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MOLECULAR AND PHYSIOLOGICAL ASPECTS FOR Lepidium
sativum TOLERANCE IN RESPONSE TO LEAD TOXICITY
Mohamed M. Ibrahim1,* and Sameera O. Bafeel2
1

Botany and Microbiology Department, Faculty of Science, Alexandria University, Alexandria, Egypt
2
Biology Department, Faculty of Science, King Abdul-Aziz University, Jeddah, Saudi Arabia

ABSTRACT
The present study was undertaken to evaluate the toxicity of Pb2+ on photosynthetic pigments, total soluble
protein and MDA contents as well as the activities of SOD,
CAT and POD in Lepidium sativum leaves after 10-days
of supplying lead (0-600 ppm) in the nutrient solution. The
results indicated that lead treatment adversely affected
plant growth and disturbed the cell metabolism critically.
The development of toxic symptoms, corresponding to a
high accumulation of Pb2+, was a sum of the increase in
H2O2 and MDA contents, decrease in protein content, and
the much elevated SOD and POD activities in leaves. In
addition, the results demonstrated that exposure to high lead
concentration (Pb2+ >400 ppm) could result in the disintegration of antioxidant system in Lepidium seedlings. Also
the significant decrease in the contents of photosynthetic
pigments was related to high-level metal stress. Higher
concentrations of Pb2+, especially 400 and 600 ppm, resulted in a great variation in protein pattern distribution,
migration position and bands intensities. The outcome of
this study corroborates that Lepidium sativum is a suitable
hyper-accumulator candidate and tolerant against low-level
lead contaminated soil.
KEYWORDS: Lead, antioxidant, protein, photosynthetic pigments, antioxidant enzymes.

1. INTRODUCTION
Millions of tons of trace elements continue to be produced and released in the biosphere through air, water and
soil. Many of them i.e. lead cannot be degraded and accumulate in organisms living in contaminated areas, and
lead, particularly, has become a cosmopolitan environmental
pollutant [1].
Acid soils are found throughout the world; it is estimated that about 40% of the world's arable soils and 12%
of the land in crop production have a pH below 5.5 [2].
Moreover, soil acidification is increasing worldwide, and
increasing soil acidity of soil solution generally leads to
* Corresponding author

increased availability of heavy metals [3]. Plants growing
in acidic soils suffer lead toxicity stress, where crop production is markedly reduced. Lead-accumulating plants
grow well in strongly acidic soils experiencing cumulative Pb2+ toxicity damage [4]. The toxicity of Pb2+ has
been recognized as a major factor that limits plant growth
in acidic soil [5].
Disturbance of the metabolism by excessive Pb2+ or
heavy metals appears to happen in multiple ways including reduction of chlorophyll content, inhibiting plant growth
and respiration, changing the ultra-structure of the cell
organelles, and altering the activity of many enzymes in
various metabolic pathways [6, 7]. Lead has also been shown
to affect protein and starch mobilization adversely which
could be used to assess the qualitative and quantitative
effects of biotic stresses on structural organization of plant
cells [8-10]. It has been proposed that heavy metals can
lead to oxidative stress resulting in inhibition of photosynthesis, respiration rate and other metabolic processes
in plants. Many evidences suggested that these metabolic
disturbances were closely related to the accumulation of
heavy metals and the subsequent excessive production of
reactive oxygen species (ROS) in plants, including superoxide radical (O2•−), hydroxyl radical (•OH) and hydrogen
peroxide (H2O2) [11-13].
High concentrations of heavy metals in plant tissues
can induce the disorder in nutrient metabolism, as a consequence leading to abnormal growth [14]. While ROS can
cause oxidative damage to the biomolecules, such as lipids
leading to cell membrane peroxidation, loss of ions, protein hydrolysis, and even DNA strand breakage. To mitigate the oxidative damage initiated by ROS, plants have
developed a complex defense antioxidative system, including low-molecular mass antioxidants, as well as antioxidative enzymes, such as superoxide dismutase (SOD) and
peroxidases (PODs) [15, 16]. SOD is the most effective
antioxidative enzyme in preventing cellular damage, and
catalyzes the conversion of the superoxide anion to H2O2,
while POD utilizes H2O2 in the oxidation of various inorganic and organic substrates. Many evidences suggest that
high levels of Al can affect protein metabolism and induce oxidative stress in plants [17]. On the other hand,
great differences in Pb2+ tolerance have been found among
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plant species and genotypes within a species [17]. Therefore, it is very essential to identify the differences in antioxidative defense system, the adaptive capacity and toxicity of maize plant exposed to lead.
In the present study, concentrations of Pb2+ were chosen according to a preliminary test in order to examine the
inhibitory effect of acid soil on Lepidium sativum seedlings
with reference to: (1) changes in protein content; (2)
changes in photosynthetic pigments including chlorophyll a,
chlorophyll b and carotenoids; and (3) changes in the activities of antioxidant enzymes, such as peroxidase (POD),
catalase (CAT) and superoxide dismutase (SOD), as well
as the contents of hydrogen peroxide (H2O2) and malondialdehyde (MDA). So this can determine the concentration extent to which Lepidium sativum is suitable to remediate the polluted area from lead.
2. MATERIALS AND METHODS
2.1. Plant materials and treatments

Seeds of Lepidium sativum L. collected from different
localities of Saudi Arabia were screened for germination
response to Pb2+ (data not shown). Lepidium sativum obtained from Abha was the most lead-tolerant species. Seeds
were surface-sterilized by immersing in 0.1 % HgCl2 for
2 min, washed with 5 changes of sterile distilled water,
and soaked in continuously aerated distilled water for 24 h
in darkness. Thirty seeds were sown in each pot (15 cm
diameter x 20 cm height), filled with pre acid washed sand.
All pots were placed in a growth chamber under 70-80%
RH with 16/8-h day/night cycle and controlled temperature of 28/25 oC. Light intensity was 500 µmol m-2 s-1 at
the top of the plants, supplied by a mixture of fluorescent
and incandescent lamps. Each pot was irrigated with 250 ml
distilled water at first, then occasionally with a certain
amount of distilled water in order to keep the soil water
content constant. Pots were irrigated with half-strength
Hoagland solution every 2 days to reach 80% of water
holding capacity throughout the whole experimental period.
2.2. Experimental design

Twenty-five days old Lepidium sativum seedlings of
a uniform size were carefully taken from the pots to avoid
any injury to the roots and placed in sponge support collars. Collars were then fitted into holes in the tops of glass
bottles containing 500 ml continuous aerated Hoagland’s
solution supplemented with various concentrations of Pb2+
for 10 days. Individual Pb2+treatments: control, with Hoagland nutrient solution (0 ppmPb+2), and 4 Pb2+ concentrations 100, 200, 400 and 600 ppm using lead acetate. These
concentrations were chosen on the basis of preliminary experiments, the lowest one being below the toxicity threshold and the highest one above. The pH of the nutrient
solution was buffered to pH 5.0, and kept constant during
the experiment. All solutions were changed every 2 days
during the 10-days experiment to maintain the metal concentrations. All bottles were placed in a growth chamber
under the same conditions. After 10-days exposure to Pb2+,

soluble protein, photosynthetic pigments, POD, CAT, SOD,
and MDA and H2O2 of leaves were determined. A minimum of three replicates were performed in each treatment.
2.3. Photosynthetic pigments determination

Approximately 150 mg was homogenized on ice with
mortar and pestle in 3 ml of 66 mM phosphate buffer, pH
7.2 with 10 mM KCl. The homogenate was then extracted
with cold acetone (80%). The absorbance of pigment extract was measured at wavelengths of 470, 626, 645 and
663 nm with a spectrophotometer (Jenway 6305 UV/Vis,
UK). The contents of Chl a, Chl b and carotenoids were
calculated in accordance with experimental equations as
described by Lichtenthaler [18].
2.4. Extraction of proteins

Proteins from leaves of control and Pb+2-treated plants
were extracted with an equal volume of 20 mM Tris-HCl
buffer (pH 8.6) containing 5 % β-mercaptoethanol (v/v), at
4 °C. Each extract was filtered through 3 layers of gauze
and centrifuged at 10,000 g for 30 min.
2.5. Estimation of protein content

The supernatant was collected and assayed for total
protein according to the method of Bradford [19] using
bovine serum albumin (BSA) as standard.
2.6. SDS-PAGE of proteins

Various electrophoretic techniques were applied to investigate the banding patterns of the purified enzyme, and
proteins in leaves of Lepidium sativum treated with different concentrations of lead. Electrophoresis was performed
exclusively in vertical 3-mm slabs in PANTA-POHR apparatus (Labor Müller, D-3510 Hann. Münden, Germany).
The extract of leaf proteins was mixed with an equal
volume of SDS sample buffer [10 % glycerol (w/v), 5 %
β-mercaptoethanol (v/v), 2.3 % SDS, 62.5 mM Tris-HCl
(pH 6.8) and 0.01 % Bromophenol Blue] and boiled for
5 min before loading onto a 15% polyacrylamide slab gel
for SDS-PAGE. The gel was run at a constant current of
20 mA for 4 h [20]. The gel was stained with 0.25 %
Coomassie Brilliant Blue R-250 (CBB R-250) in a mixture of ethanol, acetic acid and distilled water (9: 2: 9, v/v)
for 1 h and distained in several changes of a solution of
ethanol, acetic acid and distilled water (25: 8: 165, v/v).
Quantitative differences between protein spectra were
evaluated by the intensity of staining of bands, and qualitative differences were estimated by the number and molecular weight values of protein bands. Electrophoretic patterns
were scanned densitometrically with a Gel-Pro. Analyzer
V3.1 using Media cybernetics 1993-1997 V. 3.1 for Windows 95 NT (USA). Determination of the molecular weight
of the proteins was made.
2.7. Antioxidant enzyme extraction

Leaves were powdered in liquid nitrogen. The powder (150 mg) was extracted for 15 min at 40 °C with 5 ml
of cold extracted buffer (100 m M potassium phosphate,
pH 7.8), 300 mg polyvinylpyrrolidone, 1% (v/v) Triton
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X-100 and 5 m M ascorbate [21]. The extract was centrifuged (30 min 20,000 g, 4 °C and the supernatant passed
through a Sephadex G-25 column (PD-10 column, Pharmacia, Germany) and equilibrated with 100 m M potassium phosphate, pH 7.8. The supernatant was used for the
enzyme assays.

at 4°C. The supernatant was then passed through an anionexchange column [27]. The eluate was used for the determination of H2O2. The intensity of the yellow color of the
supernatant was measured at 410 nm. H2O2 level was calculated using the extinction coefficient 0.28 m M -1cm-1.
2.11. Statistical analysis

2.8. Enzyme assays

SOD (EC1.15.1.1) activity was assayed using the photochemical nitroblue tetrazolium (NBT) method according to
Stewart and Bewely [22]. The samples (0.5 g) were homogenized in 5 ml extraction buffer consisting of 50 m M
phosphate, (pH 7.8), 0.1% (w/v) bovine serum albumin,
0.1% (w/v) ascorbate, and 0.05% (w/v) β-mercaptoethanol.
The assay mixture in 3ml contained 50 mM phosphate
buffer (pH 7.8), 9.9 mM methionine, 57 mM NBT, 0.025%
(w/v) Triton X-100, and 0.005% (w/v) riboflavin. The
photo-reduction of NBT (formation of purple formazan)
was measured at 560 nm and an inhibition curve was made
against different volumes of extract. One unit of SOD is
defined as being present in the volume of extract that
causes 50% inhibition of the photo-reduction of NBT.
CAT (EC 1.11.1.6) activity was determined by measuring the rate of H2O2 conversion to O2, spectrophotometrically at 240 nm [23]. One unit of enzyme activity is equal
to 1 µmol of H2O2 decomposed per min.
POD (EC 1.11.1.7) activity was estimated according to
Adam et al. [24] and measured with guaiacol as the substrate in a total volume of 3 ml. The reaction mixture consisted of 50 mM potassium phosphate buffer (pH 6.1), 1%
guaiacol, 0.4% H2O2 and enzyme extract. Increase in absorbance due to oxidation of guaiacol (E = 25.5mM−1 cm−1)
was measured at 470 nm. Enzyme activity was calculated
in terms of mM of guaiacol oxidized min−1 g−1 fresh weight,
at 25±2 °C.

All data presented in the paper are the means of at
least five replicates. Significance of differences of samples was calculated by Student’s t-test. Results of testing
were considered to be significant if calculated P-values
were ≤0.05.
3. RESULTS
3.1. Effects of lead on photosynthetic pigments in Lepidium
sativum

The amounts of photosynthetic pigments in the tissue
of Lepidium sativum grown under different concentrations
of lead are shown in Table 1. A concentration-dependent
decline of Chl a occurred as a consequence of exposure to
Pb2+ concentrations ranging from 0- 600 mg L-1, where
the greatest decrease (75%) was reached at the highest
Pb2+concentration compared to the control (Table 1).
However, the content of Chl b decreased at a relatively
slower rate to a value which was 69% less that of control
after treatment with 600 ppm Pb2+ (Table 1).
TABLE 1 - Changes in chl a, b and total carotenoid contents in
leaves of Lepidium sativum treated with various concentrations of
Pb2+ for 10 days. Values in parentheses were expressed as the percentage of reduction relative to the control (100). Each value represents the mean ±SE of five replicates. Significant differences
(P<0.05) between treatments according to LSD test are shown by an
asterisk.

2.9. Determination of MDA content

The level of lipid peroxidation was expressed as MDA
content, and assayed by the method of Hodgson and Raison
[25] as 2-thiobarbituric acid (TBA) reactive metabolites.
Plant fresh tissues (0.2 g) were homogenized and extracted
in 10 ml of 0.25% TBA made in 10% trichloroacetic acid.
Extract was heated (95 °C) for 30 min and then quickly
cooled on ice. After centrifugation at 10,000×g for 10 min,
the absorbance of the supernatant was measured at 532 nm.
Correction of non-specific turbidity was made by subtracting the absorbance value taken at 600 nm. The content of
MDA was expressed as mM g−1 fresh weight by using an
extinction coefficient of 155 mM-1cm−1.
2.10. Determination of H2O2 content

Hydrogen peroxide was measured colorimetrically as
described by Jana and Choudhuri [26]. Leaves (1 g fresh
weight) frozen in liquid N2 were ground using a pestle and
mortar with 1 ml of 3 % (v/v) HClO4 containing 2.5 m M
EDTA. The homogenate was centrifuged at 12,000g for
5 min at 4 °C. The supernatant was neutralized with 2.5 M
KOH to pH 7.5, and then centrifuged at 12,000g for 5 min

Figure 1B shows that the total chlorophyll content
steadily declined with the increase of Pb2+ in nutrient
growth. Moreover, the ratio of Chl a/b under Pb2+ treatment declined regularly with increasing Pb2+ level (Fig. 1C).
The changing trends of carotenoid contents in Lepidium
sativum leaves exposed to a range of Pb2+ concentrations
were similar to those of Chl a (Table 1), steadily being
reduced with increased Pb2+ concentration.
3.2. Effects of different concentrations of lead on protein
patterns from Lepidium sativum leaves

Changes of protein content in Lepidium sativum treated
with different concentrations of Pb2+ are shown in Fig. 1A.
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FIGURE 1 - Soluble Protein Fig.
(A), Total
Chlorophyll
(B) and
Chlorophyll
a/b ratio (C)
Lepidium
sativum leaves
subjected to various concentrations of Pb2+. Each value represents the mean ±SE of five replicates. Significant differences (P<0.05) between
2+ treatments according to LSD
(C) of Lepidium sativum subjected to various concentration of Pb . Each
test are shown by an asterisk.
value represents the mean ±SE of five replicates. Significant differences
(P<0.05)betw een treatments according to LSD test are show n by an
asterisk.

FIGURE 2 - SDS-PAGE (10%) shows the variation of protein pattern in leaves of Lepidium sativum treated with various concentrations of
Pb2+ (up to 600 mg L-1). Gels were scanned for their banding patterns. MW = molecular weight in kilo Dalton (kDa), M = protein marker.
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The loss in total protein was significantly notable within the various lead concentrations, compared with control.
For example, after 10 days of exposure, the loss under
Pb2+ treatment ranged from 12.90 to 6.10 mg g-1 DW
according to the concentrations used (100 and 600 ppm).
That means the exposure of Lepidium sativum to 100 ppm
Pb2+ for 10 days resulted in a slight decrease of protein
content ( about 10%) whereas the presence of 600 ppm
Pb2+ in growth medium resulted in a significant reduction
of protein content, reaching about 53% decrease relative to
control.
It is notable, from the electrophoretic protein pattern
that 100 and 200 ppm Pb2+ concentrations participate in
the induction of protein (61.4 KDa) which has not been
presented previously in control plants (plate 1). On the
other hand, treatment with higher concentrations of Pb2+
resulted in the disappearance of these polypeptides, prov-

ing that metal induced proteins with approximately the
same M.W. but with different amounts peculiar to metal concentrations. Some protein bands completely disappeared
after treatment of Lepidium leaves with certain concentrations of Pb2+. For example, plant treatment with 400 and
600 ppm Pb2+ causes disappearance of proteins (82.4 KDa
and 43.6 KDa) compared with control as shown in Fig. 2.
3.3. Effects of lead on antioxidant enzymes, H2O2 and MDA in
Lepidium sativum

The lowest Pb2+concentration (100 ppm) produced a
significant stimulation (25%) in POD activity (Fig. 3A).
This activity increased up to a maximum value of 1479 U
mg protein-1 min-1 when concentration of Pb2+ reached
400 ppm. However, the POD activity decreased significantly with the highest Pb2+ concentration (600 ppm), but
was still slightly higher than control (Fig. 3A).
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FIGURE 3 - Antioxidant enzyme
POD (A), SOD
(B) andactivities
CAT(C) ofPOD
Lepidium
leaves
subjected
to various
concentrations of
Fig. activities
(1): Antioxidant
enzymes
(A),sativum
SOD (B)
and
CAT (C)
of
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The presence of 200 ppm Pb 2+ in growth medium
stimulated SOD activity, and reached a maximum value of
198% more than the corresponding value of control (Fig.
3B). On the other hand, the highest lead concentration
(600 ppm Pb2+) resulted in a progressive SOD decrease
after 10-days exposure.
As the concentration of Pb2+ increased up to 400 ppm,
the CAT activity increased reaching a maximum of 105 U
mg protein-1 min-1. On the other hand, CAT activity decreased significantly with incrementing Pb2+ concentration, especially 600 ppm Pb2+(Fig. 3C).
The level of H2O2 in leaves of Pb-treated plants was
progressively, and significantly increased from 22% (exposure to 100 ppm Pb2+ )and reached 206 and 352% after
treatments with 400 and 600 ppm Pb2+, respectively, over
a period of 10 days compared with control (Fig. 4).
Similar increased pattern was observed with MDA
content and increment of lead concentration. Highly significant stimulation of MDA appeared after 10-days exposure
of Lepidium sativum to 600 ppm Pb2+ (276% relative to
control) (Fig.4).
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4.1. Effects of lead on soluble protein and photosynthetic
pigments

The present results clearly indicate that the presence
of lead ions brought about toxicity to Lepidium sativum
leaves, due to strong inhibitory effects on the contents of
soluble protein and photosynthetic pigments. It was reported that many heavy metals including Pb2+ resulted in a
significant inhibition of protein level in Brassica juncea L.
and root tips of barley seedlings [28-30]. Similarly, changes
in soluble protein content of Lepidium sativum leaves exhibited irreversible relationships with increased Pb2+ concentrations, where higher concentration of Pb2+ significantly reduced the soluble protein content more than lower
Pb2+ ones. This indicates that the rate of protein hydrolysis
was very much impaired under heavy metal treatments,
particularly at higher Pb2+ concentrations. The inability of
Lepidium sativum leaves to synthesize protein after lead
treatment may be due to acute oxidative stress induced by
excess Pb2+ in plant cells. The presence of various protein
bands which differ in migration position and bands’ in* tensity, proves the significant effect of Pb2+ on the protein
Control
content of leaves through induction of new stress protein
bands. This difference could be explained by the reduction in protein sets synthesized, during the experimental
period, may be due to the effect of Pb2+, or by partial protein degradation, and this is the initial cause of growth reduction under metal treatment.
The slight decrease of the photosynthetic pigments of
Lepidium sativum leaves treated with lower concentrations
of Pb2+, with regard to the significant inhibition of these
pigments with higher concentrations of lead (400 and
600 ppm), is indicating that lead could be a strong inhibitor of photosynthesis when present in excess [31]. The
loss in chlorophyll content could be due to peroxidation of
chloroplast membranes mediated or replacing magnesium
Control
in chlorophyll molecules by heavy metals [32, 33]. Numerous sites were identified as targets of lead action in
chloroplasts and, therefore, excess of Pb2+ ions may result
in decrease of the electron transfer rates, consequent to its
binding to the sites [5].
It has been reported by Nishihara et al. [34] that Pb2+
reduced the activity of δ-aminolevulinic acid dehydratase
enzyme. Thus, lead may inhibit the formation of chlorophyll by interfering with protochlorophyllide and the synthesis of aminolevulinic acid. Such effect may affect different steps of Calvin cycle, resulting in the inhibition of photosynthetic CO2 fixation. Also, lead could do great harm to
chloroplast envelope and thylakoid membrane via increased
production of free radicals [35].

*

6

0

4. DISCUSSION

400

600

Moreover, the degradation rate of Chl b under lead
stress, slower than that of Chl a and carotenoids, suggestFIGURE 4 - Hydrogen peroxide (H2O2) and malondialdehyde (MDA)
ing that the damage of lead on Chl a is greater than that
contents in Lepidium sativum leaves subjected to different concentraon Chl b. It is well-known that Chl a is one of the most
2+
tions of Pb . Each value represents the mean ±SE of five replicates.
Fig.
(3): Hydrogen peroxide (A) and MDA content (B) in important
Lepidium
sativum
center
pigments in photosynthesis and, thereSignificant differences (P<0.05) between treatments according to
2+
leaves
subjected
to
different
concentrationPb
concentrations
. Each
LSD test are shown by an asterisk.
fore, the decrease
of Chl a can inhibit the photosynthesis
value represents the mean ±SE of five replicates. Significant differences
(P<0.05)betw een treatments according to LSD test are show n by an
asterisk.
1876
Pb

2+

Treatments (ppm)

© by PSP Volume 20 – No 8. 2011

Fresenius Environmental Bulletin

greatly. Moreover, exposure of Lepidium sativum to higher
concentrations of Pb2+ resulted in a significant decrease of
carotenoid contents. Thereafter, Pb2+ suppressing the guard
role of carotenoids to protect chlorophyll and, consequently,
free radicals produced and resulted in the inhibition of
photosynthetic efficiency.

differentiate stress-tolerant and susceptible cultivars of
many crops and, in some cases, higher membrane stability
could be correlated with better performance [46, 47].

4.2. Effects of lead on antioxidant enzymes, H2O2 and MDA

The present study showed that Lepidium sativum
could tolerate low level lead stress (<400 ppm). Also, the
low-level toxic Pb2+ soil was quite efficient for Lepidium
sativum growth.

The activity of POD and CAT of Lepidium sativum
treated with lead mainly displayed biphasic responses due
to increased Pb2+ level. At low-level metal stress, leaves
could activate POD and CAT, which led to a strengthening of plants, to scavenge ROS responsible for lipid peroxidation [36]. However, the activities of both enzymes
decreased distinctly under too acute stress which overloaded the cellular defense system of plants [37]. Also, the
decline in the activities of POD and CAT with higher concentrations might be due to the formation of protein complexes with metals that change the structure integrity of proteins [38]. Lepidium sativum plants treated with 600 ppm
Pb2+, POD and CAT activities appeared to be inhibited, are
suggesting that lead was toxic to Lepidium sativum for the
reason that, at relatively high concentrations, the antioxidant system appeared to be in disorder.

5. CONCLUSION
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In the experiment, SOD activity under elevated lead
stress was steadily stimulated with increasing metal ions
level in medium up to 600 ppm. The results showed that,
under high metal stress, POD and CAT activities were inhibited, while SOD activity was stimulated, indicating that
those enzymes are located at different cellular sites, which
had different resistance to heavy metals. Thus, the deterioration of cellular system functions by high metal stress
might result in inhibition of enzyme activity [39, 40].
The current study with Lepidium sativum plant indicated that treatment with Pb2+ resulted in a general increase
in H2O2 level in the leaf tissue (Fig. 3A), and was concentration-dependent. Accumulation of H2O2 is a general stress
response, which has been observed in plants exposed to low
temperature, heat, pathogens, and chilling [41-43] as well
as after exposure of plants to excess levels of Cu2+ and
Cd2+ [9]. Furthermore, H2O2 can also be produced by a
number of non-enzymatic and enzymatic processes in cells,
such as SOD as well as CAT, which are responsible, respectively, for H2O2 production and its scavenging [44].
However, it should be noted that although H2O2 takes part
in several important functions of plant cells, control of its
build-up is essential to prevent oxidative damage to membranes and proteins [45].
The present result showed that increasing lead concentration increased the MDA content of Lepidium sativum leaves due to the enhancement of lipid peroxidation
(Fig. 4). MDA is the decomposition product of polyunsaturated fatty acids of biomembranes that increased under
high-level oxidative stress. Lepidum sativum plants treated
with Pb2+ were affected by the disruption of cell membranes stability, and resulted in the increment of MDA
content. The membrane stability has been widely used to
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ABSTRACT

1. INTRODUCTION

Sediment of eutrophic lakes was characterized by
higher organic matter (OM) content with chironomids
being the common species. Hence, effects of these two
factors and their interaction on sediment nutrient release
are of great ecological significance. These effects under
the underlying mechanisms were examined by laboratory
experiments using the sediment in a Chinese shallow lake
(Lake Tuanhu) in this study. The input of the OM (algal
detritus) brought about significant increases in concentrations of total, particulate and soluble reactive phosphorus
(SRP) and ammonia in overlying water within a similar
time span. These releases were largely depressed by aeration, but greatly enhanced with an additional involvement
of the larvae of Chironomus plumosus. Therefore, the OM
and chironomids acted in concert to promote nutrient releases, and the onset of anaerobic conditions was a common mechanism. Additionally, there existed a significant
relationship between the OM content and alkaline phosphatase activity (APA) in sediments suggesting the activated enzymatic hydrolysis to be another mechanism driving SRP release while APA remained unchanged with addition of chironomids. Noticeably, when the OM and chironomids larvae co-occurred, aeration provided the overlying
water with the highest concentrations of SRP and ammonia, which was followed by nitrite and nitrate at the
earlier incubation stage. Under the oxic conditions, the
larvae may excrete more SRP and ammonia with the latter
being gradually shifted along the pathway of nitrification.
Thus, for the recovery of eutrophic lakes with the sediments
enriched by OM and chironomids, aeration should be cautiously applied.
KEYWORDS: lake sediment, nitrogen, phosphorus, organic
matter, Chironomus plumosus larvae, aeration.
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Internal load of nutrients (both P and N) crucially determines the success of eutrophication management in
shallow lakes since nutrients retained in the sediments may
fuel elevated levels of algal production in the water for up
to several decades after reducing the external loads. Internal load is determined by the dynamic interactions of a large
number of biotic and abiotic processes. Sediment of eutrophic lakes was characterized by the enrichment of
OM. Biotically, enzymatic and bacterial decomposition of
easily degradable OM yielded large amounts of inorganic
nutrients. For example, in 8 Chinese shallow freshwater
lakes, the sediment alkaline phosphatase activity was significantly related not only to the OM content, but also to
the soluble reactive phosphorus (SRP) concentration in
interstitial water [1]. Additionally, the fate of the liberated nutrients was generally a function of some abiotic
factors, among which the redox conditions were most important and closely related to the OM decomposition as
well. Excessive oxygen consumption by the sediment
arose from the decomposition of deposited OM produced
during summer [2]. Ammonia and phosphate regeneration
during mineralization was much more extensive in sediments overlain by oxygen-depleted waters [3]. Under
anoxic conditions due to organic degradation, ammonia is
the first nutrient to be released, followed to a lesser extent
by P [4]. In addition, ammonia accumulation in the hypolimnion commenced with the onset of anoxic conditions,
but phosphate accumulation did not start until nitrate disappeared from bottom waters, approximately 6 weeks later in
Lake Mathews [5]. Thus, the OM decomposition served
as a key factor governing the releases of nitrogen and
phosphorus from sediment in terms of extent and sequence, which deserves further study. Furthermore, chironomids had direct and indirect effect on these processes. Firstly, they directly excrete nutrients [6]; secondly, as
a crucial factor governing nutrient cycling, the OM can be
directly consumed by chironomids [7]; thirdly, chironomids greatly altered the redox conditions, thereby indirectly modifying the extent and patterns of nutrient re-
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lease. For instance, chironomids respire oxygen. Presence
of chironomids caused an instant about 3-fold increase in
oxygen uptake and doubled the CO2 release relative to the
reference [8]. Additionally, they aerate the surface sediments and greatly intensify sediment-water interactions
by bio-irrigation [9]. In turn, the supply of food [10] and
oxygen [11] greatly affected their growth. Shortly, as an
important biological factor, chiro-nomids made the biological and abiological processes of nutrient cycling more
complex and dynamic. The interactions between the biological and abiological processes as affected by chironomids are inadequately studied. Specially, the information
about the effects of chironomids on the enzymatic pathway is almost lacking. Moreover, the linkage between
oxygen supply and nutrient excretion by chironomids
remained unclear.
In this study, using laboratory experiments, the algal detritus and the larvae of Chironomus plumosus were
added to the sediments in a Chinese shallow lake (Lake
Tuanhu), and the releasing patterns of nitrogen and phosphorus with different forms were detected along the incubation time. In the same time, the effects of aeration on
the nutrient release were investigated. The objectives of
this study were (1) to further describe the releasing pattern of ammonia and phosphate as affected by enrichment
of OM in sediments, (2) to better understand the role of
zoobenthos in sediment nutrient releasing, and (3) to test
the feasibility of aeration as an eco-technology for the
recovery of eutrophic shallow lakes.
2. MATERIALS AND METHODS
2.1. Lake description

Lake Donghu (114°23′E, 30°33′N) is on the alluvial
plain of the middle basin of the Changjiang (Yangtze)
River, on the northeastern of Wuhan City, China. The lake
itself is composed of several basins separated by artificial
dikes, with a total surface area of 28 km2. The lake was
generally 3-4 m in depth, and now, the average depth of
the lake is only 1.8 m [12]. Lake Tuanhu, one basin of Lake
Donghu, was the study area.
2.2. Sediment and chironomids preparation

Sediment sample was collected by Peterson grab in
Lake Tuanhu in June, 2008. It was taken to laboratory and
stored at 4 oC in darkness. Chironomids used for the experiments were collected from a site near Lake Tuanhu.
2.3. Experiment design

The sieved (2 mm) sediment was homogenized by
stirring to reduce depth variations in the chemistry and
reduce container to container variability. The homogenized
mud was poured into 15 containers (inner diameter 40 cm,
height 53 cm), with 10 cm sieved sediment layer (about
12.5 kg fresh sediment). Except reference (triplicate), 12.5
g air-dried algal detritus was added to each container and

homogenized by stirring. 40 L distilled water was added
through a siphon (about 30 cm overlying water). All of
the experimental containers were subdivided into five
groups according to the treatments and defined as follows:
000 (reference, without treatment); D0A (detritus, no chironomids, aeration); DCA (detritus, chironomids, aeration);
D00 (detritus, no chironomids, no aeration); DC0 (detritus, chironomids, no aeration). At day 0, Chironomus plumosus larvae (length of body: 16-18 mm), at densities of
1000 ind/m2 (125 chironomids), were introduced in treatments DCA and DC0. Surplus chironomids were kept to
supply pupated chironomids during the experiment. Aeration was conducted by air pumping with air stones in the
containers. Room temperature was controlled at about 20 oC.
Samplings were taken at intervals of 3 days. The sediment
data are given in Table 1.
TABLE 1 - The basic chemical parameters of the sediments used in
the laboratory experiments.
Sediment

OM (%)

TN (mg g-1)

TP (mg g-1)

Original
With
detritus

10.80±0.28

2.01±0

0.63±0.02

11.58±0.13

2.28±0.01

0.68±0.01

2.4. Chemical analysis

Dissolved oxygen (DO) concentrations at the sedimentwater interface were tested by iodimetry. Nitrate (NO3-) was
measured in an Ultrospec 3000 UV/VIS spectrophotometer
according to Standard Methods for the Examination of
Water and Wastewater [13]; nitrite (NO2-) was measured
using the diazotation procedure of Strickland and Parsons
[14]; ammonia (NH4+) was determined by the indophenolblue method of phenol [15]. Dissolved inorganic nitrogen
(DIN) was calculated as follows: DIN = NH4++ NO2-+ NO3.
The concentration of soluble reactive phosphorus (SRP)
was determined using the Murphy and Riley procedure [16].
Total phosphorus (TP) was determined following digestion
according to Golterman et al. [17]. Water sample was autoclaved at 122 oC for 30 min after K2S2O8 was added, and
then was determined according to Murphy and Riley [16].
Dissolved total phosphorus (DTP) was measured with the
same method as for TP, except that the water was filtered
with a 0.45-µm cellulose acetate membrane before being
autoclaved. Particulate phosphorus (PP) was calculated as
follows: PP = TP-DTP.
Alkaline phosphatase activity (APA) of sediment assays used the model substrate p-nitro-phenylphosphate
(pNPP), which is hydrolyzed at 37 oC by alkaline phosphatase to yield the product p-nitrophenol; with this system, enzyme activity is indicated by an increase in the
absorbance of light at 410 nm. The actual procedure followed that described by Sayler et al. [18]. Sediment samples were oven-dried at 60 oC for 2 days and ignited in a
muffle furnace at 550 oC for 3 h to determine the values
of ignition loss (LOI) [19]. Total nitrogen (TN) content in
sediments was determined using the semi-micro Kjeldahl
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method [20]. Total phosphorus (TP) content in sediments
was measured according to Bao [21].

.16

2.5. Statistical analysis

.14

3. RESULTS

.12
.10
TP (mg L-1)

One-way ANOVA and multiple comparison by Fisher’s
least significant differences (LSD) were used to determined
significant differences (p<0.05) (software: SPSS 13.0).

000
D0A
DCA
D00
DC0

(a)

.08
.06
.04

Addition of algal detritus significantly increased the
concentrations of TP and PP in overlying water (Fig. 1).
The concentrations of TP and PP in treatment D0A were
lower than those in treatment D00, and their concentrations
were close to the reference. The concentration of TP in
treatment DC0 was close to that in treatment DCA, being
obviously higher than those in other treatments (p<0.05;
Fig. 1a) while the concentration of PP in treatment DC0 was

.02
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-.02
.12

(b)

.10
.08
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No signs of burrowing activity were observed in containers without addition of chironomids. A few days after
chironomid addition, the overlying water in the treatments
of DCA and DC0 became turbid, while those in other
treatments remained clear in the course of the incubation.
During the incubation time, no pupation was observed in
treatment DC0. While in treatment DCA, a large number
of pupated chironomids was recorded on seventh to tenth
day, but then the number declined, and just several empty
pupae left at the water surface.
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FIGURE 1 - Temporal changes in the concentrations of TP (a) and
PP (b) in overlying water in the laboratory experiment (data represent means ± SE (n=3)).

significantly higher than that in treatment DCA (p<0.05;
Fig.1b). APA in the reference were the lowest during the
incubation (p<0.05; Fig. 2). There was no significant difference between APA in treatments with chironomids and
that without. Furthermore, APA values in treatments without aeration (except reference) were higher than in treatments aerated (p<0.05).
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FIGURE 2 - Temporal changes in sediment alkaline phosphatase
activity (APA) in the laboratory experiment (data represent means
± SE (n=3)).
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Compared to constant reference level (about 6.5 mg L-1),
DO concentrations in overlying water of the treatments
D00 and DC0 significantly decreased along the incubation
time, and a more marked decrease was observed for the
treatment DC0 (Fig. 3). Obviously, DO concentrations
reached higher values (about 8 mg L-1) with aeration in
both treatments.
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FIGURE 3 - Temporal changes of dissolved oxygen (DO) concentrations in overlying water in the laboratory experiment (data represent means ± SE (n=3)).

The addition of algal detritus caused an instant increase in ammonia and SRP release relative to reference,

and these increases were depressed by aeration (Figs. 4a
and 4b). Additional involvement of chironomids (treatment
DC0) caused more ammonia and SRP releases in overlying water (Figs. 4c and 4d). Moreover, when the algal
detritus and the chironomids were put into the sediment
together, the aeration (treatment DCA) yielded the highest
concentrations of SRP and ammonia among all the treatments at the earlier incubation stage (Figs. 4e and 4f).
The release patterns of inorganic nitrogen depended
on incubation time that could be divided into 3 phases
(Fig. 5). In the first phase (1-10 days), nitrite and nitrate
showed a similar trend, and their concentrations were
very low among all treatments. After the tenth day, they
increased in treatments with aeration. In treatment D00,
concentrations of nitrite and nitrate increased from day
16. During the incubation time, in treatment DC0, their
concentrations were similar to the level of the reference.
DIN concentrations in overlying water were very low
(less than 0.60 mg L-1) in the reference (Fig. 6). In the
earlier incubation time (1-16 days), treatment DCA gave
the highest DIN concentrations in overlying water among
all treatments. In the treatments without aeration (D00
and DC0), ammonia always was the main form of the
released DIN. The concentrations of different DIN species
in treatment with aeration were dependent on the incubation time. Ammonia, nitrite and nitrate dominated at the
earlier (1-10 days), middle (10-16 days) and later (1628 days) incubation stages, respectively.
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FIGURE 4 - Temporal changes of the concentrations of ammonia (NH4+) and soluble reactive phosphorus (SRP) in overlying water during
the experiment (data represent means ± SE (n=3)).
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FIGURE 5 - Temporal changes of the concentrations of NO2- (a) and
NO3- (b) in the overlying water during the experiment (data represent means ± SE (n=3)).

DISCUSSION
As main source of internal OM deposited, the algal
detritus greatly enhanced sediment phosphorus release. Its
addition to sediment brought about significant increases in
concentrations of TP and PP in overlying water, which was
further enhanced by an additional input of the chironomids
larvae (Fig. 1). Consistently, in our previous studies, PP in
the overlying water greatly increased with this larval addition
[9]. In three Sweden lakes, TP in overlying water increased
when larvae of chironomids were added into sediment. The
increased release of P after the addition of larvae may be a
result of a transport of P-rich interstitial water from subsurface sediment through the surface layer where P is normally adsorbed at high redox values [22]. What is more,
the increase in PP could be greatly depressed by aeration
(Fig. 1b). Rapid remineralization of particulate OP occurred
relative to particulate organic carbon and particulate inorganic phosphorus in oxic surface waters [23]. Therefore, in
sediments enriched by OM, zoobenthos can greatly promote the release of TP dominated by PP that can be rapidly
remineralized under oxic conditions in overlying water.
Among the DTP released, SRP is an important species because it is bioavailable. Obviously, the algal detritus enhanced sediment SRP release (Fig. 4b), which can

be firstly explained by the mechanism of enzymatic hydrolysis. With addition of the algal detritus, the sediment
APA significantly increased (Fig. 2). In conjunction, the
highest APA occurred at the beginning of summer during
the breakdown and degradation of the Peridinium
gatunense bloom in Lake Kinneret [24]. The accumulation
of OM in the sediment could be traced back to the breakdown of the algal spring bloom, which may stimulate
APA with higher kinetic efficiency [12]. Moreover, there
existed sig-nificantly positive relationships between OM
contents and APA in sediment of Chinese shallow lakes
[1]. So, OM can induce APA to hydrolyze OP compounds,
thereby enhancing the liberation of inorganic phosphate
from sediment. Noticeably, there was no significant
difference in APA between the treatments with and
without addition of chironomid larvae (Fig. 2). Therefore, the chironomids had little effect on the mechanism
of enzymatic hydrolysis.
Ammonia is another important bioavailable nutrient
species in lake ecosystems. Its fluctuation paralleled with
that of SRP in overlying water. In general, with the algal
detritus added, DO concentrations significantly decreased
(Fig. 3), coupled with significant increases in concentrations of SRP and ammonia, which were greatly depressed
by aeration (Figs. 4a and 4b). This phenomenon can be
explained in terms of the formation of anoxia. For example, the excess OM accumulates at depth, where its degradation by bacteria consumes oxygen, and the sediment surface may become anoxic [25]. In oxidised conditions, P is
sorbed to Fe(III) compounds, while in anoxia Fe(III) is
reduced to Fe(II) and subsequently both Fe and sorbed
phosphate returned into solution [26]. Furthermore, nitrogen has several inorganic forms, and ammonia is the first
breakdown product of organic nitrogen. This ammonia is
oxidized to nitrite and then to nitrate (nitrification) [27].
Under oxic conditions, ammonia release was negligible in
sediments from oligotrophic and mesotrophic sites, and
generally lower or reversed in sediments from eutrophic
sites. Sediments from all sites released ammonia under
anoxic conditions, and higher ammonia release rates in
eutrophic sites were observed [28]. Sediments under the
mussel farm had elevated organic carbon, oxygen consumption, and ammonia release rates indicative of the
additional organic input due to bivalve biodeposition [29].
Thus, oxygen deficiency is a common reason for the releases of ammonia and SRP. In addition to this mechanism, the enhanced APA that was the highest at the earlier
incubation stage (Fig. 2) also liberated SRP from sediment, properly leading to an earlier SRP peak in overlying
water than that of ammonia.
The involvement of chironomids further promoted the
releases of ammonia and SRP, induced by OM input into
sediment (Figs. 4c and 4d), which can be ascribed to the
intensification of anaerobic conditions and the nutrient
excretion by the larvae. Firstly, chironomids increased
sediment oxygen uptake relative to non-inhabited microcosms [8]. The chironomids` species used in our experiment led to not only higher oxygen consumption [30, 31]
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but also more sediment oxygen demand [9]. Secondly, excretion by benthic invertebrates could be an important source
of nutrients, especially of P [32]. The internal loads by
excretion from Chironomus larvae correspond to approximately 33% of the external loads of phosphorus, in the
case of nitrogen, to only 5%, in a small eutrophic urban
reservoir [33].
Taken together, chironomids had synergistic actions
with OM promoting the releases of TP, PP, SRP and
ammonia, with anoxia being one of the most important
major mechanisms behind these processes. Theoretically,
these releases must be effectively depressed by aeration.
It was true for the most situations. However, at the earlier
stage of the incubation (1-10 days), when the larvae were
present, the aeration did not inhabit the releases of ammonia and SRP, instead, it gave their highest concentrations
in the overlying water (Figs. 4e and 4f). The improvement
of anaerobic conditions by aeration may facilitate the growth
of chironomid larvae, thereby enhancing the excretion of
ammonia and phosphorus. In Lake Esrom, growth rate
and glycogen content of Chironomus anthracinus decreased
significantly as hypolimnetic oxygen deficiency increased
[11]. Phosphate excretion could account for virtually all of
the P released from aerobic sediments and must be considered to be an important mechanism for nutrient release into
the lake [6]. Chironomids enhance phosphorus release and
where abundant in the aerobic regions of lake sediments,
their activities may be expected to result in a significant
source of phosphorus to the epilimnetic region [34]. Fluxes
of N and P via chironomids excretion were greatest at the
oxic sites [35]. Hence, aeration had different effects. It relaxed anaerobic conditions, thereby inhibiting nutrient releases, but consequently, it created oxic conditions and
facilitated the chironomid larvae to provide more bioavailable nutrients, especially at their earlier growth stage.
In the incubation experiment, the concentrations of
nitrite and nitrate greatly fluctuated (Fig. 5), indicating the
synergistic effect of the chironomids and aeration. Under
the still conditions (treatment D00), nitrification still occurred in the latter incubation stage (16-28 days) even with
the addition of OM, as illustrated by the gradual increase
in the concentrations of nitrite and nitrate coupled with a
slight decrease in ammonia concentration (Figs. 5 and 4c).
Noticeably, with the additional input of the chironomids
(treatment DC0), this nitrification process was totally inhibited as evidenced by no increase in nitrite and nitrate
in overlying water relative to the reference (Fig. 5). So,
the involvement of the chironomids could strengthen the
anaerobic conditions, thereby preventing the shift of ammonia to nitrate via nitrite. Accordingly, without the involvement of the chironomids and under the oxic conditions provided by aeration (treatment D0A), the concentrations of nitrite and nitrate in overlying water significantly
increased in parallel (Fig. 5). Furthermore, along the incubation course such increases occurred on day 10, which
was far earlier than the treatments without aeration. Consistently, cycling of nitrate and ammonia was tightly and

significantly coupled under aerobic conditions. During
both aerobic phases, nitrate increased while ammonia decreased, likely as a re-sult of biological nitrification [36].
Overall, there is a sig-nificant increase in DIN concentrations when the sediment enriched by chironomids and OM
was aerated (treatment DCA), with ammonia dominating
firstly, followed by nitrite and nitrate (Fig. 6). This can be
explained in terms of the ammonia excretion by chironomids that was more active in its earlier growth stage,
and the enhanced nitrification under oxic condition. The
sediments of eutrophic lakes were characterized by higher
OM contents [1] and higher density of chironomids [37].
Hence, in the eutrophic lakes, sediment nutrient releases
may not be effectively in-hibited by aeration; instead, more
bio-available ones, specially ammonia and nitrate, could be
pulsed into water column.
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FIGURE 6 - Temporal changes of the concentrations of dissolved
inorganic nitrogen (DIN) in the overlying water during the experiment (data represent means ± SE (n=3)).

In conclusion, enrichment of OM resulted in releases
of P and N with different forms, among which the pulses
of ammonia and phosphate generally co-occurred, and they
were greatly enhanced with an additional input of the chironomids but significantly inhibited by aeration. Therefore, the chironomids and OM had a synergistic effect on
nutrient release, behind which the onset of anoxia acted as
a major mechanism. The OM input can also enhance APA
in the sediment, while this enzymatic mechanism to drive
P release was less affected by the involvement of chironomids. Furthermore, the aeration did not exclusively prevent the releases of ammonia and phosphate; instead, it
led to net increases in their concentrations, which may be
largely due to the enhanced nutrient excretion by the larvae
under oxic conditions, especially at the active growth stage.
Consequently, with some negative effects for controlling
lake eutrophication, it should be cautiously applied.
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THE EFFECTS OF TWO DIFFERENT Fe FORMS (Fe+2
AND Fe+3) AND ARTIFICIAL LIGAND EDTA ON THE
GROWTH OF SPIRULINA PLATENSIS (CYANOPHYTA)
Selin Sayin * and Sugle Doganay
Faculty of Aquaculture and Fisheries, Mustafa Kemal University, 31200 Iskenderun, Hatay, Turkey

ABSTRACT
This study aims to investigate the effects of two different Fe forms (Fe+2 and Fe+3) and different amounts of
EDTA on the growth parameters of Spirulina platensis.
During the experimental period (15 day), optical density,
pH, dry weight (g L-1), chlorophyll a (µg mL-1) and phycocyanin concentration (µg mL-1) were measured on daily
basis. The chlorophyll a amount of 18.30 µg mL-1 was determined for the group containing 0.3mM Fe+3 with EDTA
and 17.17 µg mL-1 chlorophyll a content was obtained
from the group containing 0.3mM Fe+2 with EDTA. Phycocyanin content was found 73.42 µg mL-1 for the group
containing 0.3mM Fe+2 with EDTA, 62.13 µg mL-1 for
control group, and 56.75 µg mL-1 was found for the group
containing 0.3mM Fe+3 with EDTA. According to these
results, Fe+3 and Fe+2 forms were found to be more effective in presence of EDTA on the growth of S.platensis.

KEYWORDS:
Spirulina platensis, phycocyanin, ligand, iron form

1. INTRODUCTION
Microalgae are the organisms capable of producing
valuable metabolites such as pigments, proteins and vitamins for feed additive, pharmaceutical and nutraceutical
purposes [1, 2]. The cultivation of Spirulina platensis is
particularly attractive because it contains high source of
phycocyanin. The protein fraction may contain up to 20%
of phycocyanin [3]. Certain physical, environmental factors
(available light, pH and temperature) and availability and
level of nutrients such as iron, nitrogen, phosphorus and are
required for growth (biomass production) and metabolism
(including protein biosynthesis) in Spirulina species [4].
The optimum requirement is the condition that best supports biomass production and protein biosynthesis.
* Corresponding author

Iron is an essential element for phytoplankton owing
to its importance in numerous metabolic processes. Bioavailability of iron depends upon every aspect of Fe chemistry (solubility, complexation, thermodynamics, kinetics of
ligand exchange) in addition to phytoplankton uptake
mechanisms and kinetics. There is still no conclusive agreement on describing and quantifying ‘‘bioavailable iron’’ [5].
Some of the operationally defined iron forms may have
strong correlations with bioavailability of iron to phytoplankton [6].
There are three possible mechanisms by which iron
transport to a cell may be increased as a result of adding a
strong chelating agent, such as EDTA-bound iron through
the cell membrane; by exchange of iron between the solution ligand and a binding group at the surface of the cell;
and by enhanced supply of iron to the cell surface compared to diffusion of unbound iron as a result of dissociation of the EDTA-Fe(III) complex at the cell surface [7].
Using EDTA provides for a more reproducible medium. Recent research on metal availability to phytoplanktonic especially focused on iron and iron limitation [5].
Most of the research has been performed in laboratory
cultures using a single species of phytoplankton in either a
synthetic medium or filtered natural sea water, where
EDTA had been added in order to buffer the metal chemistry [8]. EDTA has a fairly high affinity for transition
metals and was introduced as a trace metal buffering reagent for cultures by Hunter and Boyd, [9]. EDTA was used
in order to detoxify the medium with respect to high metal
concentrations and to obtain a constant and controlled
supply of iron. Another major advantage of adding EDTA
or other chelator is that it is possible to calculate and
manipulate the speciation and thus the ionic metal concentrations [10, 11].
Although iron uptake in synthetic culture media varies in proportion to the free ferric ion activity [8], inorganic iron species comprise an infinitesimal portion of dissolved iron in seawater. The bulk of iron speciation
instead is governed by complexation to organic ligands [12,
13]. It is the poorly understood effect these ligands have on
iron acquisition that has frustrated attempts to quantify the
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proportion of iron in a given seawater that is readily accessible to all or a portion of the phytoplankton assemblage.
The focus of these studies includes their biosorption
and their effects on growth, biomass, pH values changes,
pigments and OD in algae [14, 15]. But there is a lack of
data on the relationship between iron form and ligand
effect in algal culture which can provide direct evidence
for the effects of the iron forms and availability on growth
of algae. In the present study we intended to investigate
the effects of two different Fe forms (Fe+2 and Fe+3) and
of artificial ligand, EDTA (Ethylenediaminetetraacetate)
on the growth parameters of Spirulina platensis (Cyanophyta).
2. MATERIALS AND METHODS
Cyanobacteria Spirulina platensis-M2 obtained from
the Plankton Culture Laboratory at the Faculty of Fisheries, Mustafa Kemal University was used in this study. It was
grown at 26±2°C in Zarrouk’s medium [16] for 15 days
under white fluorescent light (90 µmol photon m-2 s-1)
with 24 h illumination. The medium was sterilized at
121°C for 30 min. All the chemicals were of analytical
grade. All the procedures were performed under aseptic
conditions using triplicates.
To examine the effect of metal form on the test organism (S. platensis-M2), Fe+3 (FeCI3.6H2O) and Fe+2
(FeSO4.7H2O) were added to the growth medium (Zarrouk’s medium) in calculated amount to obtain the final
concentration of 30mg L-1. Each treatment had to setup
series, with and without EDTA (Ethylenediaminetetraacetate) Stock solutions were prepared in trace metal free
distilled water (TMF-DW) [15]. Each test was carried out
in 5000 ml Polycarbonate (PC) bottles. PC culture carboys of 5 L were used for the experiments. The vessels
were cultivated in a little space of a special culture laboratory. They were covered with PE-sheets to create a dustfree environment, and maintained at the 18 ±2°C under
continuous elimination with fluorescent lights (Philips).
pH measurement were carried out daily with a WTW-330
pH meter (Wissenschaftlich-Technische Werkstätten, Germany), calibrated with WTW buffer solutions prior two
measurement. Samples from cultures bags were collected
using a peristaltic pump with an acid-washed during
15 days. The composition of the test mediums, initial pH
values and the chemical form of iron were used as shown
in Table 1.

During the experimental period, optical density, pH,
dry weight (g L-1), chlorophyll a (µg mL-1) and phycocyanin concentration (µg mL-1) were measured every day.
Chlorophyll a values was determined according to method
of Parson and Strickland [17]. The amounts of cellular chl a
were calculated using the highest cell abundance and chl a
values (chlorophyll-a concentration; µ gL-1) divided by
cell abundance (cell L-1) [18]. Optical density values were
obtained according to the procedure reported by Boussiba
and Vonshak [19]. The samples were measured at 680 nm
absorbents value with spectrophotometer. The sample
containing 10 ml algal suspension was filtered through a
filters 47 mm (diameter) (Whatman GF/C) that was dried
in a microwave oven (105°C in 8 min) and weighed prior
to filtration. The filter was put in a glass Petri dish in the
oven under the above conditions. After cooling the filter
in a dessicator (20 min.), it was weighed again [20]. Phycocyanin concentration (PC) was defined according to
Bennett and Bogorad [21]. Growth rates were determined
according to the following equation: µ= log (N1/N0) x
(3.322 /t), where N1 and N0 were the OD at the end and
beginning of the period of time (t) expressed in days [18].
In the present study we intended to investigate the effects of two different Fe forms (Fe+2 and Fe+3) and of artificial ligand, EDTA (Ethylenediaminetetraacetate) on the
growth parameters of Spirulina platensis (Cyanophyta). Due
to the fact that our aim was not to determine iron limitation,
we only studied high iron concentration and iron concentrations were not determined.
The SPSSX 10.0 packed program was used for statistical analysis. Mean values of the treatments were analysed
according to the randomized block experimental design
and compared by using multiple comparison Tukey’s test.
The means concerning the different treatments were compared at the level of 0.05. All experiments were carried out
in triplicate; the results were presented as average values
and the errors expressed as standard deviations (SD) with
respect to the mean values (SPSS ver. 15.0).
3. RESULTS AND DISCUSSION
The effects of different forms and amounts of iron
and ligand on OD, pH, dry weight (g L-1), chl a (µg mL-1),
phycocyanin concentration (µg mL-1) of S .platensis
cultures for 16 days are shown in Table 2.

TABLE 1 - The composition of test mediums.
Groups
1A
2A
3A
1B
2B
3B
C (Zarrouk Medium)

+2

Fe (mM)
0,3
0,3
0,3

Fe+3(mM)

EDTA(µM)
902,6
1353,9
902,6
1353,9
451,3

0,3
0,3
0,3
0,1
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Initial pH
9.65
9.64
9.65
9.67
9.66
9.67
9.71
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TABLE 2 - OD, pH, dry weight (g L-1), chl a (µg mL-1), phycocyanin concentration (µg mL-1) of S.platensis cultures in all treatments.
PARAMETERS
GROUPS
O. D
pH
Dry weight
Chl a
ab
ab
1A
1.26±0.070
9.93±0.008
2.17±0.202a
5.95±0.735a
2A
1.50±0.055bc
9.92±0.100a
2.30±0.057ab
7.57±0.157a
3A
1.70±0.073cd
10.03±0.015c
2.60±0.057bc
17.17±0.884c
1B
1.90±0.090d
10.00±0.011c
2.73±0.120c
18.30±1.330c
ab
ab
ab
2B
1.26±0.120
9.94±0.008
2.27±0.145
7.09±0.533a
3B
1.40±0.026ab
9.92±0.100a
2.27±0.145ab
7.07±0.282a
C
1.22±0.054a
9.96±0.006b
2.57±0.088abc
13.50±0.495b
1A: 0.3mM Fe+2 + 902.6µM EDTA; 2A: 0.3mM Fe+2 ; 3A: 0.3mM Fe+2 + 1353.9µM EDTA; 1B: 0.3mM Fe+3 +
902.6µM EDTA; 2B: 0.3mM Fe+3 ; 3B: 0.3mM Fe+3 + 1353.9µM EDTA; C: 0.1mM Fe+2 + 1353.9µM EDTA
p<0.05, there is a difference among the means, single- factor ANOVA.
same line denote significant differences (p<0.05).

Phycocyanin
19.58±5.917a
18.67±1.299a
73.42±8.982c
56.75±1.913b
20.75±2.065a
24.79±2.545a
62.13±3.826bc

x ± S.E. (mean± standard error), Values are means and different letters in the

3.1. Optical density (O.D)

The maximum optical density value (1.90 ± 0.090)
was observed for the cultures supplemented with 0.3mM
Fe(III) + EDTA (1B group). Analysis of variance of OD
between groups showed that all groups were significantly
different from each other and from the control group
(P<0.05). OD values ranged from 1.22±0.054 (control) to
1.90±0.090 (1B) (Figure 1).
The uptake strategies and bioavailability of Fe(II) and
Fe(III) by Spirulina platensis cells were studied both in
the presence and absence of the artificial organic chelator
EDTA. Maximum OD values measured during the experiment were reported to belong to Fe3+ added 1B group
(1.90±0.090) with EDTA and Fe 2+ added 3A group
(1.70±0.073) with EDTA. These results suggest that the
amounts and the chemical speciation of iron (Fe3+ and
Fe2+) was strongly affected by the amounts of EDTA. The
amount of EDTA observed during OD increase must have
had a strong impact on the iron forms and bioavailability
in Spirulina platensis cells.

Dissolved Fe are constantly complexed by strong organic ligands in the aquatic systems. Strong Fe-binding
ligands complex >99.9% of total dissolved Fe and can
dramatically increase the solubility of Fe in oxic waters,
allowing greatly elevated dissolved Fe concentrations [2223]. Furthermore, these strong Fe ligand complexes in
natural waters appear to be largely bioavailable to marine
phytoplankton [24].
3.2. Chlorophyll a and Phycocyanin concentrations

The highest chl a values (18.30±1.330 µg mL-1 and
17.17±0.884 µg mL-1) were detected in the groups with
EDTA (1B and 3A) (Table 2, Figure 2), showed that
EDTA is a determining factor for chl a synthesis but the
form of Fe is Fe+2 and Fe+3. Martin and Fitzwater [25]
pointed out that an increase in chl a amount can be observed in Fe added culture on the third day of the experiment.

FIGURE 1 - Optical Density (OD) values of S. platensis cultivations at diffferent condition.
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FIGURE 2 - Chl a contents (µg ml-1) of Spirulina platensis cultures measured on the experimental days.
.

FIGURE 3 - Phycocyanin concentration (µg/ml) for each group.

The phycocyanin content of S.platensis cultures was
measured daily and the results are presented in Figure 3.
In general the highest phycocyanin content (73.42±8.982
µg mL-1) was recorded in 3A groups. The least phycocyanin content (18.67±1.299 µg mL-1) was observed in 2A
groups (P<0.05) (Table 2).
Many investigations in the laboratory on freshwater
and oceanic phytoplankton demonstrated that iron limitation inhibited chlorophyll and phycobilin pigment biosynthesis. In addition, it decreased photosynthetic efficiency
and electron transport rate, and also restrained nitrate
assimilation [26-28].

Many researchers indicated that under iron-limitation
condition a large decrease in the amount of chl a is accompanied by structural alterations of the thylakoid membranes, and the number of iron-containing proteins within
the photosynthetic apparatus is reduced [29]. Xing et al.
[30] indicated that both treatment groups, 10 and 100 µM
(Fe3+), had high chl a contents. Moreover, the 100 µM
(Fe3+) treatment group had the highest chl a content . It
reached 4.8 mg/L. Our findings in both our present study
and in the previous one [15] showed an increase in chl a
content with an increase in iron amount.
In general, the dissolved Fe concentrations in the surface mixed layer were lower than those in mid-depth and
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deep waters and the values of Fe(III) solubility in the surface water, resulting from the active biological removal of
dissolved Fe [31, 32]. In addition, it has been reported that
Fe(III) solubility in the surface mixed layer is generally
high and variable, with the higher values sometimes corresponding to the depth of high chlorophyll a concentration [22, 31, 32], probably resulting from a higher concentration or stronger affinity of natural organic Fe(III) chelators, which may be released by some phytoplankton or
cyanobacteria [33, 34].
-1

3.3. Dry weight (g L )

The maximum dry weight values (2.73±0.120 g L-1
and 2.60±0.057 g L-1) were determined in cultures initially
enriched with 0.3mM Fe+3 (1B groups) and 0.3mM Fe+2
(3A groups) with EDTA, respectively. The lowest dry
weight value (2.17±0.202 g L-1 in 1A group) corresponded
to the cultures with 1B and 3A groups (Table 2) (p>0.05).
Jackson and Morgan [7] reported that the addition of
EDTA has affected the chemical form of iron and these
effects of speciation are determined in relation to phytoplankton growth.
In situ iron-enrichment experiments [35] and bottle incubations [36, 37] consistently show an increase in primary
production, phytoplankton biomass and nutrient uptake
after iron addition in the Southern Ocean.
If Fe(III) is initially present in a chelated form, the
conversion to precipitate will be slow and biological
availability can be controlled [7].
Rhyter and Kramer [38] tried to measure the iron requirements of phytoplankton clones grown in “F” media
without Fe-EDTA. When the addition of Fe-EDTA stimulated growth, they concluded that the added iron overcame a deficiency.
Recent studies of the Fe(III) hydroxide solubility in
seawater suggest that the Fe(III) solubility is controlled by
organic complexation [39-41] which subsequently, regulates dissolved iron concentrations in seawater [31-42].
This study revealed that, OD, dry weight and total chl
a concentration were generally higher in cultures grown
in Fe+3 with EDTA. These results suggest that the affinity
for the ferric ion is very large, causing EDTA to transfer
iron from a solid to a soluble form that is available to the
cell. Therefore ligands prevent Fe(III) from precipitating
as oxyhydroxides and enable Fe to remain dissolved above
concentrations determined by the solubility product [43].

used as a single criteria in following up the growth rate.
He also pointed out that pH values became higher during
phytoplankton bloom.
The results showed that in parallel with rise in growth
of Spirulina platensis, pH values of the culture medium.
This study also indicated that pH rose in accord with the
higher growth rate.
Conditions of high pH, high phytoplankton production,
and low oxygen conditions are characteristic of nutrientenriched systems and often are found in coastal waters or
enclosed bodies of water (lagoons, salt ponds, embayments,
etc.) which receive anthropogenic inputs such as sewage
effluent or agricultural runoff [45, 46].
4. CONCLUSION
Availability of Fe in seawater will be a function not
only of the total Fe input to surface waters, but also, and
perhaps more importantly, the relative availability of the
various forms of Fe introduced. Currently, little is known
about what proportion of total Fe in seawater (dissolved
and particulate inclusive) is biologically available.
The aim of the present study was to determine the effects of two different Fe forms (Fe+2 and Fe+3) and of artificial ligand, EDTA (Ethylenediaminetetraacetate) on the
growth parameters of Spirulina platensis (Cyanophyta). In
our experiment, the increase in the iron amounts and the
integration of different iron forms in to the cultures had
significant effect on growth parameter. In this regard, the
level of the nutrients, especially iron, must be strictly
controlled in highly productive systems, and added in the
medium at full concentration.
Findings of this study indicate that Fe+3+EDTA and
+2
Fe EDTA forms had relatively higher effect on the growth
of S.platensis. Accordingly, these Fe forms can be proposed for use in optimization of S.platensis cultures.

3.4. pH values

The maximum pH values (10.03±0.015 and 10.00±
0.011) were determined in cultures enriched with 0.3 mM
Fe+2 or 0.3 mM Fe+3, respectively (Table 2). Differences
were considered significant at P<0.05 when pH values were
compared.
Boyd [44] reported that in parallel with the rise in
growth rate of cultivated algae, pH values of the medium
increased, and so even the increase in pH value might be
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RESPONSE OF INTERNAL PHOSPHORUS
TRANSFORMATION IN LAKE SEDIMENTS
TO DIFFERENT SULFATE CONCENTRATIONS
Tan Yuan, Yu-mei Hua*, Duan-wei Zhu, Wen-bin Zhou and Jian-wei Zhao
Laboratory of Plant Nutrition and Ecological Environment Research, Huazhong Agricultural University, Wuhan 430070, P. R. China

ABSTRACT
A five week experiment was carried out to test the influence of different sulfate concentrations (CK and addition of 500 mg/L and 1000 mg/L) using sediments and
overlying water collected from Lake Nanhu in Wuhan,
China. The results showed that, in sediments, pH increased
and Eh decreased significantly (p < 0.01) in the first three
weeks. The variation of sulfate reduction bacteria (SRB)
amount increased initially and then fell, and had direct
relation with sulfate concentration in the pore water. High
sulfate concentrations led to a significant increase in total
phosphorus (TP) and soluble reactive phosphorus (SRP)
(p < 0.01) of the overlying water and pore water except for
TP concentration of the pore water. TP and labile organic
phosphorus (LOP) in sediments decreased significantly
compared with the control (P < 0.05) though no significant
difference was found in the other forms of phosphorus.

KEYWORDS: Sediments, sulfate reduction, sulfide, phosphorus,
organic phosphorus fraction

1. INTRODUCTION
Phosphorus availability is one of the most essential
factors for determining the water quality of lakes. The
sources of phosphorus are from both external and internal
substances and the latter refers to the sediments of watershed. In lakes where external loading has been reduced
substantially, internal phosphorus loading may act as the
main hindrance for the water quality improvement. Sediments play an important role in the phosphorus dynamics
of lakes [1-3]. A large amount of phosphorus in lake sediments can combine with redox-sensitive iron compounds or
fixed in labile organic forms and other forms [4]. Phosphorus is potentially mobile and may eventually be released to the overlying water in lakes. The release of phos* Corresponding author

phorus was influenced by many factors, i. e. hydraulic
action, oxidation-reduction potential, temperature, bioturbation and sediment type [5-8]. The redox-sensitive mobilization of phosphorus from the anoxic zone below the sediment-water interface is mainly considered important [1].
In the anoxic sediment, sulfate reduction has some influence on the chemical environment. Due to the interaction with iron and phosphorus cycling in the sediments,
sulfate reduction in lake sediments has received attention
in many studies [9-12]. In recent decades, sulfate concentrations in many lakes have increased drastically due to
increased anthropogenic sulfur deposition, including atmospheric inputs from fossil fuel burning, manufactured sulfate
minerals and fertilizers containing sulfate. Average sulfate
concentration in polluted surface water has risen from less
than 0.1 mmol/L to 0.5-3 mmol/L [13]. It is assumed that
rising sulfate concentration would increase the mobilization of phosphorus by indirect or internal eutrophication,
and some studies on lakes, marine systems and wetlands
confirmed this relation [4, 12-15].
Studies have demonstrated that organic phosphorus is
an important source of bio-available phosphorus through
mineralization. This implies that phosphorus can directly
mobilize from organic compounds via sulfate reduction.
Large amount of organic matter in lake sediments and the
anaerobic condition in the sediment-water interface provide suitable conditions for the proliferation of sulfate
reducing bacteria (SRB). SRB play an important role in the
mineralization of organic matter in marine sediments [16,
17]. SRB can assimilate organic matters causing fixed
phosphorus in organic matter to turn into SRB body contents. With the degradation of organic matter and changes
of sediment microenvironment, the release of organic phosphorus (OP) may take place. The input of sulfate is bound to
induce a series of biochemical reactions; moreover, characteristics of organic phosphorus fractions in sediment may
show some response to the sulfate. Bowman and Cole [18]
developed a scheme separating soil OP into four fractions:
labile organic phosphorus (LOP), moderately labile organic
phosphorus (MLOP), moderately resistant organic phosphorus (MROP) and highly resistant organic phosphorus
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(HROP). The speciation of organic phosphorus has been
revealed for lake sediments with Bowman and Cole’s
method, which facilitates the understanding of the variation of OP [19-21]. Lack of knowledge regarding the effect
of sulfate reduction on OP fractions complicates the prediction of the phosphorus mobilization.
The objective of our research was to investigate the influence of different exterior sulfate levels (total phosphorus
(TP), soluble reactive phosphorus (SRP) and OP on the
transformation of phosphorus. The characteristics of sulfate reduction were also studied to better explain the association with phosphorus mobilization in the sedimentwater system.
2. MATERIALS AND METHODS

The sediments used for the analysis were vacuum
freeze dried (Labconco, Free zone, -40 ℃). After the
digestion of the sediments with HClO4-H2SO4, TP was
measured by the molybdenum blue method. The contents
of OP in sediments were investigated using BowmanCole method [18]. It was evaluated in four pools: (1) LOP
was extracted with 0.5M NaHCO3 (pH = 8.5) and tested
after H2SO4-HClO4 digestion; (2) MLOP was extracted
with 1.0 mol/L H2SO4, and 0.5 M NaOH; (3) MROP /
fulvic acid-P; and (4) HROP and humic acid-P were extracted with 0.5 mol/L NaOH and tested after perchloric
acid digestion (fraction I). An aliquot of the 0.5 mol/L
NaOH extract was acidiﬁed with concentrated HCl to pH
= 1-1.8 and MROP was evaluated after HClO4 digestion
(fraction II). HROP was obtained by subtracting fraction
II from fraction I. All the P concentrations were determined by the molybdenum blue method.

2.1. Study area and sampling

Lake Nanhu has an area of about 5.50 km2 and mean
depth of 1.85-2.50 m and is located in Wuhan City, China.
The lake is seriously affected by eutrophication due to the
drainage of domestic wastewater. Sediment samples were
collected with a Petersen grasp sampler from Lake Nanhu
on 11 October 2009. Overlying water was collected
from the sediment location. Samples site positioned at
114°21′50″E and 30°28′28″N.
Three incubation experiments were set: Control group
(CK), the S500 overlying water group and S1000 group in
which 500 mg/L and 1000 mg/L of sulfate was added
respectively to the two last groups. The ratio of overlying
water to sediment is 7:5. The incubation experiments were
run in darkness at temperatures of 25 ℃ for 5 weeks. The
characteristics of the samples were determined once a week.
2.2. Chemical analysis

The pH and Eh at different depths were measured
with pHs-3C acidic meter and redox electrode in the overlying water and sediments of the treatments. The sediments were centrifuged at 4000 rpm for 10 min to get pore
water. The overlying water and pore water were filtered
through a 0.45 µm GF/C filter in order to analyze SRP.
The TP and SRP of the overlying water and pore water
were measured by the molybdenum blue method. The
SO42- of the overlying water and pore water was analyzed
by barium chromate spectrophotometry. The SRB in the
sediments were determined by the most-probable-number
(MPN) method [22].

3. RESULTS
3.1. Variation of pH and Eh in the sediments

The effect of enhanced sulfate concentration in the
overlying water on pH of sediments is shown in Figure1.
Sulfate added in the overlying water increased the pH of
the surface sediments significantly (p < 0.01), except in
the 5th week.
During the first two weeks, differences between upper and lower sediments were noticed. The pH of all the
three sediments at the depth of 1 cm and 2 cm were higher
than those at the deeper level 3 to 7 cm which were not
very different. However, the pH of the sulfate sediments
in the overlying water increased more and there was a
steep decline in value in pH in the S1000 in the 1st week
from 7.39 (2 cm depth) to 6.99 (3 cm depth), while the pH
of S500 experienced similar variation one week later.
The variation in pH showed a relatively steady pattern in the whole depth of the sediments after the 2nd
week. The pH rose to the highest level on the 3rd week
and was more pronounced at the depth of 1cm, which
were 7.28, 7.32 and 7.56 for the control, S500 and S1000
respectively. The average increase amount of pH for S1000
was twice that of S500. The pH of S500 and S1000 was
higher for the first four weeks and lower than the control
during the 5th week. The pH of all the sediments was
closer in the 5th week.

TABLE 1 - Overlying water and sediment physico-chemical properties of Lake Nanhu.
TP
Overlying water
Pore water
Sediment

3.1 mg/L
2.1 mg/L
1722.1 mg/kg

SRP
(mg/L)
2.1
1.2
-
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SO42(mg/L)
35.9
18.3
-

OM
(g/kg)
30.8

pH
7.4
7.1

Eh
(mV)
-168
-214
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FIGURE 1 - Depth profile of pH in the sediments

Figure 2 shows the vertical gradients of oxidationreduction potential of the three treatments. The sediments
were reductive (Eh < -100 mV) during the whole process
of investigation. The effect of sulfate reduction on Eh of
the sediments was significant in the first two weeks (p <
0.01). During the first two weeks, the Eh of each of the
three treatments at the same sediment depth showed a
decreasing trend, and the Eh of the sediments in the same
week were in the order CK > S500 > S1000.

The Eh for CK increased in the 3rd week, while Eh
for S500 and S1000 further decreased to the lowest level.
The drastic change was observed at 1 to 2 cm level, at the
depth of 1cm, Eh decreased from -168 mV in the 1st week
to -200 mV and -212 mV in the 3rd week and both were
lower than that of CK.
The Eh increased steadily after the 3rd week and was
different from the variation of the pH which was induced
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by the weakness of the sulfate reduction. Eh reached to
the highest level in the 5th week. The Eh for CK, S500
and S1000 were -140, -153 and -158 mV respectively at
the depth of 1cm. The higher the sulfate concentration in
the overlying water, the lower the Eh at the depth of 1 and
2 cm was in the 5th week.
3.2. Variation of sulfate concentration in the water and
amount of SRB in the sediments

The variation of sulfate is shown in Figure 3. The sulfate concentrations in the overlying water of the treatments kept declined by about 50 percent during the first

week (Figure 3a). However, the level of sulfate in CK was
low during the test period. In the last week, the sulfate
concentrations in the treatments S500 and S1000 were
20.7 % and 15.5 % respectively.
The increase of sulfate in the pore water was not in
accordance with the sulfate decline in the overlying water.
For example, in the 2nd week, the decrease in sulfate
concentration of S1000 was 594.9 mg/L in the overlying
water while its increase was 220.9 mg/L in the pore water
(Figure 3b). In the pore water, a significant increases of
sulfate concentration was observed during the 2nd week.
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FIGURE 2 - Depth profiles of Eh in the sediments
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25

and were 87.7, 190.3, 249.2 mg/L for CK, S500, and
S1000, respectively. This was 4 times more than that of
the 1st week and decreased rapidly after the 2nd week.

CK
S500

20

TP (mg/L)

The amount of SRB for the treatments S500 and S1000
was one magnitude higher compared to CK. It is worth
mentioning that a significant increase was observed in the
sulfate concentration of 1000 mg/L in the 2nd week. The
SRB in the sediments increased with enhanced sulfate
concentrations in the overlying water. There was a decline
after the increase in the first two weeks followed by a
decrease of sulfate concentration in the pore water for the
different treatments in the overlying water (Figure 4).
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FIGURE 5 - Changes of TP and SRP concentration in the overlying
water
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FIGURE 3 - Sulfate concentration in the overlying water (a) and the
pore water (b)
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FIGURE 6 - Changes of TP and SRP concentration in the pore
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3.3. Variation of TP and SRP in the water

80

TP and SRP concentrations of the overlying water increased initially, but fell sharply later in the incubation
period (Figure 5). Both TP and SRP of CK were significantly lower than that of S500 and S1000 during the incubation period (P < 0.01). The concentrations of TP and
SRP depended on the availability of sulfate in the pore
water which was in accordance with all the three treatments.
For S500 and S1000, the highest TP concentrations in the
overlying water were observed in the 3rd week, with
values of 17.4 and 19.1 mg/L respectively and the highest
SRP concentrations of the overlying water were 15.4 and
16.8 mg/L in the 2nd week.

a

70

a

LOP (mg/kg)

60

CK

a

S500
a

S1000

a

50

a

40

a

30

b

20

c

10
0
0

2

4

Week

a

Figure 6 showed the variation of TP and SRP in the
pore water. For the TP of the pore water, there was no significant difference between the treatments with exterior
sulfate and the control. But SRP of the pore water in the CK
was significantly low (P < 0.01). TP of S1000 (3.0 mg/L) in
pore water was highest in the 4th week. SRP concentration
of the CK in pore water was lower compared to S500 and
S1000. A maximum concentration of 2.2 mg/L was observed for S1000 in the 3rd week. It was observed that,
the higher the sulfate concentration in the overlying water, the higher the TP and SRP concentration both in the
overlying water and in the pore water.

700
600

MLOP (mg/kg)

500
400
300
200
100
0
0

2

4

Week

4

Week

4

Week

b

3.4. Change of TP and forms of organic phosphorus (OP) in
the sediments

140

TP content in sediments of CK was significantly higher
than S500 and S1000 over the incubation period (p < 0.05,
Table 2). The variation trend of TP in the sediments was
contrary to that of TP in the overlying water. In the 2nd
and 3rd weeks, a drop of TP in the sediments was observed in both S500 and S1000, and they decreased to the
lowest levels of 1692.0 and 1719.9 mg/kg respectively,
followed by an increase of TP content in S500 and S1000
after the 3rd week.

120

MROP (mg/kg)

100
80
60
40
20
0
0

TABLE 2 - Change of TP (mg/kg) in the sediments

2
c

Parameters
CK
S500
S1000
0
1722.1±18.0a
1722.1±18.0a
1722.1±18.0a
Week
1
1801.5±12.5a
1740.3±63.3a
1744.0±46.8a
2
1848.0±19.5A
1730.4±24.1B
1728.8±18.8B
3
1769.4±38.6a
1692.0±110.7a
1719.9±32.5a
4
1803.7±66.2a
1773.6±19.4a
1801.5±28.1a
5
1868.5±71.6a
1843.2±27.2a
1752.2±6.0a
The different capital letters in the same row indicate a significant difference (p<0.01) and lower case letters stand for a significant difference
(p<0.05) among the control group and the experimental groups.

300

HROP (mg/kg)

250
200
150
100
50

The response of OP formation in the sediments is
shown in Figure 7. The LOP content was significantly
influenced (P < 0.05), and strongly elevated sulfate concentrations led to the decrease of LOP. We noted that the LOP
concentration decreased with an increase of the sulfate
concentration in the incubation period. The result of LSD
multiple comparison showed that there was significant
difference (p < 0.05) in the LOP content in the 4th week.

0
0

2
d

FIGURE 7 - Concentrations (±SD) of organic phosphorus forms in
sediment over the incubation period (Using LSD method to test
significance level, a, b, c to represent significance level at 5%).
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The lowest level of LOP content was observed in the
4th week as compared to the maximum value which were
53.2 %, 65.1 % and 73.4 % for CK, S500 and S1000
respectively. The lowest content of LOP 15.7 mg/kg was
observed in S1000 in the 4th week and the decreased
amount was 43.2 mg/kg.
MLOP is an important component of organic phosphorus. Its contents in the sediments of S500 and S1000
were lower than that of the control group especially for
S500. However, there was no statistical difference between
sulfate concentration in the pore water and MLOP concentration. The ANOVA analysis showed no significant
difference in the MROP content of CK, S500 and S1000.
Though, MROP content of all experimental groups declined
sharply in the 2nd week, the largest decline in volume of
CK and S1000 were observed in the 4th week and in the
5th week for S500. At last, HROP content showed a general downward trend, and the largest decline in volume of
the three incubations was observed in the 4th week.
4. DISCUSSION
The sulfate would not remain stable in lakes [9, 12].
There are two main removal approaches of SO42- from the
overlying water. One is the disposition of the sediments
after being absorbed or assimilated by some plants and
animals [23]. The other is SRB-mediated sulfate reduction, which occurs in the sediments, producing S2- followed
by sulfide formation [24, 25]. In the anoxic sediment, sulfate is reduced to S2- by the respiratory metabolism of SRB,
and only a small part of S2- is reoxidized at the surface,
while most of the sulfide is trapped by precipitation with
metal ions present in the pore water or bound to positive
ions in the solid phase of sediments [16]. The SRB as anaerobe is influenced by factors such as dissolved oxygen,
temperature, pH, organic matter and sulfate. Lake Nanhu
sediments are rich in organic matters (23.9-30.8 %) as
analyzed in our research. The decomposition processes,
such as sulfate reduction, were hypothesized to be accelerated by enhanced sulfate concentration in the experiment.
The absorption of sulfate in the soil occurs in acid environment [16]. The pH in the incubation period was more
than 7, and therefore the absorbed sulfate was negligible.
It was observed that the addition of sulfate resulted in the
faster multiplication of SRB in comparison with the CK,
and this is in agreement with the initial assumption that
the sulfate reduction was accelerated by the availability of
sulfate.
Downward diffusion from the overlying water to the
sediments and reduction near the interface are key sulfate
scavenging mechanism in lakes [11]. Most of the sulfate
had disappeared mainly due to downward diffusion from
the overlying water to the sediments following reduction
or absorption in the 3rd week, when only 30.1 %, 25.3 %
and 19.2 % of sulfate of the initial level existed in the
overlying water. This means there needs to be a sulfate

amount balance between the overlying water and the
sediments. In this experiment, we investigated the level of
sulfate in the sediments through the sulfate concentration
in the pore water, which partly reflects the dissolved sulfate in sediments. We found that the sulfate concentrations in the pore water did not show an instant increase
despite the decrease of the sulfate in the overlying water,
and the value of the sulfate increase in the pore water was
less than the sulfate decrease in the overlying water. The
highest sulfate content was found in the pore water in the
2nd week which indicated that the sulfate diffusion under
a concentration gradient promoted the proliferation of sulfate and reduced the bacteria under anaerobic condition.
The concentration of sulfate in the pore water was not
enhanced but decreased after it reached the maximum in
the 2nd week in the three treatments because of the sulfate
reduction near the interface. The sulfate reduction was
limited by the lower sulfate concentration which is consistent to the findings of other researchers [26]. The SRB
was in accordance with the sulfate level in the pore water,
and reached the maximum amount during the whole period. Although the S1000 sediments had more sulfate than
the SRB substrate its amount of SRB was the same as that
of S500 in the first week. It was probably that the action
of SRB with higher concentration of sulfate produced
more H2S which inhibited the activity of SRB. Another
reason could be that more products influenced the reaction balance, and inhibited the direct reaction which accelerated the reverse reaction, inhibiting the continuous
rise of pH. Sulfate concentration in the pore water decreased rapidly after the 2nd week because of sulfate
reduction, and that might be the reason why the value of
the sulfate increase in the pore water was less than the
sulfate decrease in the overlying water.
We noted that the alkalinity of the sediments slightly
rose due to the sulfate reduction. Lower H+ concentrations
were due to sulfate-dependent alkalinity generation
caused by the removal of sulfide sediments. An overall
stoichiometry for sulfate reduction is represented as
(CH 2O)106(NH 3)16H 3PO 4+53SO 42-+14H +→106HCO 3+16NH4++HPO42-+53H2S [27].
pH could influence the activity of SRB. The appropriate pH for the growth of SRB is reported to be neutral
and the optimal pH is 7.0-7.8 [28]. The results showed that
pH was suitable for SRB growth and sulfate reduction
which affected the pH in turn. The pH of the sediments of
S500 and S1000 significantly rose (p < 0.01) because of
the sulfate reduction. Neutral pH was most suitable for the
growth of SRB. The SRB in the upper sediments combined with the sulfate which led to higher level of pH as
compared to those in deeper sediments. Therefore, an
increase of pH appeared at the depth of 1 cm and 2 cm for
the S1000 in the 1st week, while there was a lag for the
pH of S500 which showed an increase in the 2nd week
because the growth of SRB was slower than the S1000.
The SRB in the upper sediments had more opportunities
to contact sulfate from the overlying water, resulting in
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lower pH in the deeper sediments in the first three
weeks. The SRB showed the fastest growth in the 2nd
week, however, the variation of pH was not completely
consistent with the SRB variation, and it showed a delay
of one week. In the 3rd week, the pH rose to the highest,
and the high pH caused the H2S to convert to HS which
resulted to the toxicity of H2S and the growth of SRB decreased. After the 3rd week, the pH changed slowly due to
the decrease of the sulfate concentration which was induced by the sulfate reduction.
Eh is an important factor that has great influence on
sulfate reduction. In our research, sulfate caused a general
decrease of Eh in both treatments with sulfate input. SRB
only grow in reducing media with an Eh of -100 mV or
below [29], and the sulfate reduction process takes place
under negative potential environment. The Eh reached to
the lowest in the 3rd week and its decline in the 1 cm depth
was quite obvious. This suggested that there was more
sulfate reduction reaction in the surface of the sediments
because the SRB obtained the sulfate as substrate. The pH
reached the peak in the 3rd week. Eh of S500 and S1000
significantly declined (p < 0.01) because their pH increased
in the first three weeks when the sulfate reduction was
strong in the surface sediments (1 cm, 2 cm, 3 cm). Variation in Eh showed a contrary trend compared with the
variation in pH as described by Gomez et al. [30].
Sulfate-mediated P mobilization is the finding of several studies focusing mainly on rivers and wetlands [12,
13, 15]. Meanwhile, H2S increases the rate of P release
from the sediments due to the formation of iron sulfides,
resulting in the release of immobile phosphate and the
availability of phosphorus [31]. Our results confirmed the
dependence of P mobilization on sulfate reduction processes. Increasing sulfate concentrations led to a significant increase (p < 0.01) in TP and SRP concentrations of
the overlying water, and the highest response on sulfate-mediated phosphorus mobilization was observed at
the 1000 mg/L sulfate concentration. As for the S500
and S1000, the contents of TP in the sediments decreased
to lower levels in the 2nd and 3rd week which was in
accordance with the increase of TP concentrations in the
overlying water. Increasing sulfate concentration did not
only increase the magnitude of P release from sediments
but also increased the availability of P released from sediments into anoxic bottom waters. SRP represented the
dominant proportions of TP (44.2 - 96.1 %) in the overlying water and the highest proportion of TP was 94.2 % in
the pore water. This seemed to confirm that the sulfate
could motivate the transformation of phosphorus in the
sediments and makes it to be released into overlying water, which is in agreement with previous observation of
Zak et al. [12]. This outcome could probably be related to
the production of FeS which made the phosphate formerly
bound to the Fe2+ to be released to the overlying water.
TP and SRP concentrations were in accordance to the
enhanced sulfate concentrations in the overlying water
within the incubation period. In general, TP and SRP

concentrations in all the experimental groups were CK <
S500 < S1000. Un-like the response of TP and SRP in the
overlying water, the TP and SRP in the pore water did not
show a peak response.
Organic phosphorus content accounted for 31.9 - 46.1 %
of TP in the sediments. The organic fraction of phosphorus
was quite high due to the combination of inorganic P with
humic substances delivered by floods and other agents.
The organic phosphorus fractions in the sediments studied
were in the order of MLOP > MROP > HROP > LOP.
The results showed that the TP in the sediments with exterior sulfate in the overlying water was significantly lower
than the control group (p < 0.05) and LOP significantly
decreased (P < 0.05). There was no significant difference
found among the other forms of phosphorus. Sulfate
played a key role in organic phosphorus mobilization and
promoted the mineralization of LOP in lake sediments.
5. CONCLUSIONS
There were a series of responses to the added sulfate
in both sediments and overlying water. The reduction of
sulfate was the main reason for the variation of different
water parameters. The phosphorus in the sediment was
found to be sensitive against increasing sulfate concentrations. Phosphorus mobilization was observed particularly
in the 2nd and 3rd weeks, when a higher increase of phosphorus in the overlying water occurred in the treatments
with exterior sulfate than the control. However, the increase of phosphorus in the overlying water was not sustained throughout the experiment and it declined to the
initial level. Organic phosphorus had a great percentage of
TP in the sediments of Lake Nanhu, and rising sulfate concentration may promote the mineralization of LOP as an
active form of organic phosphorus. There is need to focus
on the effect of sulfate reduction on OP, particularly LOP
in sediments.
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ABSTRACT

1. INTRODUCTION

With its close proximity to Shengli Oilfield, China’s
second largest oilfield, the ecosystem of Yellow River
Delta Nature Reserve (YRDNR) is at high risk for crude
oil contamination. In this study, the total petroleum hydrocarbons (TPH) of soil and its ecological impact on
Salsola glauca Bunge (S. glauca) in YRDNR were studied by in-situ investigation and laboratory experiments to
study the petroleum pollution level of YRDNR and evaluate possibilities of S. glauca for potentially restoring oilcontaminated soil. Concentrations of TPH in the sediments
of YRDNR varied from 77.72 to 4850 mg/kg dry wt, indicating that the pollution level was relatively low or moderate compared to world-wide locations reported to be
chronically contaminated by oil. Oil pollution may exert
influence on the biological and ecological characteristics of
S. glauca, and the effect increased with the pollution level.
Furthermore, the seed germination time was significantly
delayed, and the final germination rate and seedling growth
can be restrained when the petroleum pollution concentration in soil was more than 20 g/kg. However, a certain
amount of crude oil may stimulate the growth of S. glauca.
Dissipation of TPH in the vegetated soils ranging from
25.2% to 43.6% indicated the potential of phytoremediation by S. glauca. These studies have proven that S. glauca
has a potential in phytoremediation of oil-contaminated soil
of YRDNR at present petroleum pollution level.

KEY WORDS Petroleum pollution, YRDNR, S. glauca, Ecological
Impact, Phytoremediation.

* Corresponding author

The Yellow River Delta Nature Reserve (YRDNR,
118°33′–119°20′E, 37°35′–38°12′N), established in 1992
and covering an area of 153 000 ha, is located at the
mouth of the Yellow River in the northeast of Shandong
Province, China. It is a national nature reserve for protection of newborn wetland ecosystem, and rare and endangered birds. Moreover, YRDNR is one site of the East Asia
birds’ migration network, a membership of East AsiaAustralia wading birds network, and also a biosphere reserve of China MAB. However, the second largest oil field
of China-Shengli oilfield is located here, which threats to
the ecosystem of YRDNR due to oil well blowouts, leaks
and spills from underground tank, pipelines and illegal disposals. Therefore, environmental remediation in this region
has considerable applied significance. Phytoremediation
may be especially useful in wetland environments because
it provides a less intrusive approach than conventionally
mechanical clean-up methods. Under petroleum-polluted
conditions, plants or plant associated microflora can convert hydrocarbons to nontoxic forms. However, the successful use of phytoremediation depends, in part, on identifying the petroleum hydrocarbon concentration that will
allow successful transplant establishment into the contaminated marsh sediment [1]. At present, the unique environmental condition in YRDNR has received great attention
for its environmental significance, ecological sensitivity and
potential development. However, most contaminant studies
are mainly focused on distributions of aromatic hydrocarbons in sediment and sources of identification aspects in
Yellow River Delta [2, 3], few studies on hydrocarbon
pollutants in soil were reported for YRDNR.
Phytoremediation, a strategy that uses plants to degrade, stabilize, and/or remove soil contaminants can be an
alternative green technology method for remediation of
hydrocarbon-contaminated soil [4, 5]. Different types of
plants have been found useful for phytotreatment of soil
contaminated by hydrocarbons. Application of native plants
or microorganisms for remediation of hydrocarbon con-
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tamination is valuable for locally specific climate and
ecological properties. As a matter of fact, S. glauca is not
only a typical protective and salinity-and-alkali resistant
plant, but also a pioneering species spreading from the
inland area to the coast one in YRDNR. Fortunately, S.
glauca can survive in some oil-contaminated areas of
YRDNR, which undoubtedly provides some good chances
for the restoration and transformation of oil polluted soil.
Nevertheless, information regarding tolerance of S. glauca
to crude oil is still lacking, but is essential for successful
restoration and remediation of oil-impacted habitats. During the seed germination process, plants are particularly
sensitive to environmental stresses [6].
At present, there are a few reports about the ecological impact of crude oil on S. glauca, especially the processes of seed germination. Furthermore, to our knowledge,
data describing the dose–response relationship and documenting the tolerance limits of S. glauca to petroleum oil
rarely exist. There is therefore an urgent need for research
on the problems associated with petroleum pollution and
its effects on the plant grown on it. Therefore, the objectives of the study were to: (1) analyze the level of petroleum contamination in sediments of YRDNR; (2) assess the
ecological impact of crude oil on S. glauca and determine
the tolerance limits of S. glauca to crude oil; and (3) evaluate of possibilities of S. glauca for potentially restoring
oil-contaminated habitats.

2. MATERIALS AND METHODS
2.1. Collection and analysis of soil samples

The sampling points in Experimental Area, Buffer Area
and Core Area of YRDNR, are illustrated in Fig. 1. The
samples were collected from top 0-20 cm using a Dutch
auger and bulked to form composite samples for analysis.
For S1, S2, S5, the samples were collected away from the
oil-well followed by 0.1, 20, 100 m, respectively, in order
to analyze the horizontal distribution of pollutant in different distance from the oil-well base. Bulked (600-1000 g)
composite surface soil samples from each sampling point
were put in a sterile polyethylene bag, flame-sealed and
transported to the laboratory for analysis. This research was
based on the traditional Soxhlet extraction method with
chloroform for 72 h and using the weight determination of
soil total hydrocarbon content (TPHs).
2.2. Field Study

In each sampling point, three 50cm×50cm quadrats
were set up randomly for surveying plant height, main
root length, basal diameter and leaf thickness. Moreover,
the aboveground biomass and the underground biomass
were also measured in the laboratory.
2.3. Seed germination and growth experiment

The seeds of the S. glauca collected from polluted areas of YRDNR were subjected to a germination test.
Petroleum, collected from Shengli Oilfield, was dissolved

FIGURE 1 -Map of the study area and sampling locations
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into petroleum ether. The polluted soils with petroleum
concentrations at 5 g/kg, 10 g/kg, 20 g/kg and 40 g/kg
were prepared by mixing the solution with soil. The clean
soil and soil mixed with petroleum ether were also set to
be as control groups. Six treatments totally were assigned
randomly to 18 plastic pots (10 cm in diameter, and 8 cm
in depth), and each treatment dealt with three replicated
pots with 30 seeds buried at a depth of 2 cm below surface. Every 3 days, seedlings were counted to determine
germination rate, and height and dry weight of seedlings
were examined 30 days later. This experiment was carried
out in a glass greenhouse (average daytime temperatures
about 20-28℃ and no supplemental illumination), and seeds
and the seedlings were watered appropriately. After 30 days’
bioremediation using seed-growing S. glauca, concentrations
of petroleum pollution were determined in the soil of experimental pots and compared with control concentrations.
3. RESULTS
3.1. Assessment of petroleum contamination

Petroleum hydrocarbon concentrations in sediments
are typically a few mg/kg in unpolluted coastal areas and
from 50 to >1,000 mg/kg in contaminated areas [7]. It has
been reported that the free hydrocarbon content in the
sediment of Yellow River Delta ranges from 10 to 440
mg/kg [2]. Results of hydrocarbon content determination
are shown in Table 1. The higher Total Petroleum Hydrocarbons (TPH) concentration was found at oilfield, which
might be a con-sequence of illegal discharge of petroleum
wastewater or crude oils. For example, the highest value
for the sludge samples occurred at S1 and S2, where a
small-scale oil spill accident had taken place. Compared
with this, the lower values were found at S7 in the Buffer
Area, S8 and S9 of Dawenliu Administrative Station
(DAS) in the Core Area, ranging from 77.72 to 170
mg/kg. In general, the concentrations of TPH in Experimental Area and Buffer Area were much lower than those
in Experimental Area. Moreover, TPH appears significant
descend trend outward from a center of oil-well (Table 1).

[8]. Except the sample from sludge samples that was significantly contaminated, the levels of TPH concentration in
YRDNR were relatively lower or moderate compared to
those at world-wide locations reported to be chronically
contaminated by oil, such as 0.05-779 mg/kg in the Gulf of
Oman [9], 60–646 mg/kg in highly contaminated sediments from Hong Kong’s Victoria Harbor [10] and 11–
6900 mg/kg along the oil-impacted coastline of Saudi
Arabia after the Gulf War [11].
3.2. Laboratory experiments on seed germination

Effect of petroleum pollution on seedling growth of
S. glauca was studied in greenhouse with the relatively
controlled conditions. Germination time and germination
rate were affected significantly at high petroleum concentrations (Fig. 2). The germination time was similar and
the final germination rate reached 100% at the end for the
5 g/kg treatment and the two control groups. Compared
with the former three treatments, seeds under the 10 g/kg
treatment germinated slightly slowly with a nearly equal
final germination. On the other hand, germination was
significantly delayed and the final germination rates were
much lower (p < 0.05) in the 20 g/kg and 40 g/kg treatments, and the effects of 40 g/kg concentration on germination were much greater than those of 20 g/kg (p < 0.05).
However, over half of seeds germinated at the end even
under the highest petroleum concentration of 40 g/kg.

TABLE 1 - Total petroleum hydrocarbon (mg/kg dry wt)
in surface sediment with different distance from oilwell
Station
Site
No. Distance from oil well (m)
S1
S2
Xintan
Experimental area
S3
Oilfield
S4
S5
Hongliu
S6
Oilfield
S7
Buffer area
S8
Core area
DAS
S9
-: Data deficiencies

TPH (mg/kg)
0
20
1780
360
4850
720
114.0
651.16
240
180
182.9
77.72
170
134.3
-

FIGURE 2 -Effects of petroleum pollution on germination percentage S. glauca. (P.E. indicating petroleum ether)

100
210
240
100
-

Whereas total hydrocarbon concentrations >500 mg/kg
are generally indicative of significant pollution, values
<10 mg/kg are considered to denote unpolluted sediments

Both dry weight (total biomass) and bud length were
taken 30 d after seeding. Neither biomass nor shoot height
(Figs. 3a and 3b) of seedlings of the treatments of 5 g/kg
and 10 g/kg oil were significant different from the two
controls. However, the biomass and shoot height of the
treatments of 20 g/kg and 40 g/kg oil were significant
(p<0.05) lower than those of the two controls. And the
effects of 40 g/kg concentration were much greater than
those of 20 g/kg (p < 0.05) on seedling growth in both dry
weight (Fig. 3-a) and bud length (Fig. 3-b).
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FIGURE 3 -Effects of petroleum pollution on seedling growth of S. glauca. (Bars indicate standard errors).

FIGURE 4 - Ecological impact of petroleum pollution on S. glauca in the ecological zone of YDR (Bars indicate standard errors)

3.3. Analysis in the field

Soil polluted with crude oil had an adverse effect on
the plant growth and the effects increased with increase in
level of pollution. Growth parameters included coverage,
height, root length, root biomass, leaf thickness, base diameter, and root/shoot ratio (R/S) (Fig.4). Concentrations of
the soil TPH decreased systematically from Xintan oilfield
to Hongliu and DAS (Table 1). From field observation, a
negative correlation was found between the coverage and
the TPH and a positive correlation between root length, root
biomass, leaf thickness, basal diameter and TPH (Fig. 4).
With hindsight, it is interesting to note that a certain amount
of crude oil could stimulate plant growth for root length,
root biomass, leaf thickness, base diameter. Generally speaking, R/S ratio smaller, the environmental conditions of
plant more favorable. It appears to be a positive correlation
between R/S and oil concentration, observed from the Fig 4.
It may be because that S. glauca from the hydrocarbon-contaminated soil has well developed root system in order to
absorb nutrients as much as possible in such poor condition.
3.4. Degradation rate of crude oil in the soil with S. glauca

A number of studies have indicated the potential of
phytoremediation for reducing the concentrations of petroleum hydrocarbons [1,4,5,12-14]. According to the result from the germination experiment, the petroleum would
not adversely affect the height of seedling of S. glauca in
the soil with oil concentration lower than 10 g/kg while

the petroleum would remarkably restrain it when the mass
fraction of oil-contaminated soil was at 20-40 g/kg. Thus,
the inhibited effect of crude oil on the ecology of S. glauca
could be limited in studied areas of YRDNR with TPH of
77.72-4850 mg/kg. It has been reported that the degradation rate of oil leaks in the soil with S. glauca is 21.7%37.9% higher than in the control soil [15]. Our results also
showed that phytoremediation with S. glauca reduced the
residual TPH concentration in the soil by 25.2% to 43.6%.
4. DISCUSSION
Petroleum pollution of soils is a major environmental
pollution in many countries. Serious risks can occur to
public health and the environment when the soil is polluted
by crude oil [16,17]. The concentrations of TPH show a
sharp decrease with soil layer and most TPH was limited
to the first 20 cm of soil. Various studies have reported
the adverse effect of crude oil pollution on germination of
seeds [18-21]. Crude oil in soil makes the soil condition
unsatisfactory for plant growth, due to the reduction in the
level of available plant nutrient or a rise in toxic levels of
certain elements such as iron and zinc [18,22].
A number of studies [1,22-24] have investigated the
effect of petroleum hydrocarbons on wetland plants, especially coastal salt marsh plants. Soil polluted with crude
oil had an adverse effect on the plant growth and the effect is proportional to the level or amount as well as the
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concentration of crude oil. In the present field experiment,
a negative correlation was found between the coverage
and the TPH. In the greenhouse experiment, petroleum
concentration in soil of lower 10 g/kg had no significant
effects on the final germination rate, the height and the
biomass of S. glauca (p >0.05), while more higher concentrations depressed significantly the seed germination
and the seedling growth (p<0.05). The highest level of
pollution 40 g/kg crude oil soil resulted in the least
growth. The oil contaminated soils becomes compact, resulting in reduced aeration, poor wettability and increased
amounts of toxic substances, which reduce germination.
From field observation, a positive correlation was found
between root length, root biomass, leaf thickness, basal
diameter and the level of petroleum pollution, which indicates that the growth of plants may be improved by low
stresses. The results agree with previous studies [20,26],
even though they experimented on different plant species.
Crude oil can exert acute or chronic toxicity or both
on soil properties and S. glauca. However, petroleum
hydrocarbon utilizers can tolerate oil contaminated environments because they may possess the capacity to utilize
oil as energy sources. In this study, the seed of S. glauca
collected from oilfield could be more adaptive to oil pollution than that of S. glauca inhabited in unpolluted environment. Furthermore, the concentration of crude oil significantly inhibited the germination and growth of S.
glauca. obtained from indoor simulation tests was higher
than that from the field. The difference could be explained
by their different abilities to tolerate the degree of pollution under different conditions. In contrast to the stable
and suitable growth conditions in simulation experiment,
the abiotic stresses, such as drought and cold, could exert
severe influences on growth and development of plant of
the wind.
Plant can adjust morphological structure to enhance
it’s ability of ecological adaptation under the heavy metals stresses [27], drought habitats [28], ultraviolet radiation stress [29]. For example, with increasing of content
rations of Zn and Cr, the biomass of rice plant had a trend
to reduce, but the ratio of R/S had an increasing trend
[27]. The results from field experiment showed that S.
glauca in the oil polluted area had longer root length, increasing root shoot ratio, thicker basal diameter and leaves,
within certain range of concentrations, which may also be
due to the self-protecting and self-adjusting mechanisms.

5. CONCLUSION
Except the sludge samples that were significantly contaminated, the pollution levels in YRDNR were relatively
low or moderate compared to those at world-wide locations reported to be chronically contaminated by oil. Furthermore, TPH in Core Area and Buffer area of YRDNR
were much lower than that of Experimental Area.
The field and laboratory studies demonstrated that oil
pollution may exert influence on the biological and ecological characteristics of S. glauca, and the effects increased with the pollution level. Oil concentration in the
sediment is an important factor controlling the successful
transplantation of the coastal salt marsh plant, S. glauca.,
in oil-contaminated wetlands. Seedlings in soils treated
with pollution levels of less than 10 g/kg of soil were not
affected. However, crude oil may have an adverse effect on
the germination and growth of S. glauca when pollution
level is higher than 10 g/kg. On the other hand, a certain
amount of crude oil can stimulate plant growth for root
length, root biomass, leaf thickness, base diameter. Furthermore, S. glauca had strong adaptability to oil pollution
and may be well use for bioremediation of oil-contaminated
soil. S. glauca may grow very well in soil with certain
degree of petroleum contamination and the residue oil in
sediment can gradually degraded, indicating the potential
of using native dominant salt marsh plant S. glauca for
restoration and remediation of oil-contaminated wetlands
in YRDNR.
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Phytoremediation of petroleum pollution is a costeffective green technology. As mentioned above, the
petroleum pollution level of YRDNR is lower than that of
S. glauca can survive. Our results are in accordance with
the results of an earlier study that showed several legumes
and graminoids were found in the petroleum-polluted
soils with about 5% pollution [30,31]. It means the potential for simultaneous restoration and remediation by transplanting dominant native salt marsh plants, like S. glauca.,
into oil-contaminated wetlands.
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ABSTRACT
Soil erosion is a global problem, with severe consequences for the environment, human society and economy.
In most cases, this process is caused by natural forces, but
some human activities also contribute to soil erosion. The
USLE is an erosion model which estimates average soil
loss that would generally result from splash, sheet and rill
erosion. Use of USLE has been extended as a useful tool
for predicting soil losses and planning control practices by
the effective integration of GIS-based procedures for estimation of factor values on a grid cell basis. In this paper, as
a result of GIS layers-overlapping is a map of soil erosion
for the study area of Republic of Srpska, and estimation
soil erosion rate. The results will be taken into consideration during analysis of choosing the simple and efficient
erosion prediction model for agricultural resources management and land planning which would be used in Republic of Srpska. We obtained an average of 5.13 t/ha/year
of potential erosion in the study area, and 52.46 % of the
territory had an erosion rate of <2 t/ha/year. The estimations of soil loss of >15 t/ha/year are inherent in 7.28 % of
the study area. The basic objective of this paper was to
provide a regionalisation of the territory of Republic of
Srpska according to the level of the soil erosion risk. This
is the first version of the soil erosion risk map with the
USLE methodology in Republic of Srpska.

Srpska, the intensities of erosion processes were estimated
on the basis of Erosion Potential Method [3], still in use in
all countries originating from the former Yugoslavia. The
computational and data requirements for such models are
usually lower than for conceptual and physically based
models, and empirical models are often criticized [4].
In practice, the Universal Soil Loss Equation (USLE)
has been the most widely used model for soil loss prediction. Indeed, it was initially developed for usage in agricultural context [5, 6]. Recently, the USLE has been successfully used at national, regional and watershed level [7,
8]. Using USLE for a greater scale than the field scale requires the usage of GIS-based procedures to determine the
factor values for predicting soil erosion in a grid cell [9].
When used in conjunction with raster-based GIS, the
USLE model can isolate locations of erosion on a cell by
cell basis, determine the role of individual variables on the
rate of erosion, and identify the spatial patterns of soil loss
within a watershed [10]. This method is the most effective
way to predict soil erosion processes and their effect by
using GIS, but USLE is limited to estimating gross erosion rates, deposition along hill slopes, depressions, valleys or in river channels.
The study presented here is the first version of the
soil erosion map with USLE methodology in Republic of
Srpska. This analysis is especially important as an attempt
to categorize countries according to their levels of soil
erosion risk and natural hazards [11-13].

KEYWORDS:
Soil erosion, erosion potential, USLE, GIS, mapping.

2. MATERIALS AND METHODS
2.1. Study area

1. INTRODUCTION
Soil erosion is a global problem with severe consequences for the environment, soil degradation, water quality [1], agricultural production, and human sustainability [2].
Many models for soil erosion estimation have been developed, and empirical models are still widely applied in
many countries. In a previous research in the Republic of
* Corresponding author

The Republic of Srpska is a political and territorial
subject (Entity) of the internationally recognized state of
Bosnia and Herzegovina. The study area is located in
South-East of Europe within a location of 42°33'19" and
45°16' 34" N and 16°11'06" and 19°37'44" E; its area is
25,053 km 2 , having around 1400000 inhabitants. The
whole area of Republic of Srpska belongs to the large morphologic clusters: Panonic region, Mountain – valley region and Adriatic region. The terrain is ranging from 80
to 2368 m above sea-level.

1913

© by PSP Volume 20 – No 8. 2011

Fresenius Environmental Bulletin

FIGURE 1 - Location of study area (Republic of Srpska-Bosnia and Herzegovina).

The climate in the north of the Republic of Srpska
(Panonic region) has the characteristics of moderate continental climate with an average annual temperature
above 10 °C and rainfall of 700–1500 mm, mountainousdepression area has the features of mountainous and parish climate with average annual temperature <10 °C and
rainfall varying between 700–1000 mm, while the southern part of Republic of Srpska has been under firm influence of modified Adriatic climate with average annual
temperature of 11-14 °C and rainfall of 1400–1900 mm.
The dominant lands in the Panonic region are
Planosols - pseudogley, Fluvisols, Gleysols - dystric, eutric and mollic ones. Mountainous area and hilly terrain are
characterized by the presence of: Luvisols - chromic luvisols, Cambisols - eutric cambisols, Rendzinas and Vertisols, while mountain–valley region has been characterized by the dominance of Rendzinas and Regosols.
The region of the Outer Dinarides, called Adriatic region, has been characterized by several different types of
land of which the most dominant are Rendzinas, Regosols,
Rankers, Cambisols - chromic cambisols, Fluvisols in the
river valleys, as well as Gleysols - eutric and mollic ones
in the karst field.
The vegetation area of Republic of Srpska is characterized by a great diversity, the northern part along the Sava
river and its tributaries is characterized by vegetation of
oaks, occasionally interrupted by forests of oak and hornbeam. Forests of oak, hornbeam and beech of the subalpine belt are located in the mountainous-depression area.
However, a substantial part of this as well as mountainous

area has been characterized by mixed forest communities
of beech, fir and spruce. A narrow strip of the upper Drina
and lower Herzegovina is characterized by vegetation of
oak and black ash. Within the forest vegetation areas, considerable surfaces are covered by grass vegetation representing meadows and pastures.
2.2. Methods

The Universal Soil Loss Equation was developed by
Wischmeier and Smith [5] to estimate the average annual
soil loss occurring over an area. The USLE computes soil
erosion as the product of 6 factors representing rainfall
erosivity (R), soil erodibility (K), slope length an slope
steepness (LS), cover management practice (C), and support
conservation practices (P): A = R * K * LS * C * P [14].
In the original formulation of the USLE [5], the R factor was calculated as the product of the total kinetic energy of the storm (E), and its maximum 30 min-intensity
(I30). The need of very specific data often makes the calculation of R, according to its original formulation, impossible; in this case, simplified methods must be applied. The
USLE rainfall erosivity factor (R) in the presented study is
based on the modified Fournier Index (F), which takes into
account average monthly and annual rainfall data [15]:
12

F =∑
i =1

pi2
P

(1)

where, pi is the monthly precipitation for month i
(mm), and P annual precipitation (mm).
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Different authors have proposed different ways to retrieve R from F, but each method has been optimized for a
certain theory, and one cannot guarantee it would be appropriate for any other area. Wishing to choose the best
method for this study, we have tested several known
methods [15-18] and decided, based on available data, to
choose Arnoldus - exponential method. Approximate R
equations in this method are summarized as follows:

R = 0.302 ⋅ F 1.93

(2)

USLE-LS factor was computed using the interaction
between topography and flow accumulation. To incorporate the impact of flow convergence, the hillslope length
factor was replaced by upsloping contributing area-F [2123]. The slope length factor and slope degree factors are
typically combined together and defined as the topographic
factor [24, 28, 29], which is the function of both the slope
and length of the land. In modeling soil erosion in GIS, it
is common to calculate the LS combination using a formula:

For the computing of R factor, we use the data of 20
weather stations from National Meteorological Service
spread across the study area [19]. These data are adequate
for making a precise interpolation in the spatial distribution of the R factor in the study area.
The K factor measures soil susceptibility to rill and
inter-rill erosion. According to the original USLE model,
K is obtained from Wischmeier´s nomograph, or using
equations that take into account: percent of silt, sand,
clay, organic matter, and two important parameters, structure and permeability [5, 20]. The soil erodibility (K) is
the rate of soil loss per unit of rainfall erosivity factor for
a specified soil. It is based on 5 soil parameters. There are
percentage of silt, percentage of sand, organic matter
content (OM), soil structure (S), and permeability (P) of
the soil profile.
The USLE K factor can be defined by using the following equation:
K = 2.1(10-6 (12-OM)M1.14+0.0325(S-2)+0.025(P-3) (3)
where M = (% silt + % sand) (100 % clay).
To determine K factor, SOTER database was used in
this study, developed within the project Land Use / Land
Cover 2000 Bosnia and Herzegovina - FAO. Based on
these data, K factor was calculated by using tables of K
factors (ERCOMP program-FAO), where K factor is
determined by texture classes, organic matter content, soil
structure code and soil permeability rating. The percentages of clay, silt, sand and organic matters were determined for each major soil type which is in the SOTER
database.
TABLE 1 - Determination of K-factor.
Texture classes
Sand (S)
Fine Sand (S)
Sand loam (SL)
Loam Sand (LS)
Loam (L)
Silty loam (SIL)
Silty (SI)
Loam Sand Clay (LSC)
Clay Loam (CL)
Silty Clay Loam (SICL)
Clay Sand (CS)
Silty Clay (SC)
Clay (C)

% Organic mater
<0,5%
2%
4%
0.007
0.004
0.003
0.021
0.018
0.013
0.015
0.013
0.011
0.035
0.031
0.025
0.050
0.045
0.038
0.063
0.055
0.043
0.079
0.068
0.055
0.036
0.033
0.028
0.037
0.033
0.028
0.049
0.042
0.034
0.018
0.017
0.016
0.033
0.030
0.025
0.038
0.028
0.017

0.4

⎛ Fa ⋅ Cs ⎞ ⎡ ⎛ s ⎞⎤
LS = ⎜
⎟ ⋅ ⎢sin ⎜
⎟⎥
⎝ 22.13 ⎠ ⎣ ⎝ 0.0896 ⎠⎦

1.3

(4)

where, the slope length is estimated from flow accumulation (Fa), which is the number of cells contributing
to flow into a given cell. Cell size (Cs) and slope (s) is the
slope steepness of the cells used for the grid-based representation of the landscape-digital elevation model (DEM).
In this study, it was necessary to define maximal length of
land, where we shall look at potential erosion. According
to our analysis, it was agreed that this length should be
100 m. Therefore, for our digital elevation model of 20 m
cell size, a maximum value for flow accumulation will be
presented in 5 cells. The procedure of calculation of LS
factor is based on creating several GIS layers, using the
tools of ArcHydro extension within ArcGIS environment
[25, 28].
Crop management factor depends on vegetation cover, which dissipates the kinetic energy of the raindrops
before impacting the soil surfaces. C-factor was determined in two steps. First, the land-use type was derived
from CORINE land-cover database. In the second step,
the values of C-factor have been attributed to all the occurring land-use types (Table 2) according to the values
cited in literature [26].
TABLE 2 - CORINE land-use code and corresponding C-factor.
Land-use
Code
141
142
211
221
223
231
241
242
243
311
312
313
321
322
324
331
332
333
334
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Description
Green urban areas
Sport and leisure facilities
Non - irrigated arable land
Vineyards
Olive groves
Pastures
Annual crops associated with permanent crops
Complex cultivation patterns
Land principally occupied by agriculture with
significant areas of natural vegetation
Broad - leaved forest
Coniferous forest
Mixed forest
Natural grassland
Moors and hetahland
Transitional woodland scrubs
Beaches, dunes, sand plains
Bare rock
Sparsely vegetated areas
Burnt areas

C factor
0.005
0.005
0.45
0.1
0.1
0.02
0.12
0.12
0.12
0.004
0.004
0.004
0.05
0.05
0.007
0.3
1
0.3
0.3
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FIGURE 2 - USLE flowchart.

For purposes of this study, the satellite image, the Indian Remote Sensing Satellite (IRS), was ordered with a
resolution of 25 m (in 2010.). Based on the data from this
satellite image, changes in CORINE database [27] have
been made for the area of Republic of Srpska, and then Cfactors were defined.
P factor is the conservation practice factor, which is
the ratio of the soil loss from a field, of a given conservation support practice relative to that with straight row
farming up and downhill. Due to this fact, there were no
erosion control practices in the territory of Republic of
Srpska, P factor was assumed as a unit value P = 1.
In this study, GIS was successfully integrated with
USLE model aiming to determine the boundaries of areas
with high erosion potential, but also to define areas, where
conservation measures would have an important role in
protecting soil from erosion. Finally, a map of annual soil
loss, showing potential soil erosion, was made using
USLE, and integrating layers of R, K, LS, and C with
ArcGIS software.
A GIS provides an important spatial and analytical
function, performing the time-consuming geo-referencing
and spatial overlays to develop the model input data at
various spatial scales. In this study, the five potential erosion categories were adopted.
TABLE 3 - Derivation of the ordinal
categories of soil erosion potential.
Erosion Category
1
2
3
4
5

Numeric Range
(t/ha/year)
0-2
2 - 10
10 - 15
15 - 50
> 50

Erosion potential
Very Low
Low
Moderate
High
Very high

3. RESULTS AND DISCUSSION
In the research area, R factor values were within the
range of factor changes between 826-4934 MJ⋅mm⋅ha-1⋅h-1⋅
year-1. In this case, an interpolation function was used to
spatially distribute the R factor for the areas between the
point. The resulting layer displays a gradient-type distribution (Fig. 3-a). The R values are lowest within the Panonic
region, whereas mountainous–valley region has high values, and the highest values are in Adriatic region.
When compared to the USLE-R values mapped for
Europe [7] which were 0<USLE-R<900 MJ mm ha-1h-1
year-1, it can be concluded that R factor in the research
area is mostly within these mapped values. High values
are detected only in the southern part of Srpska which has
highest monthly and annual precipitation. Hence, these values show very high erosion potential, given into account
the context of the values mapped for Europe. However, it
should be noted that erosion potential of this factor and its
geographical distribution fluctuate due to pluviometric
regime in Republic of Srpska.
Soil erodibility-K factor values were within the range of
factor changes between 0.009-0.061 t⋅ha⋅h⋅ha-1⋅MJ-1⋅mm-1.
The map (Fig. 3-b) indicates that higher values of the K
factor were measured in the north, and lower in the southern part of study area. This can be explained by the texture classes, or by the percentage of sand in the soil. Soil
with high percentage of sand has more sensitivity to erosion. In the part of study area, soil texture is mainly composed by the above-mentioned materials and, therefore,
the values for the K factors are higher. The southern part
of the research area is largely composed by different materials (dominantly rendzinas, regosols and rankers) which
have different characteristics and mechanical composition.
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FIGURE 3 - a) R-factor (left), b) K-factor (right).

USLE-LS factor was calculated by Eq. (4) using digital elevation model (DEM) of Republic of Srpska territory
with 20-m cell size resolution. The LS factor values were
within the range of factor changes between 0-40, with an
average of 4.94 in the research area (Fig. 4-a). The values
<5 correspond mostly to plain areas, while high values
correspond to the mountains regions. Geographical variability analysis for this factor shows that low values are
characteristically for the northern Panonic region communicating with foremost morphology of this part of
Republika Srpska. Mountain-valley region has average to
high values of this factor, especially in the region of highest mountains. Adriatic region has low values of LS factor
in the plain areas and in karst fields, while high values
were measured in mountainous areas around these fields.
The C-factor values were within the range of factor
changes between 0-0.45. Spatial distribution of C-factor is
quite heterogeneous (Fig. 4-b). In the northern part, soil is
very sensitive to erosion processes, due to agricultural activities. Therefore, the values of C-factor are high. High
values of this factor are present in the central and southern
part of study area, especially in the karst fields and flat
plains – areas with intense agricultural activities. Low
values are measured in forest, pasture and meadow areas.
Since these areas are characteristic for mountainous, val-

ley and Adriatic regions, it is expected that these regions
have low values of C-factor.
All factors layers R, LS, K, and C, computed and spatialized previously by the use of GIS functions, are combined together to obtain a soil loss rate layer (Fig. 5). We
obtained an average of 5.13 t/ha-1/year-1 of potential erosion in the study area (52.46 % of study area have an erosion rate <2 t/ha-1/year-1). These areas correspond primarily
to the basin floodplains and flat areas. The estimations of soil
loss more than 2-10 t/ha-1/year-1 are located in 35.57 % of
the study area corresponding primarily to the mountainvalley areas. The high values of soil loss are the result of
the combination of steep slopes, high precipitation, altered
soils and bare soils due to human activities, such as agriculture, land-clearing by fire and mining activities located
on the most sensitive areas to erosion. The estimations of
soil loss >10-15 t/ha-1/year-1 are located in 4.70 %, and more
than 15 t/ha-1/year-1 in 7.28 % of the study area (Republic
of Srpska). Knowledge of the susceptibility of a given
area to soil erosion risk is important for spatial development, for proper planning of the purpose of space aiming
at the protection of environment, and for making frameworks for the application of the concept of the sustainable
development [30].
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FIGURE 4 - a) LS factor (left), b) C-factor (right).

FIGURE 5 - Annual soil loss distribution map.
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As a base for discussing the potential soil erosion, the
amount of 1 t/ha-1/year-1 was taken as an upper bound of
soil erosion rate in determining the soil erosion classes.
This limit is the one still tolerable to sustain the soil of the
study area, since the rate of soil formation was expected
to be slow, particularly within the area of Eastern Herzegovina. Hence, any soil loss of more than 1 t/ha-1/year-1
over 50-100 years is considered to be irreversible [14].
It is also important to note that USLE model gives the
long-term average soil loss resulting from sheet erosion
processes. However, soil loss from other types of erosion
need to be estimated. Hence, beside the results obtained
using USLE model, it is advisable to conduct validation
of the empirical model of S. Gavrilovic that has long been
used in the Republic of Srpska.
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ABSTRACT

1. INTRODUCTION

This work summarises the determination and evaluation of the concentrations of radionuclides, major and trace
elements, which are found in a lignite mine of Northern
Greece and in the ash produced during lignite combustion.
The specific activities of 40K, 235U, 238U, 226Ra, 228Ra
and 232Th are 4-5 times higher in ash than those in lignite.
The 238U and 226Ra were found to be higher in lignites than
in steriles, since these nuclides are associated with the
organic material of lignite.
The Transfer Factors of radionuclides, transferred from
the lignite to its ash, depend on the combustion procedure
and they are higher for 232Th, 228Ra and 40K. During combustion approximately 20- 30% of the radioisotopes escape
from the solid phase into the flue gases, but their contribution to the mean absorbed dose is minor.
CaO, SiO2 and Al2O3 are the dominant oxides both in
lignite and ash and CaO and SiO2 in steriles. A relative
decrease of SiO2 and Al2O3 as well as an increase of CaO
was noticed in the deeper lignite samples. Sr, Cr, Ni, and
Ba were found to be the most abundant in all three lignite,
ash and sterile samples. V follows with high concentration
only in lignite and ash samples. Sr displays a relative increase while Ni, V and Cr decrease with depth of the mine.
In the ash samples, Ni shows the most obvious decrease
with depth. In sterile samples, Cr, Ni, and Ba, show a decrease with depth and a main increase in certain intermediate layers of marl.

KEYWORDS:
lignite, sterile, fly ash, radionuclide, trace element

Lignite has been the main fossil fuel involved in electricity production in Greece. The most important reserves
are to be found in the West Macedonia Lignite Center
(WMLC), which is located in the northwestern part of
Greece. In that area four thermoelectric power plants of
4,3 GW installed capacity, generate approximately 50%
of the electricity in Greece. The quality of the WMLC lignite is poor, with a low calorific value (~1250 kcal kg1) high
moisture (~55%), and rather high ash content (about 1317%) [1].
The average production of lignite in WMLC amounts
to 51⋅106 tons/year resulting in about 7.14⋅106 tons/year of
ash and 21.400 tons/year of fly ash being released into the
atmosphere [2]. It is well known that the usage of coal for
electricity results in significant environmental impacts. The
lignite contains natural radionuclides, (such as 40K and
decay products of the radioactive series headed by 238U,
235
U and 232Th), in concentrations comparable to the average radioactivity of the earth’s crust [3]. Moreover, trace
elements (such as Hg, Cd, As) occur in the lignite beds
and the intermediate steriles of the mine [4, 5].
During lignite combustion in the power plants these
elements are dispersed into the atmosphere through fly ash,
featuring as potential pollutants of the environment. Over
the past 25 years, a number of investigators have focused
on the radioisotopes and the trace elements of the lignite
and fly ash of WMLC [6-10]. However, it is the first time
that an investigation has been carried out to correlate the
radionuclide and trace element concentrations from lignite
layers perpendicular to the mine benches and the corresponding fly ash samples which are laboratory produced.
2. MATERIALS AND METHODS
2.1. Sampling

* Corresponding author

The sampling was carried out during NovemberDecember 2005 in the Kardia (Sector-6) lignite mine of
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the WMLC (Figure 1) [11]. All channel samples were collected according to the ASTM D 4596 standard (ASTM
International, 2006) [12] perpendicular to the bedding at
the mine face. In Figure 2 the sampling column of 126.5 m
length is presented. The thickness of the sampled lignite
layers ranges from 0.4 m to 4.5 m.

FIGURE 1 - General map of West Macedonia Lignite Center in
Ptolemais basin [11].

81 samples were used, 55 of them were collected from
the coal mine (lignite and sterile samples) and the remaining 26 were produced in the laboratory (ash samples). The
55 mine channel samples derived from 26 lignite layers
and 29 intermediate steriles. Sampling of sterile intercalations was carried out, because sterile layers are co-excavated
with lignite during mining and affect the quality of the utilized mine product.
Before the preparation of the samples the moisture
content of raw lignite was measured in accordance with
the DIN 51718 [13] standard. All samples were homogenized, air-dried for 3 days, then ground and sieved to pass
through a 2 mm mesh sieve. The content of ash and CO2
was determined as well, in accordance with the DIN
51719 [14] and 51726 [15] standards respectively.

FIGURE 2 - Cross section of Kardia mine (Sector-6).

The 26 ash samples were produced in the laboratory
from the respective lignite samples, after they have been
burnt gradually in a lab furnace at 850-900οC, (which is
the actual combustion temperature in the power plants).

1922

© by PSP Volume 20 – No 8. 2011

Fresenius Environmental Bulletin

2.2. Radionuclide determination

Quantities of 150-500 g from each of the 81 samples
(lignite steriles and ashes) were weighed, sealed in Marinelli
plastic boxes 0.5 L, type 530 G, and stored for one month
until radioactive equilibrium was achieved [7]. The sealing aimed to preclude the emanation of radon, which is
produced from 226Ra decay. In order to reduce 222Rn diffusion, a quantity of charcoal with a particle diameter of <1.25
mm was added at a percentage of approximately 4-5%.
Then the specific activities of the radioisotopes 40K,
U, 238U, 226Ra, 228Ra and 232Th were determined using γ
spectroscopy. The determination was carried out at the TEI
Environment Radioactivity Laboratory in Kozani, Greece,
by means of a 73 cm3 SILENA HP-Ge detector (10.6 %
relative efficiency, 1.9 keV resolution for 60Co 1.332 MeV
line) connected on line with a SILENA 8192 MCA. Gamma
spectra were registered for 140,000 s and processed by using
SILENA GAMMA 2000 software. The detector was calibrated by using the DKD reference materials (Deutscher
Kalibrierdienst, 2006), Code 000227 and 000228 [16].
235

2.3. Major and trace elements determination

The 81 samples of lignite, sterile and ash were chemically analyzed for their major and trace elements, using
INAA, TD-ICP, FUS-ICP and FUS-MS analytical techniques at the Actlabs – Activation Laboratories Ltd of
Canada.
3. RESULTS AND DISCUSSION

iles, because steriles tend to be individually enriched in
marls or clays, which are high in K.
Radioisotopes of the 238U series, display a closer affinity with the lignite layers of the mine, indicating that U
accumulates in the organics during the growth of plants
and deposition of peat.
Results support previous investigations, which investigated the lignites of the same basin and found that U and
its daughter nuclides were associated with the organic materials of lignite, while Th and its daughters as well as K were
associated with the inorganic fraction [3].
Statistical analysis (ordinary least squares method,
r2<0.5) showed that the radionuclide concentrations do
not depend on the depth of the Kardia mine, either in the
lignite layers or the steriles. Suitable statistical methods
were employed in order to study any correlations and groupings that may exist between the investigated radionuclides.
Concerning the ash radionuclides, their average concentrations are 4-5 times as high as the respective lignite
values (Table 1). This difference was found to be statistically significant for all nuclides by means of a t-test for
paired samples.
To investigate the percentage of radioactive lignite
elements transferred by the ash and the flu gases, the
transfer factor (TF) of each radionuclide was also calculated (Table 2). The TF is also referred to in the bibliography as Radionuclide Partitioning Coefficient RPC and it
shows the fraction of the nuclide, which is transferred from
the lignite to its ash, in the process of combustion [17]. For
this purpose the following formula was used:

3.1. Radionuclides of lignite, steriles and ash

Table 1 presents the data of the determined natural radionuclides. According to the table, the average radionuclide concentrations of the natural radioactive series in
lignite beds are higher (238U, 226Ra) or about equal (232Τh,
228
Ra) to the corresponding values of steriles. On the contrary the average 40Κ concentrations are higher in the ster-

TF =

C ash ⋅
n,
Clign

where Cash and Clign the radionuclide concentration in
ash and in lignite respectively and n the percentage of ash
in the lignite. (Note: the Clign has been calculated in dry
weight).

TABLE 1 - Activity concentrations of natural radionuclides in 26 samples of lignite, 26 samples of ash and 29 samples of steriles.

40

K
U
238
U
226
Ra
228
Ra
232
Th
235

Lignite (Bq·Kg-1)
Range
Average ± σ
25-220
68 ± 9.2
1.3-9.2
5.1 ± 0.4
29-196
106 ± 9.4
25-239
89 ± 11
3-58
13 ± 2.7
3.1-129
13 ± 5.2

Ash (Bq·Kg-1)
Range
Average ± σ
75.8 – 523.3
251.8 ± 22.8
8.87 – 53.96
24.91 ± 2.26
159.4 – 1006
511.8 ± 41
138.4 - 896
412 ± 33.3
12.3 – 207.6
49.3 ± 7.3
12.6 – 205.5
51.2 ± 7

Steriles (Bq·Kg-1)
Range
Average ± σ
25-1025
103 ± 37
0.0-13.8
2.7 ± 0.5
16.6-304
58 ± 13
8-321
47 ± 12
1.8-176
14 ± 6.3
0.0 – 168.7
14 ± 5.8

TABLE 2 - Transfer Factors (TF) of the radionuclides of the ash samples.
Radionuclide
40
K
235
U
238
U
226
Ra
228
Ra
232
Th

Mean ±σ
0.80 ± 0.059
0.73 ± 0.059
0.69 ± 0.055
0.70 ± 0.053
0.79 ± 0.059
0.83 ± 0.052

Min
0.36
0.41
0.47
0.40
0.38
0.39
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Max
1.28
1.16
0.94
1.01
1.29
1.25

Confidence Interval 95%
0.68 – 0.92
0.62 – 0.85
0.58 – 0.80
0.59 – 0.80
0.67 – 0.91
0.73 – 0.93
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The 232Th, 228Ra and 40Κ seem to have the highest ΤFs,
because they are associated, more or less, with the inorganic
material of lignite and as a result they are more retained
more in the ash than 238U and 226Ra, which are associated
with the organic phase of the coal [18].

annual dose is 0.774 µSv. This corresponds to 0.03% of the
mean annual absorbed dose, an almost negligible percentage [22].

Taking the TF values into consideration we can come
to the conclusion that during the lignite combustion the
flue gases transfer about 30% of the radioisotopes of 238U
series, 20% of 232Th series and 20% of 40K.

The concentrations of these elements are presented in
Tables 3 and 4 and in Figure 3. CaO and SiO2 display the
highest concentrations among the major oxides with Al2O3
and Fe2O3 following. Calcite, quartz and feldspars (main
minerals of the lignite composition) are responsible for the
above chemical composition. A relative decrease of SiO2
and Al2O3 as well as an increase of CaO was noticed in
the deeper samples.

The radionuclide concentrations of ash compared
with the global range for coal ashes, which in the case of
226
Ra it ranges between 1 and 1000 Bq kg-1 [19]. 226Ra
values of the Kardia ash range from 138 to 896 Bq kg-1,
so this ash ranks among the ones having a relatively high
radioactivity.
Taking into account that a) the annual emissions of
ash in the WMLC basin is 21,400 tons b) the 226Ra activity of the emitted ash is close to that of the investigated
one, 412 Bq kg-1 and c) the installed power is 4.3 MW we
can conclude that the atmospheric discharge of 226Ra is
2,050 MBq/GWy. This value is round 8 times as high in
modern type coal fired plants, which is 250 MBq/GWy
[20].

3.2. Major and trace elements of lignite

TABLE 3 - Major elements (wt%) of the Kardia lignite samples [23].
SAMPLES
SiO2
Al2O3
Fe2O3(T) MnO
MgO
Range
0.91-21.95 0.54-10.17 0.54-4.54 0.00-0.03 0.64-1.80
Average
5.54
2.60
1.68
0.01
0.92
SAMPLES
CaO
Na2O
K2 O
TiO2
P2 O5
Range
3.33-19.04 0.03-0.25 0.00-0.69 0.02-040 0.04-0.18
Average
7.58
0.08
0.18
0.11
0.08
TABLE 4 - Trace elements (µg/g) of the Kardia lignite samples [23].

However, the radioactive dose due to these emissions
of ash is very low. In particular, the literature reports [21]
that the typical maximum fly ash dose released by coal
fired power plants is 0.10 µSv/GWy for the 232Th series
and 0.08 µSv/GWy for the 238U series. Given that the
installed power of the WMLC is 4.3 GW, the maximum

SAMPLES
As Br
Cr
Cu
Ni
Zn Pb
V
RANGE
4-34 7-14 16-423 3-38 24-664 1-64 <5-22 8-170
AVERAGE 11
9
77
9
127
13
6
40
SAMPLES
Co Rb
Sr
Zr
Ba
La Ce
U
RANGE <1-32 2-48 64-139 <-55 27-191 1-23 2-42 1-10
AVERAGE
6
11
99
14
71
6
12
5

FIGURE 3 - Concentration of Cr, Ni, Sr with depth in lignite samples.
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Among the trace elements, the most abundant is Ni
with an average concentration of 127 µg/g. Sr, Cr, Ba and
V follow with average values of 99 µg/g, 77 µg/g, 71 µg/g
and 40 µg/g, correspondingly. The trace elements As, Br,
Cu, Zn, Pb, Co, Rb, Zr, La, Ce and U display average mean
values between 5 and 14 µg/g with the concentrations of Pb,
Co and Zr being below detection limits in some samples.
Correlation of the trace element concentrations with
depth showed that the lignite samples of the deeper seams
contain lower concentrations of all the trace elements (except Sr) compared to the samples of the upper and intermediate lignite seams. Sr seems to display a relative increase
with depth. Especially Ni and Cr show a distinguished increase in the samples of the upper lignite seams (Figure 3).
The lignite layer corresponding to sample L7 was found
to be the most enriched or with high concentrations for most
of the elements.

Ce, Nd and U range between 21 and 56 µg/g. Some trace
elements display decreasing concentrations in the samples
derived from the deeper lignite seams. This variation with
depth is more obvious for Ni. The trace elements Sr, Cr,
Ni, V and Ba were found to be the most abundant both in
lignite and ash samples.
3.4. Major and trace elements of steriles

The majority of the thin intercalated sterile layers in
Kardia field mine are petrologically characterized as marly
limestones. The layer represented by sample S49 is referred
as the horizon of characteristic sand (Figure 2) and is indicative of the lowest parts of lignite seams. The chemical
composition of the sterile samples is presented in Tables 7
and 8 and Figures 3 and 4.
TABLE 7 - Major elements (wt%) of Kardia sterile samples.
SAMPLES
Range
Average
SAMPLES
Range
Average

3.3. Major and trace elements of ash

The fly ash of the Kardia lignite belongs to C category
and to the calcic mode (ASTM C618-92), since it displays
high Ca content [24-26].
Major elements appear considerably enriched in the ash
samples compared to the initial lignite samples (Table 5)
[23]. Equally to the lignite samples, CaO, SiO2 and Al2O3
are the dominant oxides compared to the rest oxides in ash
samples. The most abundant oxide is CaO ranging between 8.50% and 67.40% and having a value of more than
30% in the majority of the samples. This value displays
an increase in the samples of the deeper lignite seams. SiO2
appears with values 4.85–46.69% while Al2O3 with values 2.48– 21.61%. Both of them increase in the samples
of the upper lignite seams.
TABLE 5 - Major elements (wt%) of the ash samples form Kardia
lignite samples [23].
SAMPLES
SiO2
Al2O3
Fe2O3(T)
MnO
MgO
Range
4.85-46.69 2.48-21.61 2.35-18,92 0.02-0.12 2,89-9.10
Average
24.58
12.37
7.78
0.05
5.19
SAMPLES
CaO
Na2O
K2 O
TiO2
P2 O5
Range
8.50-67.40 0.10-1.32 0.10-1.85 0.11-0.92 0.16-0.71
Average
40.41
0.32
0.73
0.513
0.34

TABLE 6 - Trace elements (µg/g) of the Kardia ash samples [23].
SAMPLES
As
Cr
Cu
Ni
Zn
V
RANGE
11-137 60-950 10-82 65-1380 <1-131 42-496
AVERAGE
53
353
46
472
27
192
SAMPLES
Sr
Y
Zr
Ba
La
Ce
RANGE 167-924 4-36 32-353 120-953 7--60 14-120
AVERAGE
533
21
123
326
29
56

Co Rb
3-69 8-99
30
46
Nd
U
6-48 10-75
24
33

Concerning the trace elements, the most abundant is
Sr with a mean value of 533 µg/g (Table 6) [23]. Increased
values are observed (especially for some samples) for Cr
with a mean value of 353 µg/g, Ni with 472 µg/g, V with
192 µg/g, Zr with 123 µg/g and Ba with a mean value of
326 µg/g. The mean values of As, Cu, Zn, Co, Rb, Y, La,

SiO2
Al2O3
0.59-59.73 0.22-19.15
7.72
2.44
CaO
Na2O
3.54-50.09 0.00-2.59
36.21
0.19

Fe2O3(T)
0.34-4.70
1.62
K2 O
0.00-3.68
0.3

MnO
MgO
0.02-0.2 0.88-2.36
0.037
1.25
TiO2
P2 O5
0.00-0.52 0.03-0.53
0.093
0.09

TABLE 8 - Trace elements (µg/g) of the Kardia sterile samples.
SAMPLES
As
Br
Cr
Cu
Ni
Zn
Pb
V
RANGE <0.5-44 <0.5-6 <0.5-680 2-33 6-700 <1-63 <5-104 <5-98
AVERAGE
7
4
77
8
73
8
7
20
SAMPLES Co
Rb
Sr
Zr
Ba
La
Ce
U
RANGE <1-32 1-140 138-1139 <4-202 38-1650 1-80 1-154 0-18
AVERAGE
4
15
238
25
144
8
15
3

CaO and SiO2 are the dominant compared to all other
oxides in sterile samples. CaO appears with the higher
concentration having a value of more than 30% in the majority of the samples. The lowest value of CaO and the
highest value of SiO2 are observed in the characteristic
sand horizon sample S49 (Figure 3). Al2O3 values display
a positive correlation with SiO2. Al2O3 is enriched because
of the appearance of mica+clay minerals.
Concerning the trace elements, the most abundant is
Sr with a mean value of 238 µg/g. Increased values are observed (especially for some samples) for Ba with a mean
value of 144 µg/g, Cr with a mean value of 77 µg/g and
Ni with 73 µg/g. In particular the values of Sr and of Ba
in the sample of characteristic sand (S49) reach up to
1139 µg/g to 1650 µg/g respectively (Figure 5). The mean
values of As, Br, Cu, Zn, Pb, V, Co, Rb, Zr, La, Ce, and
U range between 3 and 25 µg/g.
The elements with Sc, Ga, Y, Nb, Cs, Pr, Nd, Sm and
Th gave concentrations with mean values of 1 to 5 µg/g,
while S, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu Hf, and Ta
display concentrations below detection limits in some samples, thus they were not included in Table 6. Sb, Ag, Be,
Ge, Mo, Sn, W, Tl and Bi were found only in some samples while Au, Ir, Se, Cd and In were not traced. Cr, Ni,
and Ba, show a decrease with depth and a main increase
in certain intermediate layers of marl (Figure 4).
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FIGURE 4 - Concentration of SiO2, Al2O3 and CaO (w.t. %) in sterile samples.

FIGURE 5 - Concentration (µg/g) of Cr, Ni, Sr, Ba with depth in sterile samples.

It is notable that the layer of characteristic sand (sample S49) was found to display the highest enrichment fac-

tors or the highest concentrations for the most trace elements.
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4. CONCLUSIONS

currence and distribution, III. State Geol. Surv. Circ 499:154
pp.

In Kardia mine the concentrations of 238U and 226Ra
are relatively high, compared with world coals. These natural occurring radionuclides have systematically higher values
in lignite layers than in steriles, because they are associated with the coal matrix, while 40K is higher in steriles,
since it is associated with the inorganic fraction.
During the combustion of lignite in the coal fired
plants the radionuclides are transferred into the fly ash at
a percentage of 70- 80 %, while the flue gases transfer
approximately 30% of the radioisotopes of 238U series,
20% of 232Th series and 20% of 40K.
The ash radionuclides are systematically 4-5 times
higher than the respective lignite ones and depend on each
other in a statistically significant way. When compared to
global data, the Kardia ash has rather high radioactivity,
but the ash emissions of WMLC contribute negligibly to
the mean annual absorbed dose.
CaO, SiO2 and Al2O3 are the dominant oxides among
the major elements in lignite and ash samples and CaO,
SiO2 in sterile samples. The trace elements Sr, Cr, Ni, and
Ba were found to be the most abundant in lignite, ash and
sterile samples. Sr seems to display a relative increase
with depth while Ni and Cr show a distinguished increase
in the samples of the upper lignite seams. Concerning the
sterile samples Cr, Ni and Ba show a decrease with depth
and an increase in some intermediate layers of marls.
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EVALUATION OF DNA DAMAGE IN CAPSICUM ANNUUM L.
EXPOSED TO SPINOSAD IN THE COMET ASSAY
Eşref Demir, Nuray Kaya* and Bülent Kaya
Akdeniz University, Faculty of Sciences, Department of Biology, Antalya, Turkey

ABSTRACT
The naturally-derived insecticide Spinosad has been
used to control thrips in Capsicum annuum L. Our aim
was to determine the possible genotoxic effect of Spinosad in leaves C. annuum L. For this purpose, we used
the Comet assay to investigate DNA damage in isolated
cells from leaves of C. annuum L. in order to assess the
potential hazards of Spinosad. For the evaluation of genotoxic effects, the % tail DNA (tail intensity) and the tail
moment in the treated Spinosad were compared to the
solvent control (distilled water). The alkaline Comet assay
showed that both tail intensity and tail moment significantly increased at 0.5, 1, 5 and 10 ppm concentrations of
Spinosad, meaning that Spinosad probably has apoptotic
effects at a concentration of 10 ppm and higher. These
results can contribute to increase the genotoxicity database on Spinosad.

KEYWORDS: Spinosad, Comet assay, Capsicum annuum, Genotoxicity, DNA damage

1. INTRODUCTION
Spinosad (mixture of Spinosyn A and Spinosyn D) is
an insecticide obtained from Sacharopolyspora spinosa [1].
Spinosad has been increasingly used in over 82 countries
for more than 250 crops including tree farms, turf, plantations, ornamental plants and trees, greenhouses and commercial aquatic plants [2]. In agriculture it has been used
to control caterpillars in cotton, loopers in cabbage,
leafminers in various crops, leafrollers on apples, thrips
in citrus, etc. [3-5]. Moreover, Spinosad is used against
some mosquito species as an insecticide [6-10]. Although
the US Environmental Protection Agency (EPA) has
classified Spinosad as a reduced risk material [11], there
is not sufficient information about its potential risk to the
plants exposed to Spinosad.
Damage to DNA is one of the most important targets
to be evaluated when testing the risk of a defined agent.
* Corresponding author

There are several systems that allow evaluating the genotoxicity induced in human and plant cells, and the Comet
assay or single cell gel electrophoresis (SCGE) has become
one of the most popular, as well as being recommended by
international agencies. Alkaline version of Comet assay is
able to detect DNA damage, including single strand breaks,
double strand breaks, alkali labile sites, incomplete excision repair sites and DNA cross links [12-15]. The Comet
assay is a rapid, simple and very sensitive method for measuring DNA damage at the level of individual cells [16].
The aim of this study was to assess the potential single strand breaks in the DNA of Capsicum annuum L.
leaves, caused by the presence of Spinosad used in this
study as an insect control product in the in vitro Comet
assay.
2. MATERIALS AND METHODS
2.1. Chemicals

Spinosad was obtained in a suspension concentrate formulation (CAS No: 168316 95 8, Laser® SC, Dow Agrosciences) containing 480 mg/liter of the active ingredient
(AI). This formulation can easily dissolve in distilled water.
Ethyl methanesulfonate (EMS) (CAS No: 62-50-0), Low
Melting Agarose (LMA), Normal Melting Agarose (NMA),
Trisma Base, Ethidium Bromide (EtBr), EDTA disodium
salt dehydrate, Phosphate Buffered Saline Solution without Ca+2, Mg+2 (PBS) and Sodium Hydroxide (NaOH) all
obtained from Sigma Chemical Co. (St Louis, MO). Spinosad was dissolved in distilled water to obtain the test
concentrations. Distilled water served as a solvent control; 2 mM (equivalent to 248.3 ppm). EMS was used as a
positive control.
2.2. Plant Material and Mutagenic Treatment

C. annuum L. seedlings were obtained from the Faculty of Agriculture, Horticulture Department at Akdeniz
University. The seedlings were grown in flowerpots for three
or four weeks. Young leaves of C. annuum L. without any
visible injury for each concentration of Spinosad were used
in the Comet assay. The selections of the young leaves
without any physical disorder were chosen with eye. The
petioles of leaves were immersed in 1.5 cm3 plastic Eppen-
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dorf tubes containing of 0.1 to 10 ppm Spinosad dissolved
in distilled water for 18 h at 26 °C in the dark. Spinosad
has showed apoptotic effects at the higher concentrations
than 10 ppm at preliminary test, for this reason we tested
the lower concentrations than 10 ppm. Leaves placed in
1.5 cm3 plastic tubes containing distilled water served as
the negative control, while leaves treated with 2 mM EMS
served as the positive control.
2.3. Isolation of Nuclei and Comet Assay

The Comet assay was carried out on isolated nuclei of
C. annuum L. as previously described [17-20] with some
modifications. After following the treatments with Spinosad, the negative control and the EMS, we isolated the
nuclei of the excised leaves separately for each treatment
in order to prepare the slides. Excised leaves were placed
in a 60 mm Petri dish kept on ice and containing a thin
layer of 300 µl cold 400 mM Tris buffer (pH 7.5). The
part of the leaf not immersed in the treatment solution was
sliced gently using a fresh razor blade. The plate was kept
tilted on the ice so that the isolated nuclei would collect in
the buffer. Two Comet slides were prepared for isolated
nuclei from each treatment. One hundred micro liters of the
nuclear suspension was mixed with 100 µl of 0.65% LMA
prepared in PBS. The nuclei and agarose were gently mixed
by repeated pipetting, using a cut micropipette tip and
layered onto microscope slides precoated with 0.65% NMA
(dried for 25 min). 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 100 µl of molten 0.65% 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 placed in a horizontal gel
electrophoresis tank filled with freshly prepared chilled
electrophoresis buffer (1 mM Na 2EDTA and 300 mM
NaOH, pH≥13) and incubated for 30 minutes to allow DNA
unwinding. Electrophoresis was conducted in the same
buffer for 30 min at 25 V (1 V/cm) and 300 mA. To avoid
additional DNA damage due to stray light, all these steps
were performed under dimmed light. Unwinding and
electrophoresis were done in an ice bath. After electrophoresis, the slides were gently rinsed three times at intervals
of 5 min in fresh chilled 400 mM Tris buffer (pH 7.5),

stained with 50 µl of ethidium bromide (EtBr) solution
(60 µg/ml) for 10 min. and covered with a cover slip. For
visualizing DNA damage, slides were examined at 400X
magnification using a fluorescence microscope (Nikon
Eclipse E200) connected to a CCD camera and an image
analysis system (Comet assay IV version 4.11, Kinetic
Imaging, UK). One hundred randomly selected cells
(50 cells from each of the two replicate slides) were analyzed per each treatment. The cells with no head or a
dispersed head were regarded as apoptotic cells and were
not included in the analysis.
2.4. Statistical Analysis

The statistical analysis was performed by use of the
SPSS program package (version 15.0). Measurements of
Comet parameters were the percentage of DNA in the tail
(% tail DNA) and tail moment (µm). The results are reported as mean ± standard error in Table 1. The values
were compared using the Student’s T-test. P-value ≤ 0.05
was considered statistically significant.
3. RESULTS AND DISCUSSION
There are several systems that permit to evaluate the
genotoxicity induced by various physical and chemical
agents, the namely Comet assay [21], the SMART assay
[22, 23] and the mouse lymphoma assay [24] have recommended by international agencies. The Comet assay,
using lymphocytes and other cell types, is the most widely
used of the various in vitro mammalian cell primary DNA
damage mutations assays. The Comet assay is one of the
most used methods in different in vitro studies of genotoxic
effects on blood lymphocytes [21, 25- 29] including environmental monitoring [30] and eco-genotoxicological studies [31].
The results obtained from the Comet assay are shown
in Table 1. As a tail parameter, we used the tail intensity
(% tail DNA) and tail moment. The mean Comet tail intensity and tail moment of the DNA of isolated cell samples
from leaves of C. annuum L. exposed to different concentrations of Spinosad as compared with distilled water (solvent control) are also presented in Table 1.

TABLE 1 - Effect of spinosad on DNA damage in leaves of C. annuum L. measured as COMET tail intensity and tail moment.
Concentration (ppm)
Tail Intensity (%) (± SE)
Distilled water (SC)
9.51 (± 2.69)
2 mM EMS
24.72 (± 4.16)**
(equivalent to 248.3 ppm)
0.1
11.61 (±2.90)
0.5
20.05 (±3.80)*
1
20.76 (±3.75)*
5
24.06 (±4.04)**
10
20.68 (±3.89)*
*, **
: significance levels at 0.05 and 0.01, respectively, comparing results with the negative control (T-test).
SC: Solvent Control
SE: Standard Error

1930

Tail Moment (µm) (± SE)
5.33 (± 1.81)
19.19 (±3.48)**
6.59 (±1.93)
12.19 (±2.50)*
13.04 (±2.66)*
16.31 (±3.20)**
12.90 (±2.59)*
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The Comet assay performed on isolated nuclei from
leaves of C. annuum L. showed that both tail intensity and
tail moment values were not significantly different at
0.1 ppm concentrations of Spinosad when compared with
the solvent control (Table 1). On the other hand, it clearly
appears that at concentrations of 0.5, 1, 5 and 10 ppm of
Spinosad, the tail intensity significantly increases: 20.05±
3.80, 20.76±3.75, 24.06±4.04 and 20.68±3.89, respectively.
Also, the same concentrations of Spinosad induced an important rate in the tail moment, 12.19±2.50, 13.04±2.66,
16.31±3.20 and 12.90±2.59, respectively. In other words,
these concentrations of Spinosad significantly increased
the single strand damage in DNA (Table 1).
The genotoxic concentration of EMS being used as a
positive control in the study was determined from previous published data [21]. When compared with distilled
water, EMS (2 mM) induced both tail intensity (24.72±
4.16) and tail moment (19.19±3.48) (Table 1). Under our
experimental conditions, EMS clearly has genotoxic activity, as shown in Table 1.
Spinosyns are compounds produced by the fermentation of one or more chemical mutants of the naturally occurring actinomycetes soil bacterium Saccharopolyspora
spinosa [1]. Many researchers found it compatible with organic production and believed that it can be used in organic agriculture. Use of Spinosad in conventional agriculture started with applications of the tracer formulation
on cotton in 1997. Today, Spinosad is widely used to control commercial crop-damaging pests such as Lepidoptera
larvae (worms or caterpillars), leafminers, fruit flies, leafchewing beetles, thrips, and others. Spinosad is used globally on more than 250 crops encompassing most of the
crop groupings such as row crops, e.g. cotton, soybean,
rice; tree fruits, e.g. pome, stone and citrus; tree nuts e.g.
walnut, almond; small fruits, e.g. grape, strawberry; leafy
and brassica vegetables, e.g. lettuce, cole crop; fruiting
vegetables, e.g. tomato, pepper; curcurbits, e.g. cucumber,
melon; bulb, root and tuber vegetables, e.g. onion, carrot,
potato; legumes, e.g. dry and succulent peas and beans;
forages, e.g. alfalfa, forage grasses and pastures; other; e.g.
coffee, tea, plantation [3]. Some researchers have done
different studies to show the potential toxicity [9] and carcinogenicity of Spinosad [32], but the genotoxic effects of
Spinosad have not been studied with the Comet assay.
The purpose of this study was to assess the possible genotoxicity in leaves of C. annuum L. of Spinosad by using the
Comet assay.
The acceptable daily intake (ADI) for Spinosad has
been established as 0.027 mg/kg/day according to U.S. EPA
[33] and 0.024 mg/kg/day according to European Union.
Previous studies also reported that Spinosad has insecticidal
activity when applied to cockroaches, planthopper and
spider mites [34, 35], acaricidal activity [36] and larvicidal
potential [7].
Chronic studies showed that Spinosad was not mutagenic, carcinogenic nor teratogenic to mammals [4]. Spi-

nosad has low toxicity in mammalian and many predatory
insects [37]. The acute oral toxicity of Spinosad is low,
with oral lethal doses (LD50) in rats and mice and the
dermal LD50 in rabbits ranging from 3783 mg/kg to higher
than 5000 mg/kg [4]. On the other hand, Gao et al. [38]
demonstrated that the potential health risk of Spinosad
when ingested was not significant. Spinosad has also been
found to be easily metabolized by mammals [39].
A number of studies have been performed evaluating
the toxic and carcinogenic effect of Spinosad [32, 40]. In
those studies, Yano et al. [32] demonstrated that it gave
negative results with regards to chronic toxicity and carcinogenicity in rats. In the other study, Stebbins et al. [40]
showed similar results in mice. The mode of action for
Spinosad seems to cause alter phospholipids metabolism
and can induce toxicity [41]. On the other hand, lower
tumor incidences have been reported for diet reduced
control rats [42].
There is no information about the genotoxic effects of
Spinosad in the plants on which it is applied. Our study
shows that concentrations of 0.5, 1, 5 and 10 ppm of Spinosad clearly induced single strand breaks for both tail
intensity and tail moment. The results for both tail intensity and tail moment have a dose-dependent increase, except for 10 ppm. We observed that most of the cells had
undergone apoptosis at a concentration of 10 ppm, and
that at higher concentrations almost all the cells had undergone apoptosis. The reason that DNA damage rate decreased at 10 ppm concentration might be due to its cytotoxic and/or apoptotic effects.
In summary, this study might be useful as a preliminary assessment on the genotoxic effects of Spinosad in
plant tissues. However, further investigations should be
carried out with different genetic systems or assays.
4. CONCLUSIONS
Our studies using the Comet assay as an in vitro
model system show that when the results were compared
with the results of solvent control (distilled water), it was
observed that Spinosad has induce DNA damage in in vitro
conditions isolated cells from leaves of C. annuum L.
In this study, Spinosad clearly increased the genotoxic
activity of isolated cells from leaves of C. annuum L. But,
it seems that increases in the genotoxicity rates do not
depend on the concentration.
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ABSTRACT
Deltamethrin (DM) is a widely used pesticide based
on pyrethroids, and is reported to be extremely toxic to
fish species. We investigated the effect of DM concentrations (0.010, 0.0125 and 0.0250 µg/L) on antioxidants in
rainbow trout, Oncorhynchus mykiss, using standard laboratory conditions. 24 h exposure caused whole body
induction of various antioxidant enzymes and nonenzymatic antioxidants. Results showed that DM significantly
(p< 0.05) increased malondialdehyde (MDA) levels.
Catalase (CAT) activity decreased in all experimental
groups. Glutathione (GSH) was significantly (p<0.05)
increased in the group with DM concentration of 0.0250
µg/L DM for 24 h. The activity of glutathione peroxidase
(GSH-Px) was found to be statistical significantly (p<0.05)
decreased in all other experimental groups except the
0.010 µg/L DM treated group. The parameters studied in
this investigation can also be used as biomarkers of exposure to DM. It is suggested that appropriate ecotoxicological risk assessments should be made wherever DM is
proposed for use in pest control activities.
KEYWORD: Deltamethrin, pesticide, rainbow trout, oxidative
stress, antioxidant system

1. INTRODUCTION
The increasing use of synthetic pesticides is amplifying worldwide pollution risks. Pesticides are toxic and designed to kill unwanted organisms, but when applied to the
land they can be washed into surface waters and kill or
adversely influence the life of aquatic organisms [1,2]. Because of their beneficial qualities, synthetic pyrethroids,
such as DM, are popular with farmers and health departments for use in pest control. However, these compounds
are generally found to be highly toxic to fish [3-5].
* Corresponding author

Oxidative stress and reactive oxygen species (ROS)mediated toxicity have long been considered as the mechanisms responsible for DM-induced organ injury in mammals [6-8]. Effects of DM and other synthetic pesticides
on lipid peroxidation (LPO) and antioxidant defense systems in fishes are reported [9-13].
The aim of this study is to comparatively investigate
the effect of DM on the activities of CAT, GSH-Px and
GSH and the content of MDA in the whole body tissue of
rainbow trout. The relationship between antioxidant and
LPO against oxidative stress in insecticides will also be
investigated.
2. MATERIALS AND METHODS
Acute bioassays with DM were carried out with fry
(0.27±0.06 g). Fish were kindly supplied by the Keban
Fish Breeding Unit of IX. Region Directorate, the State
Hydraulic Works in Turkey. Fish were kept for at least
2 weeks in 50 L glass tanks filled with continuous aeration, at a water temperature of 13-14 °C before experimental use. They were fed ad libitum with commercial
food pellets. Experiments were conducted in static tests in
5 L glass aquaria. Before the test, fish were transferred
to aquaria filled with 3 L of tap water. Experiments were
done in duplicate: each trial containing 10 fish corresponds to 20 fish for each group. Treatments were a tap
water control, and three DM concentrations (0.010,
0.0125 and 0.0250 µg/L). The test period was 24 h.
Water quality characteristics in the control units were
determined according to APHA [14]. Dissolved oxygen and
pH were determined by a digital oxygen meter and a pH
meter. The mean quality parameters of water used for preparation of test solutions were as follows: dissolved oxygen
8.4 ± 0.4 mg L-1, pH 7.2 ± 0.2, alkalinity 137 ± 09 mg L-1
and total hardness 184 ± 13 mg L-1 as CaCO3.
Fish were not fed during the test period. At the end of
the test, fish were anaesthetized in icecold chilled water
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and whole bodies were isolated for biomarker analysis.
After rinsing with cold 0.09% NaCl solution and filtering
to remove fluid, the fry samples were weighed meticulously. The homogenization was carried out in a Teflonglass homogenizer with a buffer containing 1.15% KCl, to
obtain 1:10 (w/v) whole homogenate. The homogenates
were centrifuged at 18.000×g for 30 min at 4 oC to determine malondialdehyde (MDA) and reduced glutathione
(GSH) concentrations, catalase (CAT) and glutathione peroxidase (GSH-Px) activities.
The concentrations of MDA as indices of oxidative
stress were determined according to a modified method of
Placer et al. [15] based on the reaction with thiobarbituric
acid, and were expressed as nmol/g protein. CAT activity
was determined by measuring the decomposition of hydrogen peroxide at 240 nm, according to the method of
Aebi [16], and was expressed as k/g protein, where k is the
first-order rate constant. GSH concentration was measured
by a kinetic assay using a dithionitrobenzoic acid recycling
method described by Ellman [17] and was expressed as
µmol/g protein. GSH-Px activity was determined by the
procedure described by Beutler [18]. The procedure of
analysis performed was based on the oxidation of GSH by
GSH-Px coupled to the disappearance of NADPH by
glutathione reductase measured at 37 oC and 340 nm and
were expressed as U/g protein. Protein concentrations were
measured according to Lowry et al. [19].
The parametric test for ANOVA was used to compare
the groups and applied considering p < 0.05. Each value
was expressed as mean ± standard deviation (SD).
3. RESULTS AND DISCUSSION
DM exposure elicited hyperactivity characterized by
opercula movement, erratic swimming, loss of equilibrium,
hanging in the water vertically and gasping for air. However, no fish died after the 24h period of exposure to
different DM doses.
The effects of the acute DM exposure on MDA in
rainbow trout are presented in Table 1, where it can be
seen that MDA levels were significantly (p < 0.05) increased. The increases in the mean values of MDA in experimental groups were 42.64%, 32.50%, and 47.48%,
respectively, over control values.
Changes in CAT activity in rainbow trout are shown
in Table. 1. The enzyme activities at all the concentrations

were moderately decreased from those in the control
group. In all the DM treated groups, CAT activity was not
significantly (p > 0.05) induced, with an approximate
19.36% decrease in the 0.0250 µg/L DM group compared
with the control group.
Changes in GSH activity are shown in Table 1. In all
experimental groups, the GSH level was higher than that
in control fish. With DM concentration increasing, GSH
activity increased significantly (p < 0.05), reaching a
maximum of approximately 28.10% at 0.0250 µg/L DM
treatment compared to the control group.
Treatment of rainbow trout with DM caused a dosedependent change in GSH-Px activity. These data are shown
in Table 1. GSH-Px activities were continuously induced at
0.0125 and 0.0250 µg/L of DM concentrations showing a
decrease (p < 0.05).
In our study, DM exposure elicited hyperactivity characterized by opercula movement, erratic swimming, loss
of equilibrium, hanging in the water vertically and gasping
for air. Similar findings in rainbow trout and other fish
species given DM treated have been seen [20-22]. Stress
responses are identified via various changes, including
behavioral responses, clinical toxic symptoms and, primarily, the biochemical indicators. The abnormal behavioral responses were predominantly respiratory and nervous
manifestations, ascribed to the neurotoxic effect of the DM
[23]. Respiratory distress is one of the early symptoms of
pyrethroid poisoning. The clinically observed toxic signs
in fish may be attributed to the irritant and inflammatory
effects of DM [24, 25]. Comparable clinical signs have been
observed in fish species exposed to cypermethrin, a synthetic pyrethroid [26-28].
LPO may be due to oxidation of molecular oxygen to
produce superoxide radicals. This reaction is also the
source of H2O2, which causes the production of MDA by
initiating the peroxidation of unsaturated fatty acids in the
membrane. Both H2O2 and O-2 produce highly reactive
hydroxyl radicals in the Haber-Weiss reaction. The hydroxyl radical can initiate lipid peroxidation, which is a
free radical chain leading to loss of membrane structure
and function [29,30].
LPO has been extensively used as a marker for oxidative damage induced in fish tissues by water pollutants
[31]. The delay of significant LPO induction in both the
liver and intestine of fish presumably results from the
compensatory response of the antioxidant defense systems
following acute DM exposure. In this study, the relevant

TABLE 1 - Biochemical parameters of control and experimental groups of fish exposed to 0.010, 0.0125 and 0.0250 µg/L deltamethrin for 24 h.
Parameters
Control
0.010 µg/L
MDA (nmol/g protein)
156.90 ± 32.8
223.40 ± 45.9a
CAT (k/g protein)
3.08 ± 0.67
2.99 ± 0.27
GSH (µmol/g protein)
18.46 ± 1.68
22.70 ± 5.75
GSH-Px (U/g protein)
6.87 ± 0.63
6.10 ± 0.50
a: control; b: 0.010 µg/L DM; c: 0.0125 µg/L DM; d: 0.0250 µg/L DM groups, p < 0.05
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0.0125 µg/L
207.90 ± 34.6a
2.79 ± 0.45
20.62 ± 3.86
5.49 ± 0.55a

0.0250 µg/L
231.40 ± 47.2a
2.49 ± 0.55
23.65 ± 1.76a
4.16 ± 0.16a, b, c
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induction of LPO observed after 24 h in the whole body
of rainbow trout fry suggests an oxidative stress condition
due to over-accumulation of ROS. A similar response was
found in fish species exposed subchronically to industrial
pollutants [32]. The oxidative stress causes injury to biomolecules such as nucleic acids, proteins, structural carbohydrates and lipids [33]. Among these targets, the peroxidation of lipids is basically damaging because the formation of LPO products generates a cascade of free radical
reactions [34]. As a result, LPO can greatly alter the physicochemical properties of membrane lipid bilayers, resulting in severe cellular dysfunction. In addition, LPO products might react with some amino-acid side-chains of proteins or with reducing sugars or their oxidation products
[35]. The development of oxidative stress conditions in
different tissues following DM exposure has therefore been
suggested as a main cause of toxicity in freshwater fish
Channa punctatus [10]. MDA has been shown to increase
in plasma and some tissues in DM and in other synthetic
pyrethroid toxicities [9-13]. Our study found similar results to the latter study on increased MDA levels in the
whole body of rainbow trout.
We found that CAT levels in all experimental groups
were lower than those in the control group, but there was
no significant difference between these groups. This decrease in catalase activity could be due to the flux of superoxide radicals, which have been reported to inhibit
CAT activity [36]. Sayeed et al. [10] have also reported
the LPO inducing effect of DM, a synthetic pyrethroid, in
all tissues in a freshwater fish, Channa punctatus, together
with decreased CAT activity. In our present study, we
also found decreases in whole body CAT activity in DMtreated rainbow trout.

facilitation of increased MDA due to the lack of the protective effect of this antioxidant enzyme. The decreased
activity of GSH-Px may be the result of O-2 production [40]
or a direct action of pesticides on the synthesis of the
enzyme [41]. Oxidative stress causes an elevation in GSHPx activity, which probably reflects an adaptation to the
oxidative conditions to which the fish has been exposed
[42]. Sayeed et al. [10] reported increased GSH-Px levels
in the liver and kidney of Channa punctatus exposed to
DM. However in this case, GSH-Px levels were depleted
in the gills. Consequently, in this study, whole body MDA
levels were high in rainbow trout fry after 24 h exposure.
GSH is responsible for cellular antioxidant defenses and
acts as an essential cofactor for antioxidant enzymes, including the GSH peroxidases [43].
This study showed antioxidant system alterations in the
whole body of rainbow trout exposed to DM. The activities
of CAT and GSH-PX, the most sensitive enzymes to ROS
production in aquatic organisms, decreased after pesticide
administration. The parameters studied in this investigation could be used as biomarkers of exposure to DM. However, the induction pattern of antioxidant enzymes under
long-term and high dose exposure conditions needs to be
investigated.

GSH activities increased in all experimental groups
with the exception of the control group. The GSH activities in rainbow trout fry receiving 0.0125 and 0.0250 µg/L
DM were higher than in the 0.010 µg/L DM group, but
there was no significant difference between these three
groups. However, there was a statistically significant difference between the 0.0250 µg/L DM group and the control group. Increased GSH has been described as one of
the protective mechanisms that fish adopt in the initial
phases of exposure to aquatic pollutants [37,38]. We
believe these findings indicate a moderately increased
response to oxidative stress in the 0.0250 µg/L DM treated
group.
Our study indicates that GSH-Px activity decreased in
all the experimental groups compared to the control. This
is likely to be the result of oxidative stress. GSH-Px is involved in protecting cytosol and plasma membrane from
LPO [39]. In fact, this enzyme transforms lipid hydroperoxides produced at the membrane level into less reactive
species. GSH-Px activity was reduced after 24 h DM exposure. Our data are in accordance with reports on Channa
punctatus in which reduced GSH-Px activity was observed in the gills of DM exposed fish [10]. The lower
enzymatic activity of GSH-Px in our study could indicate
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ABSTRACT
The competitive adsorption among potassium dihydrogen phosphate (KH2PO4), sodium hexametaphosphate
((NaPO3)6) and D-glucose-6-phosphate monosodium salt
(C6H12NaO9P) was investigated in this study. These phosphates were chosen as the model phosphate compounds to
represent reactive phosphate (RP), condensed phosphate
(CP) and organic phosphate (OP), respectively. It is revealed that different phosphates have different affinities
for the surface sites of aluminum hydroxide. “Orientation
effects" play an important role in determining the affinity
of phosphates for the surface sites of aluminum hydroxide. The presence of one phosphate can reduce the adsorption of other phosphates considerably due to the competition for the surface sites of the adsorbent. At a given total
phosphorus concentration, the amount of phosphorus adsorbed depends on the concentration fractions as well as
the intrinsic binding affinities of each phosphate species
for aluminum hydroxide surface sites. Competitive adsorption only becomes vigorous when phosphates are present
in high concentrations resulting in intermediate to high adsorption densities. The competition between reactive phosphate and organic phosphate is more extensive than that
between reactive phosphate and condensed phosphate,
which may attribute to the similarity of P functional group
in reactive phosphate and organic phosphate molecules.

KEYWORDS:
aluminum hydroxide; competitive adsorption; condensed phosphate (CP); organic phosphate (OP); reactive phosphate (RP)

1. INTRODUCTION
Phosphorus is an essential pollutant for surface water
eutrophication. To effectively prevent this pollution, removal of P pollutants from municipal and industrial waste
* Corresponding author

waters through biological and/or chemical treatment is very
important. Chemical precipitation is often adopted in a
chemical treatment system. However, the efficiency of
this removal process depends on the types of coagulants
as well as the pertinent reaction conditions, such as pH,
alkalinity, organic level and temperatures [1]. To achieve
stable performance of the chemical P removal process and
maximize its removal efficiency, pre-polymerized aluminum salts, i.e. aluminum hydroxide flocs are utilized as
coagulants for P removal. The effects of the pH and alkalinity can be minimized and the clarification of treated water
from the floc suspension can be facilitated [2-5]. In addition
to be an effective coagulant, aluminum hydroxide is also
an important adsorbent of inorganic and organic phosphates in soil, since bayerite, gibbsite and boehmite contain a large portion of aluminum hydroxides [6, 7]. Therefore, aluminum hydroxide performs dual capacities of being
a coagulant and an adsorbent. This study will focus on the
adsorbing feature of aluminum hydroxides. Phosphorus in
natural aquatic environment is present in three forms: i)
reactive phosphates (RP), ii) condensed phosphates (CP),
and iii) organic phosphates (OP). Though RP accounts for
25-85% of the total phosphorus (TP) in domestic
wastewater, both CP and OP are equally important in the
chemical P removal by aluminum hydroxide because all the
three phosphates may compete for the adsorption on aluminum hydroxide [8]. Thus, it makes sense to investigate
the competitive adsorption between different phosphates as
well as single phosphate adsorption.
The adsorption of RP on aluminum hydroxide-related
adsorbents was studied extensively [9, 10], while the adsorption of OP and CP on aluminum precipitates was also
studied. However, very few studies have been conducted
on the competitive adsorption between different phosphates
on aluminum hydroxides. Investigation of the competition
between different phosphates can provide insight into the
reactions occurring on the surface. Therefore, this study
will focus on investigating the competitive adsorption
among different phosphates. The findings of this work may
shed a light on the adsorption chemistry of phosphates,
which may not only benefit the improvement of chemical
phosphorus removal but also the phosphorus fixation in
soil for agricultural purpose.
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2. MATERIALS AND METHODS
In this study, potassium dihydrogen phosphate
(KH2PO4), sodium hexametaphosphate ((NaPO3)6) and Dglucose-6-phosphate monosodium salt (C6H12NaO9P) were
chosen as the model phosphate compounds to represent
RP, CP and OP, respectively, following the methods of
Altundogan and Tumen [11] as well as Galarneau and
Gehr [12]. In preparation of chemical solutions in this
study, analytical reagent-grade chemicals and doubledistilled water were employed. To minimize the effect of
hydrolysis, the CP and OP solutions were prepared prior
to each test. To reflect the pH levels in sewage and surface water, the phosphate solution pH was adjusted to 6.7
with 0.1N NaOH and/or HCl solutions prior to each test.
Aluminum hydroxide suspension was prepared by dissolving aluminum sulfate, and then adjusting the molar
ratio of OH/Al to 3.0 with a 2N NaOH solution, resulting
in a pH of the suspension at 6.7±0.1. This suspension was
preserved for 16 h for stabilization prior to test [12]. During the aluminum hydroxide preparation and the adsorption experiments, the samples were exposed to the atmosphere. It is probable, therefore, that some carbonate adsorption occurred on aluminum hydroxide. Since carbon
dioxide and carbonate are nearly ubiquitous in the aquatic
and soil environments, conducting experiments in the
presence of carbonate is more realistic than experiments
in carbon dioxide-free conditions [13].
The competitive adsorption among different phosphates was determined by batch adsorption tests using a
jar test device (Stuart Scientific) at room temperature of
21±1 oC. Since the change rate of a phosphate concentration (dc/dt) is usually below 0.01 mg P L-1 min-1 after 2-h
testing time [11], the duration of the adsorption tests in
this study was determined to be 2 h. The test method
followed a typical jar testing procedure that was initiated
with a rapid mixing at 120 rpm for 1 min, followed by slow
mixings at 80 rpm for 60 min and at 40 rpm for 60 min,
consecutively. After each test, samples were taken and
filtered with a 0.45-µm membrane filter made of cellulose
acetate (MFS), which had been soaked in deionized water
for 24 h, for final phosphorus concentration analysis [14].
The pH values of samples were recorded with a high
performance pH-meter and a KCl solution as electrolyte
(Corning 350). Zeta potentials of the samples were determined by a zeta potential analyzer (Zetaplus). Phosphorus
analyses were performed after the necessary pretreatments
in accordance with the ascorbic acid method described in
the Standard Methods [14].
In this study, three sets of tests were conducted: 1)
with single phosphate species, 2) with two phosphate species, and 3) with all three phosphate species. The first set
of the test was initiated by dosing the aluminum hydroxide suspension into a solution of RP, CP, and OP, respectively, with a molar Al/P ratio ranging from 1 to 8. In the
second set of test, the main focus was placed on the competitive adsorption between CP, and OP and that between

RP and CP as CP. The competition between CP and OP was
investigated by adding different amounts of CP and OP to
get different molar ratios of OP to CP (Ri). To determine
the competitive adsorption between RP and CP, the initial
concentration of RP was kept at 6.2 mg P L-1, while the
initial concentration of CP varied from 0 to 18.6 mg P L-1.
The conditions employed in this test are summarized in
Table 1.
TABLE 1 - The phosphate concentration employed in the second set
of test.
Competition between CP and OP Competition between RP and CP
(Al/(CP+OP) = 6)
(Al/RP = 6 or 12 or 18)
Initial phosphate concentration
Initial phosphate concentration
(mg P L-1)
(mg P L-1)
Ri
CP
OP
Rj
RP
CP
0
12.4
0
0
6.2
0
0.25
9.92
2.48
0.5
6.2
3.1
0.54
8.06
4.34
1
6.2
6.2
1
6.2
6.2
1.5
6.2
9.3
1.86
4.34
8.06
2
6.2
12.4
4
2.48
9.92
3
6.2
18.6
∞
0
12.4
Ri = initial ratio of the OP concentration to the CP concentration; Rj
=iInitial ratio of the CP concentration to the RP concentration.

In the third set of test, aluminum hydroxide was dosed
to a mixed solution containing all three phosphates with the
initial concentration of RP varying from 3.1 to 15.5 mg P L-1
and those of CP and OP ranging from 1.55 to 7.75 mg P L-1,
respectively. The concentration of aluminum hydroxide
and the ratio of OP/CP were kept at 3.6 mmol L-1 and 1,
respectively, whereas the molar ratio of RP/(CP+OP)
varied from 0.2 to 5, as shown in Table 2.
TABLE 2 - The phosphate concentration employed in the third set
of test.
Initial phosphate concentration (mg P L-1)
RP
CP
OP
3.1
7.75
7.75
6.2
6.2
6.2
9.3
4.65
4.65
12.4
3.1
3.1
15.5
1.55
1.55

RP/(CP+OP)
0.2
0.5
1
2
5

3. RESULTS AND DISCUSSION
3.1. Adsorption of single phosphate

Fig. 1 shows the removal efficiencies of each phosphate by the aluminum hydroxide at various ratios of
Al/P. With the absence of other phosphates, the removal
efficiency of RP, CP, and OP is 99.8, 75.1, and 55.4%,
respectively, when the molar ratio of Al/P is 6. Clearly at
the same level of aluminum hydroxide, the removal efficiency of each phosphate is different and, consequently,
the removal efficiency of total phosphorus varies with the
concentration fraction of each phosphate. Therefore, when
aluminum hydroxide is used as an adsorbent for phosphorus removal in municipal or industrial wastewater treatment, the optimum dosage determination is not only asso-
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ciated with the concentration of total phosphorus but also
the fractions of different phosphates.
100

creasing CP concentration. However, when excessive aluminum hydroxide is present, the effect of the presence of
CP on the amount of the RP adsorbed becomes less significant.

6

60
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Removal efficiency (%)

7

80
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40

OP
20

5
4
3

Al: RP = 6
Al: RP = 12
Al: RP = 18

2
1

0
0
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Al:P

6

8

10

0
0

FIGURE 1 - Adsorption of different phosphates by aluminum
hydroxide individually.

3.2 Adsorption of CP and RP

Fig. 2 depicts the results of the second set of test for
the adsorption of CP and RP by aluminum hydroxide. The
amount of the RP adsorbed, generally, decreases with in-

3

FIGURE 2 - Added CP/RP molar ratio (Ri) vs. the amount of RP
adsorbed.

An explanation is that RP covers a small portion of
the surfaces, and there are also enough surface sites available for both ligands when aluminum hydroxide is in
excess, so that the competition between the CP and RP for
the common surface sites decreases [19]. It also implies
that competitive adsorption becomes vigorous only when
both adsorbates are present in concentrations resulting in
intermediate to high adsorption densities. The molar ratio
of CP/RP adsorbed (Rf) is plotted versus the Ri, as shown
in Fig. 3.
2.5
Al: RP = 6
Al: RP = 12
Al: RP = 18

2

1.5

Rf

Apparently, the surface sites of aluminum hydroxide
have the greatest affinity for RP and the least one for OP.
This phenomenon may be attributed to the difference in
their charge densities and molecular structures. According
to Hiemstra and Riemsdijk [15], the species carrying the
most-negative charge is easily to be absorbed by the positively charged surface because it maximizes the release of
electrostatic energy. According to the dissociation constants (25 oC) of different phosphates [16], the P functional
groups in OP carry more negative charge than those in MP
(metaphosphate) and RP at pH 6-8. However, OP is most
difficult to be absorbed by aluminum hydroxide among
these 3 species. Therefore, the difference in the affinity of
aluminum hydroxide for different phosphates depends on
not only the charge density but also other factors. As the
adsorption of phosphates on aluminum hydroxide is through
coordination between aluminum hydroxide and the P functional groups in the phosphates, the collision between the
aluminum hydroxide and the P functional groups can lead
to the removal of phosphates. The effective adsorption of
phosphate on aluminum hydroxide requires a proper alignment of P functional group. Therefore, it is reasonable to
postulate that orientation effect plays an important role in
this procedure. As there are more P functional groups in
CP than in OP, hence the CP is easier to orientate its functional group towards the surface sites of aluminum hydroxide, thereby making the CP to have greater affinity
for aluminum hydroxide surface than the OP [17]. Compared to RP, CP, i.e., sodium hexametaphosphate has
weaker binding affinity for the surface sites of aluminum
hydroxide as it has weaker metal-complexing power due
to its cyclic structure [18].

0.5
1
1.5
2
2.5
Initial CP/RP molar ratio (Ri)

1

0.5

0
0

0.5

1

1.5

2

2.5

3

Initial C P/RP molar ratio (Ri)

FIGURE 3 - Added CP/RP molar ratio (Ri) vs. the molar ratio of
CP/RP adsorbed on the surface of aluminum hydroxide.

Under all aluminum hydroxide dosages employed,
the Rf is found to be smaller than the Ri, even at very low
CP concentrations, which suggests that many surface sites
of the aluminum hydroxide are probably in favor of the
RP adsorption. Fig. 4 demonstrates that the amount of
total phosphorus adsorbed increases with an increase in
the Ri.
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function of the Ri. Adsorption of phosphates on aluminum hydroxide reduced the positive surface charge considerably with increasing Ri when it was smaller than 1.5.

The amount of CP+RP removed (mg/l)

25
Al: RP = 6
Al: RP = 12
Al: RP = 18

20

15

10

5

0
0

0.5
1
1.5
2
2.5
Initial C P/RP molar ratio (ri)

3

FIGURE 4 - Added CP/RP molar ratio (Ri) vs. the amount of
CP+RP adsorbed.

The data fit well into the two straight lines, suggesting that in the range of the Ri examined in this study, the
competitive adsorption between CP and RP can be divided
into two distinctive stages: 1) at lower Ri (0-1.5), the phosphate concentration is a limiting factor for the adsorption
of the ligands, and 2) at higher condensed phosphate concentrations, the concentration and intrinsic affinity of adsorbents control the amount of total phosphorus adsorbed.
The results are shown in Fig. 5.
10
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Al: RP = 6
Al: RP = 12

Zeta potential (mv)

-10

Al: RP = 18

-20
-30
-40
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-60
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3

Initial C P/RP molar ratio (ri)

FIGURE 5 - Added CP/RP molar ratio (Ri) vs. zeta potential of the
final solution.

Fig. 5 illustrates the effect of RP and CP adsorption
on the zeta potential of the aluminum hydroxide flocs as a

However, when the Ri was larger than 1.5, the zeta
potential kept relatively constant regardless of the total
phosphate concentration in the system. This implies that
when RP and CP were added to the aluminum hydroxide
suspension, they adsorbed until the surface potential attains
some critical negative value, at which point further sorption is limited by build-up of the surface charge and potential [20]. In addition, the adsorption of CP and OP is
studied and shown in Table 3. Table 3 summarizes the
results of the second set of test on the adsorption of CP
and OP on aluminum hydroxide at different molar ratios
of OP/CP (Ri).
It is seen from Table 3 that when both CP and OP are
present in the aluminum hydroxide solution, a decrease in
the amount of CP or OP adsorbed was observed, which is
attributable to a competition for the surface sites [19]. It is
also found that, even at very high concentration of OP,
part of the CP can still be absorbed by aluminum hydroxide and vice versa. Since there are different types of adsorbing sites on metal hydroxide surfaces that are of chemical heterogeneity, it is reasonable to postulate that some
such surface sites may be in favor of OP, and others may
be specific for CP.
When Ri increases from 0 to 4, the amount of CP adsorbed is reduced by 6.309 mg P L-1. On the contrary,
when Ri decreases from infinite to 0.25, the amount of
OP adsorbed is reduced by only 3.416 mg P L-1. According to He et al. [21], the anions adsorbed on specific surface sites are more difficult to be displaced than those
adsorbed on common surface sites. Thus, the ratio of OP
adsorbed on the specific surface sites to that on the common surface sites may be larger than that of CP adsorbed.
Table 3 also demonstrates that Rf is larger than Ri when
Ri is <1, in-dicating that OP is adsorbed on the OPspecific sites at low OP concentration as, at low surface
density, anion ad-sorption occurs at ion-specific sites on
the adsorbent surface. Therefore, the amount of the TP (=
CP+OP) adsorbed increases with an increase in the initial
OP concentration when the OP concentration does not exceed 4.34 mg P L-1.
When the concentration of OP increased further, it
competes with CP for the common surface sites that can
absorb both OP and CP. As the OP molecule is much

TABLE 3 - Summary of OP and CP adsorption by aluminum hydroxide at various ratios of OP/CP.
Initial phosphorus concentration (mg P L-1)
CP
OP
Ri
12.40
0
0
9.92
2.48
0.25
8.06
4.34
0.54
6.20
6.20
1.00
4.34
8.06
1.86
2.48
9.92
4.00
0
12.4

CP
8.617
6.952
6.074
5.110
3.952
2.308
0

OP
0
2.359
3.387
3.984
4.36
4.604
5.775
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Phosphorus adsorbed (mg P L-1)
CP+OP
8.617
9.311
9.461
9.093
8.311
6.912
5.775

Rf
0
0.34
0.56
0.78
1.26
2.0
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Ri = initial ratio of OP/CP in a solution; Rf = ratio of OP/CP adsorbed by aluminum hydroxide.
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larger than that of CP, with regard to one phosphorus
atom, the OP adsorbed on aluminum hydroxide occupies
or blocks more surface sites than the CP; thus, resulting in
a decrease in the amount of the total phosphorus adsorbed.
The postulation is supported by the phenomenon observed
in this study, since it is found that the amount of the TP
adsorbed actually decreased when the OP concentration
further increased. Therefore, under a given total phosphorus
concentration, the amount of phosphorus adsorbed depends
on the fractions as well as the intrinsic binding affinities
of each phosphate for the surface sites of aluminum hydroxide. This phenomenon is not consistent with the findings of Hingston et al. [22] who found that the amount of
anions adsorbed was greater in the mixed ion solution
than in the single ion sample.

tem, as illustrated in Fig. 6. The presence of the CP and
OP reduces the removal efficiency of the RP from 99.8 to
52.7% at the Al/RP ratio of 6, implying that the competition among these three different types of phosphates for
the surface sites occurs.
100
Removal efficiency (%)
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3.3. Adsorption of the RP, CP, and OP

Figure 6 demonstrates the removal efficiency of each
phosphate by aluminum hydroxide at various ratios of
Al/RP when three phosphates coexisted.
The removal efficiency of each phosphate decreases
considerably compared with that of the single anion sys-
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FIGURE 6 - Competitive adsorption of three different phosphates
on aluminum hydroxide simultaneously.

TABLE 4 - Amounts of RP, CP and OP adsorbed in the third set of test.
RP
3.1
6.2
9.3
12.4
15.5

Phosphorus added (mg P L-1)
CP
OP
7.75
7.75
6.2
6.2
4.65
4.65
3.1
3.1
1.55
1.55

Phosphorus adsorbed (mg P L-1)
CP
OP
TP
6.598
2.568
12.265
5.517
2.198
13.915
4.321
1.651
15.155
2.913
1.240
16.155
1.421
0.562
16.179

RP
3.1
6.2
9.183
12.002
14.196

Table 4 summarizes the amounts of the RP, CP and
OP adsorbed by the aluminum hydroxide when the three
phosphates are present at different ratios. Under the same
TP concentration, the amount of TP adsorbed increases
with increasing RP concentration. This finding is different
from the phenomenon observed in the second set of test
with two phosphate species only. It is because many surface sites are specific for the RP, or the surface sites of
aluminum hydroxide have much greater affinity for the
RP than for the CP and OP.
When RP is present, the molar ratio of OP/CP adsorbed (Rf) is found to be 0.4. However, with the absence
of RP, the final molar ratio OP/CP adsorbed on the surface of aluminum hydroxide is 0.78 by adding equivalent
amount of CP and OP to the system. Obviously RP competed with OP more extensively than with CP for the surface sites common to all the ligands; therefore, the presence
of RP decreased the adsorption of OP more markedly than
the adsorption of CP. Ognalaga et al. [23] pointed out that
the phosphates are adsorbed on the surface of aluminum
hydroxide by their P functional groups. Therefore, the intensive competition between the RP and the OP can be
attributed to the similar phosphorus functional groups in
their molecules.

Rf
0.389
0.398
0.382
0.425
0.395

4. CONCLUSIONS
Based on the results obtained in this study, the major
conclusions are as follows:
Different phosphates have different affinities for the
surface sites of aluminum hydroxide. “Orientation effects" play an important role in determining the affinity of
phosphates for the surface sites of aluminum hydroxide.
The presence of one phosphate can reduce the adsorption of other phosphates considerably due to the competition for the surface sites of the adsorbent. At a given total
phosphorus concentration, the amount of phosphorus adsorbed depends on the concentration fractions as well as the
intrinsic binding affinities of each phosphate species for
aluminum hydroxide surface sites.
Competitive adsorption only becomes vigorous when
phosphates are present in concentrations resulting in intermediate to high adsorption densities.
The degree of competition between different phosphates is related to the similarity of P functional groups in
phosphates.
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ABSTRACT

1. INTRODUCTION

The aim of this study was to investigate the effects of
magnesium sulphate (MgSO4) on some biochemical and
hematological parameters, lipid peroxidation, and antioxidant enzymes in pregnant rat model of preeclampsia induced by Lw-nitro-L-arginine methyl ester (L-NAME).
Thirty two pregnant Sprague-Dawley rats were divided
into 4 equal groups as control, L-NAME (50 mg/kg bw/day),
MgSO4 (600 mg/kg bw/day) or L-NAME + MgSO4 (1-4)
given groups on the 11th day of the pregnancy in their
drinking water.
The increased blood pressure (BP) was detected on
the 12th and 19th days of pregnancy. Blood samples were
collected on the 19 th day to determine blood oxidative
status, some biochemical and hematological parameters. LNAME decreased erythrocyte superoxide dismutase activity, plasma total protein level and increased erythrocyte
catalase and glutathion peroxidase activities, BP, plasma
malondialdehyde, cholesterol and triglyceride levels, alkaline phophatase activity and white blood cell counts compared to control group. While MgSO4 decreased aspartate
amino transferase and alanine amino transferase activities and calcium level, it increased magnesium level compared to control group. Increased BP, plasma cholesterol
levels, erythrocyte catalase and glutathione peroxidase activities by L-NAME were decreased by the addition of MgSO4.
In conclusion, MgSO4 (600 mg/kg bw/day) may be
beneficial in the treatment of preeclampsia by increasing
usage of antioxidant enzymes
KEYWORDS: Preeclampsia, L-NAME, magnesium sulphate,
oxidative stress.

* Corresponding author

Preeclampsia is an important disorder of pregnancy
characterised by hypertension, proteinuria, edema and vascular endothelial damage in woman [1-3]. Although there
are several theories explaining the pathogenesis of the disorder, the ethiology remains unknown [4]. One of the important factors that induced preeclampsia is oxidative stress
[5]. There are studies [2, 6] reported that there is an imbalance between lipid peroxides and antioxidants in
preeclampsia, and this imbalance may cause endothelium
damage. Toxicosis syndrome of fasting pregnant ewes
has a close similarity to human preeclampsia (hypertension, albuminuri) [7]. Tatcher and Keith [8] demonstrated that mean arterial pressure increased significantly
because of the induction of pregnancy toxemia in the
ewes after a 72 hour fast. Studies [9-12] showed that
nitric oxide in-hibition by Nw-Nitro-L-Arginine Methyl
Ester (L-NAME) in a rat model resulted in a similar condition with preeclampsia. There are many drugs used in
the treatment of preeclampsia [13]. Magnesium sulphate
is important to treat severe preeclampsia [14-16]. It decreases the BP [12, 17] and the level of serum malodialdehyde (MDA) [18, 19]. Magnesium sulphate has shown
to have a protective effect on endothelial cells. The endothelium protective effect of Mg is thought to be related
with its antioxidant effects [17].
There are studies about the oxidative stress and antioxidant activity in preeclamptic human [2, 19, 20-22] and
rat model [11, 23]. Moreover, there are few studies [18,
24, 25] about the effects of MgSO4 on lipid peroxidation
induced preeclampsia. But none of them reported the
effects of MgSO4 on antioxidant enzymes in preeclampsia.
So the objective of this study was to investigate the effects
of MgSO4 on lipid peroxidation, antioxidant enzymes,
some biochemical and hematological parameters in pregnant rat model of preeclampsia induced by L-NAME.
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2. MATERIALS AND METHODS

(TBARS) according to Moreno et al. [26]. The absorbance
of the reaction product of MDA with thiobarbituric acid
(TBA) was measured spectrophotometrically at 532 nm.

2.1. Animals

In this study, 32 female and 16 male Sprague-Dawley
rats (160-220 g, 3-4 months) were used. The study was
conducted in University of Kirikkale, Faculty of Veterinary Medicine, Experimental Animals Units. The rats were
kept in cages allowed ad libitum access to feed and water
under 12 h light / 12 h dark cycle. The animal care and use
protocol was reviewed and approved by the Ethics Committee of the Faculty of Veterinary Medicine, Kirikkale
University (17.03.2006-01/06).
The day of the oestrus cycle was determined in each
rat by vaginal cytology with Papanicolaou stained. For
mating female rats were caged 2:1 with mature males;
vaginal smears were checked daily twice in the early morning and evening for the presence of spermatozoa. The day
when spermatozoa were detected was designated as day 0
of pregnancy and the pregnant rat was separated alone in
another cage. After confirming the pregnancy (day 0 =
spermatozoa positive), they were divided into 4 groups.
The control group was allowed access to tap water; the
second group was supplemented with 50 mg/kg bw/day LNAME hydrochloride (Sigma Chemical, St, Louis, MO,
USA) to the drinking water, the third group allowed to
drinking water containing 600 mg/kg bw/day MgSO4
(Merck Chemical,Germany) and 50 mg/kg bw/day LNAME was co-administered with 600 mg/kg bw/day
MgSO4 in their drinking water in the fourth group from
11th to 19th day of pregnancy. On day 12th and 19th of pregnancy systolic (SBP) and diastolic blood pressure (DBP)
were measured by tail cuff device (MP 30, Biopac system,
USA). Blood pressure was obtained from three consecutive measurements and average pressure value was recorded
as the pressure of the rat at each time point. The protein
level of urine was detected via test strips (Teco, USA).
2.2. Sampling

At the end of the experiment, the animals were fasted
overnight and sacrificed by anesthetizing with thiopenthal
sodium and the blood samples were taken from the heart
of 8 rats from each experimental group. The blood samples were collected into heparinized and EDTA test tubes.
Heparinized test tubes were centrifuged at 1600×g for
10 min at 4 ºC. Plasmas were collected and stored at -30 º C
for biochemical analyses and -80 ºC for MDA analysis.
2.3. Biochemical analysis of plasma

Plasma aspartate amino transferase (AST), alanine
amino transferase (ALT), alkaline fosfatase (ALP) activities, albumin, total protein, total cholesterol, HDL- cholesterol, total bilirubin, blood urea nitrogen (BUN), creatinine,
uric acid, calcium (Ca), magnesium (Mg), inorganic
phosphour (Pi) (Teco, USA), triglyceride (Dds, Germany)
were determined by spectrophotometer (Shimadzu UV
1700) with commercial kits. Lipid peroxidation in plasma
was determined as thiobarbituric acid reactive substances

2.4. Biochemical analysis of erythrocyte hemolysate

Preparation of erythrocyte hemolysate: The heparinized
blood samples were centrifuged at 1600×g for 10 min at
+4 ºC. The plasma and buffy coats were removed. Blood
cells washed three times by re-suspending in % 0.9 NaCl
followed by re-centrifugation and removal of the supernatant fluid. The red cells were lysed in ice-cold distilled
water to prepare erythrocyte hemolysate. Hemolysates was
used for catalase (CAT), glutathione peroxidase (GPx) and
superoxide dismutase (SOD) activities were determined in
dublicate by spectrophotometric (Shimadzu UV 1700) assay
with diagnostic test kits (Oxis, USA). Levels of hemoglobin (Hb) were measured with commercial kits (cromatest
1134010, Espana). All of these antioxidant enzymatic activities were expressed relative to Hb concentration.
2.5. Hematological investigations

Erythrocyte (RBC) and leukocyte (WBC) counts, Hb
and packed cell volume (PCV) values were determined by
using blood counter (MS9-3-Melet Schloesing Laboratories, France) in the blood samples collected into the EDTA
test tubes.
2.6. Statistical Analysis

The data were expressed as arithmetic means and
standard error (X ± SEM). Statistical analysis was performed by SPSS 15.0 version for Windows (SPSS Inc,
Chicago II, USA). Blood pressure data were analysed by
two-way ANOVA with repeated measures. Significance of
differences in means between two different times were
done with student t test. Biochemical and hematological
data were analysed One-way ANOVA was used for the
differences between groups. When the F values were significant, Duncan’s Multiple Range Test was performed.
Differences were considered as significant when the P
value was less than 0.05.
3. RESULTS AND DISCUSSION
The mean values of SBP and DBP in control and experimental groups were given in Fig 1 and 2. Systolic blood
pressure and DBP were higher in L-NAME group as compared to control on days 12th and 19th. Some researchers [9,
11] reported an increase in the SBP of pregnant rats exposed to L-NAME. Nitric oxide synthase induced the
release of nitric oxide (NO) and regulated the tone and the
blood pressure of arters [27]. The increase of blood pressure in this study can be attributed to the inhibition of
nitric oxide synthase by L-NAME [27].
Compared to the L-NAME group the SBP was lower
in L-NAME + MgSO4 group on the same days. Diastolic
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blood pressure was lower in L-NAME + MgSO4 group as
compared to L-NAME group only on day 19th (P <
0.001). In L-NAME and L-NAME + MgSO4 groups, the
SBP was decreased and in L-NAME + MgSO4 group, the
DBP was decreased significantly in a time dependent
manner by day 12th and 19th (P < 0.05). The treatment
with MgSO4 decreased the blood pressure [17, 18, 28] in
preeclamptic patients. There was a significant decrease in
the blood pressure of MgSO4 group compared to control
group in this study. This result can be attributed to the
ability of MgSO4, regulated vascular smooth muscle cell
calcium binding, antagonize vascular smooth muscle cell
calcium influx and change cellular calcium distribution [29];
this lead to reduce vascular smooth muscle cell contractile
state and so decrease the BP [12].

rocyte CAT (P < 0.001) and GPx (P < 0.05) activities of
L-NAME group were significantly higher, but SOD (P <
0.01) activity was significantly lower as compared to control group.
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FIGURE 3 - Plasma MDA levels in control and treatment groups
(n=8). a, b: Groups with different letters are significantly different
(P < 0.01)
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FIGURE 1 - Systolic blood pressure of control and treatment groups
(n=8). a, b, c, d: Groups with different letters are significantly different (P < 0.001) x, y: Groups with different letters are significantly different (P< 0.05)
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In the present study, plasma MDA, erythrocyte CAT ,
GPx and SOD activities were given in Figs. 3, 4, 5, 6,
respectively. The plasma MDA level (P < 0.01) and eryth-

FIGURE 5 - Erythrocyte GPx activity in control and treatment
groups (n=8). a, b: Groups with different letters are significantly
different (P < 0.05)
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has antioxidant properties that could attenuate harmful
effects of oxidative stress on the vasculature. These effects
may be particularly important in hypertension, where generation of reactive oxygen species is increased and Mg2 is
decreased [28].
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FIGURE 6 - Erythrocyte SOD activity in control and treatment
groups (n=8). a, b, c: Groups with different letters are significantly
different (P < 0.01)

Although the etiology of preeclampsia still remains
unknown, placental oxidative stress as a result of increased superoxide generation are considered to be important in the pathogenesis [30]. Increased placental secretion of lipid peroxidation results in activation of leukocytes [5, 31]. Also many endothelial changes of potential
relevance to preeclampsia can be induced by lipid peroxidation [32]. Lipid peroxidation has been suggested as a
causative factor in pregnancy, and induced hypertension
[33]. In this study, increased plasma MDA level in
preeclamptic rats was consistent with the study of Tanır et al.
[11]. Madazlı et al. [30] suggested that the enhanced lipid
peroxidation products may cause peroxidative damage of
vascular endothelium which may resulted in preeclampsia.
The plasma MDA level was decreased insignificantly in LNAME + MgSO4 group when compared to L-NAME
group. However in a study, it has been suggested that the
treatment with MgSO4 decreased the level of serum MDA
in preeclamptic patients [18]. In this regard, MgSO4 may
suggested as an important mineral involved in free radicals bioavailability [34, 35] by different mechanisms,
including the possibility of direct complexation of Mg
with hydroxyl radicals and lipid peroxides in the hydrophobic microenvironment of the cell membrane [24].
In preeclampsia, there is an imbalance between oxidant and antioxidant activity [36]. Increased CAT [11]
and GPx [21] activities explained by compensatory nature
responding to the increased peroxide load in preeclampsia.
The results of this study are in consistent with the results of
Tanır et al. [11] and Uotila et al. [21]. On the other hand,
reduced SOD activity in present study can be attributed to
the consuming of the radical scavenging SOD due to the
increased lipid peroxidation [37]. In this study, erythrocyte CAT (P < 0.001) and GPx (P < 0.05) activities of LNAME + MgSO4 group were significantly lower as compared to L-NAME group. Tanır et al. [11] showed that
antioxidant use decreased the MDA levels in plasma in
parallel with a decrease in the CAT and SOD activities.
However antioxidant use insignificantly decreased the
MDA level in parallel with a significant decrease in the
activities of the antioxidants GPx and CAT. Magnesium

In this study, proteinuria, plasma AST, ALT, ALP enzyme activities, total protein, albumin, triglyceride, total
cholesterol, HDL-Cholesterol, total bilirubin, BUN, creatinine, uric acid, Ca, Mg and Pi levels were given in Table 1. Proteinuria was occurred in the L-NAME group on
day 19 th of pregnancy. This increase of protein in urine
can be attributed to the enhanced permeability and disorder of glomerular microcirculation due to the damage that
occurred in the endothelial of the glomerular vessel because of lipid peroxides [38]. Pandhi et al. [10] showed
that high doses of MgSO4 (500-750 mg/kg) prevented the
symptoms of preeclampsia like hypertension and proteinuria. Also in this study treatment with 600 mg/kg
MgSO4 alleviated the increased BP and proteinuria in
preeclamptic rats induced by L-NAME.
In the present study, plasma ALP activity was significantly higher in L-NAME group than control group (P <
0.05). This result was in agreement with previous reports
[39, 40]. Placenta is a rich source of enzymes and ALP is
one of the relatively specific enzymes of this organ [41].
Measurement of serum ALP of placental origin is of particular interest in investigation of placental insufficiency
[42].
In this study, plasma protein level was significantly
lower in L-NAME group as compared to control group (P
< 0.05). This decrease might be due to the increased urine
protein excretion [43]. Plasma triglyceride (P < 0.05) and
total cholesterol (P < 0.01) levels were significantly higher
in L-NAME group than control group, in the present
study. Endothelial cell injury and altered endothelial function are important in the pathogenesis of preeclampsia.
Endothelial cell damage changes the lipid profile of serum
[32]. Hypertriglyceridemia and hypercholesterolemia in
preeclampsia can cause excessive lipid peroxidation [44,
45]. Hypercholesterolemia promotes the formation of free
radicals. Thus, lipid alterations observed may promote
oxidative stress, leading to endothelial dysfunction in
preeclampsia [45]. The increased levels of plasma triglyceride and total cholesterol in this study are in consistent
with the study of Pedrycz et al. [43]. Plasma total cholesterol levels of L-NAME + MgSO4 group were significantly
lower as compared to L-NAME group (P < 0.01), in this
study. As magnesium sulphate has a protective effect on
endothelial cells [17], the supplementation of this agent
ameliorated the total cholesterol increased in L-NAME
group.
Plasma AST and ALT activities, albumin, HDLcholesterol, total bilirubin, BUN, creatinine, uric acid, Ca,
Mg ve Pi levels were not affected from L-NAME, in this
study (P > 0.05). The activities of plasma AST, ALT were
significantly decreased (P < 0.05) in MgSO4 group com-
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pared to control and L-NAME groups. This can be attributed to the antioxidant properties of Mg.
In the present study, plasma Ca level was significantly lower (P < 0.05), Mg level was significantly higher (P
< 0.01) in MgSO4 group than control group. Standley et
al. [46] found that serum Mg decreased in preeclamptic
pregnancies. In this study, the plasma level of Mg in LNAME group was decreased as compared to control
group, but this decrease was not statistically significant
(P > 0.05). As expected, plasma Mg level was statistically

in-creased in MgSO4 treated group as compared to control
group and also increased in MgSO4 + L-NAME group as
compared to L-NAME group (P < 0.01). The Ca level was
lower in the MgSO4 supplemented group which is agreement with a report suggesting that Mg may act as a physiological calcium blocker [47]. Magnesium influences Ca++
entry, binding, translocation and intracellular mobilization
[48, 49] in vascular smooth muscle cells, so changes in
[Mg++] lead to changes in [Ca++] [47].

TABLE 1 -The effects of L-NAME, MgSO4 and L-NAME + MgSO4 on some plasma biochemical parameters of pregnant rats.
Parameters

Control
(n=8)

L-NAME
(n=8)

MgSO4
(n=8)

L-NAME+ MgSO4
(n=8)

Proteinuria

Trace

(+2) – (+3)

+1

+1

AST (IU/L)

43.90 ± 6.60a

43.47 ± 6.54a

23.45 ± 2.52b

33.77 ± 4.37ab

*

ALT(IU/L)

36.32 ± 4.42 a

37.66 ± 6.10a

18.16 ± 0.97b

30.63 ± 5.88ab

*

ALP (IU/L)

97.05 ± 6.97b

141.11 ± 11.15a

108.62 ± 11.74b

119.64 ± 11.95ab

*

Albumin (g/dl)

2.21 ± 0.17

2.34 ± 0.10

2.16 ± 0.13

2.34 ± 0.09

NS

Total protein (g/dl)

7.88 ± 0.58a

6.06 ± 0.43b

6.72 ± 0.32ab

6.74 ± 0.28ab

*

Triglyceride (mg/dl)

112.28 ± 11.0b

175.21 ± 19.39a

109.31 ± 17.59b

154.42 ± 13.72ab

*

Total Cholesterol (mg/dl)

65.97 ± 4.11a

85.71 ± 5.83b

66.68 ± 2.63a

69.57 ± 3.34a

**

HDL-Cholesterol (mg/dl)

33.04 ± 5.25

27.71 ± 4.62

33.10 ± 4.86

25.72 ± 4.78

NS

Total bilirubin (mg/dl)

2.55 ± 0.53

3.70 ± 0.47

2.90 ± 0.71

3.48 ± 0.62

NS

BUN (mg/dl)

10.55 ± 0.86

12.92 ± 0.48

11.17 ± 0.70

12.20 ± 1.54

NS

Creatinine (mg/dl)

0.34 ± 0.05

0.36 ± 0.04

0.30 ± 0.02

0.32 ± 0.02

NS

Uric acid (mg/dl)

4.47 ± 0.60

3.41 ± 0.31

3.47 ± 0.38

3.45 ± 0.49

NS

Ca (mg/dl)

10.45 ± 0.85a

9.22 ± 0.39ab

8.10 ± 0.40b

8.91 ± 0.48ab

*

Mg (mg/dl)

3.64 ± 0.42bc

2.65 ± 0.15c

5.02 ± 0.58a

3.98 ± 0.18ab

**

Pi(mg/dl)

7.42 ± 0.79

7.29 ± 0.45

7.08 ± 0.34

7.27 ± 0.48

NS

P

a, b, c: Means within row with different superscripts are significantly different; NS: not significant, * : P < 0.05, ** : P < 0.01
TABLE 2 - The effects of L-NAME, MgSO4 and L-NAME + MgSO4 on some hematological parameters of pregnant rats
Control
(n=8)

Parameters
6

3

L-NAME
(n=8)
b

6.12 ± 0.80

MgSO4
(n=8)
b

7.08 ± 0.19

L-NAME+MgSO4
(n=8)
a

*

RBC (10 /mm )

6.50 ± 0.50

WBC (103/mm3)

4.19 ± 0.31b

5.49 ± 0.15a

5.31 ± 0.41a

4.95 ± 0.39a

*

Hb (g/dl)

10.61 ± 1.95

9.87 ± 0.35

10.91 ± 0.34

10.45 ± 0.54

NS

PCV (%)

29.51 ± 1.65

28.25 ± 0.85

31.67 ± 1.13

30.25 ± 0.75

NS

1951

6.44 ± 0.29

P

b
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a,b: Means within row with different superscripts are significantly different, NS: not significant, * : P < 0.05
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Erytrocyte count, WBC, Hb and PCV values were
given in Table 2. The RBC count was higher in MgSO4
group than other groups, also WBC count was higher in
groups MgSO4, L-NAME than control group (P < 0.05).
Preeclampsia is characterized by leukocyte activation.
Upon activation, neutrophil granules are released, the
contents of which are capable of mediating vascular damage. It is unclear whether neutrofil activation is the consequence of endothelial damage [50]. So in this study the
WBC counts were increased in L-NAME group compared
to control group. Erythrocyte and WBC counts were increased in MgSO4 group as compared to control group.
There were no studies found about the effect of MgSO4 on
WBC and RBC counts. While there were statistically
significant increase in RBC count in MgSO4 group compared to control group, PCV value did not change thus
this data considered to be unimportant.

[7]

Talosi, G., Nemeth, I., Nagy, E. and Pinter, S. (1997) The pathogenetic role of heme in pregnancy-induced hypertansion-like disease in ewes. Biochemical and Moleculer Medicine, 62, 58-64.

[8]

Thatcher, C.D. and Keith, J.C. Jr. (1986) Pregnancy – induced
hypertension: Development of a model in the pregnant sheep.
American Journal of Obstetrics & Gynecology, 155, 201-207.

[9]

Podjarny, E., Benchetrit, S., Katz, B., Green, J. and Bernheim, J.
(2001) Effect of methydopa on renal function in rats with LNAME-ınduced hypertension in pregnancy. Nephron, 88, 354-359.

In conclusion, administration of 50 mg/kg bw/day LNAME in drinking water resulted in increased BP and
proteinuria, plasma MDA, triglyceride, total cholesterol
levels, erythrocyte CAT, GPx activities, decreased erythrocyte SOD activity and plasma protein level. Administration of 600 mg/kg bw/day MgSO4 in drinking water to
preeclamptic rats attenuated detrimental effects of BP and
proteinuria, the level of cholesterol in plasma. On the
other hand, it did not show any significantly important
change on lipid peroxidation, but it decreased CAT and
GPx activities. There were not significant changes in
hematological parameters. As a consequence MgSO4 (600
mg/kg bw/day) may have a beneficial effect against oxidative stress developed in the preeclampsia.

[12] Standley, C.A., Batia, L. and Yueh, G. (2006) Magnesium sulfate
effectively reduces blood pressure in an animal model of
preeclampsia. Journal of Maternal-Fetal & Neonatal Medicine,
19, 171-176.
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ABSTRACT
A new method to enhance bio-treatment of
wastewater with high organic strengths was presented in
this article. A pilot-scale treatment process train was built
in our laboratory to emulate the wastewater treatment
process at a local distillery. Two side-stream (auxiliary)
bioreactors containing immobilized biomasses were added
to the main UASB and the other to the activated sludge
reactor respectively. The main process train received untreated wastewater from the distillery. The auxiliary bioreactors were operated under optimal operating conditions.
The activated microbes in these auxiliary bio-reactors
were continually fed into the main reactors to maintain
healthy microbial populations. The results showed that the
COD removal in the main aerobic bioreactor exceeded
90%. With the addition of high density microbes cultured
in the auxiliary bio-reactors, the main treatment process
train required only 25 to 30 days to meet the required
final discharge limits compared to 2 months without the
auxiliary bio-reactors. The much shorter start-up time is
beneficial for industrial wastewater treatment systems.

KEYWORDS: Auxiliary bio-reactor, Increasing efficiency, Liquor
wastewater, High density bacteria

1. INTRODUCTION

significant influences on degradation of persistent organic
pollutants including ethyl benzoylacetate [3], aryl ketones
[4], (R)- mandelic acid [5], and sulfate [6] as well as some
metal ions [7, 8]. Compared with conventional free-flowing
cultures, the most important advantage of applying immobilized cells is its high efficiency in biochemical processes,
even under highly adverse conditions [9]. By immobilizing
selected bacteria, high efficiency and cost-saving in removal of refractory pollutants become feasible, when compared with conventional activated sludge treatment [10].
Moreover, the immobilized-cells process makes solid-liquid
separation in settling tanks easier and thus minimizes the
problems associated with sludge bulking [11]. A number
of studies investigated using polymer-gel as a support for
immobilized microorganisms [12-15].
However, the mechanics and stability of such gels are
often unsatisfactory because of their water solubility and
decrease in the concentration of immobilized microorganisms with time. In this study, two side-stream bio-reactors
(one aerobic and one anaerobic) that contained immobilized microorganism were built to culture bacteria under
optimal operating conditions. Sludge from the main reactors were first fed into these auxiliary bio-reactors to initiate the cultivation and the bacteria cultivated were continually fed back to the main reactors. The processes optimized
the treatment and helped to maintain a heathy population
of microorganisms. A pilot-scale continuous-flow system
was built in our laboratory and used to treat wastewater of
high organic strength from a local distillery. The objectives
of the study were to validate the concept and to determine
the optimal operating conditions.

Organic compounds in a polluted environment can be
degraded by enzymes generated from microorganisms.
However, extraction of these enzymes is a complex process, and the extracted enzymes may not retain all of their
capacity. In recent years, immobilized microorganisms
have attracted much attention for wastewater treatment
because of their high operational stability, applicability in
continuous-flow reactors, and high cell density [1, 2]. It
has been reported that immobilized microorganisms have

2.1 Water and Sludge Source

* Corresponding author

Due to it high organic strength, the wastewater is being
treated by an upflow anaerobic sludge blanket (UASB)

2. MATERIALS AND METHODS

The wastewater was obtained from the effluent of a
liquor manufacturing process in Hubei province, China.
The characteristics of the wastewater are shown in Table 1.
2.2 Test Unit
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TABLE 1 - Characteristics of the raw water.
Parameter

COD
（mg·L-1）

BOD5
(mg·L-1)

SS
(mg·L-1)

pH

TN
(mg·L-1)

TP
(mg·L-1)

Quality

5,000-7,000

2,500-3,500

800-1,000

5-7

20-40

100-300

TN = total nitrogen; TP = total phosphorus

process, followed by conventional activated sludge treatment. However, the performance of the treatment process
train is not satisfactory and the effluent could not comply
with the discharge limits. In our pilot-scale system, two
side-stream (auxiliary) bioreactors were built; one for the
main UASB reactor and the other for activated sludge.
The schematic of the auxiliary anaerobic bio-reactor is
shown in Fig. 1, in which A is a 1-L glass reactor heated
by a water bath with a magnetic stirrer, B is a gas collection device with water displacement, and C is a graduated
cylinder to collect the water displaced by the gas produced. The auxiliary aerobic bio-reactor is a 2-L beaker
maintained at room temperature by a water bath with
magnetic stirring. Air was pumped continuously to the
bottom of this aerobic reactor at a constant flow rate, as
shown in Fig. 2.

FIGURE 3 - Schematic diagram of the treatment process train.

Meanwhile, the main treatment process train was established in the laboratory to emulate the actual treatment
process at the factory, shown in Fig. 3. The main anaerobic
bioreactor was a 60-L UASB reactor and the main aerobic
bioreactor was a 30-L aerated activated sludge reactor.
The raw water was fed into the UASB reactor by a pump.
After the bio-treatment in the UASB and the aerobic reactor, the water flowed into a secondary settling tank. Clarified effluent from the settling tank passed through an activated carbon column before discharge.
2.3 Biomass

FIGURE 1 -Schematic of the auxiliary anaerobic bioreactor.

FIGURE 2 -Schematic of the auxiliary aerobic bioreactor.

Based on the characteristics of the wastewater to be
treated, two types of immobilized biomasses (anaerobic
cells and aerobic cells) were obtained from AquaBioTronic
LLC (USA). The main microorganisms of the anaerobic
biomasses were Bacillus megaterium and Bacillus subtilis,
while the aerobic biomasses were Pseudomonas poae and
Bacillus amyloliquefaciens. The microorganisms of the biomass were supported on fossil algae materials with about
2×109 colony-forming units per gram.
Microorganisms involved in removal of carbonaceous
contaminants from wastewater require nitrogen and phosphorous for growth and reproduction [16]. In order to
achieve effective microbes, provision of sufficient nutrients is crucial in stimulating microorganisms to perform
their synthesis reactions. It is often stated that the COD:
N: P ratios in wastewater to be treated should be approximately 100:5:1 for aerobic treatment and 250:5:1 for anaerobic treatment [17, 18]. For immobilized cells in the
auxiliary reactors KH2PO4 was used as the phosphorus
source, NH4NO3 as the nitrogen source, dextrose or
wastewater as the carbon source, and the C: N: P ratios
were maintained at 250:5:1 for the anaerobic reactor and
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100:5:1 the aerobic reactor, respectively. The concentrations of the other trace elements were 10 mg·L-1 for
MgSO4·7H2O, 3 mg·L-1 for FeSO4·7H2O, 1 mg·L-1 for
MnSO4, 1 mg·L-1 for ZnSO4·2H2O, and 2 mg·L-1 for
CaCl2.
2.4 Analytical Method

Chemical oxygen demand (COD), total nitrogen (TN),
total phosphorus (TP), and color were assayed using a
spectrophotometer (Type DR2800, HACH, USA). pH and
oxidation-reduction potential (ORP), conductivity, dissolved
oxygen (DO) were monitored regularly with analyzers.
Mixed liquor suspended solids (MLSS) were determined by
a gravimetric method, and 5-day biochemical oxygen demand (BOD5) was determined by the dilution inoculation
method [19].
2.5 The Auxiliary Reactors and the Main Bioreactors

The optimal concentrations of the biomasses and the
experimental parameters were established and used in the
auxiliary bioreactors. The operating conditions of the
auxiliary anaerobic bioreactor were controlled at: pH =
6.0-7.0, conductivity = 1.2×103-1.5×103 µS·cm-1, temperature = 35±2 ℃, and ORP ≤-300 mV. Four percent
of the mixed liquid was exchanged with the nutrients and
wastewater daily.

The effects of the initial immobilized biomass concentrations on the cumulative biogas production and the COD
removal rate are shown in Figs. 4 and 5, respectively. It can
be seen that the biogas production increases with initial
biomass content and the COD removal rate also displays a
similar pattern. The curves for the starting immobilized
biomass concentration of 1.0 g·L-1 in both figures showed
the sharpest increase with time, which indicate that the
immobilized biomass enhanced the growth of bacteria
greatly. However, too much immobilized biomass (i.e.,
2.5 g·L-1) restrained the growth, because excessive immobilized biomass in the unit might have caused biological competition in a closed ecosystems (heterotrophic
microbial growth can be limited by the availability of
carbon/ energy sources [20]). Consequently, the optimal
concentration of the immobilized biomass for the condition
treated to start the anaerobic auxiliary reactor was
found to be 1.0 g·L-1 for the conditions treated on this
study.

The experimental conditions of the auxiliary aerobic
bioreactor were controlled at: pH = 6.8-7.2, conductivity =
-2.5×103-5.5×103 µS·cm-1, temperature = 27±2 ℃, ORP ≥
100 mV, DO = 2.0-2.4 mg·L-1. After every 12 hours, 4%
mixture in the auxiliary bioreactor was exchanged with the
nutrients and wastewater. Then, it was settled for 30 min
and the supernatant was replaced with the effluent from the
main anaerobic bioreactor with about 1,000 g·L-1 of COD.
The bacteria were populated in the auxiliary bioreactors under optimal conditions. Before the nutrients were
added to the auxiliary bioreactors, 4% mixed liquid was
transferred into the main reactor daily. There were four
sampling points in the treatment process train: raw water,
effluent of the UASB reactor, effluent of the aerobic reactor and the final effluent. The water samples were collected routinely every morning at 9:00 am and analyzed.

FIGURE 4 -Effects of immobilized biomass concentration on cumulative biogas production

3. RESULTS AND DISCUSSION
3.1 Anaerobic Reactor
3.1.1 Concentration of the biomasses

In the auxiliary anaerobic reactor, the starting concentrations of the immobilized biomasses were 0, 1.0,
and 2.5 g·L-1 respectively. The 1-L water-sludge mixture
from the factory consisted of 25% anaerobic sludge and 75%
raw wastewater, with a COD concentration of 3,600 mg·L-1.
The amount of gas production and the COD concentration
were determined and recorded daily.

FIGURE 5 -Effects of immobilized biomass concentration on anaerobic COD removal rate
3.1.2 Microbial growth in the auxiliary anaerobic reactor
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As shown in Fig. 6, the gas production increased
with time initially, but slowed down appreciably after
about 20 days. The COD removal also increased to a constant value and fluctuated around it, which indicated that
the growth of methane producing bacteria (MPB) was
limited. This limitation was probably due to a lack of organic matter. MLSS is an important indicator in biological
treatment which represents the concentration of biomass.
As shown in Fig. 7, MLSS concentrations decreased after
10 days and the decrease accelerated after 25 days. This
phenomenon was plausibly due to the decrease in organic
matter available for biomass formation.

centration >2.5 g·L-1, COD removal was nearly complete
after 8 days. At low concentration of immobilized biomass, COD removal rate increased slowly but still better
than the free cells sludge. However, the COD removal rates
with 5.0 g·L-1 is essentially the same as that of 2.5 g·L-1
which implies that excessive immobilized biomass is not
necessary. For the case of 1.0 g·L-1, it take a longer time
to achieve a high COD removal rate. As expected, the
trends of MLSS versus time (Fig. 9) correspond well to
the COD removal rate (Fig. 10). Consequently, the optimal initial concentration of immobilized biomass in the
auxiliary aerobic bioreactor was found to be 2.5 g·L-1 for
the conditions treated in this study.

FIGURE 6 -Variations of cumulative biogas production and COD
removal rate.
FIGURE 8 -Influence of biomasses concentration in aerobic COD
removal rate.

FIGURE 7 -MLSS production versus immobilized biomasses and
free cells sludge
3.2 The Auxiliary Aerobic Reactor

In the auxiliary aerobic reactor, the starting concentrations of immobilized biomass were 0, 1.0, 2.5 and 5.0 g·L-1,
respectively. The 2-L water-sludge mixture consisted of
25% aerobic and 75% anaerobic effluents from the factory.
As shown in Fig. 8, the COD removal rate was enhanced by an increase in initial concentration of immobilized biomass. With an initial immobilized biomass con-

FIGURE 9 -Effects of immobilized biomass concentrations on
MLSS
3.3 The Main Treatment Process Train

The main treatment process train was operated in a
continuous mode at a flow rate of 2.5 L·h-1. The hydraulic
retention times (HRTs) for the UASB reactor and the
aerobic bioreactor were about 24 h and 12 h, respectively.
Samples from the four sampling points were taken routinely at 9:00 am every morning and analyzed. The efflu-
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ent COD concentrations of the UASB reactor and the
aerobic reactor decreased gradually with time (Fig.10), and
the quality of the final effluent satisfies the discharge limit
(COD < 100 mg·L-1) after 15 days of start up and afterwards.

biomasses in the main reactors rapidly and enhance the
bio-treatment efficiencies.

Fig.11 illustrates the percentages of COD removal
during the start-up period. The COD removal efficiencies
were not very stable in the beginning, but started to increase from the 15th day. For most industrial wastewaters,
an acclimation period is necessary to gradually expose the
microbial community to potentially inhibitory or toxic
organic compounds. This allows the development of appropriate enzyme producing genes that are essential to
induce biodegradation [21]. In this study, acclimation was
considered complete after 25 days when the final effluent
COD concentrations were relatively low and constant.

Auxiliary bio-reactors (aerobic and anaerobic) containing immobilized biomasses can be utilized to enhance
bio-treatment of industrial wastewater with a higher efficiency and a shorter start-up time, when compared to
conventional processes. The optimal concentrations of the
immobilized biomasses to start the auxiliary bio-reactors
were 1.0 g·L-1 for the anaerobic reactor and 2.5 g·L-1 for
the aerobic reactor, respectively. The operating conditions
of the auxiliary bio-reactors were optimized and cultured
bacteria in these bio-reactors were continually fed into the
main treatment process train to maintain healthy microbial populations in the main bio-reactors. With added high
density of microbes cultured in the auxiliary bio-reactors,
the main process train needed only 25 to 30 days to meet
the required final discharge limits, compared to 2 months
without the auxiliary bioreactors. The results showed that
the COD removal in the main aerobic bio-reactor was
greater than 90% and time effluent of this treatment met
the discharge standard. The much shorter start-up time is
beneficial for industrial wastewater treatment systems which
are often prone to upsets.

4. CONCLUSIONS
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ABSTRACT
The aim of this study was to investigate the protective
effect of Linum usitatissimum L. seed oil (LUSO) against
ultraviolet C (UVC) exposure through monitoring some
hematological and biochemical constituents of rats. For this
purpose, rats were divided into three groups: control, UVC
and UVC+LUSO. The rats of UVC and UVC+LUSO
groups were subjected to UVC during 1 h twice a day for
4 weeks. LUSO (4 ml/kg b.w.) was given to rats of UVC+
LUSO group by gavage before each irradiation period. Results showed that lipase and cholesterol levels were markedly higher in UVC group than control. Lipase decreased
significantly, and cholesterol diminished slightly with combined treatment of UVC and LUSO. While the level of red
cell distribution width (RDWc) decreased in UVC group, it
increased significantly after LUSO supplementation. Apart
from that, calcium and monocyte levels increased markedly in UVC+LUSO group compared with control and
UVC groups. Significant decreases were determined in
amounts of white blood corpuscles and lymphocytes as well
as an increase was observed in monocyte percentage of
UVC+ LUSO group compared to control. This investigation
showed that treatment of LUSO with UVC supplied relative protection against UVC injury and perfected some
blood parameters significantly, even when compared with
control group.

KEYWORDS: Ultraviolet C; Linum usitatissimum L; hematological
and biochemical constituents; rat

1. INTRODUCTION
Ultraviolet radiation C (UVC) (200-280 nm) which
has the most powerful and dangerous light among the UV
light spectrum [1] cannot reach the earth surface due to its
absorption in the ozone layer of the atmosphere under nor* Corresponding author

mal conditions [2]. However, Osman et al. [3] reported the
presence of UVC on biosphere and linked this circumstance to ozone depletion. In addition, UVC has been used
more frequently in the laboratories in recent years, due to
its sterilizing and biocidal properties [4]. Because of these
reasons, detrimental effects of UVC on humans have appeared increasingly. For example, escalations in skin cancers related to UVC have been reported [5].
The skin is the first and main organ [6] suffering from
UV produced by sun and artificial sources. Later, blood
and other organs are presumably affected from damage of
skin. UV-induced oxidative stress (OS) was reported in
some previous studies [7-10]. It was reported that OS led
to alterations in different physiological and biochemical
systems of some animals [11, 12]. Parameters of these systems have essential importance in the physiopathological
evaluation of animals [13].
Oral or topical application of botanical compounds that
have photoprotective features is one of the approaches to
protect the UV-induced damage. Linum usitatissimum L.
seed oil (LUSO) is a generous source of alpha-linolenic
acids and lignans that are regarded as the biologically active compounds supplying useful influences [14-16].
Lignans have been indicated to possess antioxidant properties [17-19]. To the best of our knowledge, this is the first
study investigating preventive effect of LUSO against
UVC ex-posure through monitoring some hematological
and biochemical variables.
The aim of the current study is to clarify the negative
effects of UVC on several blood variables of albino rats,
and find out the supposed positive act of LUSO in attenuation of these effects.
2. MATERIALS AND METHODS
2.1. Determination of LUSO dose

LUSO, consisting of palmitic acid 6.0 %, stearic acid
2.5%, arachidic acid 0.5%, oleic acid 19.0 %, linoleic acid
24.1%, alpha-linolenic acid 47.4%, and other acids 0.5%,
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was obtained from a herbal store in Sanliurfa, Turkey. In
this study, its dose was determined as 4 ml/kg body
weight (b.w.) according to Bhatia et al. [20].
2.2. Animals

Rats (Sprague-Dawley male albino) weighing 235285 g were provided from the animal house of Firat University and housed in plastic cages (7 rats per cage). They
were fed with wheat-soybean-meal-based diet and water
ad libitum in stainless cages, and received human care
according to the criteria outlined in the ‘Guide for the Care
and Use of Laboratory Animals’ prepared by the National
Academy of Science and published by the National Institutes of Health [21]. Rats were shaved with a safetyrazor, and this process was repeated before each UV exposure period. They were kept at 20±2 °C daily in light/dark
cycle.
2.3. Ultraviolet radiation

In the current study, UVC light was produced by a
lamp (Mazda TG model) with 30 Watt power and 90 cm
length. Rats were exposed to UVC in a 182x68x50 cm
glass box as described by Brainard et al. [22] and Turker
[10]. The UVC lamp was attached on the lid of the box in
a distance of 44 cm to the rats. The animals were subjected
to UVC light radiated from the lamp for 28 days. The intensity of the UVC was determined by a spectrophotometer
(wavelength with a peak value: 254 nm). In this experiment, energy of the UVC light emitted from the lamp per
cm2 for one second was found to be 0.0014 joule/cm2.
This amount was adjusted according to Turker [10].

2.7.3.2), alkaline phosphatase (ALP) (EC 3.1.3.1), gamma
glutamyl transferase (GGT) (EC 2.3.2.2), urea, creatinine,
total protein, albumin, triglyceride, cholesterol, high
density lipoprotein (HDL), total bilirubin, direct bilirubin,
indirect bilirubin, glucose, potassium (K), chloride (Cl),
calcium (Ca), rheumatoid factor-II (RF-II), C-reactive
protein (CRP), unsaturated iron-binding capacity (UIBC)
and antistreptolysin O (ASO) were analyzed by an autoanalyzer (Roche, Cobas Integra 400 plus) using commercial kits. Hematological parameters including red blood
cell (RBC), hemoglobin (HGB), hematocrit (HCT), mean
cell volume (MCV), red cell distribution width (RDWc),
mean corpuscular hemoglobin concentration (MCHC),
platelet (PLT), percentage of lymphocytes (LY%), percentage of monocytes (MON%), percentage of granulocytes
(GR%), mean platelet volume (MPV), plateletcrit
(PCT), platelet distribution width (PDWc), lymphocytes (LY), monocytes, granulocytes (GRA), white
blood corpuscles (WBC) and mean corpuscular hemoglobin (MCH) were measured by a hematological assay apparatus (Coulter, Beckman).
2.6. Analysis of Data

All data were presented as means ± standard deviation (SD). The statistical analyses were realized using the
Minitab 13 for windows package program. Means and standard deviations were measured according to the standard
methods for all parameters. One-way analysis of variance
(ANOVA) statistical test was used to determine the differences between means of the experimental groups accepting
the significance level at p< 0.05.

2.4. Experimental design

The animals were divided into three groups. 1) Control group: received 1 ml normal saline (0.9 %) by gavage
during 28 days; 2) UVC group: exposed to artificial UVC
irradiation (1.25 mW/cm2) during 1 h twice a day and receiving 1 ml normal saline (0.9 %) by gavage for 4 weeks;
3) UVC+LUSO group: receiving 1 ml LUSO (4 ml/kg
b.w.) by gavage and exposed to UVC light during 1 h twice
a day for this time.
2.5. Analysis of biochemical and hematological parameters

At the end of the treatments, rats were anesthetized
with ketamine (100 mg/kg ip) [23]. Blood samples were
withdrawn from the cardiac puncture by using an injector
for the measurement of hematological and biochemical
constituents under light anesthesia; then, rats were euthanized with inhalation of CO2. Blood specimens were
drawn instantly into clot activator tubes. The serum samples were obtained to measure biochemical constituents by
centrifuging blood samples at 3,000 rpm for 15 min at 4
°C. For hematological parameters, the blood samples
were drawn into tubes with EDTA. Biochemical parameters including aspartate aminotransferase (AST) (EC
2.6.1.1), alanin aminotransferase (ALT) (E.C 2.6.1.2),
lipase (EC 3.1.1.3), creatine phosphokinase (CPK) (EC

3. RESULTS
3.1. Effect on hematological constituents

While level of RDWc decreased in UVC group compared to control, its level increased significantly after
LUSO supplementation. Monocyte level increased markedly in UVC+LUSO group comparing to both control and
UVC groups. Furthermore, significant reductions of WBC
and LY levels and escalation of MON% were determined
in UVC+LUSO group compared with control (Table 1).
3.2. Effect on serum enzymes

The activity of lipase increased in UVC group compared to control, but it was decreased markedly with
LUSO supplementation (Table 2).
3.3. Effect on lipid profile

Cholesterol level was significantly higher in UVC
group than control (Table 3).
3.4. Effect on other biochemical parameters

1963

© by PSP Volume 20 – No 8. 2011

Fresenius Environmental Bulletin

Calcium level of UVC+LUSO group increased significantly when compared to both control and UVC groups
(Table 4).
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TABLE 1 - Effect of UVC on hematological parameters of rat (means ± SD).
Parameters
Control
UVC
RBC 106/mm3
4.76±0.46
5.03±0.78
HGB gr/dl
14.08±0.50
14.40±0.45
HCT %
48.88±1.68
50.02±1.85
60.90±2.59
61.96±2.10
MCV µm3
RDWc %
14.98±1.33
13.28±0.63a
MCHC gr/dl
28.80±0.34
28.78±0.61
PLT 103/mm3
627.40±150.35
731.20±87.19
LY %
90.54±5.91
92.00±2.97
MON %
4.82±0.89
4.56±1.57
GR %
3.22±0.94
3.72±1.08
MPV fL
6.80±0.62
6.40±0.29
PCT %
0.42±0.07
0.47±0.06
PDWc %
17.12±1.15
17.58±1.10
3
3
LY 10 /mm
12.92±1.05
11.22±2.28
MONO 103/µl
0.55±0.14
0.54±0.17
GRA 103/µl
0.42±0.16
0.42±0.13
WBC 103/mm3
13.86±1.20
12.18±2.22
MCH pg
17.54±0.85
17.82±0.59
Values are given as means ± SD; a Control versus treated p< 0.05 level; b UVC versus treated p< 0.05 level.

UVC+LUSO
5.25±0.85
14.80±0.76
51.56±3.39
59.58±3.21
16.10±1.33b
28.70±0.58
663.60±120.68
84.62±10.09
6.56±1.27a
3.22±0.23
7.08±0.61
0.47±0.07
16.82±0.83
10.06±1.38a
0.84±0.21a.b
0.47±0.08
11.30±1.67a
17.08±0.70

TABLE 2 - Effect of UVC on serum enzymes of rats (means ± SD).
Parameters
Control
UVC
AST U/L
191.40±61.62
206.40±27.79
ALT U/L
70.80±16.69
87.80±12.52
LIPASE U/L
4.76±0.36
4.94±0.34a
CPK U/L
699.80±42.85
613.40±72.31
ALP U/L
220.20±36.29
205.40±69.58
GGT U/L
1.06±0.21
1.14±0.61
Values are given as means ± SD; a Control versus treated p< 0.05 level; b UVC versus treated p< 0.05 level.

UVC+LUSO
211.80±94.27
99.60±37.22
4.14±0.32b
630.80±107.20
203.20±70.53
1.11±0.36

TABLE 3 - Effect of UVC on serum lipid profile of rats (means ± SD).
Parameters
Control
UVC
Triglyceride mg/dl
66.20±11.19
61.00±16.96
Cholesterol mg/dl
62.40±5.32
69.20±2.17a
HDL mg/dl
17.80±3.27
17.40±4.72
Values are given as means ± SD; a Control versus treated p< 0.05 level; b UVC versus treated p< 0.05 level.

UVC+LUSO
75.00±14.09
65.80±3.90
15.00±2.00

TABLE 4 - Effect of UVC on some biochemical parameters of rat (means ± SD).
Parameters
Control
UVC
Urea mg/dl
47.80±4.44
44.00±5.15
Creatinine mg/dl
0.31±0.06
0.30±0.03
T. protein mg/dl
7.76±0.73
7.54±0.22
Albumin g/dl
3.62±0.18
3.78±0.33
T. bilirubin mg/dl
0.07±0.02
0.08±0.02
D. bilirubin mg/dl
0.03±0.01
0.03±0.01
I. bilirubin mg/dl
0.04±0.01
0.05±0.01
Glucose mg/dl
194.20±33.98
191.80±26.66
K (mmol/L)
5.32±0.36
5.62±0.74
CL (mmol/L)
96.20±2.39
96.40±1.67
Ca (mg/dL)
9.78±0.61
10.18±0.29
RF-II (IU/mL)
9.30±1.54
8.52±2.26
CRP (mg/L)
0.20±0.06
0.21±0.07
UIBC (ug/dL)
449.80±79.57
437.80±44.82
ASO (IU/mL)
9.00±1.22
10.40±2.97
Values are given as means ± SD; a Control versus treated p< 0.05 level; b UVC versus treated p< 0.05 level.
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UVC+LUSO
41.20±5.40
0.34±0.04
7.62±0.40
3.60±0.52
0.07±0.02
0.03±0.01
0.04±0.01
196.80±5.54
5.40±0.72
97.60±2.07
10.70±0.19a.b
9.16±2.97
0.19±0.07
453.00±25.54
11.20±1.92
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4. DISCUSSION
Ozone layer is a rather minor and important component of the atmosphere. It makes life sustainable on biosphere through eliminating the harmful UV radiations. Currently, escalated phototoxicity in atmospheric UV radiation has been claimed after destruction of ozone [24, 25].
The skin is the most suffering organ from UV. Hazardous
compounds occurring after UV-induced skin cell injury may
leak into the circulation system. Therefore, we researched
protective effect of LUSO against UVC radiation by monitoring some blood parameters.
No significant alteration was observed in terms of hematological parameters between UVC and control groups.
Significant decreases of WBC and LY constituents were
observed in UVC+LUSO group compared to control (Table 1). These decreases may be attributed to appeased immune response, or LUSO supplementation may have caused
infiltration of these parameters into tissues. According to
Record and Dreosti [26], UV irradiations resulted in increased neutrophil immigration to dermal layer of skin.
As shown in Table 1, while level of RDWc decreased in
UVC group markedly, it increased dramatically in UVC+
LUSO group. Monocyte level increased significantly in
UVC+LUSO group compared with both control and UVC
groups. Accordingly, MON % value of UVC+LUSO group
was markedly higher than that of control group. LUSO
may have protected RBC and monocyte membranes against
UVC phototoxicity; therefore, degradations of old RBC
and monocytes might have been prevented in UVC+LUSO
group. These results may be associated with increased
heterogeneous dispersion of erythrocyte dimensions and
monocytes. Thus, RDWc and monocyte levels may have increased in this group. Our findings are in accordance with
Rifkind et al. [27].

terol catabolism. Similar to our study, artificial UVC administration increased cholesterol levels of mice (Altinas et
al. [12]). We determined slightly decreased cholesterol level
in combined treatment of UVC and LUSO, suggesting that
LUSO might have prevented the development of hypercholesterolemia because of its lignan and alpha-linolenic
acid content [18, 19, 29]. Apart from that, high calcium
levels of UVC+LUSO group might have caused reduction
of cholesterol [30].
Calcium level in UVC+LUSO group was increased significantly compared to control and UVC groups (Table 4).
Treatment with LUSO may have given rise to this increase
owing to elevated intestinal absorption or reduced renal
loss as observed by Zhang et al. [31] who investigated the
effect of Ligustrim lucidim A. on calcium.
The results showed that analyses of blood parameters
play an important role to detect physiological changes and
general health status of rat exposed to UVC. Our trial
demonstrates that UVC irradiation influences several blood
constituents in circulation system, and alters proportionally
their levels. Besides, we thought that LUSO has the relative protective potency against impact of UVC irradiation.
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In the present trial, the activity of lipase was increased
in UVC group compared to control, but it was decreased
markedly with LUSO supplementation (Table 2). Möller
et al. [28] reported lipase inhibitory effects of different
plant extracts including seed extracts of Linum usitatissimum. They suggested that high fat ingredients of seeds
gave rise to lipase inhibition. Accordingly, we can say that
inhibition of lipase may have occurred in UVC+LUSO
group owing to LUSO. According to our results, no significant alterations of AST, ALT, CPK, ALP and GGT levels
were recorded between groups. However, Altinas et al. [12]
reported increased ALT, AST and decreased GGT, ALP
levels after administration of UVC in mice. This discrepancy may be related to different doses and length of time
of UVC application as well as animal models.
Serum cholesterol level is one of the indicators of liver
function. It can be accepted as an index of the balance
between hepatic cholesterol synthesis and cholesterol catabolism process. In this study, cholesterol was increased
markedly in UVC group compared to control (Table 3).
UVC may have caused proportional inadequacy in choles-
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ABSTRACT
Boka Kotorska bay is a unique coastal ecosystem in
the south-eastern Adriatic Sea that has been recently under the increasing influence of human activities. In this
paper, we investigated the temporal distribution of biological and environmental parameters and the trophic state of
the Bay. Sampling was conducted weekly from March
2008 to February 2009 in the inner part of the Bay (Kotor
Bay). The phytoplankton biomass ranged between < 1 to
> 4 µg l-1 chlorophyll a (Chl a), reaching maximum values in the late winter and spring period. On the basis of
Chl a and nutrient concentrations, the study area can be
defined oligo-mesotrophic. Two indicators of the trophic
state, trophic index - TRIX and the pigment ratio - Fp were
calculated from the available physiochemical and biological data. The TRIX value ranged from 3.02 to 5.58 (average 4.11 + 0.66) while the Fp ratio varied between 0.05
and 0.33 (average 0.17 + 0.08). These results indicate a
system that is in a good trophic state, where natural eutrophication still dominates over eutrophication of an anthropogenic origin.
KEYWORDS:
nutrients, chlorophyll a, eutrophication, TRIX, Fp, Adriatic Sea

INTRODUCTION
Eutrophication is probably one of the most important
factors affecting coastal marine environments [1]. The
Mediterranean Sea is known as one of the most oligotrophic areas in the world [2]. As in many coastal environments around the world, the coastal regions of the
Mediterranean are regions of rapid population growth and
changing land-use patterns that have led to increased nutrient loadings and changes in fresh water flow patterns to
coastal waters, particularly during the last few decades.
The Adri-
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atic region is characterized by intensive land-based and
sea-based activities, including urban growth and development, commercial and recreational fisheries, tourism and
multinational commerce. Changes in these activities are
widely believed to have significantly reduced the water
quality of the area, manifested as oxygen depletion of bottom water, harmful algal blooms, outbreaks of gelatinous
zooplankton, invasions of non-indigenous species, loss of
habitat and instability of fisheries [3-5].
Boka Kotorska Bay is a relatively large (87 km2) semienclosed bay situated in the south-eastern part of the Adriatic Sea. It is surrounded by high karstic mountains with a
population of about 50,000 inhabitants living along its
coasts. Accelerated urbanization of the coastal zone, along
with some years without a developmental strategy and a
lack of spatial planning, and the disrespect of existing regulations, has led to destruction of the coastal zone and substantially increased nutrient loadings. Monitoring the
changes taking place in the marine environment is quite
difficult because of the lack of historical data on marine
biological communities [6]. In addition to the human influence, a significant fresh water influx from numerous
karstic streams and submarine springs contributes to the
unique ecological characteristics of the Bay, especially in its
inner part (Kotor Bay). Given that this is one of the most
interesting transitional areas of the Adriatic Sea for its environmental and strategic characteristics, very little information is available on the influence of the hydrographical
conditions on the biological communities [7, 8].
There is a large amount of literature concerning hydrographic conditions and hydro-chemical properties in relation to phytoplankton communities in northern and middle
parts of the eastern Adriatic Sea [7-16]. Several studies
used the elemental ratios of dissolved nutrients (N, P and
Si) in marine environments to determine which elements
were likely to be limiting phytoplankton growth in the
Mediterranean Sea [17, 18]. They suggested that productiv-
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ity in the SE Mediterranean might be limited by the availability of phosphorus. A recent Lagrangian phosphorus addition experiment on surface water of the ultra-oligotrophic
Cyprus gyre confirmed the idea that the system is phosphorus-starved [19, 20]. Furthermore, phosphorous limitation was found to be significant in coastal areas of the
Adriatic Sea [21]. Identification of limiting nutrients is
essential for selecting appropriate nutrient control
measures to mitigate the effects of eutrophication. In
addition, in order to assess the trophic status of the coastal
marine system it is necessary to apply effective tools
that are comparable across waters of different trophic
conditions. Measurements of chlorophyll a concentration
and oxygen saturation enable basic but insufficient information to be gathered on the trophic status, so more complex indicators were developed. Vollenweider et al. [22]
introduced a complex trophic index (TRIX) based on biological (chlorophyll a concentration) and physiochemical
parameters (oxygen saturation, minerals and total nitrogen
and phosphorus). We chose to use the TRIX index because
it is easy to calculate and contains useable parameters for
describing the trophic state of a system. Deviations of
the chlorophyll a concentration and oxygen level from
saturation directly express productivity, whilst nutritional
parameters (total and available nutrient concentrations in
the water column) provide supplementary information on
water quality (transparency). Claustre [23] proposed the Fp
ratio, which only takes into account biological parameters
such as phytoplankton pigments. The Fp is the ratio of
large phytoplankton pigment biomass (mainly diatoms
and dinoflagellates) to total diagnostic pigment biomass
[23] and it is an estimator of the ratio between new production versus total production [24]. Both indices present
complementary information as Fp indicates the influence

of environmental conditions on phytoplankton community
composition and TRIX indicates the general trophic state.
The objective of our work was to determine whether
or not the system of Boka Kotorska Bay is dominated by
eutrophication of a natural origin or by eutrophication of an
anthropogenic origin by: (i) investigating temporal variations in the environmental conditions and phytoplankton
biomass (chlorophyll a) and (ii) assessing the trophic state
using two trophic indices, TRIX and the Fp ratio.
2. MATERIALS AND METHODS
Weekly sampling was carried out at one monitoring
station (BK 1) in the inner part of Boka Kotorska Bay
(Figure 1), from March 2008 to February 2009. Samples
were collected at five depths (0, 2, 5, 10, and 15 m) using
5 l Niskin bottles (Hydro Bios, Germany). Temperature
and salinity were measured in situ using a universal meter
(Multiline P4; WTW, Germany). Oxygen concentrations
and saturation values were determined using an oxygen
electrode (Oxy Guard Handy Gamma). Transparency was
determined using a Secchi disc. Dissolved nutrient concentrations (phosphate and nitrate) were determined according
to the methods described by Strickland and Parsons [25].
Water samples (1 L) for chlorophyll a measurement were
pre-filtered through a 330 µm mesh net to remove large
zooplankton. After filtration through Whatman GF/F pigment extraction was performed in 90% acetone and chlorophyll a concentrations were determined by measuring the
absorbance with a Perkin-Elmer UV/VIS spectrophotometer, and performing calculations according to Jeffrey et al.
[26].
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FIGURE 1 - Location of the sampling stations in the Boka Kotorska Bay.

In addition to weekly sampling at one station (BK1),
samples were also taken seasonally, in April, July, and
November 2008 and at the beginning of March 2009 at
two additional stations (BK2, BK3). Analysis of dissolved
nutrients (nitrate, nitrite, ammonia, total dissolved nitrogen, phosphate, total dissolved phosphate and silicate)
and phytoplankton pigment biomarkers was performed on
samples from these stations. Nutrient analyses for these
seasonal samples were performed using a Seal AutoAnalyser, with conventional automated methods [27]. Samples for total nitrogen and phosphorus were analyzed after
wet oxidation (REF) as nitrate and phosphate on the Seal
AutoAnalyser. The concentrations of organic nitrogen and
phosphorus were calculated as the difference between total
nitrogen or phosphorus and their inorganic fractions. Phytoplankton pigments were analyzed by reversed-phase highperformance liquid chromatography (HPLC) [28]. Water
samples (1 l) were filtered through Whatman GF/F filters
and immediately frozen until analyzed. The samples were
later extracted in 4 ml of cold 90% acetone using sonication and then centrifuged to clarify the extract. The extracts were mixed (1:1 v/v) with 1 M ammonium acetate
and in-jected into an HPLC system incorporating a C18
3 µm Pecosphere column (3.3×0.45 cm, Perkin Elmer). A
binary linear gradient was used to separate the pigments.
Solvent A consisted of 80:20 (v/v) methanol:1 M ammonium acetate and solvent B contained 60:40 (v/v) methanol:acetone. Chlorophyll a was detected by absorbance at
440 nm (Spectra Physics, Model UV 2000). Qualitative
and quantitative analyses of individual pigments were
performed by external standard calibrations using authentic pigment standards (VKI, Denmark).
The Fp ratio was calculated as described by Claustre
[23] using pigment concentrations: Fp= (fuc + per) / (fuc
+ per + hex + but + zea + chlb + allo) where fuc represents fucoxanthin, per is peridinin, hex is 19’-hexanoyloxyfucoxanthin, but is 19’-butanoyloxyfucoxanthin, zea is zeaxantin, chl b is chlorophyll b and allo is alloxanthin.
The trophic index TRIX was calculated according to
Vollenweider et al. [22]:
TRIX = log (Chla × aD%O × N × P) – (-1.5) / 1.2
where Chla is the chlorophyll a concentration (µg l-1),
aD%O is the absolute (%) deviation of oxygen from saturation (ABS│100-%O│), N is total inorganic nitrogen (µg
l-1) and P is total phosphorus (µg l-1). The index is scaled
from 0 to 10.
The relationships between nutrient concentrations, salinity and phytoplankton biomass were statistically analyzed using Pearson’s coefficient of correlation (r). The
best way to interpret the r value was to calculate the coefficient of determination (r2), which represents the fraction
of variance in the two variables that are shared. The coefficient of determination was used to propose simple linear
models of nutrient concentrations as a function of salinity
in the upper water column (0-2 m) and chlorophyll a bio-

mass as a function of the nutrient concentrations in the
whole water column. All statistical analyses were provided
using the programs STATISTICA (data analysis software
system), version 8.0. (www.statsoft.com) and StatSoft, Inc.
(2007).
3. RESULTS
The results of temporal changes in temperature from
the weekly sampling at the BK1 station (Figure 2a) showed
a clear temporal pattern, with temperatures below 15 °C
throughout the water column until mid-April, when a
gradual heating of the surface water was recorded, resulting in a maximum of 28.2 °C in July. Cooling of the surface water started in August/September, resulting in a minimum of 8.6 °C in the surface water in December, while
the temperatures below a 5 m depth remained >13 °C.
Water of a reduced salinity (<25) was recorded in the
uppermost 2 m of the water column for most of the sampling period, except for the period from mid-July to the
end of September (Figure 2b). The lowest salinity (<5) was
detected in the surface layer in March, whereas the highest
salinity was found in Aug/Sep (36.5). The upper 15 m of
the water column was fully or over-saturated (>100%) with
regard to oxygen (O2) from mid-May to mid-September
(Figure 2c). From mid-September onwards a gradual decrease in O2 saturation was recorded throughout the water
column and the lowest O2 saturation was found in early
February at a 15 m depth.
The phytoplankton biomass, expressed as chlorophyll a
(Chl a), was found to vary in time and space in the weekly
samplings at the BK1 station. The highest Chl a concentrations were detected in the winter-spring period (January-March) and reached >10 µg l-1 (Figure 3a). March was
characterized by enhanced Chl a concentrations (3-4 µg l-1)
throughout the water column, while the Chl a concentrations later in the season were generally lower and associated with the surface layer (upper 2 m). The transparency,
as measured with a Secchi disk, varied considerably over
the sampling period. The transparency in March and April
varied between 5 and 6 m depth. The lowest transparency
was found in May (3 m) and the highest transparency of
10 m was recorded in September and varied greatly over
time from September to December.
The nutrient concentrations in the weekly samplings
at the BK1 station varied considerably during the oneyear sampling period. The phosphate concentrations were
below or close to the detection limit (<0.1 µmol l-1) at all
depths from August to February. Higher concentrations
were present from March to May, with concentrations >
0.4 µmol l-1 (Figure 3b). March and April were characterized by nitrate concentrations <2.5 µmol l-1 at all depths
(Figure 3c). This short period of reduced nitrate concentration was followed by a long period with concentrations
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>7 µmol l-1 throughout the entire water column (MayJanuary). The maximum concentrations of nitrate were
measured in December and coincided with the winter
pulses of fresh water, enriched with nitrate.

FIGURE 3 - Temporal changes in chlorophyll a (A), phosphate (B)
and nitrate (C) concentrations from March 2008 to February 2009
at BK1 station in the Boka Kotorska Bay.

FIGURE 2 - Temporal changes in temperature (A), salinity (B) and
oxygen saturation (C) from March 2008 to February 2009 at BK1
station in the Boka Kotorska Bay.

The results of the nutrient analyses from the seasonal
investigations, presented as an average state for all of the
investigated stations, indicated a well-defined nutricline for
all inorganic and organic forms of nutrients with depths
that coincided with the halocline depth (Figure 4). A similar vertical distribution was determined for the chlorophyll
biomass and the N/P ratio, whereas the N/Si ratio throughout the water column was relatively uniform. Studies on the
relationship between salinity and the investigated parameters in the upper (0 to 2 m depth) fresh water-influenced
layer revealed a statistically significant negative correlation
between salinity and nitrate, dissolved inorganic nitrogen
(DIN), total dissolved nitrogen (NTOT), silicate (p<0.001)
and nitrite, dissolved organic nitrogen (NORG) and Chl a
at the significance level of p<0.05, respectively (Table 1).

The correlation coefficients presented in Table 1 also indicate statistically significant relationships between some of
the nutrients, but a correlation between the nutrients and
phytoplankton biomass was not established.
Regression analysis for salinity and nutrients (p<0.01)
indicated a linear relationship between these parameters
(Figure 5). The annual averages of concentrations of nitrate and silicate in the fresh water are given in the linear
regression equations as y-intercept values (Figure 5).
Further analysis of the data also indicated an influence of fresh water on the composition of total nitrogen
(TN) and total phosphorus (TP) in this layer. To prove
this hypothesis, we divided all of the data (stations BK1,
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BK2 and BK3) into three ranges of salinity (6.2 to 10,
10.3 to 19.3 and 22.9 to 31.5) and found that under conditions of a strong fresh water influence (salinity range 6.2
to 10) the portions of the inorganic and organic fractions
in TN and TP were almost equal (Figure 6), while under a
weaker fresh water influence (salinity ranges 10.3 to 19.3
and 22.9 to 31.5) the organic fraction dominated, both for
TN (65 and 75%) and TP (57 and 62%).
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FIGURE 4 - Average vertical distribution of salinity and nutrient concentrations in the Boka Kotorska Bay.

TABLE 1 - Pearson’s correlation coefficients between salinity and the nutrient concentrations (NO3-, nitrate; NO2-, nitrite; NH4+, ammonia;
DIN, dissolved inorganic nitrogen; NTOT, total dissolved nitrogen; NORG, dissolved organic nitrogen; PO43-; phosphate: PTOT, total dissolved phosphorus, PORG, dissolved organic phosphorus; Si, silicate) and the phytoplankton chlorophyll a concentrations (Chl a, chlorophyll a) in the upper (0 to 2m depth) water layer.

NO3NO2NH4+
DIN
NTOT
NORG
PO43PTOT
PORG
Si
Chl a

SAL
-0,868
-0,487
-0,245
-0,846
-0,816
-0,575
-0,361
-0,122
0,046
-0,885
-0,425

NO3***
*
***
***
*

***
*

0,457
0,430
0,992
0,851
0,497
0,469
0,092
-0,127
0,831
0,235

NO2*
*
***
***
*
*

***

0,146
0,464 *
0,352
0,155
0,205
-0,021
-0,118
0,419 *
0,357

Salinity and nutrient and chlorophyll a concentrations
NH4+
DIN
NTOT
NORG
PO43-

PTOT

PORG Si

0,538 *
0,425 *
0,209
0,213
0,255
0,158
0,029
0,129

0,891 ***
0,073
0,350

-0,106
0,161

0,851
0,490
0,467
0,119
-0,098
0,780
0,243

***
*
*

***

0,875 ***
0,474 *
0,135
-0,086
0,716 **
0,349

0,357
0,114
-0,052
0,469 *
0,355

0,253
-0,213
0,384
0,410

*-significant correlation at p< 0.05; **-significant correlation at p< 0.01; ***-significant correlation at p< 0.001.
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FIGURE 5 - Relationship of salinity and nutrients (NO3- and Si) on the surface layer (0-2 m) in the Boka Kotorska Bay.

PO4
NO3

Although statistically significant relationships between
chlorophyll a and nutrients were not established in this
layer, additional data, including for the entire water column, indicated significant positive correlations between
Chl a and most of nutrients (Table 2). The linear relationships between chlorophyll a concentrations and some of
the investigated nutrients (NTOT, PO4, PTOT and Si) are
shown in Figure 7.

PORG
NO2

NH4

NORG

Composition of TN and TP (%)

100

80

60

Table 3 shows the seasonal distributions of the major
phytoplankton pigment concentrations that were used to
calculate the Fp ratios. The seasonal distribution of the
calculated indices: TRIX and the Fp ratios (Figure 8),
showed minimum values in the summer (3.02 and 0.05,
respectively) whereas maximum values were reached in
autumn (5.58 and 0.33, respectively).

40

20

0
0

10

20
30
Salinity
FIGURE 6 - Average composition total nitrogen and phosphorus for
different salinity ranges (0 to 10, 10 to 20 and 20 to > 30) in the Boka
Kotorska Bay.

TABLE 2 - Pearson’s correlation coefficients between the concentration of phytoplankton chlorophyll a and nutrient concentrations (Chl a,
chlorophyll a; NO3-, nitrate; NO2-, nitrite; NH4+, ammonia; DIN, dissolved inorganic nitrogen; NTOT, total dissolved nitrogen; NORG, dissolved organic nitrogen; PO43-, phosphate; PTOT, total dissolved phosphorus; PORG, dissolved organic phosphorus; Si, silicate) established
in the whole water column.

NO3NO2NH4+
DIN
NTOT
NORG
PO43PTOT
PORG
Si

Chl a
0.440
0.011
0.039
0.421
0.475
0.404
0.533
0.500
0.257
0.481

NO3-

NO2-

NH4+

Chlorophyll a and nutrient concentrations
DIN
NTOT
NORG

PO43-

PTOT

PORG

**

**
***
**
***
***
*
***

-0.001
0.269
0.986
0.838
0.535
0.577
0.404
0.125
0.873

*
***
***
***
***
**
***

-0.214
0.033
-0.065
-0.123
-0.006
-0.147
-0.161
0.007

0.413 **
0.193
-0.014
0.041
0.199
0.199
0.032

0.816
0.491
0.548
0.403
0.140
0.825

***
***
***
**
***

0.904
0.632
0.464
0.161
0.778

***
***
***
***

0.548 ***
0.402 **
0.138
0.562 ***

0.448 ***
-0.066
0.541 ***

*-significant correlation at p< 0.05; **-significant correlation at p< 0.01; ***-significant correlation at p< 0.001.
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FIGURE 7 - Relationships of chlorophyll a and nutrients (NTOT, PO43-, PTOT and Si) in the Boka Kotorska Bay.
TABLE 3 - The maximum and the mean (plus standard deviation) concentrations (ng l-1) major accessory pigments for different seasons.
But-Fuco, 19'-butanoyloxyfucoxanthin; Fuco, fucoxantine; Hex-Fuco, 19'-hexanoyloxyfucoxanthin; Allo, alloxanthin; Zea/Lut, zeaxanthin/lutein; Chl b, chlorophyll b.

FIGURE 8 - Box & Whisker representation of seasonal TRIX and Fp index in the Boka Kotorska Bay.
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4. DISCUSSION
As the Boka Kotorska area is the one of the rainiest
parts in Europe [29], significant fresh water runoff and a
low average tidal amplitude (28.5 cm) [30] throughout the
autumn-spring period generates a pronounced halocline between 2 and 5 m depth. In our study, minimum salinity
values were recorded in the surface layer in March due to
winter and early spring precipitation events. In spite of the
high phytoplankton production, dissolved oxygen was generally low in the entire water column with a relatively small
vertical gradient. Lower concentrations of dissolved oxygen in summer are attributed to the oxidation of organic
matter and higher water temperatures prevailing in summer [31]. Nutrient concentrations in Boka Kotorska Bay
were generally high during the investigated period. The
recorded values were higher in comparison to the values
reported for the Zrmanja river estuary [5, 13], where phosphorous was detected as a limiting factor throughout the
whole year and nitrogen sporadically in the summer. In the
SE Mediterranean [17] and middle Adriatic [32], phosphate
is known as the limiting nutrient instead of nitrate, which
is in contrast to many other marine environments that agree
with the results in the current study. According to the
coefficients of determination (r2) obtained in upper layer
(0-2m), 75 to 78 % of the nutrient variations could be explained by variations of salinity, i.e. by the inflow of freshwater to this part of the water column.
The mean monthly values of the chlorophyll a concentrations were high compared to data published elsewhere in
the Mediterranean, such as for the Bay of Trieste [14], the
Ionian sea [33] and Morocco [34], and the north-eastern
Adriatic coast [35, 5], but they were lower than values from
the western port of Aleksandria [31] and the local area of
the island of Mallorca [36].
Chlorophyll a concentrations, as an indicator of phytoplankton biomass, are often higher after rainfall, particularly if the rain has flushed nutrients into the water. Chlorophyll a seasonality is characterized by the distinctive
maximum appeared in late winter (February) which was in
concordance with the results for the middle part of Adriatic
Sea [37] and in northeastern Mediterranean [38, 39] where
chlorophyll a concentration increased in late winter. The
coefficients of determination (r2) obtained in current study
indicate that 23 to 28 % of the variations of chlorophyll a
in the Boka Kotorska Bay could be explained by variations in nutrient concentrations. However, the environmental factors (temperature, insolation, microelements,
etc) could be responsible for additional variations which
effect the phytoplankton community. Also, Chl a is significant negatively correlated with salinity (p<0.05),
which suggests the importance of enhanced winter run-off
on the annual phytoplankton biomass balance.

area is in a good trophic state, with moderately productive
waters and occasional water turbidity, anomalous water
colors and bottom water hypoxia episodes. The values of
TRIX and Fp were similar to those described in the Gulf
of Trieste [42, 43], the northern Adriatic [44], the Gulf of
Gabes [45] and the Ionian Sea [33], indicative of slightly
eutrophic conditions. It seems that these two indicators are
complementary, and we agree with Flander-Purtle and Malev’s (2003) [46] suggestion that in new studies the TRIX
trophic index needs to include Chl a degradation products
as an indication of the physiological status of the phytoplankton community. In this study, we did not include chlorophyll a degradation products but we used the Fp ratio,
which indicated a large phytoplankton pigment biomass
(diatoms and dinoflagellates) to the total diagnostic pigment biomass. The large phytoplankton species are known
to be the main factors responsible for new production [47],
so the basic hypothesis used herein is as follows: the higher
the Fp, the more eutrophic the ecosystem [48].
It seems that in Boka Kotorska Bay changes in physical, chemical and biological parameters are mainly related
to island-sea water interactions, which mainly depend on
natural factors such as the pattern of rainfall. We argue that
natural eutrophication is still dominant over that of anthropogenic eutrophication in Boka Kotorska Bay.
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PHOTOCATALYTIC PROPERTIES OF Mo-LOADED BiVO4
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ABSTRACT	
 
In this study a new type of metal-loaded visible-lightdriven photo-catalyst, Mo-BiVO4, has been synthesized by
wet impregnation method. Material properties were characterized by X-ray diffraction, field emission scanning
electron microscope, UV-Vis diffuse reflectance spectroscopy, X-ray photoelectron spectroscopy and BET method.
Photocatalytic activity of the materials was investigated
by degrading methylene blue (MB) solution under visiblelight irradiation. The results revealed that Mo-BiVO4 has
a monoclinic scheelite structure and Mo exists as MoO3
on the particle surface. The absorption in the visible-light
region and ABET of Mo-BiVO4 did not change obviously
compared with those of the pure one. Mo-BiVO4 showsed
a higher photocatalytic activity than that of pure BiVO4
and the efficiency of degradation of MB was improved
significantly. The optimum Mo content was 0.8% according to the results of degradation experiment.

KEYWORDS: Mo-BiVO4 composite; visible light; photocatalyst;
isoelectric point; photocatalysis

Ag-BiVO4, Cu-BiVO4, Pt-BiVO4, etc. [6-8]. It is reported
that loading such metallic atomics can help to narrow down
the band gaps of the photocatalysts and enhance their absorption in the visible-light region, making it easier to produce and separate the photogenerated electron-hole pairs
[9]. Degradation efficiency of such metal-loaded BiVO4
can be improved through enhancing the catalysts’ visiblelight response activity. Moreover, enhancing the superficial
adsorption ability of the catalysts is another approach to increase the efficiency of photocatalytic degradation. For
instance, if more molecules of pollutants can be adsorbed
on the surface of the catalyst, the degradation reaction
will take place more easily.
In this paper a new metal-loaded BiVO4 catalyst, MoBiVO4, was prepared by wet impregnation method which
is widely used in composing metal-loaded BiVO4 catalysts. Its degradation efficiency was evaluated by experiment of degrading methylene blue that is a typical environmental pollutant and difficult to be decomposed in nature. Characterizations and factors that may influence the
degradation efficiency are discussed. The possible mechanism of enhancing degradation efficiency is also studied.
The influence of isoelectric point is introduced in the explanation.

1. INTRODUCTION
2. MATERIALS AND METHODS
In recent years visible-light-driven semiconductor
photocatalysts have drawn more attention in application
of eliminating aquatic and atmospherical pollutants [1-3].
BiVO4 has visible-light photocatalytic capability and was
discovered in 1999 by Akihiko Kudo [4]. Since then, much
interest in this compound has aroused as BiVO4 has characters such as narrow band gap (Eg=2.4eV), non-toxicity
and convenience of synthesis. However, the pure BiVO4
still has some disadvantages as low efficiency of separating photogenerated electron-hole pairs and low superficial
absorption ability [5], which limits its photocatalytic
activity and the degradation efficiency of the contaminant.
In order to solve this problem, a series of metal-loaded
BiVO 4 photocatalysts have been systhesized, such as
* Corresponding author

2.1 Preparation of the catalysts

All the chemicals with analytical purity were purchased from Beijing Chemical Factory, China. 0.005mol
Bi(NO3)3⋅5H2O is dissolved in 100mL nitric acid solution
of 0.40mol⋅L-1. 0.005mol NH4VO3 is dissolved in 100mL
hot deionized water. The liquids prepared above were mixed
together. The pH value of the mixed solution was adjusted
to 4 by adding ammonia solution, and then stirred and set
in water bath at 90°C for 6h. The obtained yellow slurry
was filtrated and washed with deionized water for 6 times
to remove NO3- and NH4+, then the solid was dried in a
drying cabinet at 80°C for 2h.
The powders obtained from above operations were
calcined in air at 450°C for 1h and get pure BiVO4 cata-
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lyst. The Mo-loaded BiVO4 catalysts with Mo content of
0.0%, 0.2%, 0.4%, 0.6%, 0.8% (molar wt) were obtained
by this way: the pure BiVO4 powder was added by 5 mL
deionized water containing an appropriate amount of
(NH4)2Mo4O13⋅2H2O in the beaker. The suspension was
stirred with a glass rod during the evaporation of water in
boiling water bath. Then the powder obtained was dried in
drying cabinet at 100°C for 0.5h and calcined at 450°C
for 1h.
2.2 Characterization

The crystalline phases of pure BiVO4 and Mo-BiVO4
were analyzed by X-ray diffraction (XRD) using X-ray
diffractometer (Dmax RB, Rigaku, Japan) with Cu Κα
radiation (λ=0.15406nm) in the range of 2θ=10-60°. The
morphology of all the catalysts was observed by field emission scanning electron microscope (SUPRA 55, ZEISS,
Germany). To analyze the chemical state of Mo, X-ray
photoelectron spectroscopy analysis was carried out on Xray photoelectron spectrometer (ESCALAB 250, Thermo,
USA). The diffuse reflectance spectra (DRS) was measured by a UV-Vis spectrometer (TU-1901, Puxi Co. Ltd.,
China) in which BaSO4 was used as the reflectance standard material. The surface area of all the samples was
measured using nitrogen adsorption apparatus (SSA-4200,
Builder, China). The Zeta potentials of solutions of each
catalyst (1 mg⋅L-1) with different pH value were checked
on Zeta potential instrument (ZEN 3600, Malvern Instrument Ltd., Britain). The isoelectric point of all the catalysts was determined through the plot of Zeta potential vs.
pH value [10].
2.3 Photocatalytic activity

Visible-light photocatalytic activities of all the photocatalysts were measured by the decomposition of methyl
blue in aqueous solution at ambient temperature. A 100W
incandescant lamp which was placed 15cm above the reactor was used as the irradiation. A cut-off filter was placed

under the lamp to remove all wavelengths less than
400nm. An amount of 0.20g photocatalyst was added into
30mL methylene blue solution whose concentration was
10mg⋅L-1. The suspension was stirred for 5 min and placed
in the darkness for 12h in order to get to adsorption balance
between photocatalysts and methylene blue before irradiation. During the irradiation, about 5mL suspensions were
collected every 2h and centrifugalized to remove the photocatalyst particles. The absorbance of methylene blue was
measured at 664nm using UV-Vis spectrophotometer. And
the concentration of remnant methylene blue was estimated
from the absorbance of it. The ratio(C/C0) of MB concentration at some time(t) was adopted to evaluate the degeration efficiency(C0 is the initial concentration of MB).
3. RESULTS AND DISCUSSION
3.1 XRD

Fig. 1 shows the XRD patterns of Mo-loaded BiVO4
and pure BiVO4, indicating that all the samples were well
crystallized. The diffraction peaks of all the samples were
in conformity to the standard card of BiVO4(JCPDS 140688) and this proves that they all had a single monoclinic
scheelite structure. The crystal structure of Mo-loaded
BiVO 4 was not changed although dopped by molybdenum, demonstrating that Mo did not enter into the crystal lattice. BiVO4 existed in three phases: monoclinic
scheelite, tetragonal zircon and tetragonal scheelite [1]. It
has been reported that only BiVO4 with monoclinic
scheelite structure showed good photocatalytic activity
under visible-light irradiation [11]. So it can be speculated
that Mo-loaded BiVO4 should show visible-light responsed photocatalytic activity at least as pure BiVO4
does. Meanwhile, no peaks of any other phases or impurities were detected because of the low content of Mo in the
samples.

FIGURE 1 - XRD patterns of BiVO4 and Mo-BiVO4. (a) BiVO4; (b)BiVO4(Mo 0.2%); (c)BiVO4(Mo 0.4%); (d)BiVO4(Mo 0.6%); (e) BiVO4
(Mo 0.8%)
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3.2 FE-SEM

the results are shown. The binding energies of Bi 4f were
164.55eV and 159.2eV corresponding to Bi 4f5/2 and Bi
4f7/2 respectively. V 2p’s binding energies were 516.65eV
and 524.25eV which are indicated to V 2p3/2 and V 2p1/2.
It is found that Mo3d5/2 and Mo3d3/2 peaks were located at
232.35eV and 235.4 eV and the gap was 3.1eV which is
very close to that of MoO3. So it can be induced that Mo
existed as MoO3 on the surface of the catalyst. The peak
at 530.05eV was indexed to O 1s and its asymmetric shape
indicated that there are different oxygen species on the surface region. They are the lattice oxygen (530.3eV) in crystalline BiVO4 or MoO3 and the chemisorbed H2O or OH(531.6 eV) on the surface [9].

Fig.2 shows the morphology of BiVO4 and MoBiVO4. It can be seen that the single grain of the samples
had irregular shape and the size was about 200nm. Such
grains stuck together to form larger particles. All the samples have similar morphology. Mo-BiVO4 grains agglomerate more obviously than those of BiVO4. And the higher
the Mo content was, the more agglomeration was observed.
3.3 XPS

XPS patterns of Mo-BiVO4(Mo 0.8%) were obtained
by scanning the Bi 4f, V 2p, O 1s and Mo 3d to investigate the chemical state of elements in Mo-BiVO4. In Fig. 3

	
 

FIGURE 2 - SEM imagines of BiVO4 and Mo-BiVO4 samples. (a)BiVO4	
  (b)BiVO4(Mo 0.2%)	
  (c)BiVO4(Mo 0.4%)	
  (d)BiVO4(Mo 0.6%)
(e)BiVO4(Mo 0.8%)
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FIGURE 3 - XPS spectra of Bi, Mo, O, V on the surface of Mo-BiVO4 samples

3.4 BET specific surface area

Specific surface area is an important factor for efficiency of catalysts’ photodegradation. In general, catalysts that have large specific surface area can adsorb more
molecules to be degraded. It is beneficial for enhancing
the degradation efficiency. The specific surface area of
pure BiVO4 and Mo-loaded samples was measured by
nitrogen adsorption BET method. And the results are
shown in Table 1. It can be seen that Mo doping does not
improve the ABET of BiVO4 catalysts obviously. So MoBiVO4 had no greater advantage in specific surface area
compared with pure BiVO4.
TABLE 1 - The BET surface area of pure BiVO4 and Mo-loaded
BiVO4 catalysts.
Catalysts
BiVO4
BiVO4(Mo 0.2%)
BiVO4(Mo 0.4%)
BiVO4(Mo 0.6%)
BiVO4(Mo 0.8%)

ABET(m2⋅g-1)
10.788
10.824
10.821
11.072
11.090

FIGURE 4 - UV-Vis diffuse absorption of BiVO4 and Mo-BiVO4
samples.

3.5 Diffuse reflection spectra (DRS)

The colors of all the Mo-loaded BiVO4 catalysts are
yellow just like that of the pure one. Diffuse reflection
spectra of pure and Mo-loaded BiVO4 are depicted in Fig. 4,

showing absorption in the region of 400-540nm. The steep
shape of the plots indicates that the visible-light absorption
was due to the band gap transition. And all the absorption
plots were similar to each other. This proves that Mo doping did not influence the photoabsorption of BiVO4. The
band gap absorption edge of each catalyst was about
510nm. The band gap energies of all the catalysts have
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been calculated to be 2.42eV, 2.42eV, 2.43eV, 2.43ev and
2.43eV for Mo content of 0.0%, 0.2%, 0.4%, 0.6%, 0.8%
respectively. Hence it could be said that doping Mo had
no effect on absorption in visible-light region and Eg. Because these two factors are very important for photodegradation activity of the catalysts, it could be concluded
that Mo-loaded BiVO4 had no superiority in optical absorption property.
3.6 Isoelectric point

The potentials of samples in solutions of different pH
values (pH=1, 4, 7, 10, 13) were measured on potentiometer and plotted vs. pH. The results are shown in Fig.5. The
isoelectric points, which are the pH value of solution when
the surface charge of material in it is zero, were estimated
from the plot to be 5.10, 4.74, 4.25, 4.14, 4.08 for 0.0%,
0.2%, 0.4%, 0.6%, 0.8% Mo-loaded BiVO4 respectively.

adsorption of methylene blue. And when more methylene
blue molecules are adsorbed on the surface of the catalyst,
it will be easier for the photodegradation reaction to take
place. Therefore it can be considered that Mo-BiVO4
would have higher degradation efficiency than that of the
pure.
3.7 Photocatalytic degradation of MB

The photocatalytic activities of BiVO4 and Mo-BiVO4
are shown in Fig. 6. Mo-loading BiVO4 showed much
higher photodegradation efficiency in 8h than the pure one
does. After irradiation of 8h the concentrations of methylene blue were reduced to 43.03%, 27.58%, 19.6%,
12.63%, 11.92% corresponding to 0.0%, 0.2%, 0.4%,
0.6%, 0.8% Mo-BiVO4 respectively. Doping Mo enhanced the photocatalytic activities significantly. As the
Mo content increased, the degradation efficiency was enhanced. But when it rose to 0.8% the efficiency of degradation is difficult to improve any more. And Fig.5 in
section 3.6 shows that at this Mo content the isoelectric
point hardly decreased. So the optimum Mo content can
be confirmed to be 0.8%.

FIGURE 5 - Zeta potential of BiVO4 and Mo-BiVO4 samples in
different pH conditions

It can be seen that Mo doping had obviously lowed
down the isoelectric point of BiVO4 catalysts. As the Mo
content rose to 0.6%, the isoelectric point decreased to
4.14. But when Mo content was larger than 0.8% the isoelectric point was hardly reduced. As a result, the surface
of Mo-BiVO4 catalyst had more negative charge than pure
BiVO4 had in neutral solution. And this is the benefit of
the catalyst to adsorb methylene blue molecules because
MB is a type of cationic dye that can form monovalent
cationic organic quaternary ammonium ion groups in water
which tend to be adsorbed on negatively charged surface
[12, 13]. To confirm this, each catalyst was added into
30mL methylene blue (MB) solution. The suspension was
stirred for 5 min and then set in the darkness for 12h to
get to adsorption equilibrium. After that the absorbance of
every solution which had been removed the catalyst particles was measured. It has been found that the concentrations of methylene blue decreased to 63.39% (Mo 0.0%),
43.93% (Mo 0.2%), 38.70% (Mo 0.4%), 31.17% (Mo
0.6%), 26.88% (Mo 0.8%). This demonstrates that decreasing the isoelectric point can help to enlarge the catalyst’s

FIGURE 6 - Curves of photocatalytic degradation of methyl blue
over BiVO4 and Mo-BiVO4 samples under visible light irradiation

4. CONCLUSION
In summary, the Mo-loaded BiVO4 catalysts were
prepared through wet impregnation method and analysed
by XRD, FE-SEM, DRS, XPS and specific area (BET).
The results revealed that Mo ions were present as MoO3
on the surface of the catalysts. Doping Mo did not change
the band gap, absorption in visible-light region or the specific area of the catalysts. The photocatalytic experiments
determine that Mo-loaded BiVO 4 shows much higher
efficiency of degradation compared with pure BiVO4. According to the analysis in section 3.4-3.6 we can conclude
that such beneficial effect is not attributed to the change
of Eg, absorption in visible region or ABET but to the reduction of the isoelectric point which causes the enhancement of catalyst’s surficial adsorption for methylene blue.
The mechanism of improving degradation efficiency was
different from other reported metal-loaded BiVO4 catalysts.
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ABSTRACT

1. INTRODUCTION

The aim of our study was to investigate the contribution of exogenous adrenomedullin (ADM): an antioxidant, and
N sup omega nitro-L-arginine methyl ester (L-NAME); the
nitric oxide synthase (NOS) enzyme inhibitor, to balance
the oxidant/antioxidant status in hypothalamus and adrenal
medulla, which are both key components of the hypothalamic-pituitary-adrenal (HPA) axis and affects some lipid
metabolic mediators. Thirty six male albino SpraqueDawley rats were randomly divided into three groups: the
control group, the ADM group (8 nmol/kg, i.p.), and the
L-NAME group (2 ml/kg, i.p.). Measurements of tissue
superoxide dismutase (SOD), catalase (CAT), glutathion
S-transferase (GST) and glutathion reductase (GR) activities and glutathione (GSH) were performed in tissues using
chemical protocols. The biochemical analyses for total
lipid, cholesterol, triglycerides, HDL, VLDL, and LDL were
conducted on an auto-analyser. Administering exogenous
ADM and L-NAME caused synergic changes in the tissues, antioxidative enzyme activities, and altered serum lipoprotein profiles in rats.
In the adrenal medulla and hypothalamus of the experimental groups, SOD and GST activities decreased
significantly, while the CAT and GR activities increased.
The amount of GSH was enhanced in the both tissues in
the ADM group only, while the amount was decreased for
the hypothalamus of the L-NAME group. After the treatment, the cholesterol (of L-NAME group), triglyceride,
total lipid, and VLDL parameters varied significantly, but
there was no significant difference between the HDL and
LDL among the groups.

KEYWORDS: Adrenomedullin, L-NAME, glutathione, antioxidant
enzymes, lipid metabolism, rat

* Corresponding author

Adrenomedullin (ADM); is a 50-amino-acid peptide
hormone (rat ADM) that has recently been discovered,
initially isolated from the human pheochromacytoma tissue
[1], and then found to be widely produced by various types
of cells. ADM was originally discovered as a vasodilative
peptide, but recent studies have revealed that its pleitropic
effects include vasodilation, cell growth, migration, apoptosis, inflammation, angiogenesis, regulating hormone
secretion, natriuresis, and antimicrobial effects [2, 3]. ADM
has recently been suggested to function as an endogenous
antioxidant [4-7]. Through its anti-oxidative effect, ADM
protect organs from damage induced by high blood pressure, ischemia, and aging., which indicates that antioxidants can inhibit reactive oxygen species production, but
do not have a scavenging effect that could be a new effective therapeutic target for organ protection in hypertension as well as metabolic syndrome, in which higher oxidative stress plays a vital role [8]. ADM may be one of the
negative feedback regulators to compensate overproduction of ROS, because ADM not only reduces ROS production, but is also increased by ROS. However, its potential site of action at cellular level has yet to be clarified.
There are several researches regarding the effect endogenous ADM has on the antioxidant system in various tissues
and organs, under some experimental and clinical conditions; however, the concerning influence of treatment using
a single dose of ADM is poor.
Nitric oxide (NO) is a free radical, synthesized from
L-arginine and oxygen by nitric oxide synthase (NOS), in
the presence of NADPH. NO may interact with oxygen,
superoxide anion, and thiol compounds, generating reactive nitrogen species (NOx), peroxynitrite (ONOO-) and snitroso-thiols including s-nitrosoglutathione (GSNO) [9].
N sup omega nitro-L-arginine methyl ester (L-NAME) is
one of the NOS inhibitors. It was established that pharmacological inhibition of NO synthesis produces acute and
chronic hypertension, and alters antioxidant enzyme activi-
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ties in many animal species [10, 11]. Recently, it was reported that NO also works as a neuromodulator in the
hypothalamic-pituitary-adrenal axis (HPA axis) [12, 13].
Although NO plays an important role in many physiological processes in the central nervous system, a high concentration of NO produces a toxic effect via rapid interaction
with superoxide anion (O2.-) and forms peroxynitrite, which
could be highly relevant to neurodegenerative diseases, and
neuronal membrane damage [14]. However, the mechanism of regulating antioxidant enzymes by NO has yet to
be well established.
In these studies, ADM was used as a new antioxidant,
and the L-NAME was used as a specific NOS inhibitor, to
investigate physiological actions of endogenous NO. Thus,
this study was conducted to compare the contribution of
ADM and L-NAME to the balance of oxidant/ antioxidant
status in the hypothalamus and adrenal medulla, which are both
key components of the hypothalamic-pituitary-adrenal
axis (HPA) in rats. In addition, this study aims to gain a
deeper insight into the physiological and biochemical
mechanisms ADM and L-NAME action through observing changes on some biochemical parameters in an animal
model.
2. MATERIALS AND METHODS
2.1. Animals

The samples used in the study were 36 healthy, male,
3-month old Spraque-Dawley rats. The rats were housed
in individual polypropylene cages, kept under standard
laboratory conditions (temperature 25±2 ºC. diurnal lighting), and fed ad-libitum with commercial pellet rat food
and tap water. For the study, the rats were randomly divided into three groups of 12 animals; the control group
consisted of animals that remained inside their home cages
and were not manipulated, except for routine cage cleaning.
The ADM group each received a single shot of (8 nmol/kg)
intraperitoneal. The group injected with a single dose
(2ml/kg) of L-NAME, was injected intraperitoneally.
2.2. Antioxidant enzyme assays

The rats in the control, L-NAME, and ADM groups
were anesthetized using a sodium pentobarbital (50 mg/kg)
intraperitoneal injection. The rats were sacrificed and the
appropriate tissues were dissected, thoroughly washed
with ice-cold normal saline, weighed, minced, and homogenised using a polythrone homogenizer potassium phosphate buffer (50 mM; pH 7.4). The homogenised samples
were sonificated using a Bronson Sonifier 450 (VWR Scientific), and centrifuged at 25.000 g for 10 min at 4 °C. The
supernatant was used for antioxidant enzyme analysis.
CAT activity was determined spectrophotometrically, by
measuring the decrease of absorbance at 240 nm due to
hydrogen peroxide decomposition, as described by Luck
(1963) [15]. One unit was defined as 1 µmole H2O2 reduced/min. SOD activity was determined using the xan-

thine/xanthine oxidase/cytochrome system according to
the method described by McCord & Fridovich (1969) [16].
The amount required to inhibit the rate of cytochrome c
reduction by 50 % was defined as one unit of SOD activity. The glutathione amount was measured according to
Akerboom & Sies (1981) [17]. GST activity was determined using the 1-chloro-2.4-dinitrobenzene (CDNB) substrate according to the method described by Habig et al.
(1974) [18]. One unit was defined as 1 µmol GSH conjugated/min. GR activity was measured using the method
described by Carlberg & Mannervik in 1985 [19]. The
reaction is initiated by adding the enzyme to the cuvette,
and the decrease in absorbance at 340 nm is sustained at
300C for 1 min using an UV spectrophotometer (A Shimadzu UV-1601, UV-visible spectrophotometer, Kyoto,
Japan). A unit of GR activity is defined as the amount of
the enzyme catalyzing the reduction of 1µ M of NADPH
per min. All determinations are the average of three replicates. The activities of all enzymes were expressed as unit
activity.
2.3. Determining plasma lipoprotein levels

2 ml of blood were obtained from the right ventricle
of the animals under anaesthesia, followed by centrifugation at 12.000 g at 4oC. The biochemical analyses and calculations for total lipid, cholesterol, triglyceride, HDL,
VLDL, and LDL were done using an auto-analyser with
commercial kits.
2.4. Reagents

Rat adrenomedullin (1-50) purchased from Phoenix
Pharmaceuticals Inc. USA. L-NAME, EDTA, NADPH,
GSH, GSSG, nitrotetrazolium blue, 1-chloro-2.4-dinitrobenzene, 5.5´-dithiobis-2-nitrobenzoic acid and glutathione
reductase were from Sigma (USA); tert-butyl hydroperoxide and H2O2 were from Merck (Germany); xanthine oxidase was from Serva.
2.5. Statistical analysis

All data is reported in the form of mean ± standard error of the mean (SEM). All parameters were tested using
the Shapiro Wilk test, and its distribution was not normal
(p< 0.05). Therefore, the Mann-Whitney U test was used
to compare the variables among the groups.
3 RESULTS
Table 1 illustrates the antioxidant enzyme activities
(SOD, CAT, GST, and GR) and GSH levels in adrenal medulla, hypothalamus for all groups.
The CAT activity in the adrenal and hypothalamus
was significantly higher for the rats in the ADM and LNAME groups in comparison to the control group. However, the said difference was more apparent in ADM-injected rats.
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TABLE 1 - Activities of CAT, SOD, GST and GR, and levels of GSH in
adrenal medulla and hypothalamus of rats after injecting ADM and L-NAME.
CAT
SOD
GST
GR
units/mg protein
units/mg protein
units/mg protein
units/mg protein
Control
94.27 ± 3.26
30.51 ± 7.78
831.88 ± 112.92
313.10 ± 98.49
Adrenal medulla
ADM
240.99 ± 26.05**
25.07 ± 7.12*
395.78 ± 324.29**
532.27 ± 94.65**
L-NAME
187.23 ± 21.31**
11.99 ± 2.52**
607.97 ± 8.88*
616.97 ± 112.02**
Control
18.77 ± 2.01
45.32 ± 3.38
814.70 ± 48.62
100.08 ± 12.62
Hypothalamus
ADM
40.77 ± 14.44**
24.41 ± 7.33*
484.45 ± 11.01*
118.52 ± 36.04*
L-NAME
22.54 ± 4.72*
33.13 ± 3.30*
794.81 ± 66.44
125.50 ± 52.95*
Values are Means ± SE (n=12). *Statistically significant difference (p<0.05) ** Statistically significant difference (p<0.001)

GSH
µmol/g tissue
0.11 ± 0.039
0.13 ± 0.047*
0.12 ± 0.019
0.012 ± 0.002
0.088 ± 0.0013**
0.011 ± 0.0025

TABLE 2 - Serum cholesterol, triglyceride, total lipid, HDL, VLDL and LDL amounts with the exogenous ADM and L-NAME application
Cholesterol (mg/dl) Triglyceride (mg/dl)
Total lipid (mg/dl)
HDL (mg/dl)
Control
56.8 ± 2.7
69.4 ± 5.4
426.2 ± 5.4
35.5 ± 3.6
ADM
51.4 ± 5.7
161.8 ± 45.4**
513.2 ± 49.7*
31.1 ± 4.5*
L-NAME
67.2 ± 6.5*
132.0 ± 2.7**
499.2 ± 8.7*
37.1 ± 3.4
*Statistically significant difference (p<0.05) ** Statistically significant difference (p<0.001)

SOD and GST activity decreased in the adrenal and
hypothalamus of both L-NAME-exposed animals and
ADM-exposed rats in comparison to the controlled rats.
While the decrease in SOD activity was more visible in LNAME injected rats, the difference in GST activity was
more apparent in ADM-injected rats.
The increase in GR activity was significant in the adrenal and hypothalamus of L-NAME exposed and ADMexposed rats in comparison to controlled rats.
The amount of GSH was enhanced in the adrenal medulla and hypothalamus of the ADM group only, while a
decrease was witnessed in the hypothalamus of L-NAME
group in comparison to the control group.
The study investigated the effects ADM and L-NAME
had on serum total lipid, triglyceride, and HDL, VLDL and
LDL concentrations. The conclusion was that among the
groups; cholesterol (of L-NAME group), triglyceride,
total lipid, and VLDL parameters varied significantly, but
no significant difference was observed for HDL and LDL
(Table 2). Triglyceride (p<0.001), total lipid (p<0.05) and
VLDL (p<0.001) levels were higher in both ADM and LNAME applied animals, while cholesterol level enhanced
in the L-NAME group (p<0.05) only. HDL and LDL levels
remained unchanged in both experimental groups compared to the control group.
4. DISCUSSION AND CONCLUSIONS
An imbalance between the production of reactive oxygen species and the antioxidant defence mechanisms may
contribute to the etiology of several diseases [20]. It is a
known fact that ADM is a potent hypotensive and LNAME is a hypertensive agent. This study was conducted
to investigate whether the single injection of L-NAME and
ADM, causing an increased metabolic rate, could elicit
changes in the antioxidant enzyme status and serum lipo-

VLDL (mg/dl)
13.8 ± 1.1
32.3 ± 9.1**
26.4 ± 0.5**

LDL (mg/dl)
41.3 ± 4.4
34.9 ± 1.3*
38.7 ± 3.8

protein profiles. None of the cited studies have exactly
similar experimental conditions to compare. The majority
of studies were conducted to reveal the oxidative/ antioxidant functions of endogenous ADM under several experimental and clinical conditions.
Oxidative damage is limited by ROS detoxifying enzymes like SOD, CAT, GST, GR, and removed by DNA
repair enzymes, and by protein and phospholipids turnover. After injecting ADM and L-NAME, the total SOD
activity decreased significantly, while the CAT activity increased in the adrenal and hypothalamus. A fall in the
activity of SOD may be due to inactivation of SOD because of the interaction with oxygen radicals. A fall in the
activity of SOD may be due to the inactivation of SOD
because of the interaction with oxygen radicals. SOD catalyses the dismutation of O2.- to H2O2. This dismutation of
O2.- to O2 + H2O2 with SOD is due to the fact that the
H2O2 can react with metal ions, creating highly toxic OH.
and CAT; peroxidases reduce H2O2 to O2 and H2O. NO
may combine with the superoxide anion to generate the
potent oxidant ONOO- and its conjugate acid, peroxynitrousacid (ONOOH). The rate of reduction in peroxynitrite formation depends on the product of O2.- and NO
concentration. When increase in the rates of O2.- and NO
production may enhance peroxynitrite formation to reach
cytotoxic levels [21]. L-NAME, a specific NOS inhibitor,
reduces the production of O2.-and NO. Excess O2.- production can be reduced by removing endothelium, by administering the NOS inhibitor L-NAME, or by infusing ADM,
which alleviates the uncoupled eNOS activity, thereby
diminishing O2.- production and increasing NO bioavailability [22]. Endogenous ADM in the brain may inhibit
sympathetic activation through its antioxidant action, and
ADM may increase the NOS coupling and bioavailability
of NO [22-24]. On the other hand, it is a known fact that
endogenous ADM protects organs under various conditions by at least two mechanisms; inhibition of oxidative
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stress and blood-flow regulation through an increase in
NO production [25, 26]. The plasma adrenomedullin level
in healthy volunteers is about 5 fmol/ml. The level of
immune-reactive AdM in rat tissue is between 0.1 and
6.5 fmol/ml [27]. The contents of ADM in blood and
local tissues are regulated by the balance between production and degradation [28]. Thus, the exogenous dose administered is evidently higher than endogenous tissue
AdM levels, which are supposed to be protective against
oxidative stress. Injection of ADM may activate O2.- production because of the higher and probably toxicological
dosage. The data obtained by Esrefoglu et al. [29] and
Dogru et al. [30] indicates that the ADM injection (3000
ng/kg for a week) decreases SOD activity, as in our study,
although it decreases to control levels in the liver of ADM
+ lead or cadmium exposed rat.
The SOD enzyme dismutases superoxide radicals to
form hydrogen peroxide, which in turn decomposes into
water and oxygen with GSH-Px and CAT. In the present
study, the CAT activity increased in the adrenal medulla
and hypothalamus. However, the increase in CAT activity
was more obvious in the tissues of ADM-injected rats in
comparison to L-NAME-injected rats. CAT is an iron
containing enzyme, which could potentially interact with
the iron-binding groups of L-NAME. Fadillioglu et al.
(2002) [11] demonstrated that renal CAT activity of LNAME administered-rats was higher in comparison to
controlled rats. These results indicate that in addition to
inhibiting nitric oxide synthase, L-NAME may also affect
CAT activity.
Exogenous ADM and L-NAME administration changed
the activity of glutathione-dependent enzymes in the tissues. The effects injecting L-NAME and ADM had on
GST activities were similar, and decreased significantly in
the adrenal medulla and hypothalamus in comparison to
controlled rats. GSTs are essential components of the
cellular antioxidant defence system, since they catalyse
the conjugation of GSH to several dangerous compounds
produced by lipid peroxidation [31, 32]. There are several
researches where the level of GST expression is a crucial
factor in determining the sensitivity of cells to a broad
spectrum of stress conditions, carcinogens, antitumor drugs,
and environmental pollutants [33-36]. Few in vitro studies
reported that NO has inhibitory effects on antioxidant enzymes [10, 11, 37, 38]. However, the mechanism of regulating antioxidant enzymes using NO has not yet been well
established. GR is an enzyme that reduces glutathione
disulphide (GSSG) to sulfhydryl-type GSH. One mole of
NADPH is required for every mole of GSSG. There was a
significant increase in GR activity in the adrenal and hypothalamus of both experimental groups. GSH is the most
abundant low molecular weight thiol found in mammalian
cells, and it participates in the scavenging of free radicals.
[39]. In our study, the GSH level in the adrenal and hypothalamus of the ADM group increased after injecting ADM
and L-NAME . It should be noted that the increase in the
level of GSH and GR activity, and the decrease in GST

activity in the adrenal medulla and hypothalamus of the
experimental groups are probably due to reactive oxygen
species being scavengered. The data of Kim et al. [39]
suggest that ADM participates in the regulation cellular
redox status via GSH synthesis. They have reported increased GSH levels after 4 hours of 10-9 M ADM treatment.
Results of the present study indicate that applying
ADM and L-NAME alters serum analyte levels. Among
the groups; cholesterol (of L-NAME group), triglyceride,
total lipid, and VLDL parameters varied significantly, but
no significant difference was observed for HDL and LDL.
In a previous study, we reported that applying ADM
(1.0 nm/kg) increased glucose and triglyceride levels, while
it decreased total protein and cholesterol levels [40]. VLDL
carries triglycerides secreted from the liver; cholesterol
making up approximately 10% of the total volume [41].
In this study, triglycerides and VLDL, as an energy source,
increased significantly in the ADM and L-NAME groups
in comparison to control group. This complies with the
allostatic load theory. Furthermore it is possible to discuss
the importance of plasma triglyceride levels with accompanying potential clinical conditions. The relation of high
levels of HDL with the cardiovascular diseases resulting
from allostatic load is well known. Simply; high levels of
HDL taking part in reverse cholesterol transfer are suggested to take role in carrying the cholesterol, which may
potentially be deposited in peripheral circulation to metabolised [41]. An increase in the levels of triglycerides
and VLDL, as well as a decrease in the HDL indicates a
characteristic pattern in patients with arterial hypertension.
These changes are associated with a high risk of development of arteriosclerosis and cardiovascular diseases [42].
After some apolipoprotein and lipid exchanges, VLDL
turns into LDL in the plasma. However, in this study, the
LDL levels did not vary among groups to a statistically
significant extent. Still this fact does not exclude the possible structural differences (oxidation, acylation) of LDL
subfractions in different groups. The changes in physicochemical features of lipoproteins did not always correspond to their quantitative changes, and were not connected with lipid peroxidation. The ADM and L-NAME
application increases the VLDL levels in the plasma, thus
it is possible to state that the ADM is a regulator that
increases plasma VLDL levels; stimulating the release of
the required energy by mobilising triglycerides, mainly
from the liver through the post-receptor mechanisms involving NO. Additionally; when all other investigated biochemical parameters are reviewed; it is obvious that the
ADM response is inhibited by L-NAME in all cases. Thus
L-NAME may be suggested as a pharmacological agent to
project clinical results.
In conclusion, exogenous ADM administration may
have an active effect in ROS production. However, it is
speculated that endogenous ADM, as an antioxidant, might
be an interesting goal for the development of new therapeutic strategies in cardiovascular medicine, exogenous
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ADM administration results in the generation of oxidative
stress in various tissues of rats.
In conclusion, a balance between NO, ROS, and endogenous antioxidants is necessary in order to maintain the
molecular homeostasis of cells. From the results obtained it
can be suggested that injecting a single dose of ADM and
L-NAME generate oxidative stress in various tissues and
alters lipoprotein metabolism in rats. The observed changes
in the activities of antioxidant enzymes and levels of
antioxidants in ADM and L-NAME injected-rats are both
tissue and enzyme specific. The changes of antioxidant
enzyme activities in ADM administrated rats were parallel to the changes in L-NAME administrated rats. Moreover, further detailed studies are required to investigate the
optimum dosage and duration of ADM treatment to obtain
better results of oxidative or antioxidative actions.
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ABSTRACT
Eutrophication, which may influence the sustainability of the natural environment, is one of the notable water
environment problems. This paper aims to estimate the
water eutrophication of Moshui Lake in Hanyang District
of Wuhan in central China as a case study with a Fuzzy
Comprehensive-Quantifying Assessment (FCQA) method.
The evaluation of changes of the water trophic state is based
on the monitoring data of trophic indictors, TP and TN,
between 2001 and 2010. The Scoring Method was applied
to test the feasibility of using the FCQA method in the
estimation of the water eutrophication state. Then, the Dynamic Gray Filling Model (GM (1, 1) model) was used to
forecast trophic states of Moshui Lake between 2010 and
2016, while the forecasted value of 2010 was compared
with that value calculated by the real monitoring data. The
results indicated that the FCQA method had the advantages
such as comparability and accuracy and is available for
water eutrophication assessment. The average precision of
the forecasted results by the Dynamic GM (1,1) is 95.91%.
The improvement of the water trophic state of Moshui Lake
from 2001 - 2016 can be defined in three stages: (1) Heavy
eutropher in 2001-2005, (2) Moderate eutropher in 20062015, and (3) Light eutropher in 2016. The alleviation of
the water trophic situation is mainly due to the human activities of environmental rescue. However, the still existing
trophic problems in Moshui Lake indicate the importance
of further environmental rescue work and people’s awareness of keeping a sustainable water environment in the future.

KEYWORDS:
FCQA, grey model, eutrophication, assessment, forecast.

1. INTRODUCTION
Eutrophication is a process by which a body of water
becomes enriched in dissolved nutrients that stimulate the
growth of aquatic plant life usually resulting in the deple* Corresponding author

tion of dissolved oxygen [1], and possibly leading to water
quality deterioration and hydro-biological death. In the past
twenty years, water eutrophication in the bodies of water in
China has become a significant problem because of the
water drainage with massive nutrient substances from waste
water from residential homes, industry, and agriculture [2].
Therefore, the assessment and the forecast of trophic states
of bodies of water in urban areas can provide a meaningful understanding of human-activities’ influence on water
quality.
Environmental quality assessment, which uses quantitative methods to describe environmental quality, is a challenge within environment studies [3]. Water eutrophication
assessment, which is an environmental assessment, has been
studied with many methods worldwide [4, 5]. In some of
these methods, the eutrophic state index or assessment score
is calculated and evaluated with reference to level boundaries of eutrophication state in absolute values, such as the
Carlson nutritional state index (TSI), the nutritional status
index (TSIM), the integrated nutrition status index (TLI)
[6], and the Scoring Method [7]. However, due to the inconsistencies and peculiarities of each pollutant (i.e. pollution degrees are obscure), nearly all environmental assessment indexes are classified with difficulty into a certain
level according to a particular value of level boundary [8].
Then, some researchers [3, 9] introduced the Fuzzy Comprehensive Assessment (FCA) method, which was developed from the Fuzzy Theory by Zadeh (1965) [10] for
interpretation of uncertain situations, to solve the ambiguity
of category ascription in the assessment process of water
quality estimation. It can eliminate the errors made by fuzzy
boundaries of classification criteria through the application
of the membership degree function [3, 11-13]. But the FCA
method with a Maximum Membership Principle (MMP) has
some contradictions when the maximum member degree is
not so significant as the sum of other ones [4, 14]. Therefore, a Fuzzy Comprehensive-Quantifying Assessment
(FCQA) method, which uses index Smid instead of MMP
in the FCA method, was proposed [4]. The Smid index,
integrating the middle values of the grading sections of
water quality assessment criterion, is converted to the value
on an interval scale. The FCQA method has been successfully applied to the case of water comprehensive quality
assessment on Honghu Lake and is more effective than the
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FCA method to evaluate comprehensive water quality [4].
This paper aims to introduce the fuzzy comprehensivequantifying assessment method (FCQA) into the evaluation
of water eutrophication. In eutrophication assessment, unlike the FCQA method applied in water comprehensive
quality assessment, we use a trophic standard to replace the
water comprehensive quality assessment criteria; because
of different features of assessment criteria between water
comprehensive quality and eutrophication, the parameter
Smid used in water comprehensive quality assessment has
been replaced by Sv. The Scoring method is also used in
this case to prove the feasibility of applying the FCQA
method to the assessment of water eutrophication.
Besides this, we use the Equal-Dimension Grey Filling Model, which can be also called Dynamic GM (1,1),
to forecast the trophic index Sv for 7 years beginning in
2010, while we compare the forecast of 2010 with that value
computed from the monitoring data in 2010. The EqualDimension Grey Filling Model is based on the Grey System Theory introduced by Deng (1982) [15] to find out
the information from given data set in time sequence with
limited known conditions [3]. Because of its easy calculation and accurate forecasting results, this model has already been widely applied in many fields for forecasting
work [16-21].
Moshui Lake, a freshwater lake in Hanyang District of
Wuhan city of Central China, is the study area we chose as
a case to see how its water eutrophication changes during
the time from 2001-2016. In recent decades, there were
plenty of developments in Hanyang District like the building up economic zones. The increase of population and

utility of water resources have indirectly augmented the
trophic pollutants Total Phosphorus (TP) and Total Nitrogen (TN) in the sewage discharge into urban bodies of
water which aggravated the water eutrophication problem.
Then, from 2002, the government began to takes actions;
it started projects such as “Six Lakes Connection Project,”
“Lianhua Lake Project,” “Moon Lake Project” and “Triangle Lake Project” to rescue water resources for sustainable
city development. The water eutrophication problem in the
lakes of Hanyang District may have some changes due to
these actions. In this case, FCQA method and GM (1,1)
model are applied to evaluate the trophic state in Moshui
Lake from 2001-2010 and to forecast how the trophic state
will go on in the next six years from 2011. In addition, the
FCQA method can also be applied to the eutrophication
assessment of other bodies of water.
2. MATERIALS AND METHODS
2.1. Study Area

Moshui Lake, shown in Fig. 1, is a small-scale, shallow lake of Hanyang District, in Wuhan (113°41′-115°05′
East, 29°58′-31°22′ North), China. The latitude and longitude of its centre are approximately 114°12′ East and 30°32′
North. The lake area is around 340 ha., and it is generally
less than 3m in depth. There is abundant rainfall in Hanyang District; its average annual precipitation is 1238 mm.
Rainfall is concentrated between April and August, which
is 65 percent of the total annual precipitation. The number
of annual rain days is 125 days, and the number of annual
snow days is less than 10 days.

FIGURE 1 - Study area — Moshui Lake in Hanyang District of Wuhan, China
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The major functions of Moshui Lake are water regulation and storage as well as landscape entertainments and
aquiculture. Around Moshui Lake, the land-use types differ
from place to place. At the north and northeast area of the
lake, there are mainly the old city zones but also some new
residential areas built in recent years such as Tao Huadao
which is a new residential area for farmers who have been
moving from rural and suburb areas in Hanyang District.
The biggest zoo of Wuhan city is located at the northeast
area of Moshui Lake, and is a surface pollution source
caused by animal excrement. The western side of the lake
is part of the economic zone in Hanyang District that has
been developed in recent years. Also, its south and southeast areas are less developed and are chiefly villages and
agriculture lands. At the eastern side of Moshui Lake, there
are mainly two fishery grounds and four main machine
manufacturing factories. At its south side, the land-use is
mainly agriculture land with seed farms.

2.3.1. Fuzzy Comprehensive-Quantifying Assessment

According to the fuzzy comprehensive-quantifying
assessment [3, 4, 23-25], the following procedures to evaluate the water eutrophication state in Moshui Lake were
used:
(a) Choosing assessment indicators and establishing
assessment criteria. The assessment indicator set, which is
crucial to be selected rationally and accurately, is based on
the local situation to reflect the subject needed to be estimated. In this case, the assessment indicators are two variables TP and TN, which are well-known for their strong
relationships with water eutrophication [25, 26]. The assessment indicator set can be expressed as:

U = {u1 , u2 ,K , un }
where n is the serial number of selected indictors (the
same meaning in the following steps).

2.2. Data Collection

In this study, we use annual mean values from 2001
to 2010 (in Table 1) of trophic indicators TP and TN for
the assessment of the trophic state in Moshui Lake. These
data were calculated by samples from the study conducted
on the lake during the low-water season, the normal-season,
and the rich-water season of each year between 2001 and
2010, excluding the sample data of November 2010. These
samples were monitored by Wuhan Environmental Monitoring Station and collected according to the methods regulated in the Environmental Quality Standards for Surface
Water (GB3838-2002) [22]. Fig. 2 shows the water sampling locations in Moshui Lake.
TABLE 1 – The annual mean values of sampled TP and TN from
2001 to 2010.
Year
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

2.3. Assessment Methods

TP(mg/L)
0.39
0.53
0.77
0.59
0.29
0.28
0.40
0.52
0.74
0.60

TN(mg/L)
26.54
29.18
18.62
15.80
7.41
2.32
3.09
2.56
2.30
2.37

The assessment criteria set V is built based on the
Detailed Technical Rules for Integrated Programming of
National Water Resources (Table 2) created by the Water
Resources and Hydropower Planning and Design General
Institute [28].

V = {v1 , v2 ,K , vm }
where m is the serial number of the categories of assessment criteria (the same meaning in the following steps).
As shown in Table 2, there are eleven level boundaries of
water trophic state, and they belong to five general trophic
classes: Oligotropher, Mesotropher, Light eutropher, Moderate eutropher and Heavy eutropher.
TABLE 2 - Control standard for trophic state of surface water
Level of trophic state
Oligotropher

Mesotropher

FIGURE 2 – Sampling locations in Moshui Lake in Hanyang District.
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(b) Establishing membership function of each assessment indicator with the boundary values of assessment
criteria at each level in Table 2. The member degree of each
assessment indicator can be calculated by the following
formula sets of membership functions:

1993

© by PSP Volume 20 – No 8. 2011

Fresenius Environmental Bulletin

⎧1
⎪
u1 ( x) = ⎨( v2 − x ) / ( v2 − v1 )
⎪0
⎩
⎧0
⎪⎪
u j ( x) = ⎨1 − u j −1 ( x)
( j = 2,3,K , m −1)
⎪
⎪⎩( v j +1 − x ) / ( v j +1 − v j )
⎧0
⎪
u j ( x) = ⎨1 − u j −1 ( x)
( j =m)
⎪
⎩1

0 ≤ x < v1

W is the average weight of all indicators. Then, the weight
matrix, W%, can be expressed by equation (6).

v1 ≤ x < v2
x ≥ v2
x < v j −1orx ≥ v j +1
v j −1 ≤ x < v j

(e) Operating fuzzy algorithm

(1)

rameter B%:

B%= W%o R%= ( b1 , b2 ,K , bm ) ,

v j ≤ x < v j +1
0 ≤ x < v j −1
v j −1 ≤ x < v j

and we use

x ≥ vj

n

∑
=
∑

SV

to the j th level of assessment criterion that is shown in the
second column (Score of tropic state) in Table 2.

Where

(c) Building up fuzzy matrix R%with the calculated
results from step (b). Then we have the fuzzy matrix:

⎡ r11 r12 L r1m ⎤
⎢ r r L r ⎥
2 m ⎥
%
(2)
R = ⎢ 21 22
⎢M
⎥
⎢
⎥
⎣ rn1 rn 2 L rnm ⎦
Where rij ( i =1,2,…, n ; j =1,2,…, m ) is the membership degree of i th assessment indicator to the j th level
of assessment criterion. Herein, the number of i is two,
including TP and TN, and the number of j is eleven
listed in Table 2.
(d) Computing weight matrix W%by the following
formulas:
1 m
(3)
S = ∑ Sij , i = 1, 2,K , n; j = 1, 2,K , m
m i =1

xi

S

,

i = 1, 2, K , n

n

Wi = wi / ∑ wi ,
i =1

∑W = 1
i

vi equal to vm and is the numerical vector of

values of each level in the assessment criteria.
The Scoring Method in the study of Eutrophication
Assessment for Comparison with FCQA method
The scoring method, which has been widely used to
evaluate water trophic state, is used herein to test the
applicability of the FCQA method applied during the
eutrophication assessment. Similar to the FCQA method
in the study of eutrophication assessment, the Detailed
Technical Rules for Integrated Programming of National
Water Resources (Table 2) is chosen as the standard for
evaluation [29]. The trophic category-judgment grades
range from 0 to 100: 0≤Rating value<30, Oligotropher;
30≤Rating value<60, Mesotropher; 60≤Rating value≤100,
Eutrophication; and the last category Eutrophication is
further divided into Light eutropher (60~70), Moderate
eutropher (70~80) and Heavy eutropher (80~100). The
total evaluation score is the arithmetic mean of trophic
state scores of all monitoring indicators [30]. Following
are the evaluation steps of the Scoring Method:
(a) Calculating

Si with xi by equation (9),

(5)

Where

(6)

S ij is the value of i th assessment indicator to

(8)

b
i =1 i

Si = yIb + 10 ×

j th level of assessment criterion; S is the average of
assessment criteria of the i th assessment indicator described in equation (3); xi is the value of the monitoring
concentration of the i th assessment indicator; wi means
the weight relating to the i th assessment indicator, and
the

bv

i =1 i i
n

(4)

i =1

i =1

to express the water trophic state:

n

W%= [ w1 , w2 ,K , wn ]
Where

SV

n

b j = ∑ wi rij (7)

B% to the index SV by equation (8),

(f) Converting

Where x is the monitoring data of assessment indicator
and u j ( x ) is membership function of the chosen indicator

wi =

W%o R%to calculate pa-

Si

xi − xIb
xub − xIb

(9)

is the score of trophic state (i.e. trophic

i represents the serial number of
i indicator, xi is the monitoring value of the i th indicator, and yIb is the lower border value of the grading secscore) of each indicator,
th

tion from the column named “Score of trophic state”
shown in Table 2. The grading section is where the moni-

toring value of the i th indicator is located; xub is the
upper border value of the grading section depending on
which indicators (TP or TN) is being corresponding to
Table 2, while xIb represents the lower bound value of
that grading section.
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(b) Calculating the arithmetic mean of the score of
the trophic state,
∑ Si
(10)
S=
n
Where S is the arithmetic mean of trophic score of
all indicators; Si is the

(
(
(

i th score of the trophic state of

each indicator; i is the serial number of the trophic score
and n is the number of total indicator types.
2.3.2. Forecasting Method

In this study, we use Dynamic Gray Filling Model (or
Equal-Dimension GM(1,1)), which has been successfully
used in many research fields for forecasting work [16-21].
It is used to forecast the values of Sv index of Moshui
Lake in Hanyang District from 2011 to 2016. The value
of Sv index in 2010 was also computed with the EqualDimension GM(1,1) to compare with that calculated by
sampled value in 2010 as one support of the feasibility of
applying this forecasting method. The Dynamic Gray
Filling Model is based on the Gray System Theory which
is suited for building up a model with uncertainty and
limited data. The “dynamic” is reflected in its equal dimension; we use the model to forecast a new data each
time with certain dimension, and then put the new data as
the newest one into the end of the input data sequence,
deleting the oldest one to keep the equal dimension of
input data for the forecast of the next one. The reliability
of this forecast may become less and less with the decreasing of the proportion of input data.
The steps of forecasting are:
(a) Establishing n -dimensional columns using n
years input data:
(11)
X = ( X (1) , X ( 2) , X (3) , ⋅⋅⋅, X ( n ))
Where n is the serial number of the input data;
th
X ( n ) is the input datum in the n year.

(b) Minimizing the randomness of input data series
by smoothing formulas:
0
(12)
X ( ) (1) = (3 X (1) + X ( 2 ) ) / 4

(

YN = X (

(c) Computing series X

(1)

by aggregating

reference to different t ,
t

X (1) ( t ) = ∑ X (0) ( i )

( t =1, 2, …, n )

(13)
(14)

X (0) ( n )

(18)

a and u with the

⎡ a ⎤

(19)

(f) Putting a and u calculated from the previous
equation into GM(1,1) model,

dX (1)
1
+ aX ( ) = u
dt

(20)

Then, the forecasting model can be built up as seen
below,
u
u ⎤
⎡
(21)
X (1) ( t + 1) = ⎢ X (1) ( 0 ) − e − at + ⎥
a
a ⎦
⎣
The equation (22) shows the reduction values transformed from the equation (21),
u
Xˆ (0) (t + 1) = (1 − ea )[ X (0) (1) − ]e− at
a
( t =1, 2, …, n )
(22)
The dynamic GM(1,1) is an improvement of the
GM(1,1). As mentioned before, the new forecasted data
by GM(1,1) will be added into the former input data series, while the oldest one will be deleted to ensure the
same dimension in the data series for the next forecast.
Then, in this way, the purpose of dynamic forecast can be
achieved.
(g) Finally, we calculate the error probability p to test
the accuracy of forecasts. The formulas for residual
Δε ( n ) , relative magnitude of residual error ε ( n ) , average
residual ε ( avg ) and average precision p are respectively:

(t ) − X (0) (t )
ε ( n ) = ( X (0) ' ( t ) − X (0) ( t ) ) / X (0) (t )
Δε ( n ) = X (

0) '

(23)
(24)

1 n
(25)
∑ | ε (t ) | ∗100%
n − 1 t =2
(26)
p = (1 − ε (avg )) ∗100%
The higher the p value, the better the forecasting results.

ε (avg ) =

3. RESULTS AND DISCUSSION

)

(16)

Where X ( 0 ) = X (1) ; t means the t year.
(d) Constructing the repeated additive matrix B and
constant YN by X ( 0) and X (1) ,
(0)

T

( 2) , X (0) (3) , ⋅⋅⋅, X (0) ( n ))

(17)

(15)

Then,
1
1
1
1
1
X ( ) = X ( ) (1) , X ( ) ( 2 ) , X ( ) (3) , ⋅⋅⋅, X ( ) ( n )
(1)

1 ⎤
⎥
1 ⎥⎥
⎥
⎥
1⎥
⎦

αˆ = ⎢ ⎥ = ⎡⎣ BT B −1 BT YN ⎤⎦
⎣u ⎦

i =1

(

0)

)

(e) Computing the parameters
least square method,

0

X ( ) (t ) = ( X (t − 1) + 2 X (t ) + X (t + 1)) / 4
( t =2, 3, …, n − 1 )
0
X ( ) ( n ) = ( X ( n − 1) + 3 X ( n )) / 4
Where X (0) ( n ) is the smoothed data series.

)
)

⎡ −0.5 X (1) (1) + X (1) ( 2 )
⎢
⎢ −0.5 X (1) 2 + X (1) 3
( )
( )
B = ⎢
⎢⋅⋅⋅⋅⋅⋅
⎢
⎢ −0.5 X (1) ( n − 1) + X (1) ( n )
⎣

th

3.1. Trophic State Assessment

The results of the trophic state assessment can be divided into three aspects. Firstly, we compared the results
calculated from two different methods used in Eutrophica-
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tion Assessment - the FCQA method and the Scoring
Method. Then, we studied the differences between the
FCQA method used respectively in water comprehensivequality evaluation and eutrophication assessment, which
both belong to water quality assessment. Finally, we analyzed the results of the trophic state of Moshui Lake during 2001-2010.

and membership function, each monitoring value can be
ascribed a certain trophic level (Heavy, Moderate, Light,
Mesotropher, or Oligothopher). This can provide final results which can be compared year to year and contribute a
clearer assessment of eutrophic state.

3.1.1. Comparison of FCQA method and Scoring Method

From the application of the FCQA method with Control standard for the trophic state of surface water, the
trophic state Sv in Moshui Lake between 2001 and 2010
can be obtained and are compared with the trophic scores
computed with the scoring method described in Table 3. It
can be demonstrated from these results that:
(a) The FCQA method is feasible on water eutrophication assessment. The values of Sv index in the FCQA
method and trophic score in the Scoring Method are similar (Fig. 3); their corresponding trophic levels are almost
consistent.
(b) The different processes of calculation with these
two methods make their results different, and the most important one will be illustrated here. In the FCAQ method,
we use a membership function that represents a monitoring value of TP or TN to be two fractional values corresponding to both borders of the grading section, in which
the monitoring value is located. And the membership function also includes the situations when the monitoring value
is lower or higher than the lowest or highest border values
of all the grading section. However, in the Scoring Method,
the monitoring value is not specified to the borders of the
grading section, but there is a proportion to express the
rate of the monitoring value in its corresponding grading
section. These two different ways can cause the discrepancies of calculation results in Table 3.
(c) The Sv index in the FCQA method has an advantage when compared it with the trophic score in the
Scoring Method. In some of the trophic scores, calculated
by the Scoring Method, the water trophic state is difficult
to denote, but only using logical language like “>88,”
makes the trophic state vague in the level of Heavy eutropher (the dashed line in Fig. 3). However, by application of the FCQA method, which is based on the membership degree

FIGURE 3 - Comparison of Sv and Score of Moshui Lake in Hanyang
District (2001-2010)
3.1.2. Comparison of FCQA used in two different aspects of
Water Quality Assessment

In this study, we also compared the processes and results of the FCQA method, applied with the concentration
classes of TP and TN, when calculated with the Environmental Quality Standards for Surface Water (GB38382002) or the Control standard for trophic state of surface
water (Table 2) respectively. Though they both belong to
water quality assessment, there are two differences between these applications:
Firstly, these two standards are different in their purposes of application and classification of the state of each
water pollutant. The Environmental Quality Standards for
Surface Water (GB3838-2002) are mainly used for comprehensive water quality evaluation. It has five categories
related to the five levels of national water function standard. And the five levels of water function are classified
with incrementally by tens from score values of 50-100,
i.e. level 1: 50 ~ 60, level 2: 60 ~ 70, level 3: 70 ~ 80,
level 4: 80 ~ 90, level 5: 90 ~ 100. However, the Control

TABLE 3 - Assessment results using FCQA method and Scoring Method in Moshui Lake (2001–2010)
Items
2001
2002
2003
2004
2005
2006
2007
2008

FCQA method
Sv
96
96
96
94
81
71
74
76

Scoring Method
Trophic Score
>88
>87
>93
90
79
72
74
75

Class (FCQA)
Heavy eutropher
Heavy eutropher
Heavy eutropher
Heavy eutropher
Heavy eutropher
Moderate eutropher
Moderate eutropher
Moderate eutropher

1996

Class (Scoring Method)
Heavy eutropher
Heavy eutropher
Heavy eutropher
Heavy eutropher
Moderate eutropher
Moderate eutropher
Moderate eutropher
Moderate eutropher
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2009
2010

85
77
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Heavy eutropher
Moderate eutropher

78
75

standard for trophic state of surface water (Table 2) is
mainly used for water eutrophication assessment. This criterion has eleven score values total and ten score sections of
nutritional status attributable to five trophic levels.
The reasons why we chose the latter standard were:
(a) In this study, we aimed to estimate the trophic status
of water bodies, so using the eutrophication evaluation
standard was much more appropriate; (b) The accuracy of
results calculated by the FCQA method with eutrophication evaluation standard is higher than the accuracy of the
standard for evaluation of comprehensive water quality. The
eutrophication evaluation standard has larger score ranges,
more grading sections, and more detailed classification; the
values of monitoring pollution indicators do not so easily
exceed the standard range than that in the later one, whose
score ranges are not suitable for trophic evaluation and
may poorly influence the assessment results. For example,
if some values of the sampled indicator differ from each
other but all exceed the maximum limitation of standard
range, then, according to the five categories used in
the Environmental Quality Standards for Surface Water
(GB3838-2002), all the fuzzy matrices of the indicators will
be expressed the same as (0 0 0 0 1). This can cause the
impossibility to distinguish the discrepancies of over-limited
monitoring values, like the Smid indexes in Fig. 4: the line
representing those Smid, whose monitoring values of indictors TN and TP were over the maximum limited values of
water quality standards, went horizontally straight. However, replacing the standard by that for eutrophication assessment can diminish this problem. It has relatively higher
standard accuracy and larger limited ranges, like the Sv
indexes in Fig. 4.

Moderate eutropher
Moderate eutropher

of surface water (Table 2) is that the parameters used to
calculate Sv and Smid are different. The major part in the
computation of Smid is the sum of the multiplication of the
middle value of each function section of water quality assessment criterion respectively with bi (i=1,2,…, 5) values,
while that in the computation of Sv in the developed FCQA
is the sum of respective multiplication of eleven score
values and their corresponding bi (i=1,2, …, 11) values. This is because calculating Smid firstly computes
B%= (b1 , b2 , K , b5 ) with surface water quality standards,
and then corresponds to the water function standard which
has five level sections composed by 6 scores. So to calculate Smid, the middle values of these five sections of six
scores have been chosen responding to five function levels; but for computing Sv, the eleven trophic scores in the
eutrophication assessment criteria are directly used to
multiply B%values and get Sv, so the middle values are not
necessary.
For example, the monitoring values of TP and TN are
respectively 0.28mg/L and 2.32mg/L in 2006 of Moshui
Lake. Then the process of calculation of Smid is,

⎛ 0 0 0 0 1⎞
R = ⎜
⎟ ,
⎝ 0 0 0 0 1⎠
W = ( 0.568 0.432 ) ,

B%= (b1 , b2 , K , b5 ) = (0 0 0 0 1),
so, Smid=0*55+0*65+0*75+0*85+1*95= 95,
where (55,65, …,95) are the middle values of five
function levels;
While the process of calculation of Sv is,

⎛ 0 0 0 0 0 0 0 0.80 0.20 0 0 ⎞ ,
R = ⎜
⎟
⎝ 0 0 0 0 0 0 0 0.92 0.08 0 0 ⎠
W = ( 0.568 0.432 ) ,

B%= (b1 , b2 , K , b11 ) = (0 0 0 0 0 0 0 0.852 0.148 0 0)

FIGURE 4 - Comparison of Smid and Sv of Moshui Lake in Hanyang District (2001-2010)

The second point to explain the differences between
the results of using the FCQA method respectively with
the Environmental Quality Standards for Surface Water
(GB3838-2002) and the Control standard for trophic state

Then,
Sv=0*0+0*10+0*20+0*30+0*40+0*50+0*60+0.852*
70+0.148*80+0*90+0*100=71.48.
These two variant processes make their results of the
indexes (Smid and Sv) different and correspond to two disparate levels of trophic states. In addition, we compared
both the evaluated trophic states with that from the report
on eutrophic states of water from the Wuhan Environmental
Protection Bureau. The trophic state estimated by the FCQA
with the Control standard for trophic state of surface water (Table 2) is more similar to that shown in the report
than the result evaluated by the FCQA method with the
Environmental Quality Standards for Surface Water
(GB3838-2002).
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3.2. Trophic state of Moshui Lake of 2001-2010

3.3. Trophic State Forecast

According to the results of Sv in Table 3, Moshui
Lake had suffered Heavy eutropher problem from 2001 to
2005, but transformed to Moderate eutropher since 2006,
except in 2009. The possible reasons causing the eutrophication problem in Moshui Lake was mainly the increasing of high concentration of the nutrients TP and
TN. The major sources of such pollutants are municipal
wastewater (especially from the detergents), chemical fertilizers from agricultural areas and manure of animals.

Generally, there are two strategies to forecast the Sv
indexes of 2011-2016, to see how the water trophic state
in Moshui Lake will go on in the next 6 years (2011-2016).
The first one uses a forecasting model to obtain the values
of TP and TN from 2011 to 2016, and then computes the
Sv indexes during that time by the FCQA method with
those forecasted values of TP and TN. The second strategy, which does not include the forecasts of TP and TN,
directly uses the values of indexes Sv of 2001-2010 and the
forecasting model (in this paper, the Dynamic GM(1,1) are
applied) to reckon the Sv during the time of 2011 to 2016.

Moshui Lake takes on the waste water from the residential area and more than 130 enterprises around it, and
the water pollutants drained out from these places aggravate the eutrophication problem. There was annually at
least 0.14 million tons of municipal sewage water discharged into Moshui Lake, and 57.5 percent of the waste
water came from residential areas which may increase the
pollutants TP and TN. In recent years, many economic
zones that have been rapidly built up may have also increased the volume of waste water and eutrophic pollutants discharged to Moshui Lake.
Moreover, except for the point sources’ pollution such
as domestic and industrial sewage discharge, non-point
resource is another significant reason causing water pollution in Moshui Lake [31]. Chemical fertilizers from agricultural areas, manures and foodstuffs of animals from the
zoo and foodstuffs for fish farming are some other primary pollutant sources leading to water eutrophication in
Moshui Lake.
However, the results indicate that trophic states in
Moshui Lake have become better after 2005, expect in
2009. This could be due to some water environmental rescue actions started in 2002. On Mar 1, 2002, the “Protection of the lakes in Wuhan city” was established to manage the utilities of the lakes in Wuhan city and keep them
sustainable. And in July 2005, the “Protection plan of
lakes in Wuhan city center (2004-2020),” whose aim is to
protect the lakes in Wuhan city from lake degradation, was
formally proposed by the Wuhan government and enacted
on October 1. Consequently, some projects have been
started since 2002, such as “Six Lakes Connection Project.”
Then, from 2005, these actions began to take effect and the
water eutrophication problem of Moshui Lake has decreased.

In this case, the first strategy is not suitable. We calculated the TP and TN values of 2011 to 2016 by seven
different models, and the results are shown in Table 4. The
TN values computed by the Linear Function, the Logarithmic Function and the Artificial Neural Networks (ANN)
are negative numbers, which do not happen in the real
situation, so we excluded them. In addition, the problem
that exists in the results calculated through the Exponential Function and the Dynamic GM(1,1) is that the TN
values tend to be smaller than TP values, and this normally does not occur in the bodies of water except those that
take on the wastewater containing heavy nitrogenous
substances from industries. Moreover, the R2 of the TP
values of all these functions are too small to be reliable,
except the P values of Dynamic GM(1,1). Comparing these
results in Table 4, the Dynamic GM(1,1) are finally chosen to compute the forecasts with the second strategy.
Before the further calculation, the result was validated
with the 2010 data. The Sv of 2010 was forecasted by using
the data from 2001 to 2009 and compared with the trophic
state, which was computed by the monitoring TP and TN
data. The results indicate that the forecasted Sv of 2010 is
71 and similar to the 77 calculated from the real monitoring data, while its precision p is as high as 94.60%, which
means the forecasted result is reliable.
Finally, the Sv indexes of 2011-2016 were computed
and demonstrated in Table 5. The average precision p of
2011-2016 is 95.91%. The Sv values in Table 5 illustrate

TABLE 4 – The forecasted TP and TN of 2011-2016 calculated by seven different models
Forecast Models
Dynamic GM(1,1)
Exponential Function
Linear Function
Logarithmic Function
Quadratic Polyno-

Indicators(mg/L)
TP
TN
TP
TN
TP
TN
TP
TN
TP

2011
0.55
0.88
0.53
1.05
0.56
-6.62
0.54
-1.07
0.73

2012
0.58
0.42
0.54
0.75
0.57
-9.83
0.54
-2.26
0.83

2013
0.65
0.27
0.55
0.54
0.58
-13.04
0.54
-3.35
0.94

1998

2014
0.73
0.34
0.56
0.38
0.59
-16.24
0.54
-4.36
1.07

2015
0.77
0.45
0.58
0.20
0.61
-22.66
0.55
-6.18
1.37

2016
0.79
0.32
0.60
0.14
0.62
-25.87
0.55
-7.01
1.55

P or R2
P = 0.8379
P = 0.7032
R² = 0.0230
R² = 0.8700
R² = 0.0259
R² = 0.8278
R² = 0.0162
R² = 0.8765
R² = 0.1371
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TN
TP
TN
TP
TN
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3.35
0.51
2.00
0.56
-6.62

5.58
0.51
1.78
0.57
-9.83

8.72
0.51
1.60
0.58
-13.04

1999

12.76
0.51
1.45
0.59
-16.24

23.57
0.51
1.21
0.60
-19.45

30.33
0.52
1.11
0.61
-22.66

R² = 0.9336
R² = 0.0104
R² = 0.8247
R² = 0.1028
R² = 0.9519
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TABLE 5 - The Sv index and trophic level of 2010–2016 in Moshui
Lake in Hanyang District
Items
2010
p value
2011
2012
2013
2014
2015
2016
p value

Forecast Sv
71
94.60%
71
70
70
70
70
68
95.91 %

Trophic levels
Moderate eutropher
Moderate eutropher
Moderate eutropher
Moderate eutropher
Moderate eutropher
Moderate eutropher
Light eutropher

situation of water quality will be still in the level of Light
eutropher described in Fig. 5. Therefore, if we do not take
any action to keep and protect the water quality of Moshui
Lake, it may deteriorate again.
4. CONCLUSIONS
The fuzzy comprehensive-quantifying assessment
method can be applied to estimate the water trophic states
that have fuzziness in the data or criteria. Comparing
with the results calculated by the Scoring Method, those
computed by the FCQA method do not need to use vague
logic language like “>80,” but exact numbers. This not
only can classify the results into their corresponding
trophic levels but also can represent their discrepancies
even when they are in the same trophic level. The FCQA
method was effectively applied in the study of Moshui
Lake in Hanyang District, Wuhan, and also can be utilized
for other cases of eutrophication assessment.

FIGURE 5 - Values of Sv index in Moshui Lake in Hanyang District
(2001-2016)

the trophic state of Moshui Lake will keep almost the same
(Moderate eutropher) between 2011 and 2015 and will go
down in 2016 achieving the state of Light eutropher.
The optimistic predicted changes are due to the environmental rescue actions. In Moshui Lake, a big project
called “Six Lakes Connection Project,” which is part of
the “Hanyang district of Wuhan City water quality improvement technology and integrated model” (“Wuhan
Water Project”), has been carried out. At the beginning of
2005, it started as an experiment on the “Introduction of
river water to the lakes.” Then on the 22nd of June, 2005,
the “Introduction of river water to the lakes” Project formally started to run. It aims to link six lakes (Moshui Lake,
Longyang Lake, South Taizi Lake, North Taizi Lake, Triangle Lake and Hougong Lake) in Hanyang District and
refresh their water by linking them to the Han river and the
Yangtze river. In 2006, the connection of four lakes (Longyang Lake, Moshui Lake, Triangle Lake and South
Taizi Lake) was finished. Some channels were constructed to connect these lakes. In 2007, the whole “Six
Lake Connection” Project was almost finished and played
a positive role on the improvement of the water environment in Hanyang District [32]; this project has amended
the water quality in Moshui Lake.
Fig. 5 and Table 5 indicate that the trend of Sv values
will get smaller and the trophic state will be improved.
However, the eutrophication problem in Moshui Lake will
still exist in the near future; until 2016, the best calculated

Because of the different classification system of criteria between water comprehensive quality and water
trophic state, the FCQA method was used to estimate
trophic states with a trophic standard; it is more accurate
for eutrophication assessment than that with the standard
related to water comprehensive-quality evaluation. Consequently, we replaced the Smid index in the FCQA by the
Sv index, because in the standard for water comprehensive
quality the class number is five but that of function score
is six. So to calculate the Smid, the middle values of each
function score corresponding to the class level are chosen.
However, in calculation of the Sv index, the numbers of
classes of the trophic score and the grading section of
trophic state are the same. So instead of multiplying with
the middle value of each function through inner dot, B%
multiplies by inner dot with the scores of trophic state of
their corresponding borders. The Sv is introduced and
successfully applied to the FCQA method in the case of
Moshui Lake, and is also feasible on eutrophication assessment in other bodies of water.
The processes of the forecasting models applied in
this study are strongly related to the input data but do not
include some situations that reflect the relationships in
reality, for example, in the domestic wastewater, the reality is that the concentration of TP is normally not larger
than that of TN. The forecasted results mainly show a
trend in the future but do not represent the reliably forecasted values. Though in this study we take the second
strategy that the forecasts of 2011-2016 are directly computed with the estimated Sv indexes of 2001-2010, this limitation of these forecasting models still need be studied in the
future.
In the Moshui Lake, the point sources that mainly
comes from the urban sewage discharges and non-point
sources, which are mainly from agriculture, zoo and fish
farms, have brought trophic pollutants to this lake and
resulted in the water eutrophication problem. This research
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shows that the trophic state in Moshui Lake was not very
good from 2001 to 2005, and in the trophic level of Heavy
eutropher, but has slightly trended to be improved after
2005, and will achieve the state of Light eutropher in 2016.
The predication values of 2011-2016 indicate that due to
the positive actions for the environmental rescue, the eutrophication problem in Moshui Lake will be released. But
we have to notice that the eutrophication problem will still
exist in the future for a period, and without proper treatment the water environment system will lose its ability of
self-restoring and be difficulty to recover again. Therefore,
more actions still need to be done in the future to restore
the water quality of these lakes, and it is also necessary to
keep what already have been done.

The authors wish to acknowledge the support of National Natural Science Foundation of China (No. 40701184).
They also thank colleagues for the discussions that support the development of this paper and the reviewers for
their valuable comments which contributed greatly to improve the paper.
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THE EFFECTS OF POLLUTANTS ON BLOOD PARAMETERS OF
CYPRINIDS IN YEŞILıRMAK RIVER OF TURKEY: ARE THE FISH
AT STRESS DUE TO TRASH DUMPING AREA?
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ABSTRACT

1. INTRODUCTION

The variations in concentrations of stress-indicator
blood parameters, such as serum glucose, aspartate, alkaline, lactate, cortisol, sodium, chlorine, calcium and magnesium, in two species of cyprinids (Squalius cephalus and
Capoeta banarescui) exposed to the point pollutant sources
(trash dump area and sugar factory) in Upper Yeşilırmak
River, Turkey were determined. Responses of blood parameters to environmental parameters, such as temperature,
dissolved oxygen, conductivity, turbidity, nitrite, nitrate,
ammonium and ortho-phosphate, were also evaluated to
identify the most important environmental parameters that
could cause stress to the fish. Water and fish samples were
collected at three stations (Turhal, Taşlıçiftlik and
Gümenek - control station) located in the Upper Yeşiırmak
River section in the city of Tokat, during winter 2009 and
summer 2010. The ammonia and orthophosphate concentrations in Taşlıçiftlik station, where trash dumping area is
located, were significantly higher (2.70 mg/L NH 3 -N,
4.14 mg/L PO 4 -3 ) than the control station, Gümenek
(0.31 mg/L NH3-N, 0.11 mg/L PO4-3). In parallel to this
finding of higher ammonia and ortho-phosphate concentrations in Taşlıçiftlik, concentrations of stress-indicator
blood parameters, such as cortisol, alanine, aspartate, lactate (76.36 ug/dl cortisol, 1082 U/L alanine, 1143 U/L aspartate, 9564 U/L lactate) and magnesium (16 mg/L) were
also significantly higher but concentration of sodium was
lower than at the other stations, which suggested that fish
inhabiting in trash dump area were under stress due to not
heavy metals, which were higher in the station near the
sugar factory, but more likely ammonia and ortho-phosphate or other substances leaking to the river from the trash
dump area.
KEYWORDS: Cyprinids, water quality, blood parameters, pollutants, stress, Yeşilırmak River

* Corresponding author

Fish are closely associated with their surrounding environment. Due to this close association, fish can easily
perceive the sources of stress that may occur in their surrounding water [1].
The stress concept was first introduced by the endocrinologist Hans Selye in 1930 [2]. Stress is a condition in
which an organism is unable to maintain a normal physiologic state because of various factors adversely affecting
its well-being. According to Selye [2], stress creating factors (stressors) show a biologically integrated response to
undesirable sensory and physiological events. Stressors are
the factors which an organism avoids itself, and can be
divided into various species-dependent categories [2].
Fish are very sensitive to stressors that can be divided
into three categories: chemical, biological and physical. Poor
water quality, pH deviating from optimum level and low
dissolved oxygen are some examples of chemical stressors. Elevated ammonia, inappropriate water hardness and
temperature may cause physiological stress to fish [3]. Capturing, collecting, carrying, stripping eggs or other forms of
disturbances may also create physiological stress to fish [4].
Some studies indicate that the values of blood parameters vary significantly during stress and after stress conditions end. The hormones that are hematologically accepted
as stress indicators are used to evaluate biological, morphological and physiological changes in organisms under stress
[5, 6]. Stress reaction starts when adverse conditions are
perceived by the organism, as a result of this, some hormone (adrenaline, cortisol, glucose etc.) levels increase [79]. For this reason, determination of blood parameters and
hormones makes it possible for one to investigate the
effects of stress in organisms.
Cortisol stimulates glyconeogenesis in liver and increases the activity of glucagon and epinephrine. Glucocorticoides inhibit protein synthesis and increase the protein catabolism, which leads to releasing and destruction
of amino acids [10, 11]. Cortisol is released from interrenal tissue of head kidney as a respond to various forms
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of environmental stress [12]. Increase in cortisol releasing
time may cause various physiological changes including
unbalanced metabolic activities. In addition, it may cause
viral, bacterial, fungal and protozoan infections by inhibiting the function of the immune system [13-15].
Excess glucose, the main compound providing energy
for organisms, is stored in muscle and liver tissues as glycogen and its level in serum is controlled by the endocrine
system [16]. In addition to hunger, reproduction, hypoxic
conditions and concentrations of heavy metals in water are
some examples of stress sources in fish. It is determined
that heavy metals cause changes in carbohydrate metabolism by increasing releasing stress hormones, such as
cortisol and epinephrine [17,18].
Aminotransferases are enzymes that catalyse translocation of amino acid group from one carbon structure to
another [19]. Every one of aminotransferases is unique for
each transmitter amino acid group. Aspartate and alanine
aminotransferase catalyse the two main reactions of aminotransferase [19]. Aminotransferases are normally intracellular enzymes. Higher concentrations of aminotransferases in plasma mean higher cellular damages. For example, in the case of physical trauma or sickness, the higher
aminotransferase concentrations cause cell destruction,
which leads to leakage of intracellular enzymes into the
blood. Of the aminotransferases, two are important for diagnosis of stress: Aspartate Transaminase (AST) and Alanine
Transaminase (ALT).
Higher AST and ALT concentrations in plasma are observed for almost every liver disease [19-21]. A study performed on Oreochromis niloticus showed that ALT and
AST concentrations increased with the increase in duration of exposure to the pollutants [22].

Determination of pollutant sources in streams has been
the subject of many studies for years. Fish can easily sense
changes in water quality. Physical, chemical or biological
changes caused by pollutants leaking into streams may
reflect the changes in fish. In this study, we aimed to
determine possible pollutant sources for Yeşilırmak River,
one of the longest and important rivers of Turkey, and the
effects of these sources on physiological structure of two
cyprinid fish species (Squalius cephalus and Capoeta banarescui).
2. MATERIALS AND METHODS
2.1. Study area and stations

The study was performed at three stations on the Upper Yeşilırmak River in the city of Tokat, Turkey by collecting samples at the stations during December 2009 and
June 2010, representing winter and summer season, respectively. Sampling stations were chosen to take into
account the possible effects of the Turhal Sugar Factory
in the district of Turhal and Tokat City Municipality trash
dump area on the riparian zone of the river at Taşlıçiftlik
region. These two stations were compared with the station
in Gümenek which was considered to be “clean site” because it is located in the river section before passing
through the city residential area (Fig. 1). The sampling
started in December because the sugar factory starts to
process the sugar beet during this month. Cyprinids were
chosen as the study material because of the fact that they
are the most abundant family of fish in this river [23].
Among the Cyprinids, freshwater mullet (Squalius cephalus) and Capoeta banarescui were collected as fish samples at the stations.

FIGURE 1 - Sampling area and positions of stations.
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TABLE 1 - Species-specific changes in blood parameters among stations and seasons. SL: Standard length of the fish.
N: Number of specimens used to collect blood. No fish specimen of Capoeta banarescui was obtained in Gümenek station during winter.
Squalius cephalus

Summer

Winter

Season Stations
Gümenek
Taşlıçiftlik
Turhal
Gümenek

SL(cm)

N

52.20±12.21
67.00±20.46
49.00±46.84
86±50.04

14.24±1.42
15.36±1.95
13.44±4.17
16.86±4.05

5
5
5
5

Taşlıçiftlik 44.50±15.45

Turhal
Capoeta banarescui

Summer Winter

Weight(g)

Gümenek
Taşlıçiftlik
Turhal
Gümenek
Taşlıçiftlik
Turhal

Glucose
(mg/dL)
50.00±3.39
120.4±25.91
76.20±5.45
61.80±5.45

AST (U/L)
260.00±41.83
1140.00±198.11
640.00±227.49
350.00±50.00

ALT (U/L)
200.00±61.24
790.00±265.52
400.00±154.11
280.00±57.00

Blood Parameters
Cortisol
(ug/dL)
2980.00±120.42
16.76±1.27
9430.00±2457.79 74.64±2.98
5880.00±935.15
28.40±4.68
3290.00±414.43
22.76±2.58
LDH (U/L)

Sodium
(mmol/L)
134.80±4.09
42.40±7.64
68.20±16.10
120.00±2.54

13.58±1.53 4 131.25±15.69 1175.00±232.74 1225.00±361.71 10462.50±1699.69 80.69±1.61 69.75±2.50

Chlorine
(mmol/L)
109.60±3.51
49.80±8.64
70.40±13.95
92.80±2.86

Calcium
(mg/dL)
10.58±0.70
3.66±1.08
5.30±2.33
9.14±0.32

Magnesium
(mg/dL)
2.08±0.18
21.47±2.67
3.77±0.81
2.41±0.27

48.25±1.71

2.85±0.81

10.77±0.75

88.25±29.72

17.32±2.36 4 85.50±6.56

637.50±165.20

550.00±40.82

7037.50±634.26

30.76±2.29 103.00±4.83 65.00±3.74

4.83±1.10

3.19±0.26

119.66±49.17
59.67±29.83
48.67±16.07
58.00±18.38
121.25±70.27

18.67±2.52
15.40±2.42
13.90±2.00
14.65±1.90
18.48±4.57

1050.00±300.00
1100±180.28
366.67±76.37
1225.00±106.06
800.00±147.20

1233.33±275.38
716.67±175.59
300.00±50.00
1300.00±70.71
462.50±85.39

8300.00±1003.74
10000±2884.84
3283.33±354.73
10000.00±494.97
6700.00±602.77

69.87±1.56
73.84±2.42
23.64±2.41
81.78±5.59
31.65±4.23

2.63±0.23
3.87±1.13
9.77±0.59
2.75±1.06
4.95±0.72

19.01±3.30
22.50±0.03
3.04±0.32
10.04±0.34
3.21±0.32

3
3
3
2
4

109.67±6.56
126.00±21.00
65.66±3.21
123.50±24.75
85.50±3.70

2.2. Sample collection

The water samples for analysis of physical and chemical parameters were taken from the surface water of each
station with opaque 0.5-ml bottles and the samples were
analyzed with WTW-Portable Spectrophotometer in a laboratory at Department of Fisheries of Gaziosmanpasa
University within the same day. The sampling of water
was repeated by taking three water samples from three
different parts of each station.
The fish samples were collected by a LR-24 SmithRooth Backpack Electrofisher. The collected fish were
transferred into an aquarium containing the river water
and kept in the aquarium until the recovery from the effects of electroshocker. Following recovery, 21 specimens
(Gümenek, 5; Taşlıçiftlik, 8 and Turhal, 8) during winter
and 22 specimens (Gümenek, 8; Taşlıçiftlik, 6 and Turhal, 8)
during summer were selected from the aquarium for blood
collection (Table 1).
Blood was collected by cardiac puncture from each
specimen. For this purpose, drawing blood from the heart
was done with a sterile syringe and the blood was injected
into the suitable test tubes [24-26]. The specimens used to
collect blood samples were brought to the laboratory on
ice to measure total length and weight. The specimens were
weighed with a Kern EW model balance. The blood samples in tubes were brought to the laboratory on ice and
stored in a refrigerator until analysis. A total of 22 and 21
specimens were used to take blood samples during winter
and summer, respectively. Twenty eight of the specimens
belonged to Squalius cephalu,s and rest of the specimens
were Capoeta banarescui.
2.3. Analysis of environmental parameters

Water temperature, dissolved oxygen and conductivity were measured in situ with a YSI-85 probe. pH and
turbidity were measured with a pH and turbidity meter
(WTW 340-i), respectively, at the laboratory of Department of Fisheries of Gaziosmanpasa University. In addition to these parameters, nitrite, nitrate, ammonia and
ortho-phosphate concentrations of the water were also determined in the laboratory by using a WTW portable spec-

47.67±18.47
44.00±9.54
120.00±2.64
73.00±1.41
97.00±3.91

56.67±19.35
50.33±11.50
98.67±2.88
53.50±0.70
65.00±4.32

trophotometer. Before the analysis of the samples within a
few hours of collection, the samples were filtered through
a filter with a Millipore pump in the laboratory. All of the
chemical analyses were performed according to Standard
Methods for the Examination of Water and Wastewater [27].
2.4. Analysis of blood parameters

In order to produce serum, which was used to determine concentrations of glucose, aspartate aminotransferase,
alanine aminotransferase, lactate dehydrogenase, cortisol,
sodium, chlorine, calcium and magnesium, the blood in
the anticoagulant free centrifuge tubes was centrifuged by
a NF 800 R centrifuge with a rate of 3500 rpm for 5 min.
After serum passed to the upper phase, concentrations of
glucose, aspartate aminotransferase, alanine aminotransferase, lactate dehydrogenase, cortisol, sodium, chlorine,
calcium and magnesium in phased serum were read by a
Cobas 6000 auto analyzer using kits in the biochemical
laboratory at Faculty of Medicine of Gaziosmanpasa University.
2.5. Statistical analysis

We intend to determine the effects of pollutants on
Cyprinids in the Yeşilırmak River. For this purpose, the
two most abundant fish species of cyprinids were chosen
as the study material. Because of the fact that blood parameters of two fish species and body mass did not vary
much among seasons and stations (Table 1) and speciesspecific blood parameters followed almost the same trend
with the pooled data, we applied ANOVA for the pooled
data of blood parameters of two cyprinids in order to
document variation among the stations and seasons. Pooling of the data was done in order to increase the power of
the statistical test.
Blood and water quality parameters were analyzed using Analysis of Variance to test the differences among the
stations and seasons. All analyses were performed using
SAS and WINKS SDA 6.08 programs. The Principal Component Analysis (PCA) was performed to extract the most
important parameters explaining the variations in the data
most. In other words, we intend to determine the most
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important blood and environmental parameters to distinguish stations.

Averaging for entire seasons for each station, mean
dissolved oxygen concentration was statistically higher in
Gümenek (10.73±1.72 mg/L) and lower (8.10±0.29 mg/L)
in Taşlıçiftlik station (Fig. 1). This difference was statistically significant (F1,12=239,34; P<0.0001). These values,
however, are fully satisfactory for Cyprinids. Dissolved
oxygen at this level means that water was clean. Of the
stations, on the other hand, Gümenek with the highest
mean values of dissolved oxygen was considered as
“cleaner site” (Fig. 1). Dissolved oxygen concentrations
provide information on pollution level, organic matter concentrations in water and ability of water to clean itself [30].
Dissolved oxygen concentrations change in relation to
water temperature as well as rate of photosynthesis and
trophic status of water [31]. The easily decomposable organic matters are stabilized through the natural processes
in water. But, organic loads that are much over the capacity of natural purification (assimilation) of aquatic community cause oxygen consumption and transform lakes or

3. RESULTS AND DISCUSSION
Temporal and spatial variations in concentrations of
water quality parameters (nitrite, nitrate, ammonium, orthophosphate, pH, turbidity, temperature, conductivity and
dissolved oxygen) of Gümenek, Taşlıçiftlik and Turhal are
presented in Fig. 2, and temporal and spatial variations in
blood parameters (glucose, AST, ALT, LDH, cortisol,
sodium, chlorine, calcium and magnesium) pooled across
species and for each species are given in Fig. 3 and Table 1,
respectively. In studies aiming to determine the water
pollution and its effects, physical and chemical evaluation
of water quality parameters is vitally important for
providing information on current status of the water conditions [28, 29].
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FIGURE 2 - Temporal and spatial variations in mean concentrations of water quality
parameters in Yeşilırmak River at three stations (The error bars are standard deviation).
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rivers to anaerobic conditions [32]. As a result of increase
in organic matter concentrations in water, oxygen concentration declines; when this decline is lower than 4 ppm,
the life in the water may come under the risk of death [32].
The results of dissolved oxygen concentration obtained in
this study showed that dissolved oxygen concentration was
higher in Gümenek station which had the lowest organic
matter contents and lower in Taşlıçiftlik station where
Tokat City Municipality trash are dumped and organic
loads are higher.

conditions [33]. The higher and lower concentrations of
nitrate and nitrite were recorded in Turhal and Gümenek.

The mean nitrite and nitrate concentration increased
gradually from Gümenek to Turhal (Fig. 2). The differences in mean concentrations of nitrite and nitrate among
stations were statistically significant (F2,12=1255,77; P<
0.0001, nitrite), (F2,12=11,60; P=0.0016, nitrate). Ammonium (NH4+), Nitrite (NO2ˉ) and Nitrate (NO3ˉ) are the end
products of decomposition of organic matters in aerobic

Ammonia (NH3) concentration was found to be higher
(2.70 ±1.71) in Taşlıçiftlik compared to other nitrous parameters (NO3 and NO2). Occurrence of ammonia in water
is an indicator of water that has been newly mixed organic
pollutants. As mentioned, Tokat Municipality Trash Dump
area is located at Taşlıçiftlik area. An ample amount of
organic pollutants flows into Yeşilırmak River through

The mean concentrations of ammonium, orto-phosphate
and turbidity reached the highest and lowest level in
Gümenek, and Taşlıçiftlik, respectively. Concentration in
Turhal was between these two stations (Fig. 2). The differences in concentrations of these water quality parameters were statistically significant (F2,17=787,22; P<0,0001
(ammonium); F2,17=184,49; P<0,0001 (orto-phosphate);
F2,17=22,30; P<0,0001 (turbidity)).
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both surface runoff and leaks, which may have caused an
increase in ammonia concentration. Accumulation of ammonia in the water is an undesirable situation because of its
toxic nature for the aquatic life, and the effects of its toxicity increase with pH and temperature [34]. The ammonia concentration that many fish species can tolerate is
between 0.02 and 0.1mg/LUIA [35]. Ammonium concentration (4.47±0.1 mg/L, winter) was quite higher in
Taşlıçiftlik than fish can tolerate, which may be the one of
the primary factors triggering stress in fish.
Like ammonia, ortho-phosphate and turbidity reached
the lowest and highest mean values in Gümenek and
Taşlıçiftlik station, respectively. A great amount of phosphate in water usually comes from domestic and industrial
wastewater as well as detergents used in houses [30].
Industrial and domestic pollutants found in the trash dump
area may, therefore, have been washed into the river, which
could have increased the ammonium concentration.
Changes in the concentrations of water quality parameters at the stations were parallel to the changes in concentrations of blood parameters obtained from the stations.
The blood samples obtained from the fish in Taşlıçiftlik
station had significantly higher concentrations of glucose,
ALT, AST, LDH, magnesium and cortisol but lower ones
of calcium, sodium and chlorine. Fish in Gümenek that is
considered as clean, on the other hand, had lower concentrations of glucose, ALT, AST, LDH, magnesium and
cortisol but higher concentrations of calcium, sodium and
chlorine.
Fish can meet their energy demand through the mobilization of glycogen in short stress conditions. They, on
the other hand, try to save carbohydrate reserves through
the mobilization of organic compounds, such as protein
and lipids in long stress conditions [38].
Glucose serum level of which is controlled by endocrine system is the main source of energy yielding compound [16]. Excess glucose is stored as glycogen in muscles and liver [39]. In a study on Capoeta tinca in Çoruh
River, it was demonstrated that the fish sampled at polluted stations had higher glucose level [40]. The serum
glucose concentrations of cyprinids showed differences
among the stations in our study. The lowest concentration
of glucose was obtained in the “clean” station, Gümenek,
whereas Taşlıçiftlik and Turhal had higher serum glucose
concentration, Taşliçiftlik being the highest. In natural conditions, it was determined that pollutants increased serum
cortisol and glucose concentrations in Perca flavescens
[33]. The higher concentrations of glucose and cortisol in
Taşlıçiftlik than in other stations indicated that fish were
under stress in Taşlıçiftlik, and fish used energy reserves
other than carbohydrates.
In addition to carbohydrates, the energy for fishes is
provided by protein and lipids through glyconeogenic enzymes, such as AST and ALT [36]. AST concentrations in
Mugil cephalus exposed to low concentration of cadmium
for 48 h increased and its synthesis in liver cells ended

after 96-h exposure [41]. On the other hand, in studies
carried out by different fish species in the laboratory conditions, it was determined that concentrations of AST and
ALT under pollutants increased depending on concentration of pollutants and exposure duration [22, 42, 43]. Our
study also indicated that AST and ALT concentrations are
higher in Taşlıçiftlik than in Turhal and Gümenek, which
suggested that Taşlıçiftlik station was more polluted (ammonia, ortho-phosphate higher) than other stations. Therefore, the ammonium, ortho-phosphate as well as turbidity
could be the main environmental factors causing stress in
cyprinids inhabiting in this river.
Osmoregulation which is provided by sodium and
chlorine ions in aquatic organisms is necessary for organisms to maintain their life [44]. It was determined that
metal contamination reduced serum Na+ and Cl- concentration in Oncorhynchus mykiss [37]. Sodium and chlorine
concentrations were found to be higher in Taşliçiftlik than
in Turhal and Gümenek. The higher concentrations of sodium and chlorine in serum and lower concentrations of
nitrate, nitrite, ammonia and orthophosphate also indicate
that water in Gümenek is cleaner than at the other two
stations. The fact that fish consume sodium and calcium
reserves when they are under stress was observed in our
study. The concentrations of these elements were higher in
Gümenek and lower in Taşlıçiftlik, which also pointed out
that fish in Taşlıçiftlik were under the stress due to most
likely trash dumping area where organic compounds may
leak into the river.
3.1. Results of principal components analysis

Principal component analysis was performed by using
environmental and blood parameters in order to find most
important parameters distinguishing the station from each
other. The analysis determined four axes explaining 97%
of variance in stations, with the first and second explaining 86%, of which first axis explaining the most (67%)
(Table 2). The first principal axis was explained by the all
blood parameters and environmental parameters, such as
ammonia, ortho-phosphate, turbidity and dissolved oxygen (Table 3, Fig. 4). Of the blood parameters, chlorine,
sodium, calcium and dissolved oxygen were positively
correlated, or positively affected the first principal axis.
The Gümenek station that was considered as “clean site”
was associated with all these parameters during summer
and winter. As mentioned before, among the blood parameters, sodium, calcium and chlorine are known to be
higher in fish living in environmentally optimum area.
Principal component analysis herein also indicated that
fish are categorized by having higher concentrations of
chlorine, sodium, calcium in the blood and dissolved
oxygen but lower concentrations of blood parameters,
such as glucose, AST, ALT, LDH, cortisol, and magnesium, as well as environmental parameters, such as ammonia, orthophosphate and turbidity. Principal component
analysis here again indicated that fish inhabiting in
Gümenek were not affected by pollutants. Although
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Gümenek station did not exhibit seasonal variation in
environmental
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TABLE 2 - Results of principal component analysis. The first two components explained 86 % of variations in the data.
Axes
PCA1

Total Inertia

PCA
2

PCA
3

PCA4

0.192

0.064

0.043

85.9

92.4

96.6

0
Eigenvalues

.668

1.000

6
Cumulative percentage variance of species data

6.8

TABLE 3 - Parameter loadings on two principal components. The bold value indicates higher correlation with the corresponding axis.
Axis

Blood

Environmental

Parameters

PCA 1
-0.52
-0.48
-0.81
-0.61
0.26
-0.80
-0.11
0.27
0.65
-0.98
-0.97
-0.94
-0.91
-0.92
0.89
0.94
0.90
-0.91

Nitrite
Nitrate
Ammonia
Ortho-phosphate
pH
Turbidity
Temperature
Conductivity
Dissolved oxygen
Glucose
AST
ALT
LDH
Cortisol
Sodium
Chlorine
Calcium
Magnesium

PCA 2
-0.43
0.36
-0.58
-0.77
0.52
0.46
0.78
-0.52
-0.44
0.06
0.05
0.22
0.25
0.15
0.39
-0.12
0.06
-0.18

FIGURE 4 - Loadings of blood (pooled across species) and environmental parameters on the first and second principal components. GS1,2,3:
Gümenek Summer, 1st, 2nd and 3rd; GW1,2,3: Gümenek Winter 1st, 2nd and 3rd, replicates. TRS 1,2,3: Turhal Summer, 1st, 2nd and 3rd, replicates; TRW 1,2,3, Turhal Winter 1st, 2nd and 3rd, replicates; TS1,2,3: Taşlıçiftlik Summer 1st, 2nd and 3rd, replicates, TW1,2,3: Taşlıçiftlik
Winter 1st, 2nd and 3rd, replicates.
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and blood parameters, such as chlorine, calcium, sodium,
and dissolved oxygen, the other stations did exhibit seasonal variations. Taşlıçiftlik station in winter was characterized by having high concentrations of ammonia, nitrite
and orthophosphate and higher concentrations of blood
parameters of magnesium, glucose, AST, cortisol, LDH
and ALT. All of these blood and water quality parameters
were in the same direction affecting PC1, suggesting fish
in this area, especially during winter, were under stress of
orthophosphate, ammonia as well as nitrate. Turhal station,
especially during winter, was characterized by higher, but
as much as Taşlıçiftlik station, ammonia, orthophosphate
and nitrite as well as water conductivity. The fact that
Turhal station during summer and winter was located
along the PC2 axis, which was mostly affected by orthophosphate and temperature, was close to the origin in PC
plot and was not related to the blood parameters compared to Taşlıçiftlik station suggesting that fish in Turhal
were not affected by pollutants. The seasonal changes in
this station were more related to seasonal variations in
temperature, which seemed not to affect the fish adversely.
Because of the fact that heavy metal concentrations increased from Gümenek to Turhal continuously and concentrations of blood parameters were lower in fish at Turhal compared to Taşlıçiftlik [45], the fish in Taşlıçiftlik area
were under the stress due to leaks from the trash dump area
located there. Considering the anthropogenic wastes are
abundant in trash dump area and higher concentration of
orthophosphate and ammonia are higher, it seems that
anthropogenic wastes could be the sources of orthophosphate and ammonia, creating stress on fish.
4. CONCLUSIONS
As a conclusion, analyzed blood parameters in fish
that are consumed as source of protein, contribute to determination of the degree of water pollutions as well as
serve as source of information for both human health and
fish population. Therefore, it is vitally important to perform routine analysis of blood parameters, especially for
fish consumed as food [46]. This study demonstrated that
fish exposed to organic and inorganic pollutants can have
important changes in blood parameters. The differences in
examined blood parameters among stations could be attributable to water quality factors around the stations.
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ANALYSIS OF PESTICIDE RESIDUES IN
CHERRIES FROM AFYONKARAHISAR, TURKEY
Nazife Aslan*
Turkish Atomic Energy Authority, Sarayköy Nuclear Research and Training Center, Ankara, Turkey

ABSTRACT
In this study, a method is described for the determination of malathion (O,O-dimethyl-S-(1,2-carbethoxyethyl)
phosphorodithioate) and its metabolite malaoxon (O,O-dimethyl-S-(1,2-carbethoxyethyl) phosphorothioate in cherries. Cherries were extracted in methanol and extract was
subjected to a liquid-liquid partitioning and column cleanup
to remove the organic coextractives prior to analysis by
high performance liquid chromatography (HPLC). The
recoveries (± standard deviations) from cherry fortified
with malathion and malaoxon (5-20 µg/g) were also determined. The method was used for the simultaneous analysis
of malathion and malaoxon in cherries obtained from a
cherry orchard in Afyonkarahisar city of Turkey. In this
field, cherries had been treated with malathion insecticide, 15 days ago from the harvest. The collected cherry
samples were removed from the seeds, homogenized and
analysed by HPLC. As adopted by the EU-MRLs Regulation and Turkish Food Codex Regulations, the accepted
maximum residue limits (MRLs) of malathion in cherry
are 0.02 mg/kg and 0.5 mg/kg, respectively.

KEYWORDS: Insecticides, residues, maximum residue limits
(MRLs), cherry, malathion, malaoxon

1. INTRODUCTION
Pesticides that are used by farmers to protect their
crops against pests in agriculture include insecticides, fungicides and herbicides, respectively. Recently, considerable scientific interest and public concern has arised worldwide due to the occurrence of pesticides in fruits and vegetables with multiple possible effects on humans, and the
environment, in general. It is, therefore, very important to
monitor foods in order to verify whether inadmissible
levels of toxic micro-contaminants and their degradation
products are present [1]. Sometimes, they are directly applied to the crops and some may still be present as residues
* Corresponding author

in vegetables and fruits after harvest. It is true that insecticides and fungicides are toxic substances, but when used
properly, they constitute an important input in vegetable
and fruit production in order to produce economically marketable products. People are encouraged to consume more
vegetables and fruits, being a good source of vitamins and
also beneficial for their health. But if the farmers use these
chemicals wrongly, environmental and health problems
will occur.
Malathion is a widely used organophosphorous insecticide in agriculture [2] and public health programs for controlling mosquito born-disease [3]. Despite its high toxicity, malathion is still extensively used throughout the world
[4]. Malathion disrupts the nervous system by inhibiting
cholinesterase enzymes [5]. Toxic symptoms resulting from
human exposure to malathion include breathing problems,
headache, nausea and dizziness, while high exposure can
produce fatal poisoning [3, 5]. Several analytical methods
have been used for identification and quantification of
malathion and its metabolite malaoxon, for example, high
performance liquid chromatography (HPLC) [6-9], high
performance liquid chromatography-mass spectrometry
(HPLC-MS) [10], gas chromatography (GC) [11], and high
performance thin-layer chromatography (HPTLC) [12].
Cherries are among the top exported fruits grown in
Turkey. The major export markets for cherries are the EU
and Russia [13]. Because of the high export demand, it is
important to determine the malathion residue in cherry
samples. In the present study, a method employing HPLC
with UV detection for the identification and quantification
of malathion and its metabolite malaoxon in cherry was
developed and validated. The results of this study also
give us remarkable data to determine the level of residues
of commonly used insecticides in Turkey for the seasonal
fruits.
2. MATERIALS AND METHODS
2.1. Sample material

A cherry orchard was selected in Afyonkarahisar city
of Turkey for the application of malathion before harvesting the samples. The cherry tree was sprayed with the
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recommended dose Gold Malathion 20EC (190 g/L
malathion) at an application rate of 38 g malathion/100 L
water). Cherry samples were collected from the tree, after
1, 2, 4 and 5 days after pesticide treatment. Control samples were also collected from a tree not treated with
malathion.
2.2. Reagents and solutions

Malathion (O,O-dimethyl-S-(1,2-carbethoxyethyl) phosphorodithioate) and malaoxon (O,O-dimethyl-S-(1,2-carbethoxyethyl) phosphorothioate (Figs. 1 and 2) were obtained from Sigma Chemical Company, with the purity of
99 and 98%, respectively. Acetonitrile, methanol, n-hexane,
sodium sulphate, and other chemicals used were of analytical grade. Ultra high quality water was obtained from
Milli-Q water purification system (Millipore, Bedford,
MA, USA). Milli-Q water and acetonitrile were degassed
by vacuum suction. All samples and solvents were filtered
through Millipore membrane filters (polysulfone membrane, 0.45 µm pore size) before injection on the column.
Anhydrous sodium sulphate for residue analysis, 1260 mesh, was maintained at 300 °C overnight. A source of
pure nitrogen was used for evaporation to dryness in the
extraction step.

FIGURE 1 - O,O-dimethyl-S-(1,2-carbethoxyethyl) phosphorodithioate) (malathion).

FIGURE 2 - O,O -dimethyl-S-(1,2-carbethoxyethyl) phosphorothioate
(malaoxon).
2.3. Equipment
2.3.1. HPLC system

A Waters HPLC equipped with 600E Multisolvent
Delivery System, Model U6K Universal Liquid Chromatograph Injector and Waters 486 Single-Channel Tunable
UV/VIS detector tuned to 210 nm was used for identification and quantification of malathion and malaoxon. Sepa-

ration was performed on a µBondapak C18 guard column
preceding a µBondapak C 18 (10 µm, 300×3.9 mm i.d.)
reversed phase analytical column. Samples were injected
manually through a Rheodyne injector. The working conditions of HPLC were binary gradient, mobile phase was
acetonitrile:water (80:20), flow-rate 1.5 ml min-1, injection
volume 25 µl and UV/VIS detector fixed at 210 nm, for
the residual analysis of malathion. Detector was connected
to the computer for data processing. Chromatograms were
evaluated, processed, and stored by the use of Waters Millenium chromatography manager software program.
2.4. Standard preparation

Standards were dissolved in acetonitrile for preparation of stock solution. Stock solutions of malathion and
malaoxon were prepared at concentrations of 0.25 mg ml−1
and 0.30 mg ml−1, respectively. A mixture of malathion and
malaoxon standard was prepared from the stock solution
(3.2 µg ml−1 and 4.2 µg ml−1, respectively). Working
standard solutions were prepared daily by appropriate
dilution with acetonitrile. Four-point calibration curves
were constructed by plotting peak areas against concentrations (ex-ternal standard method).
2.5. Extraction of malathion and clean-up of extracts

For the experiments, performed according to EU guidelines [14], 1-kg samples were weighed, homogenized by
means of a kitchen blender and kept in a freezer by wrapping with clean airtight polyethylene bags (zip lock). Analytical 5-g portions of sample [15] were extracted three
times with 30 ml of methanol by vibrating in an ultrasonic
bath for 30 min. A clean-up procedure, described by Gebreegzi et al. [16] with small alterations, was applied to
the samples. Combined extracts from methanol extraction
were evaporated just to dryness. Residues were redissolved
in 10 ml n-hexane, and extracted twice with acetonitrile
(saturated with n-hexane) in a separatory funnel. Combined acetonitrile extracts were diluted with 200 ml (2%)
sodium sulphate and back-extracted twice into 40 ml portions of n-hexane. The hexane extracts were combined and
passed through a 5-cm column of granular anhydrous sodium sulphate to remove residual water. The column was
washed with 20 ml n-hexane, which was then combined
with the hexane extracts. Hexane extracts were concentrated to 5 ml by rotary evaporation, followed by a nitrogen stream. A 22-cm-long glass pipet (1 cm i.d.) was
packed with activated silica gel (70–230 mesh, Merck),
plugged with glass wool and topped with 1 cm of anhydrous
sodium sulphate, leaving 4 cm of unfilled column space
for sample loading. The column was conditioned with 10 ml
of n-hexane. An aliquot (4 ml) of hexane extract obtained as
described above was transferred to the column and eluted
sequentially with 10 ml n-hexane followed by 20 ml acetonitrile. Each eluate was evaporated to dryness under gentle
nitrogen stream, and methanol was added to a final volume
of 0.50 ml. The clean organic layer was taken and analyzed by UV/VIS-HPLC. Procedure above was also repeated for untreated control samples.
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FIGURE 3 - HPLC chromatogram of the standards used.

3. RESULTS AND DISCUSSION

2.6. Recovery and reproducibility

The percentage of recovery and the reproducibility
were calculated as relative standard deviations (RSD) of
the used extraction and clean-up procedures [17]. The experiments were performed by spiking control homogenized
samples with pure malathion and malaoxon standard solutions. Extraction and clean-up procedures with 3 replications were performed as described earlier. The recoveries
obtained for these pesticides in cherry samples are shown
in Table 1.
2.7. Identification and quantification

Peak identity in the sample was determined by comparing the retention times with those of malathion (1.559 min)
and malaoxon (2.481 min) technical grade reference standards. Residue concentrations in the cleaned-up field and
fortified cherry extract of 25 µl injections were determined
by comparing the peak areas with those of the reference
standards via calibration curves.

In this study, malathion and malaoxon residues were
determined in cherry samples by HPLC. Before the analysis of the cherry samples, the method was validated. Validation is an essential requirement to ensure the quality
and reliability of the results for all analytical application
[17]. The percentages of recovery and reproducibility were
calculated, expressed as relative standard deviations (RSD)
of extraction and cleanup procedure. The experiments were
performed by spiking the control cherry samples with the
pesticides being studied. The percent recoveries obtained for
malathion and malaoxon at different concentration ranges
are given in Table 1. The relative standard deviations were
below 11 %. For the linearity, an external calibration plot
was constructed in triplicate (n=3) for analysis of cherry
samples fortified by the addition of standard solutions of
malathion and malaoxon at levels of 16; 32; 48; 64 µg and
21; 42; 63; 84 µg, respectively, and response for both
pesticides was linear in the concentration range evaluated.

TABLE 1 - Recoveries and RSDs from spiked cherry samples using HPLC analysis.
Pesticide	
  
	
  
Malathion	
  
	
  
Malaoxon	
  

Fortification	
  level	
  
(µg/g)	
  
5.00	
  
10.00	
  
20.00	
  
5.00	
  
10.00	
  
20.00	
  

Found	
  
SD	
  
0.45	
  
0.24	
  
0.74	
  
0.56	
  
0.41	
  
0.22	
  

µg/g	
  
4.55	
  
8.91	
  
18.90	
  
5.24	
  
8.78	
  
18.50	
  

2016

Recovery	
  (%)	
  

RSD	
  

90.93	
  
89.07	
  
94.48	
  
104.87	
  
87.80	
  
92.48	
  

9.98	
  
2.74	
  
3.92	
  
10.74	
  
4.65	
  
1.21	
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TABLE 2 - Malathion residue amounts detected in cherry samples.
Sampling day
(Collected…day after treatment)
1
2
4
5

Malathion
µg/g
1.47
0.95
ND
ND

Limits of detection (LOD) for malathion was estimated
from the break in the slope of standard calibration curve as
7 µg kg−1.
After having appropriate limit of validation criteria for
malathion and malaoxon residue analysis, the method was
applied to determine the pesticide levels in cherry samples
The cherry garden received a total theoretical dose of
Gold Malathion 20EC (200 ml/100 L), 15 days before
harvesting the fruits. Cherries were then picked up after
the first, second, fourth and fifth days of the applications,
and malathion and malaoxon residues were determined
by HPLC. Since malaoxon occurred from the decomposition of malathion in biological media [18], we also investigated the malaoxon residue in cherry (no residue was
found). Malathion residues detected in cherry samples are
given in Table 2. The data showed that malathion residues
in cherry samples are up to the accepted maximum residue
limit (MRL) (0.02 mg/kg) as adopted by the EU [19] and
Turkish limit (MRL) (0.5 mg/kg) [20] after the first and
second days of the treatment. As seen from Table 2, only
one day later, the remaining amounts of malathion were
reduced from 1.47 to 0.95 mg/kg, and after the fourth and
fifth days of application, residue amounts were below the
MRLs. The obtained data show that the necessity to strictly
follow the recommended time between the application of
pesticide and harvesting of the crops is very important for
public health.
Pesticides are toxic by nature, but when used in the
appropriate and safe manner as specified on the labels,
they should not be harmful to the user, the consumer, or the
environment. But their misuse can be a source of hazards.
4. CONCLUSION
In this study, a reliable, rapid and simple HPLC method
for the separation and quantification of malathion and its
metabolite malaoxon in cherry was developed. From the
results obtained, it can be concluded that cherry did not
contain any malathion and malaoxon residues above the
maximum residue limit (MRL). The method could be applied routinely for monitoring these compounds in cherry
samples.

Malaoxon
SD
± 0.04
± 0.07

SD

µg/g
ND
ND
ND
ND
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