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1. Introduction

Wastewater treatment plants produce
environmentally safe liquid waste or solid waste
suitable for reuse or disposal. It is possible to reuse
wastewater for irrigation or drinking water using
advanced treatment technologies (Al-Shahwan 2016).
Municipal wastewater treatment plants contain
a wide range of pollutants (Metcalfe et al. 2010).
Wastewater effluent is a complex mixture containing
many different contaminants (Bolong et al. 2009).
Effluent from municipal wastewater treatment
plants is usually discharged directly into receiving
environments such as rivers, lakes or the sea, and
aquatic organisms and even humans are exposed
to these waters (Samanta et al. 2018). Although
this treatment technology can effectively remove
nitrogen, phosphorus, ammonia, nitrogen and other
pollutants from sewage, wastewater discharged from
treatment plants still contains some pollutants such as
surfactants, chlorinated hydrocarbons, heavy metals,
and endocrine disruptors (Wan et al. 2015). Qualitative
and quantitative measurements of pollutants can be
performed by chemical analysis, but it is not possible
to measure all pollutants in wastewater. In addition, it
is not possible to assess the synergistic/antagonistic
effects of pollutant mixtures under real field
conditions using chemical analysis alone (Kerambrun
et al. 2011). Therefore, an alternative monitoring
technique involving biochemical biomarkers can
be used to monitor water quality in freshwater
ecosystems (Van der Oost et al. 1996). Recently,
biomarkers have been widely used in monitoring
studies due to their sensitivity to pollutants (MAP 2005;
WGBEC 2007). Biomarkers are defined as biological
measurements of changes at the biochemical,
cellular or molecular level occurring in an organism
as a result of interactions between the organism and
environmental factors (Duarte et al. 2017). Biochemical
biomarkers used in ecotoxicology studies act as early
warning signals (Gagne et al. 2014).

Exposure to toxic substances is known to cause
cell damage with increasing reactive oxygen species
(ROS) (Bhattacharya et al. 2021; Chang et al. 2020).
The increase in ROS levels causes the formation of
MDA and triggers the cell membrane deformation.
ROS are also known to cause serious damage to
major biomolecules such as DNA, amino acids, and
fatty acids (Chatterjee et al. 2021). Oxidative stress
occurs with the disruption of the balance between
antioxidant enzymes such as CAT, SOD, GPx, GST
and ROS (Bhattacharya et al. 2021). SOD catalyzes the
superoxide radical to hydrogen peroxide (Manduzio et
al. 2003). CAT reduces the hydrogen peroxide to water

and protects the cell from hydrogen peroxide-induced
damage (Meng et al. 2011). The GPx enzyme plays
a role in detoxification by catalyzing the reaction
between pollutants and GSH (Dong 2006). GSH can
act as a free radical scavenger by reacting with many
radicals such as singlet O,, superoxide and hydroxyl
radicals, and provides stabilization of the membrane
structure by removing acyl peroxides formed in
lipid peroxidation reactions (Price et al. 1990). GSH
also serves as a substrate for the GST enzyme. GST
is a phase Il biotransformation enzyme used as an
indicator of exposure to xenobiotics (Gunderson et
al. 2016). When the levels of free radicals increase,
they damage the lipids in the cell membrane and
cause lipid peroxidation. MDA is formed as a result
of lipid peroxidation. MDA is used as an indicator of
oxidative damage to lipids (Kasai 1997). The zebra
mussel D. polymorpha was used as a model organism.
It is an invasive species that is widely used in biological
monitoring of environmental quality in North
America and Europe (Binelli et al. 2015). In this study,
D. polymorpha was exposed to effluent obtained from
the Mardin Kiziltepe Advanced Biological Wastewater
Treatment Plant at different concentrations for 96 h
under laboratory conditions. Changes in biochemical
parameters such as MDA and GSH levels and SOD, CAT,
GPx and GST activity in D. polymorpha were examined,
and the treatment efficiency of the wastewater
treatment plant was evaluated.

The objective of this study was to evaluate
treatment efficiency of the Mardin Kiziltepe
Advanced Biological Wastewater Treatment Plant
using biochemical biomarkers of the zebra mussel
D. polymorpha, one of the most useful biological
models in freshwater ecotoxicology.

2. Materials and methods

2.1. Water analysis

The effluent used in this study was obtained from
the Kiziltepe Wastewater Treatment Plant in Mardin,
Turkey. The treatment process at this plant involved
biological removal of nitrogen, phosphorus and
carbon based on anaerobic (oxygen-free) sludge
digestion and a simultaneous denitrification process.
The treatment plant also had an ultraviolet disinfection
unit. Five liters of effluent were provided and stored in
a refrigerator at 4°C. Samples were collected in June
2022. Approximately 10 | of water were collected from
a location (38°48'09”N; 38°43'53"E) with a depth of 10
c¢m on the Munzur River, Tunceli, Turkey, to be used in
the control group as unpolluted reference water.
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Standard methods were used to analyze COD, BOD,
SS, TN, TP, and pH parameters. COD measurements
were carried out according to the open reflux method
(5220-B Open Reflux Method) on samples collected
from both the pilot scale reactor and the treatment
plant. TN measurements were also made using the
fractionation and distillation method (4500-Norg
B. Macro-Kjeldahl Method). The stannous chloride
method (4500-P D. Stannous Chloride Method) was
used for phosphorus measurements, while PO43-P
measurements were made by direct staining, and TP
measurements were made by staining after the acid
degradation process. SS analyses were performed
by the gravimetric method (2540 D; total suspended
solids).

Quality parameters of the effluent from the
wastewater treatment plant and reference water are
presented in Table1.

Table 1

ABWTPE quality parameters

ABWTPE*

1060 + 122
8.78 + 088
6.56 + 032

10.85 + 0.55

Total Nitrogen (TN)
)

Total Phosphorus (TP 1.50 = 0.02
E N o

*means * standard error as ANOVA results

2.2. Exposure of D. polymorpha to ABWWTPE

D. polymorpha model organisms were obtained
from the Munzur River. They were placed in ventilated
plastic containers. They adapted to environmental
conditions in aquaculture laboratories of Munzur
University at 18 + 0.5°C, exposed to a 12 h light/12 h
dark cycle for one month. They were fed plankton.

Three experimental groups were designed: 1) a
control group (unpolluted reference water); 2) a group
exposed to wastewater treatment plant effluent (A);
and 3) a group exposed to 1/2 diluted wastewater
treatment plant effluent (B). The experiments
involved examining the exposure of three groups
of D. polymorpha (10 individuals in each group) to
wastewater samples for 24 h and 96 h.

2.3. Biochemical Analysis

Individuals of the test organisms were weighed
and 1/5 w/v PBS buffer (phosphate buffered salt
solution) was added and homogenized with ice using a
homogenizer. Homogenized samples were centrifuged

at 17,000 rpm in a cooled centrifuge for 15 min and the
resulting supernatants were kept in a deep freezer at
-86°C until analysis.

ELISA kits used for SOD, CAT, GP, and GSH
biochemical assays were purchased from Cayman
Chemical Company with catalog numbers 706002,
702002, 703102, 703002 and 707002, respectively.

The superoxide dismutase assay kit utilizes
a tetrazolium salt to detect superoxide radicals
generated by xanthine oxidase and hypoxanthine.
One unit of SOD is defined as the amount of enzyme
needed to exhibit 50% dismutation of a superoxide
radical, measured as the change in absorbance per
minute at 25°C and pH 8.0.

The Catalase Assay Kit utilizes the peroxidatic
function of CAT to determine enzyme activity. The
method is based on the reaction of the enzyme with
methanol in the presence of an optimal concentration
of H,0,.

The GP, assay measures GP, activity indirectly
through a coupled reaction with glutathione reductase
(GR). Oxidized glutathione (GSSG), produced during
the reduction of hydroperoxide by GPX, is recycled to
its reduced state by GR and NADPH.

Changes in MDA levels were measured
spectrophotometrically according to a method
developed by Placer et al. (1966). MDA, which can be
measured by thiobarbituric acid (TBA), is produced
through the peroxidation of fatty acids containing
three or more double bonds. MDA, the end product of
fatty acid peroxidation, reacts with TBA to form a pink
complex. The resulting pink color was read at 532 nm.
Accordingly, 0.25 ml of the obtained homogenates
were taken and 2.25 ml of the color reagent (TBA and
10% trichloroacetic acid) were added.

2.4, Statistical analysis

Statistical software SPSS 24.0 was used in the
present study. Duncan’s Multiple Range Test was
used to determine changes in the control group and
wastewater exposure groups. The differences between
the groups were determined using two-way analysis of
variance (ANOVA) and an independent t-test.

3. Results

The increase in MDA levels was statistically
significant in A (effluent exposure) and B (1/2
diluted effluent exposure) groups after 24 h and
96 h compared to the control group (p < 0.05). It
was observed that MDA levels were higher in group
A compared to group B (p < 0.05). It was found
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that different exposure durations did not cause a
statistically significant difference in the control, A and
B groups (p > 0.05; Fig. 3.1).

The decrease in GSH levels was statistically
significant in groups A and B after 24 h and 96 h
compared to the control group (p < 0.05). When
groups A and B were compared, it was observed that
GSH levels increased in group B at 24 h (p < 0.05). A
statistically significant difference was found in group B
at24 h (p < 0.05; Fig. 1).

The increase in SOD activity was statistically
significant in groups A and B after 24 h and 96 h
compared to the control group (p < 0.05). It was
observed that SOD activity was higher in group B
compared to group A (p < 0.05). Different exposure

durations were found to cause a statistically significant
difference in the control and B groups (p < 0.05; Fig.
1.

The decrease in CAT activity was statistically
significant in groups A and B after 24 h and 96 h
compared to the control group (p < 0.05). There were
no statistical differences between groups A and B
(p > 0.05). Different exposure durations were found to
result in a statistically significant difference in group B
(p < 0.05;Fig. ).

The increase in GP, activity was statistically
significant in groups A and B after 24 h and 96 h
compared to the control group (p < 0.05). When
groups A and B were compared, it was observed that
GP, activity decreased in group B at 96 h (p < 0.05).
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Changes in MDA, GSH levels and SOD, CAT, GP,, GST activity in D. polymorpha exposed to different concentrations of
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Different exposure durations were found to cause a
statistically significant difference in the control, A and
B groups (p < 0.05; Fig. 1).

The decrease in GST activity was statistically
significant in groups A and B after 24 h and 96 h
compared to the control group (p < 0.05). There were
no statistical differences between groups A and B
(p > 0.05). Different exposure durations did not cause
a statistically significant difference in the control, A and
B groups (p > 0.05; Fig. 1).

4, Discussion

The present study assessed the biochemical
responses of D. polymorpha exposed to ABWTPE from
the Kiziltepe Advanced Wastewater Treatment Plant.
The treatment efficiency of the Mardin Wastewater
Treatment Plant was evaluated based on changes in
parameters such as MDA, GSH, SOD, CAT, GST and GP,
in D. polymorpha.

Yildirim et al. (2020) investigated changes in
biochemical biomarkers in Astacus leptodactylus
exposed to the effluent from the Elazig wastewater
treatment plant. They found that SOD activity and
MDA levels increased at the end of the 24th and
96th hour, while the CAT activity decreased at the
end of the 24th hour, but increased at the 96th hour.
GSH levels were found to decrease compared to the
control group. In the study conducted by Chang et
al. (2020), oxidative damage occurred in the crucian
carp (Carassius auratus) exposed to increasing
concentrations of wastewater from a municipal
wastewater treatment plant for 15 days. Increased MDA
content and SOD, CAT, GP, activities were observed,
as well as the inhibition of GSH content. In the current
study, however, we detected reduced CAT activity.
Tetreault et al. (2021) reported induction of antioxidant
enzymes and ROS activity in two fish species exposed
to wastewater. Karatas et al. (2009) found a decrease
in the amount of antioxidant vitamins (A, E and
C) and selenium (Se), reduced glutathione (GSH)/
oxidized glutathione (GSSG) ratio in Lemna gibba L.
plants exposed to effluent, and an increase in the
amount of MDA (an indicator of lipid peroxidation). In
parallel with this study, we also obtained a decrease
in GSH levels and an increase in MDA levels. Chang et
al. (2019) investigated biochemical responses in the
antioxidant defense system in Carassius auratus, which
was exposed to wastewater from a treatment plant.
They found that MDA levels and GP, activity showed
an increasing trend, while the GSH content decreased
significantly. Although SOD activity was quite high
in 5% and 10% treatment groups, it was found to be

significantly lower in 40% and 50% treatment groups.
CAT activity was found to have an upward trend in
20%, 30% and 40% groups. In our study, we found an
increase in SOD and GP, activity and MDA levels, but
CAT activity tended to decrease, in contrast to Chang
et al. (2019). Tatar et al. (2018) assessed the quality
of the effluent by evaluating control MDA and GSH
levels, and SOD, CAT and GP, activity. The MDA level
and SOD activity in Gammarus pulex varied depending
on the exposure duration. GSH levels and GP, activity
increased, while CAT activity decreased compared
to the control group at the end of the 96th hour in
G. pulex exposed to wastewater from a treatment
plant. Their study and our study show similar results,
despite the use of different model organisms. Ahmad
et al. (2000) reported that various tissues in the
freshwater fish Channa punctatus were damaged as a
result of short- and long-term exposure to paper mill
effluent. They observed a time-dependent increase
in GP, and GST activity and GSH levels, resulting in a
decrease in CAT activity in the liver. Similar to Ahmad
et al. (2000), we found in our study that GPX and CAT
activity increased, while GSH levels decreased.
Samatha et al. (2018) evaluated the toxic effect
of the secondary effluent by using oxidative stress
parameters such as CAT and GST activity and
lipid peroxidation levels in the freshwater pond
carp Carassius auratus as a model organism in the
Sinchon River. They showed that CAT, GST and lipid
peroxidation levels are suitable biomarkers that can
be used for assessing effluent quality. Wan et al. (2015)
exposed individuals of the marine bivalve Meretrix
meretrix to 0%, 1%, 5%, 10% and 20% (v/v) treated
wastewater for 15 days and examined the activity
of SOD, CAT, GP,, and GR, as well as the content
of GSH and MDA as oxidative stress biomarkers. A
decrease in GST enzyme and GSH levels was observed
as a function of wastewater concentration. Lipid
peroxidation damage was not observed in groups
exposed to less than 20% wastewater. High amounts
of ROS trigger lipid peroxidation, which causes
severe oxidative damage to the cell membrane, DNA,
amino acids and fatty acids (Chatterjee et al. 2021;
Kumari et al. 2014). Similarly, our study found that
GSH levels and GST activity decreased as a function
of concentration, but unlike the above studies, lipid
peroxidation also increased. In the present study, the
MDA level increased in D. polymorpha exposed to
ABWTPE, and this increase is an indicator of oxidative
stress. ABWTPE may have induced oxidative stress,
possibly leading to excessive ROS production in the
model organism (Almeida et al. 2007). After exposure
to xenobiotics, changes in biochemical parameters
such as GSH, GSSG, GSH/GSSG can be observed as an
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adaptation to pollutants. These changes have been
proven to play a critical role in maintaining cellular
homeostasis (Tatar et al. 2018). Reduced GSH levels
are considered a biological biomarker observed in
model organisms exposed to stress (Chang et al. 2020).
Decreased GSH content was observed in animals
exposed to ABWTPE due to excessive use of GSH to
cope with stress (Wan et al. 2015). In this study, GSH
levels were found to decrease after both periods of
exposure to ABWTPE at various concentrations. In this
study, it was observed that the GP, activity increased
in groups A and B after the exposure period compared
to the control group (p < 0.05). GP, activity in tissues
and cells of D. polymorpha exposed to ABWTPE is
thought to increase to cope with peroxide toxicity (Gill
and Tuteja 2010). SOD and CAT, which are antioxidant
enzymes, are the first step of the defense system.
While SOD converts superoxide radical to hydrogen
peroxide, CAT catalyzes hydrogen peroxide into water,
protecting cells from possible damage (Chang et al.
2020). In the present study, SOD activity increased
in groups A and B after exposure to ABWTPE for 24 h
and 96 h compared to the control group (p < 0.05).
The amount of superoxide radical is thought to
increase after exposure to effluent in D. polymorpha.
It is believed that there may be an increase in SOD
activity to catalyze the increased superoxide radical
to hydrogen peroxide (Modesto and Martinez 2010;
Zheng et al. 2013). In the present study, the reduced
enzyme activity of CAT in groups A and B after
exposure to ABWTPE for 24 h and 96 h compared to
the control group indicated that the detoxification
capacity of CAT was surpassed by the amount
of hydroperoxide products of lipid peroxidation
(Carvalho et al. 2012).

5. Conclusion

The present study demonstrated that ABWTPE
could induce oxidative stress in D. polymorpha,
because the biochemical responses of the antioxidant
defense system, namely SOD, CAT, GP,, GST, GSH
and MDA in D. polymorpha were significantly altered
by ABWTPE over the exposure period. The results
showed that SOD, CAT, GP,, GST, GSH and MDA in
D. polymorpha can be used as biomarkers to assess
water quality of the receiving freshwater environment
polluted by ABWTPE due to their sensitive responses
to different concentrations of ABWTPE. Although
the physicochemical parameters of the effluent are
at levels permitted for discharge into the receiving
environment under relevant regulations, the biomarker
response showed that the treatment efficiency is

not adequate in terms of toxicity. According to the
results obtained in this study, improvements to the
existing treatment processes at the Kiziltepe advanced
wastewater treatment plant can be suggested.
Furthermore, our findings indicate that changes in
these biochemical biomarkers in D. polymorpha can
be used effectively to assess the wastewater treatment
plant efficiency. However, it is recommended that
more biochemical parameters be used in future
studies.

Ethical approval statement

Animal subjects used in the study were mussels,
which are invertebrates and are exempt from this
requirement.

Conflict of interest

All authors declare that they have no conflict of
interest.

References

Alves de Almeida, E., Celso Dias Bainy, A, Paula de Melo
Loureiro, A. Regina Martinez, G.,, Miyamoto, S., Onuki,
J., Fujita Barbosa, L., Carrido Machado Garcia, C., Manso
Prado, F., Eliza Ronsein, G., Alexandre Sigolo, C., Barbosa
Brochini, C., Maria Gracioso Martins, A., Helena Gennari
de Medeiros, M., & Di Mascio, P. (2007). Oxidative stress
in Perna perna and other bivalves as indicators of
environmental stress in the Brazilian marine environment:
Antioxidants, lipid peroxidation and DNA damage.
Comparative Biochemistry and Physiology. Part A, Molecular
& Integrative Physiology, 146(4), 588-600. https://doi.
org/10.1016/j.cbpa.2006.02.040 PMID:16626983

Al-Shahwan, A.A., Balhaddad, A.M.S., Al-Soudani, H.H. O., Nuhu,
D.M. & Abdel-Magid, .M. (2016). Municipal Wastewater
Treatment Plants Monitoringand Evaluation: Case study
Dammam Metropolitan Area, Part -1 (Environmental
Science) Chapter-IMa/Vol.1.0/Issue-l.

Ahmad, I, Hamid, T., Fatima, M., Chand, H.S., Jain, S.K., Athar, M.,
& Raisuddin, S. (2000). Induction of hepatic antioxidants in
freshwater catfish (Channa punctatus Bloch) is a biomarker
of paper mill effluent exposure. Biochimica et Biophysica
Acta, 1523(1), 37-48. https://doi.org/10.1016/50304-
4165(00)00098-2 PMID:11099856

Bhattacharya, R., Chatterjee, A., Chatterjee, S., & Saha, N. C.
(2021). Oxidative stress in benthic oligochaete worm,
Tubifex tubifex induced by sublethal exposure to a
cationic surfactant cetylpyridinium chloride and an




OCEANOLOGICAL AND HYDROBIOLOGICAL STUDIES, VOL. 53, NO. 1 | MARCH 2024 7 7

anionic surfactant sodium dodecyl sulfate. Comparative
Biochemistry and Physiology. Toxicology & Pharmacology

CBR, 240, 108906.  https://doi.org/10.1016/j.
cbpc.2020.108906 PMID:33022380

Binelli, A., Della Torre, C., Magni, S., & Parolini, M. (2015).
Does zebra mussel (Dreissena polymorpha) represent the
freshwater counterpart of Mytilus in ecotoxicological
studies? A critical review. Environmental Pollution, 196,
386-403.  https://doi.org/10.1016/j.envpol.2014.10.023
PMID:25463737

Bolong, N., Ismail, A. F, Salim, M. R, & Matsuura, T. (2009).
A review of the effects of emerging contaminants in
wastewater and options for their removal. Desalination,
239(1-3), 229-246. https://doi.org/10.1016/j.
desal.2008.03.020

Carvalho, C. S, Bernusso, V. A, de Araujo, H. S., Espindola, E.
L. G., & Fernandes, M. N. (2012). Biomarker responses as
indication of contaminant effects in Oreochromis niloticus.
Chemosphere, 89(1), 60-69. https://doi.org/10.1016/j.
chemosphere.2012.04.013 PMID:22583787

Chang, T.,, Wei, B.,, Wang, Q., He, Y., & Wang, C. (2020). Toxicity
assessment of municipal sewage treatment plant effluent
by an integrated biomarker response in the liver of
crucian carp (Carassius auratus). Environmental Science and
Pollution Research International, 27(7), 7280-7288. https://
doi.org/10.1007/511356-019-07463-2 PMID:31883072

Chatterjee,A.,Bhattacharya,R., Chatterjee,S.,&Saha,N.C.(2021).
Acute toxicity of organophosphate pesticide profenofos,
pyrethroid pesticide A cyhalothrin and biopesticide
azadirachtin and their sublethal effects on growth and
oxidative stress enzymes in benthic oligochaete worm,
Tubifex tubifex. Comparative Biochemistry and Physiology.
Toxicology & Pharmacology : CBF, 242, 108943. https://doi.
org/10.1016/j.cbpc.2020.108943 PMID:33220514

Chang, T, He, Y, Wei, B, Wang, Q. Li, T,, Liu, Y., Zhu, S., & Wang
T. (2019). Biochemical Responses of Antioxidant Defense
System in Crucian Carp (Carassius Auratus) Liver after
Exposured To Municipal Sewage Treatment Plant Effluent.
IOSR Journal of Environmental Science, Toxicology and Food
Technology, 13(5), 01-06. https://doi.org/10.9790/2402-
1305010106. 10.9790/2402-1305010106

Dong, Z. (2006). The Substrate Recognition and Catalytic
Mechanism of the Stimulant of Glutathione Peroxidase.
Jilin University.

Gagné, F. (2014). Biochemical ecotoxicology: Principles and
methods. Book. Academic Press., 257. Advance online
publication. https://doi.org/10.1016/C2012-0-07586-2

Gill, S. S., & Tuteja, N. (2010). Reactive oxygen species and
antioxidant machinery in abiotic stress tolerance in
crop plants. Plant Physiology and Biochemistry, 48(18),
909-930.  https://doi.org/10.1016/j.plaphy.2010.08.016

PMID:20870416
Gunderson, M. P, Pickett, M. A., Martin, J.T., Hulse, E. J., Smith, S.
S., Smith, L. A, Campbell, R. M., Lowers, R. H., Boggs, A.S.P,

& Guillette, L. J., Jr. (2016). Variations in hepatic biomarkers
in American alligators (Alligator mississippiensis) from
three sites in Florida, USA. Chemosphere, 155, 180-187.
https://doi.org/10.1016/j.chemosphere.2016.04.018
PMID:27111470

Karatas, F, Obek, E., & Kamigl, F. (2009). Antioxidant capacity
of Lemna gibba L. exposed to wastewater treatment.
Ecological Engineering, 35(8), 1225-1230. https://doi.
org/10.1016/j.ecoleng.2009.05.003

Kasai, H. (1997). Analysis of a form of oxidative DNA damage,
8-hydroxy-2"-deoxyguanosine, as a marker of cellular
oxidative stress during carcinogenesis. Mutation
Research, 387(3), 147-163. https://doi.org/10.1016/51383-
5742(97)00035-5 PMID:9439711

Kerambrun, E., Sanchez, W., Henry, F, & Amara, R. (2011). Are
biochemical biomarker responses related to physiological
performance of juvenile sea bass (Dicentrarchus labrax)
and turbot (Scophthalmus maximus) caged in a polluted
harbor? Comparative Biochemistry and Physiology Part C:
Toxicology & Pharmacology,154(3), 187e195. https://doi.
org/10.1016/j.cbpc.2011.05.006.

Kumari, K., Khare, A.,, & Dange, S. (2014). The applicability
of oxidative stress biomarkers in assessing chromium
induced toxicity in the fish Labeo rohita. BioMed Research
International, 2014, 782493. Advance online publication.
https://doi.org/10.1155/2014/782493 PMID:25302308

Meng, F., Gao, Y., & Zhao, S. (2011). The responses of molecular
biomarkers in bivalves to heavy metals in seawater.
Periodical of Ocean University of China, 41(5), 100-109.

Manduzio, H., Monsinjon, T.,Rocher, B, Leboulenger, F., & Galap,
C. (2003). Characterization of an inducible isoform of the
Cu/Zn superoxide dismutase in the blue mussel Mytilus
edulis. Aquatic Toxicology (Amsterdam, Netherlands), 64(1),
73-83. https://doi.org/10.1016/S0166-445X(03)00026-2
PMID:12820627

Metcalfe, C., Tindale, K, Li, H., Rodayan, A, & Yargeau, V.
(2010). Ilicit drugs in Canadian municipal wastewater
and estimates of community drug use. Environmental
Pollution, 158(10), 3179-3185. https://doi.org/10.1016/j.
envpol.2010.07.002 PMID:20667638

MAP. (2005). Fact Sheets on Marine Pollution Indicators. United
Nations Environ- ment. Mediterranean Action PLAN.

Modesto, K. A., & Martinez, C. B. R. (2010). Roundup causes
oxidative stress in liver and inhibits acetylcholinesterase
in muscle and brain of the fish Prochilodus lineatus.
Chemosphere, 78, 294-299. https://doi.org/10.1016/j.
chemosphere.2009.10.047 PMID:19910015

Samanta, P, Im, H., Yoo, J,, Lee, H., Kim, N. Y., Kim, W., Hwang,
S.J., Kim, W. K., & Jung, J. (2018). Comparative assessment
of the adverse outcome of wastewater effluents by
integrating oxidative stress and histopathological
alterations in endemic fish. Journal of Hazardous Materials,
344, 81-89. https://doi.org/10.1016/j.jhazmat.2017.10.016
PMID:29032097




7 8 Oceanological and Hydrobiological Studies, VOL. 53, NO. 1 [MARCH 2024

Samanta, P, Im, H., Na, J., & Jung, J. (2018). Ecological risk
assessment of a contaminated stream using multi-level
integrated biomarker response in Carassius auratus.
Environmental Pollution, 233, 429-438. https://doi.
org/10.1016/j.envpol.2017.10.061 PMID:29100180

Tatar, S., Yildirim, N. C,, Serdar, O., Yildirim, N., & Ogedey, A.
(2018). The using of Gammarus pulex as a biomonitor in
ecological risk assessment of secondary effluent from
municipal wastewater treatment plant in Tunceli, Turkey.
Human and Ecological Risk Assessment, 24(3), 819-829.
https://doi.org/10.1080/10807039.2017.1400374

Wan, R., Meng, F,, Fu, W,, Wang, Q. & Su E. (2015). Biochemical
responsesinthegillsof Meretrix meretrix after exposure
to treated municipal effluent. Ecotoxicology and
Environmental Safety, 111,78-85.https://doi.org/10.1016/j.
ecoenv.2014.09.038.

Tetreault, G. R, Kleywegt, S., Marjan, P, Bragg, L., Arlos, M.,
Fuzzen, M., Smith, B., Moon, T., Massarsky, A., Metcalfe, C.,
Oakes, K., McMaster, M. E., & Servos, M. R. (2021). Biological
responses in fish exposed to municipal wastewater
treatment plant effluent in situ. Water Quality Research
Journal of Canada, 56(2), 83-99. https://doi.org/10.2166/
wqrj.2021.031

Yildirim, N. C., Aksu, O, Tatar, S., & Yildirim, N. (2020). The
Use of Astacus leptodactylus (Eschscholtz, 1823) as a Test
Species for Toxicity Evaluation of Municipal Wastewater
Treatment Plant Effluents. Pollution, 6(1), 35-41. https://
doi.org/10.22059/poll.2019.285223.649

Zheng, Q, Feng, M., & Dai, Y. (2013). Comparative antioxidant
responses in liver of Carassius auratus exposed to
phthalates: An integrated biomarker approach.
Environmental Toxicology and Pharmacology, 36(3),
741-749. https://doi.org/10.1016/j.etap.2013.07.008
PMID:23938764

Van der Oost, R, Goksoyr, A, Celander, M., Heida, H., &
Vermeulen, N. P. E. (1996). Biomonitoring of aquatic
pollution with feral eel (Anguilla anguilla). 1| Biomarkers:
Pollution-induced  biochemical responses. Aquatic
Toxicology (Amsterdam, Netherlands), 36(3-4), 189-222.
https://doi.org/10.1016/50166-445X(96)00802-8

WGBEC. (2007). Report of theWorking Group on Biological
Effects of Contaminants. International Council for the
Exploration of the Sea, ICES WGBEC Report, Copenhagen,
Denmark. 18-21.




