
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2. MATERIALS AND METHODS
2.1 Materials

The coal-derived column AC used in this work was a
commercial product of Xinhua Chemical Factory (Taiyuan,
China). AC was crushed, sieved into 0.3 mm to 0.45 mm
(40 to 60 mesh) particles, and dried in air at 110 °C for 48 h.
Pyridine and 1-bromobutane with a molar ratio of 1:1.2
were placed in a conical flask, stirred, and heated in a microwave oven. The crude product after the reaction was
repeatedly washed with acetone to remove the residual
organic reactant, and then distilled under reduced pressure
in a rotary evaporator to remove most of the acetone. The
product was dried in a vacuum oven at 70 °C for 48 h.
Butyl-pyridinium bromide ([BPy]Br) yield was determined
by weighing.
Purity of the product was measured through argentometric titration, which was conducted as follows. An
amount of product was weighed, dissolved well in ethanol, and then diluted in a 50-ml volumetric flask. One (1)
ml of the prepared solution, 2 ml of distilled water, and a
drop of 0.1 M of K2CrO4 indicator were mixed in a test
tube, and then titrated with AgNO3 standard solution (Chinese Standards: T5009.1-2003) from a light yellow solution
to bolarious sediment. Product purity was calculated using
the volume of consumed AgNO3 solution. Purity of the
product was 95.57%.
IL immobilization methods are classified into two
types. The first method involves the process in which an
ionic liquid is coated directly onto a support surface,
whereas the other involves the process where linear or
crosslinked polymer particles are made by the chemical
bonds formed in a chemical reaction [17, 18]. The coating method includes impregnation–extraction and impregnation–evaporation [13, 19]. In this work, immobilization of [BPy]Br on AC was carried out via the latter
method. The process was as follows. [BPy]Br was dissolved
in ethanol, and AC was impregnated by the [BPy]Br in
ethanol solution. [BPy]Br-immobilized AC ([BPy]Br/AC)
was obtained through ethanol evaporation from the impregnated samples by heating after the impregnated samples were dispersed for 6 h at 50 and 110 °C. [BPy]Br
suffered no losses in the immobilization process because
of its negligible pressure. [BPy]Br loading of the prepared
[BPy]Br/AC was calculated using the concentration of the
[BPy]Br used in the immobilization. [BPy]Br/AC with
50 wt.% [BPy]Br was designated as [BPy]Br/AC50.
2.2 [BPy]Br and [BPy]Br/AC characterization

A mixture containing KBr and the synthesized compound at a ratio of 200:1 was analyzed using an Excalibur
series FTS-3000MX instrument (Digitab, USA). FTIR spectrum was recorded at a resolution of 4 cm−1 with 64 scans.
The thermal stabilities of [BPy]Br were characterized
using a thermal gravimetric analyzer (TGA 409 PC,
Netzsch) coupled with a quadrupole mass spectrometer
(Balzers QMG 422, Switzerland). The [BPy]Br was heated

from room temperature to 550 °C at a rate of 10 °C/min
under a flow of Ar (99.95%, 100 ml/min). NH3, H2O, butane, acetone, bromobutane, pyridine, octane, and bipydidyl
released from the adsorbents were monitored through mass
spectrometry (MS) following the signals (m/z):) 15 (NH3),
18 (H2O), 29 (butane), 43 (acetone), 51 (bromobutane),
52 (pyridine), 57 (octane), and 155 (bipydidyl).
The pore structures of the adsorbents were measured
through liquid N2 adsorption at 77 K with an automatic
ASAP 2020 volumetric sorption analyzer (Micromeritics,
USA). The specific surface area (SBET) was calculated
using the Brunauer-Emmett-Teller (BET) equation. The
micropore volumes of the adsorbents were calculated using
the t-plot, whereas the pore size distribution of the adsorbents was obtained using the density functional theory.
2.3 Adsorption/desorption system

To evaluate the adsorption/desorption behavior of
[BPy]Br/AC50 for SO2 in flue gas, the adsorption/
desorption system (Fig. 1) was used in this work. Adsorption/ desorption experiments were carried out in a
fixed bed microreactor (id 7 mm, length 1000 mm) under
0.3 MPa pressure and 5800 h-1 air speed. SO2/N2 flue gas
flow was controlled by mass flow controllers. SO2 concentrations in simulated flue gas (SO2/N2) were determined
using a KM9106 flue gas analyzer (Kane, UK) with a range
of 0 to 5000 ppm, resolution of 1 ppm, and accuracy of 5%.

FIGURE 1 - Schematic diagram of the adsorption system (1. N2 steel
cylinder, 2. SO2/N2 flue gas steel cylinder, 3. 3-way spherical valve,
4. glass rotameter, 5. 1-way valve, 6. mass flow controller, 7. fixed
bed reactor, 8. fuel gas analyzer).
2.4 SO2 absorption and desorption methods

Adsorption breakthrough experiments of the adsorbents were carried out to examine AC and [BPy]Br/AC
behaviors for SO2 removal from flue gas. 3 g of adsorbent
was placed in a tubular fixed-bed quartz microreactor (id
7 mm, length 1000 mm), which was coupled with a KM9106
fuel gas analyzer, to determine SO2 concentrations in the
gas mixture after sorption. Each adsorbent was heated in
the reactor at different temperatures (20, 40, and 60 °C)
under 670 ml/min SO2/N2 flow. The initial concentration
of SO2 in N2 was 3300 ml/m3. Desorption experiments of
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the adsorbents were conducted at 100 °C under the same
conditions as the adsorption tests above.

3. RESULTS AND DISCUSSION
3.1 Characterization of [BPy]Br and [BPy]Br/AC

To identify the synthesized compound, FTIR characterization was carried out. The FTIR spectrum is shown in
Fig. 2.

of [BPy]Br occurred rapidly after 211 °C. Some inorganic/
organic compounds, such as NH3 (ammonia), C4H10 (butane), C3H6O (acetone), C4H9Br (bromobutane), C5H5N
(pyridine) and C8H18 (octane), were also released (Figs.
3d and 3e), indicating that [BPy]Br began to decompose
because of the heat. At 275 °C, it decomposed almost completely, leaving only 1.2% char. Therefore, [BPy]Br was
thermally stable until 211 °C.
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FIGURE 2 - FTIR of [BPy]Br.

The synthesized compound showed C-H stretch peaks
for an aromatic ring at 3055 cm-1. Furthermore, absorption
peaks at 771 and 685 cm-1 were observed, which resulted
from C-H plane vibrations similar to the five benzene hydrogen atoms [21]. Figure 2 shows that C=C and C=N
stretching vibrations were present at 1634 and 1587 cm-1,
as well as at 1487 and 1466 cm-1, respectively. The results
showed that a pyridine ring was present in the compound.
Absorption peaks at 2963 and 2874 cm-1 resulted from the
CH3 group of n-butyl. CH2 bonded directly with the pyridine ring, so its absorption peak changed from 2920 cm-1
to 2936 cm-1, as influenced by C=N [20, 21]. The peaks
indicated that the synthesized compound was [BPy]Br. In
addition, a very strong peak was observed at 3427 cm-1
[20, 21], which can be ascribed to the large amount of
water absorbed in [BPy]Br. This finding showed that
[BPy]Br was strongly hydroscopic.
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Figure 3 shows the thermogravimetry (TG)–MS curves
of [BPy]Br. From Fig. 3, the TG/DTG curves of [BPy]Br
clearly changed with the temperature. Minor weight loss
(about 1.6 wt.%) of [BPy]Br occurred before 125 °C,
which is attributed to evaporation of free water because
[BPy]Br is very hygroscopic. The weight loss of [BPy]Br
was about 4.6 wt.% from 125 to 211 °C, which can be
ascribed to the evaporation of a large amount of bound
water on [BPy]Br (Fig. 3c), possibly owing to hydrogen
bonds between H2O molecules and [BPy]Br. Weight loss
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FIGURE 3 - TG -MS curves of [BPy]Br.

In the present study, the pore structures were examined to investigate the effects of immobilized [BPy]Br
on AC. The results are shown in Table 1. Table 1 clearly
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TABLE 1 - Textural parameters of materials.

Micropore volume
(cm3/g)
0.1250
0.1689

Materials
AC
[BPy]Br/AC

Mesopore surface volume
(cm3/g)
0.5497
0.4094

shows that the micropore volume/surface area of AC
increased and mesopore volume decreased after [BPy]Br
immobilization. The observed effects can be ascribed to
the filling of AC pores by [BPy]Br.
3.2 SO2 absorption

The absorption behaviors of AC and [BPy]Br/AC50
were investigated to study the role of [BPy]Br in removing SO2 from flue gas,. The absorption breakthrough
curves of AC and [BPy]Br/AC50 for SO2 at 20 °C are
shown in Fig. 4a.
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sorption breakthrough time of SO2 on [BPy]Br/AC50 at
20 °C was significantly longer than that of AC. The results lead to a conclusion that introduction of [BPy]Br on
AC significantly increased SO2 removal capacity, indicating that [BPy]Br has an active role in SO2 removal. The
process where AC removes SO2 is a type of physical adsorption. However, the removal process of SO2 by [BPy]Br
can be categorized as absorption, possibly because of the
increase in solubility of SO2 in [BPy]Br at low temperature
[9], or the formation of chemical bonds between [BPy]Br
and SO2. Thus, SO2 removal of [BPy]Br/AC can be derived
mainly from absorption of SO2 on [BPy]Br. The absorption
mechanism will be further studied in the future.
Reaction temperature is an important factor affecting
absorption processes. As such, the absorption behaviors of
[BPy]Br/AC50 for SO2 at different temperatures were investigated. The absorption breakthrough curves of [BPy]Br/
AC50 for SO2 at different temperatures (20, 40, and 60 °C)
are shown in Fig. 4b. The adsorption breakthrough curve of
SO2 on AC was not shown because of the poor SO2 removal.

100

0

Micropore surface area
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232.9
307.2

Clearly, the breakthrough times of SO2 on [BPy]Br/
AC50 at different temperatures (20, 40, and 60 °C) were
different. At the three absorption temperatures, SO2 absorption by [BPy]Br/AC50 at 20 °C had the longest breakthrough time (74 min), whereas that at 60 °C had the shortest (28 min). The breakthrough time of [BPy]Br/AC for
absorbing SO2 at 40 °C (67 min) was between 20 and 60 °C.
The breakthrough time of [BPy]Br/AC50 decreased with
increasing absorption temperature, indicating that SO2 absorption onto [BPy]Br/AC50 was exothermic. Therefore,
low temperature is favorable for [BPy]Br/AC50 absorption
of SO2 from flue gas.
3.3 SO2 desorption
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FIGURE 4 - Breakthrough curves of SO2
[BPy]Br/AC50: (a) at 20 °C; (b) at 20, 40 and 60 °C.
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Breakthrough curves of SO2 adsorbed on AC and
[BPy]Br/AC50 at 20 °C were obviously different. Ad-

According to the results, a higher adsorption temperature can decrease the amount of SO2 absorbed on the
absorbents because SO2 absorption onto [BPy]Br/AC is
exothermic. Therefore, desorption can be realized by heating. The effect of desorption time on desorption efficiency
is shown in Fig. 5. The desorption behaviors of SO2 on
[BPy]Br/AC can be categorized into rapid and slow desorption and equilibrium periods. SO2 desorption efficiency
significantly increased with increasing desorption time
before 30 min. SO2 desorbed rapidly for the first 10 min,
and its desorption efficiency accounted for about 89.9% of
the total desorption efficiency, indicating that SO2 easily
desorbs. SO2 desorbed slowly between 10 and 30 min, and
the desorption amount was about 6.8%, which can be as-
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cribed to the SO2 desorption from immobilized [BPy]Br
on the surface of smaller micropores. After 30 min, the
SO2 desorption did not change significantly, indicating
that the main desorption process occurred before 30 min.
Therefore, 30 min is the optimal time to desorb SO2 from
[BPy]Br/AC50.
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FIGURE 5 - Relation of desorption efficiency of SO2 on
[BPy]Br/AC50 with desorption time.

Absorption breakthrough time(min)
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[BPy]Br/AC50
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reused several times because of its higher absorption
capacity for SO2 in numerous cycles.

4. CONCLUSIONS
[BPy]Br has good thermal stability up to 211 °C. Immobilization by [BPy]Br significantly increases AC micropores but decreases AC mesopores mostly because of
pore filling.
For [BPy]Br/AC, [BPy]Br has an important role in SO2
removal from the simulated flue gas in which absorption
mostly occurs. SO2 breakthrough time of [BPy]Br/AC
decreased with an increase in absorption temperature. In
SO2 removal by [BPy]Br/AC, the SO2 adsorption resulting
from AC can be neglected.
The desorption behaviors of SO2 on [BPy]Br/AC can
be classified into three periods: rapid desorption, slow
desorption, and equilibrium periods. SO2 desorption efficiency clearly increases with increasing desorption time
before 30 min. SO2 desorbed rapidly before 10 min. The
desorption reached 89.9% of the total amount, indicating
that SO2 readily desorbs from [BPy]Br/AC50. SO2 desorbed slowly between 10 and 30 min, and the amount was
about 6.8%, possibly because SO2 desorbed from [BPy]Br
was immobilized on the surface of inner pores, such as
smaller micropores. SO2 desorption behavior did not change
significantly after 30 min, indicating that the main desorption
process occurred before 30 min. Therefore, 30 min is the
optimal time for SO2 to desorb from [BPy]Br/ AC by heating. The SO2 absorption capacity decreased with increasing
adsorption–desorption cycles, but the breakthrough time of
[BPy]Br/AC for SO2 at the 10th cycle was about four times
that of AC.
The results above indicate that AC immobilization
with [BPy]Br is a promising technology for SO2 removal
from flue gas.
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3.4 SO2 absorption–desorption cycles

SO2 absorption–desorption cycles were carried out to
study the effects of the desorption process on the next
absorption of SO2. Figure 6 shows the breakthrough time
of [BPy]Br/AC50 for SO2 during the absorption–desorption
cycles. The breakthrough time of [BPy]Br/AC50 for SO2
for the first cycle was about 9.5 times that of AC, indicating that [BPy]Br/AC50 has high absorption capacity of
SO2 from flue gas. Moreover, the SO2 absorption capacity
decreased with increasing adsorption–desorption cycles.
However, breakthrough time of [BPy]Br/AC50 for SO2 at
the 10th cycle was about four times that of AC for the first
cycle. These results indicate that [BPy]Br/AC50 had been
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ABSTRACT
The aim of our study is to investigate whether chronic
carbon monoxide (CO) exposure has effects on the brains
of the people who work as barbecue workers (BWs) for a
long time. Twenty males who had been working in the
indoor environments of various restaurants (Group 1) and
20 healthy males who were matched by age with the other
group (Group 2) were included in the study. Laboratory
tests were performed in both groups of people. Magnetic
Resonance Spectroscopy (MRS) was applied to the people whose blood samples were taken. In Group 1, significant correlations were not detected between carboxyhemoglobin (COHb) values and the variables of age, working hours, hemoglobin (Hb), white blood cell (WBC),
hematocrit (HCT), platelet (PLT), mean platelet volume
(MPV), pH, oxygen saturation (Sat O2) (p> 0.05). In
terms of Hb, WBC, HCT, PLT, MPV, pH, Sat O2, COHb,
N-acetylaspartate/creatine in basal ganglion, choline/creatine in basal ganglion, N-acetylaspartate/creatine
in frontal lobe periventricular white matter, choline/ creatine
in frontal lobe periventricular white matter variables, significant differences between Group 1 and Group 2 were not
determined. (p>0.05). As a result of this study; it is detected that chronic exposure to CO in BWs does not have any
effects on brain with respect to MRS imaging method.

KEYWORDS: Chronic Carbon Monoxide, Barbecue Workers,
Magnetic Resonance Spectroscopy, Carboxyhemoglobin, Oxygen
Saturation, Basal Ganglion

1. INTRODUCTION
Carbon monoxide (CO) is a highly toxic gas that is
colorless and odorless resulting from incomplete burning
* Corresponding author

of hydrocarbons [1]. Exposure to high concentrations of
CO may be lethal, and it is the most common cause of
death due to poisoning in the world [2]. Sources of CO
poisoning are indoor burning of coal for cooking or heating purposes, vehicle exhausts, industrial solvents and
gasoline generators [3]. Chronic CO exposure without
acute toxicity is frequently observed in professional groups
such as barbecue workers (BWs) who work in confined
areas lacking adequate ventilation, toll operators, furnacemen, firemen and miners [3-5]. Over many years,
BWs are exposed to many toxic gases one of which is
primary CO. However, few studies have been conducted
on chronic CO exposures to which BWs are exposed. In
one of these studies, for BWs a relationship was found
between CO exposure and the dispersion of P- wave and
corrected QT at electrocardiogram [3]. In another study, a
decrease in peak expiratory flow (PEF) was observed after
the narrowing of the air pathway due to chronic exposure to
CO in BWs [5]. CO has serious effects on the brain by
disrupting brain functions by generating tissue hypoxia [1].
However, in the literature, there has been no information
about how the effects of chronic CO exposure on the
brain. Therefore, we thought that the brain of BWs, long
time exposure of CO, are affected negatively for chronic
exposure. Magnetic resonance spectroscopy (MRS) is a
non-invasive technique which can measure several metabolites such as N-acetyl-aspartate (NAA), choline (Cho), and
creatine (Cr) which reflects neuronal and glial states, the
energy status, and membrane metabolism of the brain. The
noteworthy advantage of this imaging method is that it
can detect the chemical changes in tissues before the
emergence of macroscopic morphological changes [6].
Besides, CO has serious effects on the brain, and among
the regions it affects are cerebral cortex, cerebral white
matter and basal ganglia especially globus pallidus [1].
For this, we suggested that MRS technique might be
showed brain damage in BWs before the emergence of
macroscopic morphological changes in tissue. In the light
of this information, the aim of our study is, by using MRS
imaging method, to investigate whether chronic CO expo-
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sure has effects on the brains of the people who work as
BWs for a long time.

2. MATERIALS AND METHODS
For our study, an approval dated 07/12/2010 and
numbered 2010/123 were taken from the Ethics Committee of School of Medicine, Inonu University, Malatya, Turkey. The subjects were divided into two groups. In Group
1, 20 males who had been working in the indoor environments of various restaurants as BWs at least for 4 years
and who had been working approximately five days in a
week and eight hours in a day were included. In Group 2,
20 healthy males who are age matched with the other
group were included in the study. We paid attention that
people in both groups did not have any acute or chronic
diseases in the study. In addition, all people in both groups
of the study had detailed medical history and physical examination by doctors. In order to exclude uncontrolled peripheral CO exposure, smokers, toll operators, firefighters,
car service workers, workers at petrol stations, car drivers,
miners, those using wood and coal, or portable heaters for
heating and workers at heating departments were not taken
to the study. Also, working time of persons in Group 1 was
recorded.
Laboratory tests were performed in both groups of
people. Firstly, carboxyhemoglobin (COHb) levels were
determined (MasimoSET rainbow Rad-57 Pulse COOximeter [Masimo, USA]). After leaving from working
space, COhb concentration measured immediately approximately ten minutes after exposure. The same device was
used for determining the oxygen saturations (Sat O2). After
that, blood samples were collected, and hemoglobin (Hb),
white blood cell (WBC), hematocrit (HCT), platelet (PLT),
mean platelet volume (MPV) and pH levels were measured.
MRS was applied to the people whose blood samples
were taken. Conventional single-voxel MRS and brain
magnetic resonance images were obtained with 1.5T MR
scanner (Achieva Release 3, Philips, Netherlands) While
images were being taken, 8-channel sense-head coil was
used. Primarily, for all subjects in Group 1 and 2, T2weighted images in axial, coronal and sagittal plane,
FLAIR in axial plane, and T1-weighted images in the axial
plane were obtained. Then, MRS images were taken from
frontal lobe periventricular white matter and left basal
ganglion. While MRS images were taken, TR/TE: 2000/
144 ms, 512 samples and 15x15x15 mm3 voxel parameters
were used. Prior to MRS images, shimming was applied in
order to ensure optimal homogeneity of the magnetic field.
Water signal was suppressed by the chemical-shift-selective
saturation pulse. Spectra were processed automatically by
using baseline correction and curve-fitting procedure in
order to determine NAA, Cr and Cho resonance areas.
Resonance areas for the specified metabolites were identified as; 2.0 p.p.m. for NAA, 3.02 p.p.m. for Cr and 3.2
p.p.m. for Cho. Cr peak served as reference for the spec-

trum [7, 8]. For the people in Group 1 and Group 2 included in the study, metabolite rates of NAA/Cr in basal
ganglion (NAA/Cr BG), Cho/Cr in basal ganglion
(Cho/Cr BG), NAA/Cr in frontal lobe periventricular
white matter (NAA/Cr F), Cho/Cr in frontal lobe
periventricular white matter (Cho/Cr F) were calculated
as the mean ± standard deviation (SD).
2.1 Statistical analysis

Data were expressed as mean ± SD. Normality was
confirmed using Shiparo-Wilk test. Independent sample t
test was used for the comparison of two groups. Correlations were estimated using Pearson correlation coefficient. P<0.05 values were considered as statistically significant.

3. RESULTS
The mean age of people in Group 1 was determined
as 37.35 ± 8.98 years (mean ± SD) and working time as
18.40 ± 8.10 years (mean ± SD ), and the mean age of
people in Group 2 was determined as 31.60 ± 8.40 years
(mean ± SD)
In Group 1 and Group 2, the values of Hb, WBC,
HCT, PLT, MPV, pH, O2 Sat, COHb, NAA/Cr BG,
Cho/Cr BG, NAA/Cr F, Cho/Cr F variables and statistical
results were determined in Table 1. In terms of the variables of Hb, WBC, HCT, PLT, MPV, pH, Sat O2, COHb,
NAA/Cr BG, Cho/Cr BG, NAA/Cr F, Cho/Cr F, significant differences between Groups 1 and 2 were not determined (p > 0.05, Table 1).
Moderate and significant positive correlation was
found between NAA/Cr BG and Cho/Cr BG (Pearson
correlation = 0.48, p = 0.002). A moderate positive correlation was found between NAA/Cr F and Cho/Cr F (Pearson correlation = 0.50, p = 0.001). Moderate and significant correlations were detected in terms of BG and F
values of NAA/Cr and Cho/Cr variables between Group 1
and Group 2 (p<0.05). No significant correlations were
detected between COHb values and the BG and F values
of the variables of NAA/Cr and Cho/Cr in Group 1 and
Group 2 (p> 0.05). In Group 1, no significant correlations
were detected between working hours and the BG and F
values of the variables of NAA/Cr and Cho/Cr (p>0.05).
In Group 1, significant correlations were not detected
between Sat O2 values and the BG and F values of the
variables of and NAA/Cr and Cho/Cr (p> 0.05). In Group 1,
significant correlations were not detected between COHb
values and the variables of age, working hours, Hb, WBC,
HCT, PLT, MPV, pH, Sat O2 (p> 0.05).

4. DISCUSSION
This study has been the first study in which MRS imaging method is used for searching the effects of chronic
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TABLE 1 - The values of Hb, WBC, HCT, PLT, MPV, pH, Sat O2, COHb, NAA/Cr BG, Cho/Cr BG, NAA/Cr F, Cho/Cr F variables and
statistical results of Groups 1 and 2.

Variables
Hb (g/dL)

Group
n
Mean
Standard deviation
P value
Group 1
20
15.32
0.86
0.116
Group 2
20
15.70
0.60
WBC (103/mL)
Group 1
20
7.95
1.67
0.905
Group 2
20
7.88
1.73
HCT (%)
Group 1
20
44.23
2.37
0.301
Group 2
20
44.95
1.95
PLT (103/mL)
Group 1
20
249.90
70.81
0.223
Group 2
20
225.75
50.60
MPV (fL)
Group 1
20
7.83
1.16
0.334
Group 2
20
8.20
1.22
pH
Group 1
20
7.40
0.03
0.051
Group 2
20
7.38
0.03
Sat O2 (%)
Group 1
20
96.71
2.05
0.641
Group 2
20
96.96
1.19
COHb (%)
Group 1
20
3.30
2.25
0.071
Group 2
20
2.10
1.80
NAA/Cr BG
Group 1
20
1.64
0.15
0.180
Group 2
20
1.73
0.25
Cho/Cr BG
Group 1
20
0.97
0.13
0.818
Group 2
20
0.96
0.10
NAA/Cr F
Group 1
20
1.90
0.22
0.727
Group 2
20
1.88
0.20
Cho/Cr F
Group 1
20
1.25
0.17
0.452
Group 2
20
1.21
0.18
Hb: Hemoglobin, WBC: White blood cell, HCT: Hematocrit, PLT: Platelet, MPV: Mean platelet volume, Sat O2: Oxygen saturation, COHb: Carboxyhemoglobin, NAA/Cr BG: N-acetylaspartate/creatine in basal ganglion, Cho/Cr BG: Choline/creatine in basal ganglion, NAA/Cr F: Nacetylaspartate/creatine in frontal lobe periventricular white matter, Cho/Cr F: Choline/creatine in frontal lobe periventricular white matter

FIGURE 1 - Magnetic resonance spectroscopy image from frontal lobe periventricular white matter region of barbecue worker
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FIGURE 2 - Magnetic resonance spectroscopy image from the basal ganglia region of barbecue worker

FIGURE 3 - Magnetic resonance spectroscopy image from frontal lobe periventricular white matter region of control group
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FIGURE 4 - Magnetic resonance spectroscopy image from the basal ganglia region of control group

CO exposure on the brains of BWs. In some studies on
BWs, it was found that chronic CO exposure leads to
some pathologies. In our study there was not significant
findings of MRS and others parameters. On the other
hand, it was determined that numerical changes were
occurred between groups in terms of parameters such as
COHb, NAA/Cr BG, NAA/Cr F and Cho/Cr F. For example, it was showed that moderate and significant correlation was detected in terms of BG and F values of
NAA/Cr and Cho/Cr variables between Group 1 and
Group 2.
MRS is an imaging technique with increasing use and
application in different diseases of central nervous system. This technique gives information about neuronal/axonal viability, cellular energy and the state of cell
membrane [9-11].
In the literature, there have been some studies in
which MRS imaging methods have been used for detecting the damage in the brain by CO poisoning and in
which metabolic changes have been shown [1]. MRS is
useful in the CO-induced brain damage containing decreased NAA found in the basal ganglia [12]. Some damage occurrences after CO intoxication were shown with
proton MRS imaging technique [13]. Also, recent studies
suggest that brain tumors result in changes in MRS and
cause a decrease in NAA levels due to tumoral tissue and

an increase in Cho levels [14-16]. In our study, MRS
imaging method was used for the evaluation of chronic
exposure to CO and NAA/Cr and Cho/Cr ratios were
compared by MRS; but no significant difference was
found between Group 1 and Group 2. Additionally, we
didn’t find metabolic changes in brain of BWs. The differences between our and previous studies may be due to
exposure periods and exposure dosage of CO.
In a study on BWs exposed to chronic exposure to
CO without acute toxicity, a correlation was found between chronic CO exposure and the dispersion of P-wave
and corrected QT at electrocardiogram [3]. In a study on
furnacemen who are exposed to chronic CO, chronic CO
exposure increased C-reactive protein and carotid intima
thickness and caused a reduction in the peak expiratory
flow rate by obstructing the airway [4]. In another study, a
decrease in peak expiratory flow (PEF) by narrowing of
airways due to chronic CO exposure was detected in BWs
[5]. However, in our study, between Group 1 and Group
2, we did not detect any significant differences in terms of
Hb, WBC, HCT, PLT, MPV, pH, Sat O2, COHb variables and MRS findings. Also, in our study, we did not
find significant differences between working time, Sat O2
and COHb levels and MRS findings in Group 1. We think
that the reason for this may be that in spite of indoor
working environments of BWs, all barbecue pits have flue
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systems, and BWs are not exposed to CO directly due to
applying some personal protection methods such as wearing masks.
As a result of this study, it has been detected that
chronic exposure to CO in BWs does not have any effects
on brain with respect to the method of MRS imaging. By
paying attention to many more cases and environmental
factors such as air pollution, further studies are needed on
the subject which is important in terms of workers' health.

[11] Alkan, A., Kutlu, R., Hallac, T., Sigirci, A., et al. (2004) Occupational prolonged organic solvent exposure in shoemakers: brain MR spectroscopy findings. Magn Reson Imaging.
22(5):707-713.
[12] Prockop, L.D. (2005) Carbon monoxide brain toxicity: clinical, magnetic resonance imaging, magnetic resonance spectroscopy, and neuropsychological effects in 9 people. J Neuroimaging. 15(2):144-149.
[13] Beppu, T., Nishimoto, H., Fujiwara, S., Kudo, K., et al.
(2011) 1H-magnetic resonance spectroscopy indicates damage to cerebral white matter in the subacute phase after CO
poisoning. J Neurol Neurosurg Psychiatry. 82(8):869-875.
[14] Kinoshita, Y., Kajiwara, H., Yokota, A., Koga, Y. (1994)
Proton magnetic resonance spectroscopy of brain tumors: an
in vitro study. Neurosurgery. 35(4):606-614.
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CRITICAL INVESTIGATION OF SOME QUALITY PARAMETERS
OF GROUNDWATER IN THE GÖKSU PLAIN, TURKEY
Bulent Sari*
Cukurova University, Environmental Engineering Dept., 01330, Balcali, Adana/Turkey

ABSTRACT
Heavy consumption of water from coastal aquifers hydraulically connected with sea or ocean may cause saltwater intrusion in coastal aquifers. Therefore, water supply
from coastal aquifers is often restricted due to excessive
saltwater intrusion. The aim of this study was to evaluate
the spatial changes in electrical conductivity (EC), total
dissolved solids (TDS) and chloride (Cl-) concentrations
observed in 23 irrigation and observation wells, located in
Göksu plain by applying probabilistic and geo-statistical
methods. Based on the observations in the water wells and
irrigation channels, the EC, TDS, and Cl- concentrations
varied between 437 and 3480 µS/cm, 280 and 2227 mg
TDS/L, and 25 and 1662 mg Cl-/L, respectively. Kriging
estimate maps were plotted for each variable and used for
interpreting the concentration distribution of each parameter over the study area. Hence, it is concluded that the use
of groundwater wells is inconvenient at as much as 33%
of the study area since the sustainability of agricultural
production is under direct or indirect threat by the increase in parameters of EC, TDS, and Cl-.
KEYWORDS: Coastal aquifer, water supply, irrigation, environmental monitoring, seawater intrusion, ground water.

1. INTRODUCTION
The agricultural activities are the primary consumer
of water in Turkey with approximately 74 percent of the
annual water demand of the country. On the other hand,
industrial and domestic water use will increase to 16 and
20 percent from 15 and 11 percent, respectively. Annually, 34 billion cubic meters of water is consumed for agricultural irrigation as opposed to 7 billion cubic meters for
domestic purposes. The water demand in Turkey is supplied from both surface and groundwater resources [1].
However, due to decreasing surface water quantity and
quality, the use of groundwater resources for drinking water supply and irrigational purposes has become a widespread practice in Turkey as favored by the existence of
* Corresponding author

basins with thick Quaternary deposits that form aquifers
with good-quality water. As of 2008, the groundwater and
surface water potential are 14 x 109 m3 and 98 x 109 m3,
respectively [1].
Surface water resources are still the major source for
agricultural irrigation in Turkey. On the other hand, the
use of groundwater resources is becoming a dire necessity
for agricultural irrigation in some regions due to factors
such as low efficiency of irrigation networks, environmental factors (seasonal, climatic, and quality variations),
problems in irrigation systems associated with solids (or
sediments) content of surface water. The over-use of groundwater without considering sustainable management guidelines today resulted in extreme seawater intrusion into the
aquifers especially near coastal areas since there is a natural
equilibrium between seawater and groundwater. Overconsumption of groundwater resources near coastal regions
results in the deterioration of this equilibrium and seawater
intrusion into the coastal aquifer. This intrusion, in some
cases, may be so severe that even the inland aquifers may
be impacted. The salinization of the freshwater resources
may be a serious setback in the development of industry,
agriculture and the improvement of the people’s living
standards in these regions. In some cases, this intrusion
may be so severe and irreversible that some local governments are diverting their attention to costly solutions such
as building new dams [2].
The deterioration in the groundwater quality is imminent near the coastal areas when groundwater wells are
built and used without the consideration of freshwater –
seawater interaction. Therefore, research and observation
studies are carried out to determine the boundaries of this
interaction and preserve the groundwater quality for both
agricultural and domestic purposes. In these studies, data
related to aquifer depth and quality are regularly collected
and assessed using objective analytical and evaluation
techniques.
The purpose of this study was to describe the history
and current condition of salinization in the groundwater
resources of Göksu Plain, to determine the boundaries of
various levels of seawater intrusion, and to evaluate the
findings in terms of agricultural activities through observing some parameters deemed important in the composition of seawater chemistry.
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2. MATERIALS AND METHODS
2.1 Site Description

The Göksu Delta (also known as the Silifke Plain) is
located near the coast of the Mediterranean Sea to the south
of Silifke in south-central Turkey (Figure 1). The delta,
(36º15’ and 36º25’ N latitude and 33º55’ and 34º05’ E
longitude) has an area of approximately 22,631 ha and is
surrounded by the Mediterranean Sea in the south and
east and the outcrops of limestone bedrock that form the
Taurus Mountains farther inland in the northwest and north.
The delta is a highly fertile agricultural land that supports
the growing of more than twenty types of crops [3, 4].
The delta includes two major lakes, freshwater and brackish marshes, and sandy beaches. The lakes, Akgöl and
Paradeniz, attract more than 332 different species of mi-

gratory and breeding birds and are now internationally
recognized as two of the most important migratory bird
sanctuaries in the Mediterranean region [5]. Akgöl lake is
a permanent nutrient-rich freshwater lake supporting rich
marsh vegetation (including extensive Potamogeton, Scirpus, Typha and Phragmites beds). Saltmarsh surrounds the
major lakes; the dunes are of particular conservation interest due to their intact and dynamic nature [6].
The majority of the delta is used intensively by man
and comprises agricultural land, settlements, wetlands,
sand-dunes and beaches. Land-use and percentage cover
for the delta is agriculture (50%), fisheries/aquaculture
(10%), nature conservation and research (10%), tourism/recreation (10%), and non-utilized area (20%) [6].
Silifke has a central population of 55,501 with an
overall population of 114,238 based on 2012 census. The

T U R K E Y
Silifke

FIGURE 1 - Map of Göksu Delta with section A-A
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population is increased during the summer season since
there are many vacation houses distributed among a number of small towns and villages in the Silifke delta between Silifke and Susanoğlu districts [5].
Silifke, in the Alanya – Mersin region of Turkey, is
listed as one of the 17 most important turtle nesting areas
in Turkey [7]. It is a nesting area of the critically endangered sea turtles, Mediterranean Chelonia mydas and
Caretta caretta. A Ramsar site and most of the delta lies
within the Göksu Delta.
The site is both nationally and internationally of major importance for a range of breeding waterbirds, including the largest numbers of Marmaronetta angustirostris
known in Turkey. It is also important for wintering raptors and waterbirds, and as a stop-over site for large numbers of Pelecanus onocrotalus and Ciconia ciconia. Species of global conservation concern that do not meet IBA
criteria: Haliaeetus albicilla (wintering) and Larus audouinii. 332 bird species (out of 450 bird species in Turkey) have been recorded, 90 are thought to breed [8].
Göksu plain has the vast floral characteristics of the
Mediterranean climate, and based on the Turkish Ministry
of Environment and Forestry records, there are 442 plant
species in the region with 8 endemic species and 32 rare
species that needs to be protected.
4,350 ha of the area are covered by Permanent Wildlife Reserve, 14,480 ha are covered by National Site,
8,650 ha of IBA covered by Ramsar Site (included in the
Ramsar agreement in 1993 and signed by the National
Assembly in 1994), 22,600 ha of IBA covered by Mediterranean Specially Protected Area [9].
2.2 Conservation issues about Göksu Plain

The dam and reservoir construction on the Göksu
River, as planned, will stop the sediment inputs to the
delta. Agricultural activities and the increase in agricultural lands through conversion of large areas of dune and
marsh is a great threat to the sustainability and integrity of
the area. The new drainage and irrigation project in constructional progress will lead to further agricultural intensification, increased nutrient and agrochemical inputs, and
changes in the hydrological regime. Industrial discharges
and untreated sewage from the summer resort housings
are adversely affecting the natural fisheries and illegal
trawling common in the delta are destroying the fish
nests. Society for the Protection of Nature and Environmental Protection Agency for Special Areas has been
running a project aimed at developing an integrated management plan.
2.3 Threats and importance to Göksu Plain

Agricultural intensification, construction of dam, and
recreational activities pose the highest risk to the area
whereas in industrialization/urbanization and aquaculture/fisheries pose medium to low levels of risk to the
conservation of the plain as shown in Table 1.

TABLE 1 - Activities and land use in the Goksu Plain

Activities
agricultural intensification/expansion
aquaculture/fisheries
construction/impact of dyke/dam/barrage
industrialization/urbanization
recreation/tourism

Area
Use
50%
10%
----10%

Importance
high
low
high
medium
high

2.3 Climate and Surface-Water Features

The climate in the delta is a semi-arid Mediterranean
climate with hot/dry summers and mild/rainy winters. The
mean annual rainfall is 557 mm, and the mean annual pan
evaporation is 570 mm [9, 10]. The average temperature
is 19 ºC. The major surface-water resource in the delta is
the Göksu River. At Silifke, the river has an upstream
length of 260 km, a drainage basin of 10,400 km2, and an
average annual discharge of 110 m3/sec. On average, the
highest and the lowest monthly discharge occur in April
and September, respectively. The irrigation and drainage
network of SHW in the central and northern parts of the
delta diverts some of the Göksu River flow to the land for
irrigation and collects the drainage water from the land
back in the surface-water system (Figure 2). In the present, or phase I, scheme, which has been operational since
1972, approximately 6,200 ha above an elevation of 2 m,
mean sea level, are irrigated with surface-water from the
river. The irrigation volume slightly varied each year
depending on the climatic conditions. In 2012, the volume
of irrigation water was 102,3 x 106 m3, which averaged
1.83 m/year over the 5,565 ha irrigated area. Through the
drainage channels, most of the irrigation return flow is discharged back into the Göksu River or Akgöl and Paradeniz
Lakes in the southern part of the delta. Akgöl Lake, which
has a surface area of approximately 800 ha, is generally
fresh to brackish, and Paradeniz Lake with a surface area of
602 ha, is generally brackish to salty [3]. A man-made
canal connects these two lakes. In the proposed phase II
scheme, it is planned that an additional 4,000 ha below 2
m, mean sea level, will be irrigated. In addition to the area
irrigated with surface water by SHW, an area of approximately 4,000 ha is irrigated with groundwater by the
farmers in the delta [9].
2.4 Hydrogeology

Alluvial deposits from the Göksu River that have
formed the Göksu Delta extend to a maximum depth of
approximately 500 to 700 m below land surface [5]. The
alluvium consists of a heterogeneous mixture of gravel,
sand, silt, clay, and sandy clay (Figure 3). In some parts
of the delta, the relatively low permeability clay unit that
extends from near land surface to depths of approximately
20 to 30 m confines the underlying sediments, in which the
more permeable, hydraulically-connected coarse-grained
materials function as aquifer units separated by relatively
thin clay layers. Conceptually, the aquifer system in the
delta consists of the deeper units in which groundwater
occurs under artesian, or confined, conditions and shallower
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Silifke

FIGURE 2 - Irrigated areas and major drainage canals

FIGURE 3 - Generalized hydro-geological section
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units that extend to land surface and contain the water
table [3]. Recharge occurs by means of precipitation and
infiltration of river water at the top of the delta where
coarse-grained sediments occur and, to some extent, by
inflow from the adjacent and underlying karstic limestone
formations that are recharged by rain and snowmelt in the
bordering mountains. Recharge also includes net recharge
to the water table, which is a function of rainfall, irrigation, surface-water runoff, and evapotranspiration, and
saltwater inflow at depth along the coastal boundaries of
the delta. Discharge from the aquifer system occurs by
means of outflow into the lower reaches of the Göksu
River, outflow into the lakes and drains in the delta, and
by means of pumping from irrigation and drinking-water
supply wells. Discharge also occurs along the coastal
boundaries.

in the alluvial deposits and from 20.9 to 648 m/day in
borings screened in the adjacent and subjacent limestone
formations. Also, hydraulic conductivities were determined to be 0.8 and 0.9 m/day in the two borings
screened in clay.
2.6 Methodology

Groundwater samples were collected using acid
cleaned 500 mL polyethylene bottles for the years 2012 2013 from 23 wells having depths ranging from 4 to 65
m. Groundwater samples taken from these specified well
locations (Figure 4) were characterized in terms of pH,
electrical conductivity (EC), total dissolved solids (TDS),
anions such as carbonate, bicarbonate, sulfate, and chloride (CO32-, HCO3-, SO42-, Cl-), cations such as calcium,
magnesium,potassium and sodium (Ca2+, Mg2+, K+, Na+).
EC and pH measurements were made in the field using
thermo scientific Orion 3 star portable conductivity meter
and WTW pH 315I/ SET pH meter, respectively. Perkinelmer Optical Emission Spectrometer Optima 2100 DV
was used to measure major cation concentrations (Ca2+,
Mg2+, K+, Na+). Anion concentrations, namely CO32-,
HCO3-, SO42-, Cl- were determined by Standard Methods
[15], namely titration, turbidimetric, and argentometric
methods, respectively. Piper diagram and Kriging maps
were used to analyze groundwater samples using the
AQUACHEM and SURFER package programs, respectively.

2.5 Boring Logs and Specific Capacity Tests

As part of this investigation, boring logs and specific
capacity test results obtained from SHW 1999 [11] and
Menengic [12] were compiled for 17 boring and well
locations in the Göksu Delta. Hydraulic conductivity
values were estimated from the reported specific capacity
test results. These values were obtained using the Theis
[13] equation (in Batu 1998) [14] and available information for specific capacity, total pumping time, well
radius, screen length, and an assumed value of 1.0 x 10-3
for the storage coefficient. Estimated hydraulic conductivities ranged from 4.2 to 485m/day in borings screened
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3. RESULTS AND DISCUSSION
The Piper diagram [16, 17] is used to infer hydrogeochemical facies. These plots include two triangles, one
plot for cations and the other for anions. The cations and
anion fields are combined to show a single point in a
diamond-shaped field (Fig. 5), from which inference is
drawn on the basis of hydro-geochemical facies. Chemical characteristics of the representative samples obtained
from the study area were presented by plotting them on a
Piper diagram for the years 2012 (winter) and 2013 (summer) as seen in Figs. 6-7. These figures show that the
groundwater of the study falls within the Mg-Ca-HCO3
type, the composition of which is controlled by the interaction of the water with the sediments of alluvial deposits
as also observed by Demirel [2]. As shown in Figs. 6-7,
there is no significant change in the hydro-chemical facies
noticed during the study period between 2012 and 2013,
which indicates that most of the major ions are natural in

1

origin. The projection of the points in the central diamondshaped field revealed the heterogeneity of the groundwater chemical composition in this area. Based on the interpretation of the data within the diamond shaped fields, the
majority of the groundwater during both periods fall into
the Zones 5 and 9 with a minority of Zone 5 (after Piper
[16]). Zone 5 indicates alkaline earths and domination of
weak acids with a carbonate hardness more than 50% while
Zone 9 is the domination of “no one cation – anion pair”
more than 50%. The position of the groundwater data
points in the cations triangle indicates dominance of the
Na+ for both 2012 and 2013 periods with a complete absence of Mg2+ for 2012 and very low Mg2+ content for
2013. The position of the groundwater data points in the
anions triangle indicates dominance of the Cl- and HCO3-,
but a complete absence of SO42- in the waters. The absence or low concentrations of SO42- and Mg2+ indicate
low levels of seawater intrusion during both periods.
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Legend
A- Ca2+ type
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FIGURE 5 - Classification diagram for anion and cation facies in the form of major-ion percentages. Water types are designed according to
the domain in which they occur on the diagram segments.
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FIGURE 6 - Classification of groundwater in the study area based on December 2012 data using Piper Diagram.

FIGURE 7 - Classification of groundwater in the study area based on July 2013 data using Piper Diagram.

When the water quality data of the wells observed
during July 2013 in the Göksu Plain, highest EC levels
were observed for the wells, G2, G5, and G7 with values

ranging between 1156 and 1567 µs/cm with corresponding
TDS, Cl-, SO42-, and total hardness between 740-1016 mg
TDS/L, 80-340 mg Cl-/L, 114-137 mg SO42-/L. The total
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equivalent ion concentration for the respective wells were
determined to be 16-25 (+ carbonates) eq/L, which were
approximately twice as high as the other wells with 8-14
(+carbonates) eq/L. Each of G2, G5, and G7 are close to
some of the other wells. For example, G2 is surrounded
by G1 and G3 while G5 is lies among G10, G12, and G13
and finally G7 is surrounded by G8, G9, and G11. These
wells fall within Class 1 for TDS, Class 2 for Cl-, Class 3
for SO42- according to classification listed in Table 2.
In the Silifke Plain, on the other hand, the water quality data of the wells observed during July 2013, highest
EC levels were observed for the wells, S3, S4, S5, and
S10 with values ranging between 1321 and 3380 µs/cm
with corresponding TDS, Cl-, SO42-, and total hardness
between 845-2163 mg TDS/L, 290-861 mg Cl-/L, 13-93 mg
SO42-/L. The total equivalent ion concentration for the
respective wells were determined to be 21-57 (+ carbonates) eq/L, which were 2-10 times as high as the other
wells with 6-10 (+carbonates) eq/L. Each of G2, G5, and
G7 are close to some of the other wells. For example, G2
is surrounded by G1 and G3 while G5 is lies among G10,
G12, and G13 and finally G7 is surrounded by G8, G9,
and G11. These wells fall within Class 1 for TDS, Class 2
for Cl-, Class 3 for SO42-. Higher concentration levels for
S5 and S10 are understandable and can be attributed to
the location of the wells very close to either the Mediterranean or the lakes - Paradeniz and Akgöl. Among these
five wells, S3 and S4 are closer to the Göksu River and
still have high concentrations of EC, TDS, and Cl- less
than those of S5 and S10. This may be possibly due to
lesser seawater intrusion towards the inland or dilution
factor by the infiltration from the Göksu River. This is
supported by the higher Cl- concentrations for S5 and S10
and lower concentrations for S3 and S4.
Struvite formation with NH4+ and PO43- from fertilizers and Mg2+ from seawater intrusion occurs in the area.
This may result in lower Mg2+ concentration despite high

Cl-. pH for the collected samples were usually lower than
8.5, which is suitable for NH4+ existence instead of ammonia NH3. Struvite (NH4MgPO4·6H2O) formation is
mainly controlled by concentrations of Mg2+, NH4+ and
PO43-, pH, temperature, and other ions like Ca2+. The
groundwater samples contained 12.37-47.14 mg Mg2+/L
in the Göksu Plain and 11.93-52.79 mg Mg2+/L in the
Silifke Plain.
In order to understand the change in groundwater quality with seasons and the level of possible seawater intrusion
into the groundwater, the water quality data for the wells
collected in the July of both 2008 and 2013 were summarized in the Kriging distribution maps and compared to
each other as can be seen in Figures 8-11. Figures 8 and 9
present the change in Cl- concentration for the years 2008
and 2013, while Figures 10 and 11 summarize the variation in EC levels for the groundwater. Although EC values and Cl- concentrations for both years are similar at
most points, there is sharp increase in EC levels and Clconcentrations at eastern part of the study area. This may
be attributed to seawater intrusion from the Mediterranean
sea to the coast due to the extensive irrigation by groundwater for the years between 2008 and 2013. This intrusion
therefore also contributes to the deterioration of the
groundwater quality.
In the samples closer to the coast, the Cl- concentration was found to be high in the western region of the
study area as seen in Figs. 8-11. Normally, when there is
seawater intrusion into the groundwater, both Mg2+ and
Cl- concentrations are expected to be high. However, it
should considered that the composition of geological
layers the seawater is expected to infiltrate through may
serve as an ion exchange unit capturing the cations and
allowing the anions especially Cl- to reach the aquifer.
Dissolved chloride is common in shallow groundwater,
but concentrations resulting from natural sources are
generally low [19].

TABLE 2 - Suitability Classes for Groundwater in Agricultural Irrigation according to Water Pollution Control Regulation [18]

Limitation

2008
Cover area
(ha)

Ratio to total area
%

2013
Cover area
(ha)

Ratio to total area
%

1

0-0.25

0.00

0

0.40

0

2

0.25-0.75

6.96

6

23.23

20

3*

0.75-2.00

81.37

69

65.43

56

4**

2.00-3.00

27.74

24

18.29

16

5***

>3.00

1.62

1

10.33

9

1

0-142

37.53

32

40.94

35

2

142-249

25.01

21

19.97

17

3*

249-426

19.21

16

22.94

19

4**

426-710

27.38

23

20.58

17

5***

>710

7

13.24

11

Irrigation
class

EC (dS/m)

Cl(mg/L)

water

8.56
* : suitable, ** : cautiously used, *** : not suitable (harmful)
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FIGURE 8 - Kriging estimation map chloride concentration of July, 2008.
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FIGURE 9 - Kriging estimation map chloride concentration of July, 2013.
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FIGURE 10 - Kriging estimation map electric conductivity (dS/m) of July, 2008.
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FIGURE 11 - Kriging estimation map electric conductivity (dS/m) of July, 2013.
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4. CONCLUSIONS
The results of current investigation provide an outline
of the geochemical processes controlling the groundwater
chemistry of the aquifer from the coastal region of Göksu
Plain in Turkey. The following conclusions are drawn from
the current study:
1) The type of groundwater that predominates in the
study area is Ca-Mg-HCO3 type during both winter
and summer seasons of the years 2012 and 2013 based
on hydro-chemical facies.
2) Most of the samples obtained in Göksu Plain indicate
that the groundwater characteristics generally fall
within the allowable range for irrigation purposes
based on Piper diagrams.
3) The results show that the groundwater from approximately 10% of the total work area is unsuitable for agricultural irrigation according to Water Pollution Control Regulation [18] as it has high EC and Cl- concentrations.
4) EC values and Cl- concentrations for the years 2008
and 2013 are similar at most points, but there is sharp
increase in EC levels and Cl- concentrations at eastern
part of the study area based on kriging maps.
5) It is concluded that the use of groundwater wells in the
study area is inconvenient at as much as 33% of the
study area since the sustainability of agricultural production is under direct or indirect threat by the increase in parameters of EC, TDS, and Cl-.
The author has declared no conflict of interest.
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ADSORPTION CHARACTERISTICS OF
CETYLTRIMETHYLAMMONIUM BROMIDE MODIFIED
BENTONITE FOR REMOVAL OF ACID ORANGE
Jie Sun*, Pei Zeng and Han Zhang
Institute of Environment Engineering and Science, South-Central University for Nationalities, Wuhan 430074, P. R. China

ABSTRACT
Large amount of acid orange, a member of azo dye
family, has been discharged into the environment due to its
wide use. Adsorption is an efficient treatment method to
remove acid orange. In this work, cetyltrimethylammonium
bromide modified bentonite (CTAMB-B), belonging to a
new adsorbent was firstly prepared and characterized by
FT-IR, TEM and cation exchange capacity (CEC). In adsorption experiments, the influence of the factors including
pH, temperature, contact time, initial concentrations of
CTMAB-B and acid orange were all taken into consideration. The results showed that pH and temperature had no
obvious influence on the adsorption of acid orange with
CTAMB-B. However, the adsorption of acid orange increased slowly along with the increase of CTAMB-B
dosage and contact time, respectively, but remained constant when the adsorption equilibrium was reached. Hence,
the prime contact time and CTMAB-B dosage were 30 min
and 0.3 g/L, respectively. It was noticeable that initial concentration of acid orange exerted the most significant influence on the adsorption capacity of CTMAB-B. Furthermore, the adsorption process was in agreement with both
pseudo-first-order kinetics and pseudo-second-order kinetics. Meanwhile, the adsorption isotherm of CTMAB-B was
described well by both Langmuir model and Freundlich
model.
KEYWORDS: acid orange, cetyltrimethylammonium bromide
modified bentonite, characterization, kinetics and isotherm.

1. INTRODUCTION
Azo dyes, a class of synthetic, colored, organic compounds, are widely used in a number of industries including paper printing, textile dyeing, food, cosmetics. It is
reported that azo dyes accounted for approximately 50%
of dye production [1, 2]. However, large quantities of azo* Corresponding author

dyes are discharged into environment during manufacturing or processing operations [3]. What’s more, the presence of small amount of azo dyes (less than 1 mg/L) is
highly visible and undesirable [4]. That means, dyes in
the aquatic environment may influence the aesthetic property severely. More importantly, azo dyes are also likely
to bring devastating effect on the environment and human
health [5]. For example, some azo dyes are suspected to be
carcinogenic or decompose to produce other toxic products
such as aromatic amines [6]. Acid orange, the targeted
micropollutant in this paper is a typical azo dye which has
been used widely.
Bentonite, a kind of clay linings, is mainly constituted
with montmorillonite [7]. Based on previous studies,
bentonite is recognized as an effective adsorption material
for organic and inorganic contaminants because of its
high specific surface areas, low cost and ubiquitous presence in most soils [8, 9]. However, the intrinsic disadvantages of bentonite, for instance strong hydrophilicity at
surface limited its application in absorbing hydrophobic
contaminants in the environment. Therefore, the natural
bentonite must be modified before wide practical applications [10]. Currently, organic surface modification is one of
the most extensive researches among those modifying
methods. The modifiers are usually conventional quaternary ammonium salts with long chain such as cetyltrimethylammonium bromide, whose removal mechanism to
organic contaminants is mainly due to the partition adsorption [11]. After modification, hydrated metal cations in the
interlayers of bentonite could be exchanged by other cations. There have been reports that quaternary ammonium
salts including cetyltrimethylammonium bromide is able to
exchange the cations within the layers of bentonite, resulting in the increasing hydrophobicity and adsorption capacity of bentonite significantly [12-14]. The modified bentonites have a variety of applications in treatment of
wastewater containing dye, metal ion and other organic
contaminants [15-17].
In this paper, a bentonite, modified with cetyltrimethylammonium bromide (CTMAB-B) was applied in the removal of acid orange from aqueous solution. The chemi-
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cal and physical properties of CTMAB-B were characterized with FT-IR, TEM and cation exchange capacity (CEC),
respectively. Influencing factors on adsorption, such as pH,
temperature, contact time, initial concentrations of acid
orange and dosage of CTMAB-B were also taken into
account as well. These results will throw more light on the
absorption performance of CTMAB-B for removing acid
orange, which may contribute to finding a better way for
treatment of acid orange in the environment.

qe=(C0－Ce)V/W
(1)
ω =[(C0－Ce) / C0]×100%
(2)
C0 and Ce (mg/L) are the initial and equilibrium concentrations of acid orange, respectively. V is the volume
of the acid orange solution, and W is the mass of
CTMAB-B.
2.5 Equations for adsorption kinetics and isotherms
2.5.1 Adsorption kinetics

The equations of pseudo-first-order and pseudo-secondorder reaction were shown in the equations (1) and (2) [23,
24]

2. MATERIALS AND METHODS
2.1. Reagents

Na-bentonite (Na-B) was obtained from Hubei, China,
which is mainly composed of Nax(H2O)4{(Al2-xMgx) [Si4O10]
(OH)2}. Acid orange was purchased from Aladdin, USA.
Cetyltrimethylammonium bromide (CTMAB), ammonia
chloride, potassium hydrogen phthalate, formalin, anhydrous
calcium chloride, ammonia, sodium hydrate, hydrochloric
acid and nitrate were all regent grade. DDI water was employed to prepare all the solution in the experiments. All
reagents used in the experiments were analytical grade.
2.2 Preparation of CTMAB-B

CTMAB-B was prepared by the following procedure: 10 g Na-B which has been screened with the
sieve of 200 meshes was combined with 200 mL 5%
CTMAB solution, and the mixture was shaken in water
bath oscillator for 24 h at 70 ˚C. Afterwards, the mixture
was settled to ambient temperature, followed by vacuum
filtration and water washing for several times until when
there was no precipitates formed after adding AgCl.Then
the wet samples were dried at 80 ˚C. Finally, the dried samples were screened again with the sieve of 200 meshes, and
preserved at room temperature in a sealed valve bag [18-21].

1/qt = 1/qe + k1/(qet)
2

1/qt = 1/(k2 qe ) + t/qe

(1)
(2)

k1(h-1) is the Lagergren adsorption rate constant and
k2(g/(mg·h)) is the pseudo-second-order adsorption rate
constant. qe(mg/g) and qt(mg/g) are the amounts of acid
orange at equilibrium and time, respectively.
2.5.2 Adsorption isotherms

Two typical adsorption models, as listed below in
equations (3) and (4), were utilized for fitting the experimental data [25-27]:
Freundlich equation: 1g qe=1g K+(1/n)1g Ce
(3)
Langmuir equation: Ce / qe=1/(a Qm)+Ce /Qm. (4)
Where Ce (mg/L) is the equilibrium concentration of
acid orange, and qe (mg/g) is amounts of acid orange at
equilibrium. K and n are the Freundlich constants, and n
gives an indication of how favorable the adsorption is. a
(L/mg) is the Langmuir adsorption constant. Qm is the maximum adsoption amount of acid orange on CTMAB-B.

3. RESULTS AND DISCUSSION

2.3 Characterization of CTMAB-B

The particle morphology of Na-B and CTMAB-B
was observed by transmission electron microscope (Tecnai
G20, FEI Co., Holland). Functional groups on the surface
were analyzed with FT-IR Spectrometer (NEXUS 470,
Perkin Elmer Company, USA). Cation exchange capacity
(CEC) was measured based on previous literature [22].
2.4 Adsorption experiments

Certain amount of CTMAB-B/Na-B was dispersed in a
100 mL conical flask where 100 mL 100 mg/L acid organce solution was added. The pH was adjusted with
HCl and NaOH solution using a pH meter (Multi340i,
WTW, Germany). The conical flask was shaken for a certain time at a given temperature until equilibration reached,
followed by being centrifuged at 1000 r/min for 10 min.
Then the supernatant was analyzed using Shimadzu UV1100
ultraviolet spectrometer at  488 nm. The adsorption efficiency is represented by two parameters: equilibrium adsorption capacity qe and removal efficiency ω. The formulas of these two parameters are as follows:

3.1 Characterization of CTMAB -B
3.1.1 FT-IR analysis

The FT-IR spectra of Na-B and CTMABP-B were
shown in Fig. 1. It could be seen that three bands 2 922
cm-1, 2 853 cm-1 and 1 473 cm-1 were newly appeared in
FT-IR of CTMABP-B compared to that of Na-B. As is
known, 2 922 cm-1, 2 853 cm-1 were the -CH2- stretching
vibration peaks and 1 473 cm-1 was bending vibration
peak. The presence of these three peaks was consistent
with the fact that CTMAB-B contained small quantities of
organic matter. Apart from these three new peaks, other
bands in FT-IR of CTMAB-B were similar with that of
Na-B. This indicated that cetyltrimethylammonium bromide was well combined with bentonite, leading to the
better adsorption ability than the natural Na-B.
3.1.2 Cation exchange capacity measurement

Cation exchange capacity (CEC) is a commonly used
index to evaluate the adsorption capacity of bentonite (Na-B
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FIGURE 1 - FT-IR spectra of Na-B and CTMAB-B

and CTMAB-B) on the micropollutants. As shown in Table
1, it was found that CEC of CTAMB-B, 1.47 mmol/g, was
twice larger than that of Na-B, 0.707 mmol/g. During the
modification of Na-B to CTMAB-B, cation ions in the
interlayers of bentonite were replaced with organic ammonium ions brought by CTMAB. This process helped to
decrease the resistance of water film, prolonged the crystal interlayers distance, increased the carbon content and
improved hydrophobicity of bentonite. On the basis of all
these chemical properties changes, the adsorption capacities of CTMAB-B were increased significantly compared
to that of Na-B.

removal efficiencies of acid orange had no obvious increase. By contrast, as for the CTMAB-B, the removal
efficiencies increased from 85% to 99.9% when the dosage
of CTMAB-B increased from 0 g/L to 0.3 g/L. However,
when the dosage of CTMAB-B was higher than 0.3 g/L,
the removal efficiencies of acid orange remained constant.
Thus, 0.3 g/L was the optimum dosage of the CTMAB-B
for the adsorption of acid orange at pH 8.0 when the initial concentration of acid orange was 100 mg/L.

TABLE 1 - Cation exchange capacity of Na-B and CTMAB-B

Adsorbent
Na-B
CTMAB-B

CEC/(mmol/g)
0.707
1.47

3.1.3 TEM analysis

As can be seen from Fig. 2, we found that Na-B had
the smooth layer structure with micro-size. Nevertheless,
when Na-B was modified into CTMAB-B, large amount
of CTMAB molecules were inserted in the surface and the
interlayers of Na-B, resulting in formation of the surface
which was full of bumps and holes (shown in Fig. 2 (b)).

(a)

3.2. Effects of different factors on acid orange adsorption
3.2.1 Effect of CTMAB-B/Na-B dosage

To investigate the effect of CTMAB-B dosage on acid orange removal, eight different dosages including 0,
0.1, 0.3, 0.5, 1, 2, 3, 4, 5 g/L were set when the initial
concentration of acid orange was 100 mg/L at pH 8. It can
be seen from Fig. 3 that removal efficiencies of acid orange
by Na-B was negligible, only less than 5%. Moreover, when
the dosage of Na-B increased from 0 g/L to 5 g/L, the
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(b)
FIGURE 2 - TEM analysis of a) Na-B; b) CTMAB-B
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shown in Fig. 7. It showed that the adsorption capacity of
Na-B slowly increased with the increase of acid orange
concentrations, from 4.388 mg/g to 129.581 mg/g. By
comparison, the capacity of CTMAB-B increased sharply
with the increase of the initial concentration of acid orange, from 66.622 mg/g to 663.521 mg/g.
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FIGURE 3 - Effect of CTMAB-B/Na-B dosage on removal efficiency
3.2.2 Effect of pH

Different pH conditions (pH 4.0, 5.0, 6.0, 7.0, 8.0,
9.0, 10.0 and 12.0) were considered in the adsorption
experiments. It can be seen from Fig.4 that pH values had
an insignificant effect on the removal of acid orange with
both natural Na-B and CTMAB-B.
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FIGURE 5 -Effect of temperature on adsorption capacity
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FIGURE 4 -Effect of pH on adsorption capacity
20

3.2.3 Effect of temperature

The absorption capacities (qt, mg g−1) of CTAMB-B
to acid orange versus contact time (t) were presented in
Fig. 5. It was found that temperature had no significant
influence on the adsorption capacities qt. As a result, the
subsequent experiments were conducted under ambient
temperature (288 K).
To discover the effect of contact time, adsorption capacities of the Na-B and CTMAB-B under different time
durations were measured in Fig.6. The adsorption capacity of Na-B had no concern with contact time. However,
the adsorption capacity of CTMAB-B increased slowly
along with the increase of contact time, and reached adsorption equilibrium at 30 min, when the maximum adsorption capacity was 324.49 mg/g.
The effect of the initial acid orange concentrations on
the adsorption capacities of Na-B and CTMAB-B was
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3.2.5 Effect of initial concentrations of acid orange
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FIGURE 6 -Effect of contact time on adsorption capacity
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FIGURE 7 -Effect of acid orange concentration on adsorption
capacity
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TABLE 2 - Reference values and linear correlation coefficient of dynamic equation

Adsorbent

Q

Na-B
CTMAB-B

15.205
324.49

Pseudo-First-Order Kinetics
R2
k1
qe
0.913 5 0.027 3 16.141
0.997 1 0.224 2 323.97

Pseudo-Second-Order Kinetics
R2
k2
qe
0.842 4 0.000 5 17.202
0.948 3 0.002 3 332.62

TABLE 3 - Parameters and correlation coefficients of the Langmuir and Freundlich models

Adsorbent
Na-B
CTMAB-B

Langmuir
Qm
K
228.68 0.000 035
6 267.9 0.000 045

3.3 Adsorption kinetics and isotherms

Parameters R2, qe and k of pseudo-first-order and
pseudo-second-order reactions were calculated in Table 2.
The results gave a hint that the adsorption of acid orange
with Na-B followed pseudo-first-order kinetics due to the
higher R2, 0.9135. Yet the adsorption with CTMAB-B
followed both pseudo-first-order kinetics and pseudosecond-order kinetics because the R2 under two kinetics
models were both high.
As for the adsorption isotherms, the parameters in the
adsorption such as R2, Qm, k were estimated according to
two adsorption models mentioned above. As shown in
Table 3, based on the low correlation coefficient R2,
0.7866 and 0.7952, the adsorption with Na-B could not be
explained neither with Langmuir nor Freundlich model. In
comparison, the adsorption with CTAMB-B was fittingly
described both by the Langmuir equation and Freundlich
model. The R2 for Langmuir model and Freundlich model
on adsorption of acid orange with CTMAB were 0.9998,
respectively.

Freundlich
K
n
0.002 4
0.804 9
3.376 2
1.003 2

R2
0.786 6
0.999 9

R2
0.795 2
0.999 8

model. In fact, the correlation coefficients were 0.9999
and 0.9998, respectively. Meanwhile, the kinetics of the
adsorption process was in well agreement with both firstorder kinetics model and second-order kinetics model.
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ABSTRACT
Egirdir lake, located in the province of Isparta, the
lakes region, is the one keeping most of the wetlands in
Turkey. In this study, we determine heavy metal concentrations (Fe, Al, Cd, Cr, Co, Mn, Cu, Hg, B, Ni, Pb, and
Zn) together with their spatial distribution, degree of
pollution, and potential ecological risk in Egirdir Lake
sediments. This region is wealthy in both floristic and
faunistic aspects. Four different stations were chosen as
sampling points. Samples were taken every three months,
and the seasonal and annual average concentration of the
elements was determined. The accumulated average heavy
metal amounts were found ordered as Fe>Al>Mn>Cr> Ni>
Pb>Zn>Cu>Co>Cd in bottom sediments, respectively. Hg
and B were not determined in bottom sediments. Heavy
metal contents were measured with ICP-OES. The results
from analysis show high positive correlations among metals.
KEYWORDS: Egirdir Lake, heavy metals, sediment, water, seasonal variability

1. INTRODUCTION
Heavy metal ions are serious pollutant due to their
toxicity, persistence in natural conditions, and ability to
be incorporated into food chains [1-4]. In lake ecosystems, the heavy metals mainly fill into the sediments.
Heavy metals are discharged into a river system by natural or anthropogenic sources; during their transport, they
are also distributed between the aqueous phase and bed
sediments. Because of adsorption, hydrolysis and co- precipitation, only a small portion of free metal ions are dissolved in water but a large quantity of them is deposited in
the sediment [5-8].
The main anthropogenic sources of heavy metal contamination are mining and smelting activities with disposal of untreated and partially treated effluents containing
toxic metals and also metal chelates from different industries and indiscriminate use of heavy metal-containing
* Corresponding author

fertilizers and pesticides in agricultural fields [9-12].The
concentration of trace elements in river sediments is an
important indicator of environmental pollution [13-15].
There is a great number of routine studies on element
concentration of sediments, soil and water [16-26].
In this study, four locations of the Egirdir Lake were
studied to estimate the environmental pollution levels of
twelve heavy metal elements. The aim was to compare the
concentrations of heavy metals in the surface water and
freshly deposited sediments based on international standards. Also, the elements posing an ecological risk to the
lake system and spatial extent of sediment contamination
in Egirdir Lake were evaluated.

2. MATERIALS AND METHODS
2.1 Area descriptions

Egirdir Lake, located in the province of Isparta, the
lakes region, is the one keeping most of the wetlands in
Turkey. This region is wealthy in both floristic and
faunistic aspects. Egirdir Lake, selected as investigation
area, 18 km north of Kovada Lake, extends to the northsouth direction (Fig. 1). Its coordinates are 38o 15' N, 30o
52' E; altitude is 917 m and area being 468 km2. The
depth of the lake varies with up to 14 m.

FIGURE 1 - The map of Egirdir Lake, Turkey (Station 1: 38o 08’N,
30o 46’E, Station 2: 38o 01’N, 30o 49’E, Station 3: 37o 50’N, 30o 52’E,
Station 4: 38o 05’N, 30o 56’E).
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2.2 Sample Preparations and Chemical Analysis

The water samples were collected from each location
and they were acidified with HNO3 in order to minimise
chemisorption and hydrolysis of metal ions [27]. The
sediment samples were taken with Ekman grabs from lake
bottom and placed into coloured sterile containers. For
digestion of 1 g sediment samples, a mixture of 2.5 ml
HF, 3 ml HCl and 2 ml HNO3 was added before microwave oven (Milestone Ethos Plus 2000) treatment based
on EPA 2052 method for 20 min at 1000 watt. Solution
aliquots (25 ml) were prepared and centrifuged before the
analysis of heavy metals [28].
The analyses of the metal ions were carried out by using a Perkin Elmer 5300 DV model ICP-OES instrument.
The wavelengths used for each element were 228.802 nm
(Cd), 267.716 nm (Cr), 327.393 nm (Cu), 238.204 nm
(Fe), 257.610 nm (Mn), 220.353 nm (Pb), 206.200 nm
(Zn), 394.401 nm (Al), 231.604 nm (Ni), 253,652 nm (Hg),
249,677 nm (B), 228,616 nm (Co). The detection limits for
the metals were 1.2 µg kg-1 (Cd), 2.7 µg kg-1 (Cr), 6.9 µg
kg-1 (Cu), 38.1 µg kg-1 (Fe), 1.0 µg kg-1 (Mn), 7.8 µg kg-1
(Pb), 1.5 µg kg-1 (Zn), 5.7 µg kg-1 (Al), 4.8 µg kg-1 (Ni),
0,0100 µg kg-1 (Hg), 0,0020 µg kg-1 (B), and 0,0010 µg kg-1
(Co).
2.3 Statistical Analysis

Metal concentrations of sediment and water materials
were reported in mg kg-1 dry weight and repeated three
times to determine the average mean. The Pearson correlation coefficients were used for correlations charts by
SPSS 15.0 statistical package. Graphs were drawn by
Microsoft Excel.

3. RESULTS AND DISCUSSION
For each water sample, pH and temperature were
measured on seasonal variation. The values of water temperature were between 7.3-26.6 0C in Egirdir Lake. The
lowest temperature value was measured in the first station
during winter whereas the highest value was measured in

the second station during summer season. Values of pH
were between 7.59-8.55; the lowest was measured in the
fourth station during winter season and the highest in the
first station during summer season.
The heavy metals Fe and Al were analysed at the
whole stations in the water during autumn season. In winter, they were determined only at the second station. In
other seasons, they were not determined in any of the stations. Cu and Mn were measured in the first station during
the winter season; and furthermore, no analysis was done
in other stations and other seasons. Hg, Cd, Zn, Pb, Cr,
Ni, Co and B were measured below detection limits in the
complete stations during all seasons.
The maximum and minimum Fe levels were found to
be 0.19 mg L-1 in the third station and 0.04 mg L-1 in the
second station during autumn season. The maximum and
minimum Al concentrations were found as 0.15 mg L-1 in
the third station and 0.03 mg L-1 in the second station
during the autumn season. In winter, the highest value
was determined as 0.18 mg L-1 in the first station and the
lowest one as 0.04 mg L-1 in the fourth station. Cu and
Mn were found to be 0.02 mg L-1 in the first station during the winter season.
The TECs were intended to describe contaminant concentrations below which toxic effects on sediment-dwelling
organisms were not expected [35]. The PECs were intended to describe contaminant concentrations above which
toxic effects on sediment-dwelling organisms were expected to occur frequently [36, 37]. The concentrations of
heavy metals studied in Egirdir Lake sediments are shown
in Table 2. The minimum and maximum Fe concentrations
were found to be 115.86 mg kg-1 in the first station during
the autumn season and 7137.50 mg kg-1 in the second
station during the spring season, respectively. Average Fe
concentration was 3488.67 mg kg-1. In addition to significant positive correlations for Fe and Cu (r=0.993; P<0.01)
and Al (r=0.997; P<0.01) and Pb (r=0.992; P<0.01) and
Cr (r=0.999; P<0.01) and Ni (r=0.998; P<0.01) and Co
(r=0.999; P<0.01) and Mn (r=1.000; P<0.01) were observed in the sediments

TABLE 1 - Sediment quality guidelines for metals in freshwater ecosystems that reflect TECs (Threshold Effect Concentrations) (mg kg-1).

Metals
TEL
LEL
MET
ERL
TEL-HA28
Consensus based TEC
ALT
Arsenic
5.9
6
7
33
11
9.79
20
Cadmium
0.596
0.6
0.9
5
0.58
0.99
1
Chromium
37.3
26
55
80
36
43.4
100
Copper
35.7
16
28
70
28
31.6
50
Lead
35
31
42
35
37
35.8
50
Mercury
0.174
0.2
0.2
0.15
NG
0.18
NG
Nickel
18
16
35
30
20
22.7
30
Zinc
123
120
150
120
98
121
150
Cobalt
NG
NG
NG
NG
NG
NG
20
TEL = Threshold effect level; dry weight [29]; LEL = Lowest effect level; dry weight [30]; MET = Minimal effect threshold; dry weight [31]; ERL =
Effect range low; dry weight [32]; TEL-HA28 = Threshold effect level for Hyalella azteca; 28 day test; dry weight [33]; ALT= Acceptable limit in
Turkey [34]; NG = No guideline

3541

© by PSP Volume 23 – No 12c. 2014

Fresenius Environmental Bulletin

TABLE 2 - Seasonal variation of heavy metal accumulation in sediments in Egirdir Lake (mg kg-1).

Seasons Stations

Fe

323.50 ±
3.25
7137.50 ±
Station 2
18.50
Spring
6975.02 ±
Station 3
23.75
3960.05 ±
Station 4
16.00
136.61 ±
Station 1
1.95
3487.53 ±
Station 2
5.50
Summer
6085.02 ±
Station 3
22.00
4625.09 ±
Station 4
21.75
115.86 ±
Station 1
1.25
2430.11 ±
Station 2
8.40
Autumn
4735.08 ±
Station 3
4.62
2615.23 ±
Station 4
9.64
4304.18 ±
Station 1
6.73
206.53 ±
Station 2
1.67
Winter
4946.41 ±
Station 3
14.43
3735.02 ±
Station 4
6.74
3488.67 ±
Average
10.39
BDL: Below detection limit
Station 1

Cu

Al

0.68 ±
BDL
0.01
18.28 ± 3145.06 ±
0.25
25.75
17.05 ± 3420.02 ±
0.18
45.25
4.58 ±
2299.51 ±
0.04
40.03
0.90 ±
BDL
0.01
7.08 ±
1044.24 ±
0.02
9.05
15.33 ± 3475.08 ±
0.22
22.50
3.43 ±
BDL
0.04
1.86 ±
157.36 ±
0.02
1.92
4.88 ±
1045.31 ±
0.06
8.12
11.56 ± 4862.54 ±
0.19
12.23
17.72 ± 1253.74 ±
0.25
12.06
13.38 ± 4193.67 ±
0.23
29.31
8.27 ±
26.41 ± 0.43
0.12
11.98 ± 3336.03 ±
0.27
46.51
4.48 ±
767.07 ±
0.08
13.21
8.84 ±
2232.77 ±
0.12
21.09

Hg
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL

Cd
0.13 ±
0.01
1.15 ±
0.04
1.35 ±
0.05
0.98 ±
0.04
0.15 ±
0.01
0.43 ±
0.01
1.60 ±
0.04
1.03 ±
0.02
0.95 ±
0.04
0.96 ±
0.22
2.71 ±
0.05
1.54 ±
0.03
1.62 ±
0.02
0.32 ±
0.02
2.13 ±
0.05
2.28 ±
0.04
1.21 ±
0.04

Zn
BDL
22.80 ±
0.05
12.33 ±
0.25
3.03 ±
0.08
BDL
5.41 ±
0.07
10.53 ±
0.05
4.88 ±
0.05
5.12 ±
0.03
9.58 ±
0.08
14.31 ±
0.07
9.08 ±
0.07
14.47 ±
0.11
4.86 ±
0.03
16.14 ±
1.08
12.46 ±
0.15
10.36 ±
0.16

Pb

Cr

Ni

Co

Mn

0.83 ±
0.08
130.13 ±
2.15
13.80 ±
0.76
5.03 ±
0.13
0.88 ±
0.04
4.15 ±
0.28
8.18 ±
0.26
5.85 ±
0.39
1.74 ±
0.15
9.51 ±
0.73
5.56 ±
0.45
2.64 ±
0.21
10.42 ±
0.89
1.26 ±
0.07
4.58 ±
0.48
3.74 ±
0.42
13.02 ±
0.47

0.98 ±
0.01
26.00 ±
0.19
62.15 ±
0.57
8.73 ±
0.10
0.85 ±
0.03
11.28 ±
0.04
39.45 ±
0.07
7.55 ±
0.08
1.22 ±
0.02
9.28 ±
0.03
34.00 ±
0.39
5.76 ±
0.09
19.92 ±
0.24
1.48 ±
0.01
35.23 ±
1.71
7.20 ±
0.12
16.94 ±
0.23

1.38 ±
0.02
19.43 ±
0.07
50.25 ±
0.65
1.88 ±
0.11
1.65 ±
0.03
14.08 ±
0.13
36.38 ±
0.16
2.08 ±
0.03
1.76 ±
0.02
8.12 ±
0.13
29.66 ±
0.32
1.02 ±
0.02
14.44 ±
0.27
2.82 ±
0.02
33.13 ±
2.08
2.02 ±
0.03
13.76 ±
0.26

0.33 ±
0.01
5.43 ±
0.01
7.90 ±
0.12
2.13 ±
0.03
0.35 ±
0.02
2.88 ±
0.05
6.08 ±
0.02
2.70 ±
0.07
0.32 ±
0.01
1.73 ±
0.02
4.44 ±
0.13
1.26 ±
0.06
3.64 ±
0.07
0.44 ±
0.01
5.25 ±
0.32
2.32 ±
0.02
2.95 ±
0.06

22.18 ±
0.27
198.18 ±
0.39
462.00 ±
3.13
226.78 ±
1.71
18.60 ±
0.29
128.28 ±
0.06
348.50 ±
1.45
277.75 ±
1.93
19.68 ±
0.17
69.12 ±
0.34
264.81 ±
0.56
171.23 ±
0.63
210.61 ±
0.84
34.98 ±
0.27
279.27 ±
7.41
254.73 ±
3.09
186.67 ±
1.41

B
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL

TABLE 3 - Sediment quality guidelines for metals in freshwater ecosystems that reflect PECs (Probable Effect Concentrations) (mg kg-1).

Metals
PEL
SEL
TET
ERM
PEL-HA28
Consensus based PEC
Arsenic
17
33
17
85
48
33
Cadmium
3.53
10
3
9
3.2
4.98
Chromium
90
110
100
145
120
111
Copper
197
110
86
390
100
149
Lead
91.3
250
170
110
82
128
Mercury
0.486
2
1
1.3
NG
1.06
Nickel
36
75
61
50
33
48.6
Zinc
315
820
540
270
540
459
PEL = Probable effect level; dry weight [29]; SEL = Severe effect level; dry weight [30]; TET = Toxic effect threshold; dry weight [31]; ERM =
Effect range median; dry weight [32]; PEL-HA28 = Probable effect level for Hyalella azteca; 28 day test; dry weight [33]; NG = No guideline

Copper (Cu) concentrations in the samples ranged
from 0.68 mg kg-1 to 18.28 mg kg-1 (lowest at first station,
highest at second station during spring season). Average
Cu concentrations were found to be 8.84 mg kg-1. According to Persaud et al. 1993 [30], the lowest effect level for
Cu is 16 mg kg-1. This level was exceeded in the second
station (Table 2) but it was not reaching the probable
effect level. In addition to significant positive correlations, Cu and Al (r=0.999; P<0.01), Zn (r=0.961; P<0.05)
and Pb (r=1.000; P<0.01), Cr (r=0.998; P<0.01) and Ni

(r=0.998; P<0.01), and Co (r=0.996; P<0.01) and Mn
(r=0.996; P<0.01) were observed in the sediments (Table 4).
Aluminium (Al) concentrations were found below detection limit at three sample points. Al levels in the samples
ranged from 26.41 mg kg-1 in the second station during
the winter season to 4862.54 mg kg-1 in the third station
during the autumn season. Average Al concentration was
found to be 2232.72 mg kg-1. In addition to the significant
positive correlations for Al and Pb (r=0.999; P<0.01), Cr
(r=1.000; P<0.01) and Ni (r=1.000; P<0.01), and Co (r=

3542

© by PSP Volume 23 – No 12c. 2014

Fresenius Environmental Bulletin

0.999; P<0.01) and Mn (r=0.999; P<0.01) were positively
observed in the sediments (Table 4). Mercury and boron
levels were found below detection limit in four stations.
Cadmium (Cd) concentrations in the samples ranged between 0.13 mg kg-1 in the first station during the spring
season and 2.71 mg kg-1 in the third station during autumn
season. Average Cd concentration was found to be 1.21 mg
kg-1. In many sample points, Cd concentration exceeded
threshold effect concentration but they did not reach the
probable effect level. In addition, significant positive
correlations for Cd and Zn (r=0.980; P<0.05) were observed
in sediments (Table 4). The minimum zinc (Zn) concentration was 3.03 mg kg-1 in the forth station during the spring
season and the maximum zinc level was 22.80 mg kg-1 in
the second station during the spring season. Average Zn
concentrations were found to be 10.36 mg kg-1. The Zn
values not exceeded threshold effect concentration. Zn
and Pb (r=0.963; P<0.05) in the sediments were also
positively correlated (Table 4). Lead (Pb) concentrations
in the samples ranged from 0.83 to 130.13 mg kg-1 (lowest at first station, highest at second station during spring
season). Average Pb amounts were found to be 13.02 mg
kg-1. The value of 130.13 mg kg-1 exceeded threshold
effect concentrations, together with probable effect concentrations. Besides, significant positive correlations for
Pb and Cr (r=0.997; P<0.01) and Ni (r=0.997; P<0.01)
and Co (r=0.995; P<0.01) and Mn (r=0.995; P<0.01) were
observed in the sediments (Table 4). Chromium (Cr)
concentrations in samples ranged from 0.85 to 62.15 mg
kg-1 (lowest in first station during summer season, highest
in third station during spring season). Average Cr concentrations were found to be 16.94 mg kg-1. In many sample
points, Cr exceeded threshold effect concentration but did
not reach probable effect level (Table 1, Table 3). In addition, significant positive correlations for Cr and Ni (r=
1.000; P<0.01) and Co (r=1.000; P<0.01) and Mn (r=
1.000; P<0.01) were observed in the sediments (Table 4).
The minimum and maximum Nickel (Ni) concentrations
found in this study were 1.02 mg kg-1 in the forth station

during the autumn season and 50.25 mg kg-1 in the third
station during the spring season, respectively. Average Ni
concentration was found to be 13.76 mg kg-1. Several
sample points exceeded threshold effect concentrations
together with probable effect concentrations (Table 1,
Table 3). Significant positive correlations for Ni and Co
(r=1.000; P<0.01) and Mn (r=0.999; P<0.01) were observed in sediments (Table 4). Cobalt (Co) ranged from
0.32 to 7.90 mg kg-1 (lowest in the first station during
autumn, highest in third station during spring). Average
Co concentrations were 2.95 mg kg-1. The whole Cu values not exceeded threshold effect concentrations. Significant positive correlations for Co and Mn (r=1.000;
P<0.01) were observed in sediments (Table 4). Manganese (Mn) levels in samples were 18.60 mg kg-1 in the
first station during summer but 462.00 mg kg-1 in the third
station during spring season. Average Mn concentration
was found as 186.67 mg kg-1.
4. CONCLUSIONS
The heavy metal concentrations in the bottom sediment and water samples taken from the four stations in
Egirdir Lake were determined with ICP-OES method.
According to the ministry of food, agriculture and livestock in Turkey [38] and World Health Organization [39],
the heavy metal values are acceptable in water. The sediments from the Egirdir Lake are highly polluted because
of the agricultural (Chemical Fertilizer and insecticide)
and domestic wastes discharged directly into the lake
waters. The accumulated average heavy metal amounts
were found to be ordered as follows: Fe>Al>Mn>Cr>Ni>
Pb> Zn> Cu>Co>Cd in the bottom sediments, respectively. Hg and B were not determined in bottom sediments. In
some sample points, Cd and Cu exceeded threshold effect
concentration but reached not the probable effect level
whereas lead value of 130.13 mg kg-1 exceeded threshold
effect together with probable effect concentration. For this

TABLE 4 - The correlations of the metals in the sediment.

Fe

Cu

Al

Cd

Zn

Pb

Cr

Ni

Co

Fe

1

Cu

0.993(**)

1

Al

0.997(**)

0.999(**)

1

Cd

0.830

0.887

0.864

1

Zn

0.925

0.961(*)

0.947

0.980(*)

1

Pb

0.992(**)

1.000(**)

0.999(**)

0.890

0.963(*)

1

Cr

0.999(**)

0.998(**)

1.000(**)

0.854

0.941

0.997(**)

1

Ni

0.998(**)

0.998(**)

1.000(**)

0.855

0.941

0.997(**)

1.000(**)

1

Co

0.999(**)

0.996(**)

0.999(**)

0.843

0.933

0.995(**)

1.000(**)

1.000(**)

1

Mn

1.000(**)

0.996(**)

0.999(**)

0.843

0.934

0.995(**)

1.000(**)

0.999(**)

1.000(**)

** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed).
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reason, some measures or precaution monitoring must be
done against the possible dangers of heavy metal pollution developing in the lake. The used pesticides and
chemical fertilizers at agriculture must not be poured into
the lake.

[13] Narin, I., Soylak, M. and Dogan, M. (1997) Traffic pollution
in Nigde-Turkiye: Investigation of trace element contents of
soil samples. Fresenius Environmental Bulletin, 6, 749-752.
[14] Soylak, M., Narin, I., Elci, L. and Dogan, M. (1999) Investigation of some trace element pollution in karasu, sarmisakli
çayı and Kızılırmak rivers kayseri-Turkey, Fresenius Environmetal Bulletin, 8, 14-17.
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ABSTRACT
The aim of this study was to investigate the therapeutic effects of propolis on biochemical parameters in tissues of rainbow trout (Oncorhynchus mykiss) exposed to
cypermethrin. Cypermethrin is a potential toxic pollutant
that directly threats the aquatic ecosystems and environment. Sublethal cypermethrin concentration of 0.0082 ppm
was applied to the fish for 96 h. Propolis is a natural product collected from plants by honey bees. Its polyphenolic
components, caffeic acid derivatives and flavonoids in particular, are matter of interest because of their strong antioxidant properties. Therapeutic concentration of propolis has
been determined as 10 ppm in a previous study. Herein,
malondialdehyde (MDA) levels and catalase (CAT) activities were determined in spleen and heart tissues of rainbow
trouts. Results showed that CAT activities and MDA levels
increased (P≤0.001) in tissues of fish exposed to cypermethrin compared to control group. CAT activities and MDA
levels in the tissues of fish decreased in cypermethrin+propolis group (P≤0.001) compared to cypermethrin group. Propolis (10 ppm) on the tissues of the rainbow trout showed significant therapeutic effects. Propolis
may serve as an antitoxic agent against pesticide toxicity
to aquatic animals.
KEYWORDS: Catalase, cypermethrin, malondialdehyde, propolis, spleen, heart, Oncorhynchus mykiss

1. INTRODUCTION
Pollution of the aquatic areas is a serious problem.
Increasing amounts of industrial waste and agricultural
chemicals discharged into the aquatic environment have led
to various harmful effects on the aquatic organisms, including fish [1]. Pollutants accumulate directly from contaminated water and indirectly by food chain [2]. Pyrethroids
* Corresponding author

are synthetic analogues of natural pyrethrins which originated from the ornamental plant Chrysanthemum cinerariafolium. They were developed to protect grain crops and
other agricultural products against pests in 1970s and,
later on, they were also used to control the animal ectoparasites [3, 4]. Cypermethrin is a synthetic pyrethroid used
as an insecticide, and it is very important in agricultural and
healthly pest control [5]. After application of cypermethrin, it releases directly into the environment, then enters
the water body by runoff, and effects many aquatic organism [6].
Pyrethroid intoxication causes cellular damage and
increases free radicals, which leads to lipid peroxidation
and, ultimately, oxidative stress [7]. The most widely
used assay for lipid peroxidation is the malondialdehyde
(MDA) formation which represents the secondary lipid
peroxidation product with thiobarbituric acid reactive
substance test [8]. MDA is the final product of lipid peroxidation. The concentration of MDA is the direct evidence of toxic processes caused by free radicals [9]. Production of reactive oxygen species (ROS) is increased by
applications of toxic substances. This is important because every essential aspect of tissues formation is influenced by oxidative events [10]. Superoxide dismutase
converts superoxide anion radical (O2.) to H2O2 when ROS
are increased. Catalase (CAT) removes H2O2 by breaking
down directly to O2 [11]. The beneficial effects of many
free radical scavengers and antioxidants on tissue damage
have been demonstrated. Effects of natural therapeutics
on pesticide damage have been studied on fish by several
researchers [12, 13]. Propolis is one of these natural agents
[14, 15]. Propolis (bee glue) is a solid substance which has
a natural dark-colour produced by honeybees after mixing
their own waxes with resinous collected from plants. Afterwards, it is used for sterilizing hives of honey bees [16].
Varieties of chemical components of propolis have
been reported in most of studies. Botanical and geographical origins are very important for these varieties. More
than 300 compounds including volatile organic compounds, flavonoid aglycones, phenolic acids and their
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esters, phenolic aldehydes, alcohols and ketones, sesquiterpenes, quinones, coumarins, steroids, and amino acids were
reported among the components of propolis [17, 18]. Most
of the compounds isolated from propolis include the phenolics with important protective role against oxidative stress
caused by toxic agents, such as xenobiotics. Flavones,
coumarines, and other phenolic compounds have metalchelating activity and reducing with hydrogen-donors
properties [19]. All of these compounds are responsible
for its biological and pharmacological activities.
Nowadays, varieties of organic forms of antioxidant
molecules have been studied as natural therapeutic and
preventive agents. The aim of the present study was to
investigate the effects of propolis on some biochemical
parameters in spleen and heart tissues of rainbow trout
exposed to cypermethrin.

2. MATERIAL AND METHODS
2.1 Experimental section

Fish were obtained from Camardı, Ecemis fish farm
(Nigde, Turkey) and held for 15 days in a 8x5x1.5-m stock
pond to be acclimatized. The mean weight and length of
fish were 25.48± 4.67 g and 29.71 ± 4.22 cm, respectively.
Afterwards, fish were transferred to a 200-L filled water
tank. Physical and chemical parameters of water placed in
the tank are shown in Table 1.
Fish experiments were performed in accordance with
the National Institutes of Health, and were approved by
the Committee on Animal Research at Cumhuriyet University, Sivas, Turkey.
TABLE 1 - Some physical and chemical properties of water used in
the experiments.

Parameter
Dissolved oxygen (ppm)
Chemical oxygen demand
(ppm)
Suspended solids (ppm)
Calcium (ppm)
Sodium (ppm)
Chloride (ppm)
Total nitrogen (ppm)
Hardness (CaCO3) (ppm)
Temperature (oC)
pH

Before treatment
7.6 ± 0.6
15.6 ± 0.7
35.8 ± 1.2
126.4 ± 1.7
21.4 ± 0.8
16.0±1.5
5.4 ± 0.2
178.3 ± 3.2
11.8 ± 1
7.6 ± 0.9

After treatment
7.4 ± 0.2
16.5 ± 0.3
41.1 ± 1.7
117.1 ± 1.2
18.7 ± 0.5
18.0±1.4
6.3 ± 0.3
164.2 ± 2.5
12.4 ± 0.7
7.7 ± 0.5

2.2 Preparation of propolis extractive solution

Propolis was collected from a farm at village
Kocaavsar in Balikesir, Turkey. Then, it was dissolved to
30% in ethanol [20]. Obtained solution was protected from
light and moderately shaken for 1 day at room temperature. Finally, the extracts were filtered twice, dried and
stored in sealed bottles at 4 °C until use [21].
2.3 Experimental design

In this study, four experimental groups, every one including 7 fish (totally 28 fish) were used. Fish in the first

group were used as control without application. 10 ppm
propolis [21] was treated to the fish in the second group for
96 h, and they were not fed for 12 h before 0.0082 ppm of
cypermethrin [22] was exposed to the fish (not fed for 12 h)
in the third group for 96 h; both 10 ppm propolis and
0.0082 ppm cypermethrin were applied to the animals in
the fourth group for 96 h (also not fed for 12 h before
treatment).
2.4 Preparation of tissues for biochemical analyses

After these treatments, spleen and heart tissues were
removed from fish. Tissues were stored at −80 °C until
use. The tissues were separated into two parts for determination of CAT activity and lipid peroxidation. Tissues
were weighed and then homogenized in 2 mM phosphate
buffer, pH 7.4 using a PCV Kinematica Status Homogenizer. Homogenized samples were sonicated for 1.5 min
(30 s sonications interrupted with 30 s pause on ice).
Samples were centrifuged at 12,000g for 15 min at 4 °C
and supernatants, if not used for enzyme assay immediately, were kept deep-frozen (−80 °C). Supernatants were
used for determination of total protein and measurement
of CAT activity. The second part of tissue homogenates
was used for lipid peroxidation analysis. Tissues were
washed three times with ice-cold 0.9% NaCl solution and
homogenized in 1.15% KCl. The homogenates were assayed for MDA, the end product of lipid peroxidation.
2.5 Protein assay

Supernatants of tissues were used for determination
of total protein. Total protein was quantified by the colorimetric method of Lowry et al. [23] using BSA as the
standard.
2.6 Determination of malondyaldehyde (MDA) level

Lipid peroxidation (LPO) in the tissues of rainbow
trout was measured according to the concentration of
tiobarbituric acid (TBA) reactive substances. The amount
of produced MDA was used as an index of LPO [24]. In
the TBA test reaction, MDA or MDA-like substances and
TBA react with the production of pink pigment with a
maximum absorption at 532 nm. The reaction was performed at pH 2-3 and 90 0C for 15 min. The sample was
mixed with 2 volumes of cold 10% (w/v) trichloroacetic
acid (TCA) for protein precipitation. The precipitate was
pelleted by centrifugation, and an aliquot of the supernatant was reacted with an equal volume of 0.67% (w/v)
TBA in a boiling water-bath for 10 min. After cooling,
absorbance was read at 532 nm. The results were expressed as nmol/g wet tissue.
2.7 Determination of catalase (CAT) activity

The CAT activities in the spleen and heart tissues
were determined by measuring the composition of hydrogen peroxide at 240 nm, according to the method of Aebi
[25], and were expressed as kU/g protein (the first-order
rate constant).
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2.8 Statistical analysis

4. DISCUSSION

Biochemical data were analyzed with SPSS 9.0 for
Windows using one-way analyses of variance (ANOVA).
Differences between means were determined using Duncan’s multiple range test in which the significance level
was defined as P≤0.001.

3. RESULTS
Changes in biochemical parameters, such as CAT activities and MDA levels in spleen and heart tissues of
rainbow trout administered to 0.0082 ppm cypermethrin
and 10 ppm propolis, are given in Tables 2 and 3. MDA
level did not change in propolis group compared to control group (P≥0.001) (Table 2). Significant increases
(P≤0.001) in MDA levels were observed in the spleen and
heart tissues of fish exposed to cypermethrin compared to
control group. As an important indicator of oxidative
damage, MDA levels decreased in the spleen and heart
tissues in cypermethrin+propolis group (P≤0.001) compared to cypermethrin group (Table 2). CAT activities of
spleen and heart tissues of rainbow trouts did not change
in propolis group compared to control group (P≥0.001)
(Table 3). CAT activities of spleen and heart tissues significantly increased (P≤0.001) in cypermethrin group
compared to control group. However, there were statistically significant decreases in CAT activities of spleen and
heart tissues of cypermethrin+propolis group compared to
cypermethrin group (P≤0.001) (Table 3). According to
biochemical data, propolis may contribute to antioxidative
defense system at 10 ppm concentration inr rainbow trout.
This situation can be explained by the therapeutic effects
of propolis.
TABLE 2 - Changes in MDA levels in the spleen and heart tissues of
rainbow trout administered to cypermethrin and propolis.

Groups

Tissues (nmol/g)
Spleen

Heart

Control

8,27±0,52c

11,98±0,67b

Cypermethrin

15,04±0,34a

15,84±1,28a

Propolis

9,15±0,57

c

11,33±0,56b
b

Cypermethrin+propolis
13,09±0,64
12,65±0,43b
All data points are the average of n=7 with ±STDEV. abcstatistically
significant (P≤0.001)
TABLE 3 - Changes in CAT activities in the spleen and heart tissues
of rainbow trout administered to cypermethrin and propolis.

Groups

Tissues (kU/g protein)

Control

Spleen
1,00±0,033b

Heart
1,21±0,088b

Cypermethrin

1,66±0,095a

1,98±0,093a

Propolis

0,91±0,156b

1,28±0,175b

b

1,43±0,084b
1,21±0,090
Cypermethrin+propolis
All data points are the average of n=7 with ±STDEV. abstatistically
significant (P≤0,001)

Toxic compounds can have an important role in the
development and progression of many diseases and damage processes in fish tissues. Accumulation of pesticides
in organisms living in aquatic areas is a significant aspect
for the environment because it may affect all the members
of food chain, including fish [26]. Pesticides can cause
oxidative stress by the production of free radicals and lipid
peroxidation that lead to pesticide-induced toxicity [27].
Increased oxidative stress and lipid peroxidation may influence the activities of enzymatic and non-enzymatic antioxidants that are known to be precision cursors of increased
oxidative stress [28]. In this study, the protective and
antioxidative effects of propolis against cypermethrininduced oxidative damage have been evaluated in the
spleen and heart tissues of fish.
Protective agents against lipid peroxidation, such as
enzymes, carotenoids, vitamins, and low molecular weight
scavengers, were found in all fish tissues [29]. The especially adapted enzymes, such as catalase, superoxide dismutase, and glutathione-dependent enzymes, have been
determined in fish species. Both oxidative indicators and
the antioxidant capacities of fish differ according to species habitat and feeding [30]. The response of the antioxidant system to oxidative stress in various tissues indicate
the differences that are due to tissue-specific antioxidant
potentials [31].
In our work, significant differences were found in the
oxidative responses and antioxidant status of tissues. These
differences may be due to different rates of free radical
production, differences in susceptibility to oxidative damage or different antioxidant capacities of the tissues, but
propolis might have changed the oxidative susceptibility
of tissues against pesticide toxicity. Lipid peroxidation is
one of the most important steps of cellular membrane
damage induced by pesticides and other xenobiotics [28].
Lipid peroxidation may be a marker of oxidative injury of
cellular forms. The important part of cellular components
and functions are probably an important object of oxidative damage, and the most sensitive substrates for autoxidation are polyunsaturated fatty acids of the cell membrane. Exposure of the fish to cypermethrin at 0.0082
ppm concentration supported MDA increases in spleen
and heart tissues. These increases in MDA level may
probably attribute to an extreme generation of ROS,
which could depend on antioxidant enzyme deficit.
In the present study, exposure of cypermethrin induced oxidative stress, as demonstrated by compromised
antioxidant defenses and increased MDA in spleen and
heart tissues. Our results are in agreement with previous
studies [32-34], who demonstrated a significant increase
in lipid peroxidation in various tissues, such as spleen and
heart, following toxic substance exposure.
It has been reported that propolis has decreased the
production of free radicals. This effect of propolis might
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be related to the antioxidant properties of the phenolic
compounds in the propolis extract [35].
The MDA levels decreased in the spleen and heart
tissues of fish in cypermethrin+propolis group. Under that
condition, oxidative stress was reduced. These results
provide a direct evidence for the preservation role of
propolis with therapeutic properties on the antioxidative
defense system against pesticide toxicity.

and by altering the antioxidant defense systems in spleen
and heart tissues of fish.
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Orun et al. [36] reported oxidative effects on the
spleen and heart of rainbow trout at several levels of biological organizations that include changes in biochemical
parameters of animals exposed to heavy metals, such as
Cd2+ and Cr3+. After treatment of selenium, the toxic
effects of heavy metals (Cd2+, Cr 3+) on inhibition of antioxidant enzyme activities have been prevented in statistically significant levels. Similar findings have been reported by several researchers [37-39].
CAT is an antioxidant enzyme placed in peroxisomes
and has the ability of the removal of H2O2, which is reduced to molecular oxygen and water [40]. The inhibition
of the CAT activity by pesticides has been reported in
various studies on fish species. For example, Hai et al.
[41] demonstrated decreases in CAT activities in carp
(Cyprinus carpio L.) and catfish (Ictalurus nebulosus)
exposed to dichlorvos, an organophosphate insecticide
known to induce oxidative damages. Oruç and Usta [42]
reported that diazinon caused a decrease in the CAT activity of the muscle tissue of Cyprinus carpio. Pesticideinduced inhibition of CAT activity has been reported in
various studies on fish species [28, 36]. This situation may
be clarified by the rising of superoxide radicals due to the
oxidation situation caused by toxic agents.
We pointed out a rising in CAT activity and oxidative
stress increased by administration of cypermethrin. As a
result, CAT activity increased but inhibition of oxidative
stress too. This situation may be explained in this way:
High CAT activity is associated with increased cell viability and resistance to H2O2 in macrophages. The CAT
activities in the cypermethrin-exposed fish decreased after
treatment of propolis, which might be due to its ability to
scavenge the accumulated free radicals.
Natural antioxidants are very important for homeostasis in many biological systems, such as fish and humans.
Due to antioxidant and preservative properties of propolis,
it may both prolong the physiological functions of some
aquatic living organisms and contribute to the health
benefit of consumers who consume aquatic animals. Administration of propolis significantly prevented the toxic
effects of cypermethrin and the inhibition of antioxidant
enzyme activity. The evidence presented herein, together
with other data obtained from the literature, indicates that
cypermethrin induces oxidative stress in fish. Direct evidence is also presented for a preservative role of propolis
as a part of the antioxidative defense systems against
pesticide toxicity. Thus, propolis may cure cypermethrininduced oxidative stress by decreasing lipid peroxidation
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