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ABSTRACT: The purpose of this study was to investigate the effects of untreated municipal
wastewater on the blood biochemical parameters of common carp, Cyprinus carpio. In this study,
KEYWORDS

the fish were exposed to sub-lethal concentrations of municipal wastewater for 21 days. The blood

Municipal wastewater;

was sampled after 21 days and its biochemical parameters including acetylcholinesterase (AChE),

Common carp;

aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transferase

Biochemical parameters

(GGT), lactate dehydrogenase (LDH), alkaline phosphatase (ALP) and creatine phosphokinase
(CPK) activities as well as total proteins, albumin, globulin, glucose and cholesterol, triglycerides,
creatinine and urea levels were measured. AST, LDH and CPK activities showed an overall
significant change (P< 0.05) in the experimental groups of fish. A significant decrease in ALT,
GGT, ALP and AChE activities was observed in fish exposed to municipal wastewater (P< 0.05).
Glucose, creatinine and urea, cholesterol and triglyceride levels in blood of fish exposed to
municipal wastewater significantly increased (P< 0.05). The fish exposed to the municipal
wastewater showed a significant decrease in total protein and albumin levels. However, no
significant changes were observed in globulin levels in fish exposed to municipal wastewater. In
conclusion, exposure to sub-lethal concentrations of municipal wastewater may cause blood
biochemical changes in C. carpio.
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INTRODUCTION
Aquatic ecosystems can be contaminated by industrial

Unpublished data]. Therefore, our main experimental

and municipal discharges as well as surface runoff,

hypothesis for this study is that exposure to treated

which may cause alterations to the natural environment.

sewage effluent has significant effects on common carp,

Many chemical constituents of sewage including

Cyprinus carpio.

pesticides, polychlorinated biphenyls (PCBs), heavy

This study was therefore focused on determining if fish

metals, petroleum oil, industrial oil, garbage leachate,

exposure to untreated sewage effluent is evident in wild

detergents, cosmetic products, and pharmaceuticals

fish living in the Maroon River, using common carp as

could directly impact aquatic organisms [1- 6].

an animal model. In the present study, alterations in the

Fish species inhabiting agricultural and residential areas

blood biochemical parameters were measured as health

may be exposed to pollutants during different stages of

biomarkers of fish exposure to untreated sewage

their life. The influence of sewage effluent on the fish

effluent. C. carpio were selected for the study based on

physiology, bichemistry, genetics and population levels

the following criteria: The family Cyprinidae are among

have been reported by scientists [7-10]. Alterations in

the most common fish inhabiting freshwaters of Iran.

biochemical parameters [11, 12], and blood cell profile

One of the most common species within this family is C.

[13], reproductive disorders [14-17], behavioral changes

carpio, which shows a clear preference for riverine and

[18-20], neurological disorders [21], histopathological

lacustrine waters throughout Khuzestan Province. C.

changes [11, 13], genetic damge [22], and reduced

carpio can be found in abundant quantity throughout the

survival rate of fish [23] are reported in those species

year, and has a commercial importance for people in

exposed to treated and untreated sewage effluents.

developing countries. Common carp are tolerant to wide

Treated and untreated municipal wastewaters of

fluctuations of temperature and are resistant to diseases.

Behbahan, discharged into the Maroon River, may have

They are voraciously omnivorous and easily adapted to

a significant effect on the health of aquatic organisms

artificial diets. In addition, these fish are tough in

inhabiting the river. Effluent from sewage treatment

handling and transport. Therefore, common carp is an

plants in different cities of Iran contains many of these

appropriate aquatic animal for bioassay testing.

endocrine disruptor chemicals (EDCs) [24-26]. The
MATERIALS AND METHODS

endocrine disruptor chemicals in wastewater in Iran
were ten times more than drinking water [24]. Steroid

Fish

hormones, including estrogens, estrone, 17ß–estradiol,
estriol, and 17a–ethinylestradiol are excreted through

Healthy common carp (C. carpio) were purchased from

human waste and although 50 to 90% or more may be

a private farm (Behbahan, Iran) and transported to

removed through activated sludge treatment [24-26], it

laboratory in polyethylene bags containing oxygenated

appears that many endocrine disruptor chemicals still

water. They were acclimatized to laboratory conditions

make their way into streams and waterways through

for two weeks before the experiments. Tap water free

wastewater effluent [24-26]. Fish exposed to treated

from chlorine was used for the present study. Water

sewage effluents can exhibit significant physiological

quality was monitored daily in terms of unionized

and reproductive abnormalities similar to those in fish

ammonia (< 0.05 mg.L-1), dissolved oxygen (6.5 ± 0.5

exposed to endocrine disruptor chemicals [Banaee et al.

mg.L-1), temperature (24 ± 2 °C) and pH (7.4 ± 0.2).
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During the acclimatization period, fish were fed a

Sampling

commercial diet obtained from Beyza Feed Mill (Shiraz,

parameters

and

analysis

of

blood

biochemical

Iran). Feeding was stopped two days prior to the
After the 21-day exposure period, 12 fish from each

beginning of the experiment to keep the experimental

treatment (4 fish from each tank) were taken out for sub-

animals more or less under the same metabolic

lethal toxicity studies. Each group of fish was harvested

conditions.

using a scoop net and placed into an anesthetic solution
(200 mg.L-1 clove powder). Blood sample was collected

Wastewater

from the caudal vein using heparinized syringes,
Sewage collected at six different station of the sewage

centrifuged at 6000 × g for 10 min and stored at -25 °C.

canal in Behbahan on 26 April 2015. In the 7 days prior

All blood biochemical parameters were determined

to sampling, there was no rain in the sampling area and

using an UV-visible spectrophotometer (UNICO 2100)

the minimum and maximum air temperature was 17–32

and standard biochemical reagents (Pars Azmoon

°C. Duplicates of each sample were collected in brown

Company, Tehran, Iran). Each blood biochemical

glass bottles with Teflon stoppers. In order to disinfect

parameter was measured by a certain method. Total

and remove pathogens from wastewater, it was filtered

plasma protein was measured at 540 nm by the Biuret

and autoclaved at 121 °C for 15 min before use.

reaction. The albumin assay is based on the dye-binding
properties of plasma albumin with a bromocresol green.

Fish exposure to municipal wastewater

An increase in the blue-green color was measured at 630
The experiment was performed after a two-week

nm. The plasma globulin based on the ratio of albumin

acclimation period. The fish were placed into an

versus total protein [27]. Plasma glucose was measured

anesthetic solution (200 mg.L-1 clove powder) for 3-5

by the glucose-oxidase method at 500 nm [28]. Plasma

min before being weighed individually. One hundred

cholesterol levels by the CHOD-PAP enzymatic method

eight healthy fish were selected from the stock and were

at 510 nm, triglyceride levels by GPO-PAP enzymatic

transferred into the water tanks (nine 80-liter plastic

method at 546 nm [29] and creatinine by the JAFFE

tanks that were filled with 70 liters of water). Fish were

method and at 510 nm [30]. Urea is hydrolyzed

randomly assigned to three groups: Group I was

enzymatically by urease to yield ammonia and carbon

maintained in tap water as the control group. Group II &

dioxide. The ammonia and α-oxoglutarate are converted

III were maintained in water respectively polluted with

to glutamate in a reaction catalyzed by L-glutamate

7 mL and 14 mL of the municipal wastewater collected

dehydrogenase (GLDH). Simultaneously, a molar

from a sewage canal in Behbahan (equivalent 0.1 and

equivalent of reduced NADH is oxidized. Two

0.2 ml per liter) for 21 days. Tanks were cleaned by

molecules of NADH are oxidized for each molecule of

siphoning and 40% of water was exchanged daily to

urea hydrolyzed. The rate of change in absorbance at

reduce metabolic wastes and to maintain concentrations

340 nm, due to the disappearance of NADH, is directly

of municipal wastewater near the nominal level. During

proportional to the blood urea concentration in the

the experimental period, fish were fed with commercial

sample [31].

feed.

Plasma

acetylcholinsetrase

(AChE)

activity

was

determined by adding and adequate volume of sample
into a cuvette containing 0.1 M phosphate pH 8.0, and
acetylcholine
163
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iodide

(0.015

M)

and

dithiobis
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nitrobenzoic acid (0.01 M) as substrates. AChE activity

RESULTS

was recorded during 180 s at 405 nm [32]. The activity
AST activity showed an overall significant change (P <

of aspartate aminotransferase (AST) and alanine

0.05) in experimental groups of fish, but those exposed

aminotransferase (ALT) in plasma was determined by
NADPH consumption and its conversion to NAD+ at

to municipal wastewater had significantly lower levels

340 nm. γ-glutamyl transferase (GGT) activity is

of ALT. The fish exposed to municipal wastewater
showed a significant decrease in GGT as compared to

determined by a coupled enzyme assay, in which the

control group. A significant decrease was found in ALP

GGT transfers the γ-glutamyl group from the substrate

activity in blood of fish exposed to municipal

L-γ-Glutamyl p-nitroanilide, liberating the chromogen

wastewater. However, the fish exposed to municipal

p-nitroanilide at 418 nm proportional to the GGT

wastewater exhibited a significant increase in LDH

present. Lactate dehydrogenase (LDH) in plasma was

activity. CPK activity showed an overall increase in

determined based on the conversion of pyruvate to

experimental groups of fish (P < 0.05). A significant

lactate at 340 nm, alkaline phosphatase (ALP) based on

decrease in AChE activity was observed in fishes

converting nitro phenol phosphate into nitrophenol and

exposed to municipal wastewater.

phosphate at 405 nm, creatinine phosphokinase (CK)

Wastewater caused an increase in the glucose levels.

based on the conversion of creatinine phosphate into

Fish exposed to municipal wastewater showed a

creatinine at 340 nm and based on optical density (OD)

significant decrease in total protein and albumin levels.

absorption and the formula presented in the kits' manual

However, no significant changes were observed in the

[33].

plasma globulin levels in fish exposed to municipal
wastewater. They also showed a significant increase (P

Data analysis

< 0.05) in plasma creatinine and urea levels at the end of
The significant difference in the biochemical parameters

the period when compared with the control group. The

of fish exposed to different concentrations of untreated
sewage

effluents

was

examined

using

cholesterol and triglyceride levels in blood of fish

one-way

exposed

ANOVA. All the data were checked for normality

to

municipal

wastewater

for

21

day

significantly increased (P < 0.05). The effect of Effect

(Kolmogorov-Smirnov test). Means were compared by

of untreated municipal wastewater on different variables

Duncan’s test and a P < 0.05 was considered statistically

is depicted in Figures 1-15.

significant. Statistical analyses were performed using
SPSS (IBM, 19) software. Data are presented as mean
(SD).
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Figure 3. Effect of untreated municipal wastewater (0.1 and 0.2 ml per

Figure 1. Effect of untreated municipal wastewater (0.1 and 0.2 ml per
1 liter) on AST activity in plasma of common carp; significant

1 liter) on GGT activity in plasma of common carp; significant

differences between values, when compared with the control group,

differences between values, when compared with the control group,

were shown by alphabet symbol (P < 0.05). Values represent mean 

were shown by alphabet symbol (P < 0.05). Values represent mean 

S.D.

S.D.
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Figure 4. Effect of untreated municipal wastewater (0.1 and 0.2 ml per

Figure 2.Effect of untreated municipal wastewater (0.1 and 0.2 ml per

1 liter) on ALP activity in plasma of common carp; significant

1 liter) on ALT activity in plasma of common carp; significant

differences between values, when compared with the control group,

differences between values, when compared with the control group,

were shown by alphabet symbol (P < 0.05). Values represent mean 

were shown by alphabet symbol (P < 0.05). Values represent mean 

S.D.

S.D.
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Figure 7. Effect of untreated municipal wastewater (0.1 and 0.2 ml per

Figure 5. Effect of untreated municipal wastewater (0.1 and 0.2 ml per

1 liter) on AChE activity in plasma of common carp; significant

1 liter) on LDH activity in plasma of common carp; significant

differences between values, when compared with the control group,

differences between values, when compared with the control group,

were shown by alphabet symbol (P < 0.05). Values represent mean 

were shown by alphabet symbol (P < 0.05). Values represent mean 

S.D.
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Figure 6. Effect of untreated municipal wastewater (0.1 and 0.2 ml per

Figure 8. Effect of untreated municipal wastewater (0.1 and 0.2 ml per

1 liter) on CPK activity in plasma of common carp; significant

1 liter) on glucose level in plasma of common carp; significant

differences between values, when compared with the control group,

differences between values, when compared with the control group,

were shown by alphabet symbol (P < 0.05). Values represent mean 

were shown by alphabet symbol (P < 0.05). Values represent mean 

S.D.

S.D.
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Figure 9. Effect of untreated municipal wastewater (0.1 and 0.2 ml per

Figure 11. Effect of untreated municipal wastewater (0.1 and 0.2 ml

1 liter) on total protein level in plasma of common carp; significant

per 1 liter) on globulin level in plasma of common carp; significant

differences between values, when compared with the control group,

differences between values, when compared with the control group,

were shown by alphabet symbol (P < 0.05). Values represent mean 

were shown by alphabet symbol (P < 0.05). Values represent mean 

S.D.
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Figure 10. Effect of untreated municipal wastewater (0.1 and 0.2 ml

Figure 12. Effect of untreated municipal wastewater (0.1 and 0.2 ml

per 1 liter) on albumin level in plasma of common carp; significant

per 1 liter) on cholesterol level in plasma of common carp; significant

differences between values, when compared with the control group,

differences between values, when compared with the control group,

were shown by alphabet symbol (P < 0.05). Values represent mean 

were shown by alphabet symbol (P < 0.05). Values represent mean 

S.D.

S.D.
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Figure 13. Effect of untreated municipal wastewater (0.1 and 0.2 ml per 1 liter) on triglyceride level in plasma of common carp; significant differences
between values, when compared with the control group, were shown by alphabet symbol (P < 0.05). Values represent mean  S.D.

b

1.60
b

1.40
1.20

a

1.00
0.80
0.60
0.40
0.20
0.00

Concentrations of untreated municipal wastewater
Figure 14. Effect of untreated municipal wastewater (0.1 and 0.2 ml per 1 liter) on creatinine level in plasma of common carp; significant differences
between values, when compared with the control group, were shown by alphabet symbol (P < 0.05). Values represent mean  S.D
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Figure 15. Effect of untreated municipal wastewater (0.1 and 0.2 ml per 1 liter) on urea level in plasma of common carp; significant differences between
values, when compared with the control group, were shown by alphabet symbol (P < 0.05). Values represent mean  S.D.
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DISCUSSION
The main objective of this study was to investigate the

skeletal muscle of fish [35]. The increased activity of

effects of xenobiotic in untreated sewage on the blood

CPK may be indicative of a disorder in muscle fibres.

biochemical parameters of common carp to determine

These results agree with a previous study carried out on

the risks associated with untreated sewage discharges in

carp exposed to diazinon [37], chlorpyrifos [38],

surface waters in Khuzestan Province, Iran.

malthion [39], fenpropathrin [40], cadmium chloride

Fish absorb xenobiotic directly from wastewater and

[34], and paraquat [41].

bio-accumulate it in their fatty acids due to the lipophilic

A concentration range of 1-2 ml wastewater effluent

nature of xenobiotic. Surfactant, found in municipal

inhibited AChE activity in plasma of fish. Inhibition of

wastewater, may increase the absorption of xenobiotic

AChE activity in plasma of fish may be caused by

by the gills, skin and digestive system of fish. Our

organophosphate and carbamate pesticides, certain

results revealed that municipal wastewater could indeed

heavy metals and surfactants that may be present in

exert

municipal wastewater. Decreases in AChE activity in

remarkable

effects

on

blood

biochemical

parameters of fish.

freshwater mussels (Elliptio complanata) exposed to

GGT and ALT has been detected in various fish organs,

municipal wastewater have been reported by Gagné et

including kidneys, liver, pancreas and spleen [34]. ALP

al. [42].

is present in most tissues but is particularly in high

Increased blood glucose in fish exposed to municipal

concentration in the epithelium cells of the hepatobiliary

wastewater may reflect an increased need for energy to

tract, intestinal wall and renal tubules of fish [35]. AST

counteract the effects of stress caused by pollutants in

and LDH enzymes have been detected in high

wastewater. Hyperglycemia or elevated blood glucose

concentrations in cellular cytoplasm of liver, kidney,

levels may also be due to an increase in the breakdown

heart and skeletal muscle and erythrocytes of fish [35].

of glycogen stores in the muscle and liver tissues

Therefore, damage to any of these tissues may increase

because of cellular damage. A significant increase in

plasma AST and LDH levels. LDH plays a critical role

plasma glucose levels in Oreochromis niloticus and C.

in regulating glycolysis under adverse environmental

carpio was reported after Cd and Pb [36] and

conditions. There was an increase in LDH activity

chlorpyrifos [38] exposures.

indicating anaerobic metabolism to combat stress. In the

Hao et al. [43] showed that there was a significant

present study, increased in AST activity was observed in

relationship between levels of glucose and levels of

plasma of fish exposed to the municipal wastewater,

cholesterol in plasma. In stressful situations, glucose is

which might be due to increased cell membrane

converted to pyruvate in the glycolytic pathway, and

permeability or cell membrane damage of hepatocytes,

pyruvate is metabolized to acetyl-CoA in aerobic tissues

while decreased activity of ALT, GGT and ALP occurs

and used as a precursor in the synthesis of cholesterol

either via direct action of municipal wastewater on the

and fatty acids in the citric acid cycle [44].

enzymes or inhibition of their biosynthesis [34].

In addition, the increased blood triglyceride and

Furthermore, a lower than normal ALT, GGT and ALP

cholesterol level may suggest that a general increase in

activity may occur as a result of reduced synthesis and

lipid mobilization must have taken place simply to

severe tissue damage [36]. CPK have been found in high

fulfill the increasing demand for energy to cope with the

concentrations in cellular cytoplasm of cardiac and

stress of wastewater toxicity. However, many reports
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have highlighted marked influence of pollutants on

wastewater efﬂuents leads to blood biochemical

cholesterol and triglyceride levels in blood. For

alterations and homeostasis disruption.

example, Banaee et al. [38] have reported significant
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