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Abstract: The Ergene River is located in the Thrace Region of Turkey and is polluted by industrial
and municipal waste. In the present study, we investigated the genotoxic and cytotoxic effects of
water samples on Gambussia affinis in vivo using the piscine micronucleus (MN) test. Fish were
exposed to 50, 100, 150 and 300 mL L' of water samples for 24 hrs, and MN, nuclear abnormalities
(NA), polychromatic-normachromatic erythrocytes (PCEs/NCEs), and apoptotic erythrocytes were
evaluated. In addition, water samples were analysed to determine the concentrations of the heavy
metals. The results showed that MN, NA, and apoptosis frequencies significantly increase at all
concentrations compared to the control. A significant correlation was found between genotoxicity
endpoints and the concentration of water samples. The PCE-NCE ratio was significantly decreased
at all treatments. The metal content of river water was not associated with the increase in the seasonal
frequency of genotoxicity endpoints. The results indicated that the Ergene River has genotoxic and
cytotoxic effects on erythrocytes of G. affinis in an in-vivo piscine MN test that could be due to
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organic and inorganic effluents.

Introduction

One of the main problems of the industrial areas is
pollution of water resources. If the industrial regions
are near agricultural areas and cities, industrial
effluents, agricultural runoff and urban contaminants
are released into the environment and contaminate
water sources. Hence, these water bodies need to be
evaluated for cytotoxic and genotoxic effects of
pollutants on aquatic organisms (Valko et al., 2005).
Genotoxic contaminants may interact with DNA and
induce mutations, chromosomal alterations, birth
defects, and cancer in vertebrates (Nigro et al., 2002;
Frenzilli et al.,, 2004). Genetic alteration and
mutations may be induced by many contaminants in
the aquatic ecosystems (De Flora et al., 1993). For
monitoring the effects of aquatic ecosystems’
pollution, fish are often suitable models because of
their ability to metabolize xenobiotics and
bioaccumulate pollutants (Al-Sabti and Metcalfe,
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1995). The observed genotoxic effects in fishes’
tissues are related to industrial, agricultural, and
domestic activities (Rajaguru et al., 2003; Ergene et
al., 2007; Summak et al., 2010; Osman et al., 2011;
Radic et al., 2013).

The piscine micronucleus (MN) test is a common
method to assess of the impact of pollution on
aquatic ecosystems. MN, nuclear lesions, and
binuclei are the most frequent parameters as bio-
indicators of the genotoxic effects in fish species
(Osman and Kloas, 2010), and the MN test is
considered one of the most useful methods for
evaluating genotoxicity in aquatic systems (De
Lemos et al., 2001; Andrade et al., 2004; da Silva
Souza and Fontanetti, 2006).
chromosome fragments or whole chromosomes that
lag at cell division due to the lack of a centromere,
damage, or a defect in cytokinesis that are formed by
both clastogenic and aneugenic compounds (Heddle

Micronuclei are
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et al., 1991). Binucleated cells, blebbed, lobed, and
notched nuclei are different forms of morphological
nuclear abnormalities (NAs) described in fish
erythrocytes (Carrasco et al., 1990). These
abnormalities are considered to be indicators of the
genotoxic damage (Ergene et al., 2007).

It is important to assess cytotoxic effect of
pollutants beside genotoxic effects on living
organisms. The cytotoxic effect of chemicals are
assessed using the polychromatic erythrocyte-
normachromatic erythrocyte (PCE-NCE) ratio,
which reflects inhibition of cell division and
maturation of nucleated erythropoietic cells
(Kirkland, 1990). Measuring the PCE-NCE ratio is
an approved method in erythrocytes of fishes
(Kirkland, 1990; Randalli and Farrell, 1992; Cavas,
2008). Also, it has been employed to visualize DNA
degradation due to apoptosis (Olive et al., 1993;
Singh, 2000; Osman et al., 2012), which is a form of
nuclear destruction in which the nucleus
disintegrates and nuclear fragments are formed
(Lawrence and Hemingway, 2003). If the damage
produced reaches a high level, it can lead to cell
apoptosis (Hao et al., 2009; Osman et al., 2012).

The water of the Ergene River, in the Thrace
region of Turkey, is mostly used for agricultural
purposes although it runs in an industrial area.
Pollution of the River Ergene continues as a
consequence of increasing agricultural, industrial,
and domestic effluents. For this reason, continuous
monitoring of its water quality is necessary, and
therefore, many data have been regularly recorded
on the status of this river. However, there are no
known data available regarding the genotoxic and
cytotoxic effects of pollutants on its aquatic
organisms using the in-vivo piscine MN assay or
other genotoxicity techniques.

Therefore, we investigated the cytotoxic and
genotoxic effects of the water of the Ergene River on
mosquito fish, Gambussia affinis under laboratory
conditions using the piscine MN test. MN, NA:s,
apoptosis, and the PCE-NCE ratio are determined in
erythrocytes after exposure of G. affinis to the
Ergene River water sampled from two stations.

Materials and Methods

Study area and water samples: The Ergene River is
located in the middle of the Thrace Region of
Turkey. Industrial, agricultural, and domestic
regions are located along the river, and consequently
a large volume of the industrial, agricultural, and
domestic wastes contaminate this river. The Ergene
River origins from the Istranca Mountain in Tekirdag
City. It drians to the Saroz Gulf and then to the
Aegean Sea after conneting to the Meric River. Its
length is 283 km with a basin of 11,000 km?, and its
water potential is 1.71 billion m? per year (domestic
waste water, 230,000 m3/day; industrial waste water,
330,000 m*/day).

Two stations, including station 1, Cerkezkoy,
41°17'00"N, 28°00°00"E and station 2, Muratli,
41°1027"N-27°30'31"E, were selected along the
Ergene River. Both sampling stations were located
near the industrial and residential areas. The water
samples were collected in September, December,
March, and June, 2014.

Chemical analyses of water samples: W ater samples
were taken manually with a horizontal water bottle
and kept in dark containers at low temperature before
transporting to the laboratory. Measurements were
done within one day. For measuring dissolved
metals, the samples were filtered through a 0.45 pm
membrane filter and acidified with HNO3 (pH<2).
Element quantification was achieved by inductively
coupled plasma mass spectrometry (ICP-MS)
according to EPA 2008. Average values of three
replicates were taken for each measurement.

Test organisms: Gambusia atfinis (Cyprinodonti-
formes; Poeciliidae) were collected from the Balkan
Campus (41°38'45"N, 26°3721"E) in Edirne,
Turkey, by a fish trap. The fish were transferred to
the laboratory and kept in continuously aerated glass
aquaria (100 L) for 2 weeks before the experiment.
Dissolved oxygen, pH and temperature of the
aquarium water were monitored daily. The weight
and length of the specimens were 0.1410.1
(meantSD) g and 23.9%+3.5 (meantSD) mm,
respectively.

Experimental design: Before the experiment, fish
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were kept in an aquarium (100 L) at 20-21°C. Fish
were then introduced into aquaria containing
dechlorinated tap water (as control) and four
different concentrations of Ergene River’s water
samples (50, 100, 150 and 300 mL L‘l) for 24 hours
exposure periods. Five specimens were tested at each
treatment with three replicates.

Analysis of micronuclei, nuclear abnormalities and
apoptosis: Fish erythrocytes were analysed for
micronuclei, NAs (notched, lobed, and blebbed
nuclei), PCE-NCE ratio, micro- and bi-nucleated
cells and apoptosis. Slides were prepared according
to Ueda et al. (1992). Briefly, peripheral blood
samples were obtained from the caudal vein of the
specimens and smeared on clean slides. Cells were
dried overnight, fixed with absolute methanol for 5-
10 min, and stained with acridine orange (0.01 g/100
mL) in Sorensen’s phosphate buffer. Three slides
were prepared from each fish, and 2000 cells were
observed from different slides for each fish. The
frequency of the abnormalities was determined in
erythrocytes under 100X magnification in a fluore-
scence BX51 microscope according to Carrasco et
al. (1990). The slides were coded and randomized
prior to scoring for MN, NA, apoptosis, and PCE-
NCE ratios.

NAs were classified according to Carrasco et al.
(1990). Erythrocytes that had a small evagination of
the nuclear membrane were classified as blebbed
nuclei. Erythrocytes with evaginations larger than
those of blebbed nuclei and with several lobes were
classified as lobed nuclei. Nuclei with vacuoles and
an appreciable depth into a nucleus that did not
contain nuclear material were recorded as notched
nuclei. Micronuclei were considered as circular,
non-refractive, small chromatin bodies showing the
same staining pattern as the main nucleus (Al-Sabti
and Metcalfe, 1995). Micronuclei with one-third or
one-fifth’s the diameter of the main nucleus with
same colour, refraction, and texture of the main
nucleus, were counted as micronuclei. Unmature
erythrocytes containing ribosomes in their cyto-
plasm were considered PCEs. Mature erythrocytes
without ribosomes in their cytoplasm were

considered NCEs. PCE:s stain differently from NCEs
because of the RNA in the cytoplasm that reflects
acridine orange with a reddish colour. Decreases in
the proportion of PCE to NCE were considered as
indicators of induced cytotoxicity (Suzuki et al.,
1989). PCE frequency was calculated based on
Pacheo and Santos (2002) as:
PCE frequency (%)=[No.PCEs/(No.PCEs+NCEs)]x100.

The condensed or fragmented erythrocytes were
considered apoptotic cells.
Statistical analysis: Student’s t-test was used to
compare differences between two groups. Multiple
comparisions were performed using one-way
analiysis of variance. Correlations between total
heavy metal content and frequencies of MN,
PCE/NCE, and NAs were analysed using linear
regression. Pearson correlation coefficients were
calculated to compare concentration increases with
genotoxicity endpoints and the relation amoung
genotoxicity endpoints; MN, NA, PCE/NCE,
apoptosis. In all cases, P<0.05 was considered as the
accepted significance level. Statistic analysis were
performed using SPSS software (version 22).

Results

Mean values of genotoxicity and cytotoxicity
endpoints at both stations and the significance of
comparisions with the negative control (P<0.01) are
shown in Table 1. The results showed that MN and
NAs were significantly increased due to a genotoxic
effect. The frequencies of the observed parameters
among seasons are not included in Table 1 as the
endpoints showed no correlation. Fish in treatments
of the station 1 were alive after 24 hrs exposure
period, whereas all fish of the tratments at station 2
died during the spring and summer. The frequencies
of genotoxicity endpoints were not significantly
different among seasons. The results of the poly-
chromatic and normachromatic cell and apoptotic
cells are shown in Figure 1.

The correlation between concentrations of tested
river water samples and MN, NA, and apoptosis are
shown in Figure 2. Water samples taken from station
1 had a significant correlation between concentration



Int. J. Aquat. Biol. (2016) 4(5): 330-339 333

Table 1. Frequencies of MN, PCE/NCE, total NA and apoptosis after exposure to 50,100,150 and 300 mL L! concentrations of the Ergene River
water in erythrocytes of Gambusia affinis.

Group Station Parameters -
MN PCE/NCE Total NA Apoptosis
(-) Control 0.38+0.09 2.18+0.08 11.36+2.34 24.53+3.36
(+) Control 5.46+0.4*** 0.16+0.02*** 26.47+1.38*** 242.01£4.37***
50 mL/L 1 1.20+0.68 0.65+0.11*** 10.47+2.34 115.92+30.34*
2 0.98+0.26* 0.72+0.08*** 10.58+1.38 79.855+30.19*
100 mL/L 1 3.41+0.87** 0.45+0.09*** 17.73+1.86 173.59+30.12**
2 2.26+0.99* 0.46+0.11*** 25.20+4.08* 141.07+45.27*
150 mL/L 1 4.66+0.61*** 0.30+0.09*** 19.7442.09* 216.80+30.26***
2 3.6416.06*** 0.30+0.08*** 19.61+1.44 183.97+36.37**
300 mL/L 1 5.32+0.51*** 0.25+0.03*** 23.67+0.86** 259.34+15.04***
2 5.56+1.04** 0.18+0.07*** 24.83+0.33* 251.42+38.22***

Values marked with *, ** and *** represent P values of <0.05, <0.01 and P<0.001, respectively, in relation
to the negative control using t-test. Values presented as MeantSE; MN: micronucleus; PCE/NCE: polychromatic
erythrocyte/normachromatic erythrocyte; NA: nuclear abnormalities (notched, lobed and budding nuclei);
cyclophosphamide (5 mg L™): positive control.

Figure 1. Apoptotic cells, polychromatic and normachromatic erythrocytes of Gambusia affinis stained with Acridine Orange (black arrow:
normal erythrocyte; datted arrow: apoptotic erythrocyte; white arrow: polychromatic erythrocyte; arrowhead: normachromatic erythrocyte).

and MN (R=0.898*, P=0.038), NA (R=0.909%*,
P=0.032), and apoptosis (0.899*%, P=0.038) in
G. affinis erythrocytes under laboratory conditions.
These significant correlations were also obtained

with the water samples of station 2 between
concentration and MN (R=0.987**, P=0.002) and
apoptosis (R=0.945*, P=0.015). Apoptosis was
showed a significant correlation with NA (R=0.906,
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Table 2. Physical and chemical properties of mean values of water samples collected at different seasons from the Ergene River and their limit
values (Class I) according to Turkish Water Pollution Control Regulation (2008).

Measured parameters Station 1 Station 2 Limit values
pH 7.9 8.1 6.5-8.5
Temperature (°C) 22 24 25
Al (ug 1Y) 204.583 347.474 300
Cr (ug I'Y 10.034 15.330 20
Mn (ug I) 210.662 304.774 100
Fe (ug IY) 187.383 232.163 300
Co (ug IY) 1.539 1.656 10
Ni (ug 1Y) 8.991 13.531 20
Cu (ug I'Y) 25.707 30.857 1000
Zn (ug 1) 57.168 28.272 200
As (ug I) 14.502 18.486 20
Cd (ug I'Y) 0.804 1.136 3
Ba (ug I'Y) 55.854 74.861 1000
Pb (ug I) 3.192 2.248 10
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Figure 2. Frequencies of MN, NA, PCE/NCE, and apoptosis after exposure of the Ergene River water on Gambussia affinis.

P=0.034), MN (R=0.97, P=0.006), and PCE/NCE
(R=-0.89, P=0.043) for samples from station 1 and
MN (R=0.972, P=0.006) and PCE/NCE (R=-0.874,
P=0.05) for samples of station 2.

The results of the metal and non-metal analysis of
water samples in both stations are shown in Table 2.

The concentration of metals was not significantly
different between stations except Cr (P=0.03) and
Rb (P=0.03). Table 2 also shows the limit values of
pollutants established by the Turkish Water
Pollution Control Regulation (2004). The physical
and chemical properties of the water samples were
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under or near Class I limit values according to the
Turkish Water Pollution Control Regulation (2004)
(Ministry of Environmental and Urban Planning
(MEUP), 2004). There were no correlations between
stations for metal concentration and abnormalities.
Pearson’s correlation showed no significant
correlation concentrations and NA frequencies or
MN.

Discussion

The results showed a higher incidence of MN and
NAs in erythrocytes of G. affinis exposed to different
concentrations of the Ergene River water under
laboratory conditions. Similar results were obtained
in environmental toxicology studies with such
frequencies being significantly elevated with an
increasing pollution gradient (Osman et al., 2011).
The researchers observed that micronuclei are
induced in the fishes inhabiting polluted sites
compared to those of clean river systems (Al-Sabti
and Hardig, 1990; Pietripiana et al., 2002;
Bagdonas et al., 2003; Rodriguez-Cea et al., 2003;
Bombail et al., 2001; Cavas and Ergene-Gozukara,
2005). It is known that MN formation as well as the
induction of NA are considered to be the
consequence of genotoxic events in fish (Metcalfe,
1988; Pacheo and Santos, 2002). MN and NA
frequencies observed in the present study indicate
that the Ergene River water has a potential genotoxic
effect on its fish fauna.

The Ergene River basin is located near an
industrial region including textile chemistry,
domestic metal and mine industries and factory
effluents and may contain metals, such as Cu, Cr, Ni,
Cd, Pb and Zn (Chino et al., 1991; Aonghusa and
Gray, 2002; Cavas and Ergene-Gozukara, 2003;
Manzoor et al., 2006). It is known that metals found
in polluted water have a potential genotoxic effect on
aquatic organisms (Hei and Filipic, 2004; Barbosa et
al., 2010; Summak et al., 2010). Toxic metals and
their interactions with other compounds present in
effluents may have genotoxic effects on living
organisms, and metals in a mixture may have
additive chronic toxicity compared to their

individual effects (Enserink et al., 2003). Guner and
Muranli (2011) showed that nuclear abnormalities
were significantly induced in erythrocytes of
G. affinis when fish were exposed to Cu and Cd in
combination.

In the present study, there was no significant
correlation between metal concentrations in water
samples and MN or NA frequencies. As shown by
the metal analyses of water for both stations 1 and 2
(Class I quality water, according to Turkish Water
Pollution Control Regulation (2004)), metal
concentrations were found under limit concentra-
tions MEUP, 2004). In addition, we found no
correlation between metal concentration and MN,
PCE/NCE, or NAs. The results are in agreement with
Ergene et al. (2007) that found no significant
correlations between metal concentrations and
genotoxicity endpoints in erythrocytes of Nile tilapia
(Oreochromis niloticus) exposed to Berdan River
water for different time periods (Ergene et al., 2007).
Their result also revealed that MN and NA
frequencies were significantly increased, although
the chemicals properties of the Berdan River within
the limit values according to the Turkish Water
Pollution Control Regulation (Ergene et al., 2007).

An increase of MN, PCE/NCE, and NAs may
indicate the presence of large quantities of organic
and inorganic pollutants in river water due to
industrial, domestic and agricultural runoff (Osman
and Kloas, 2010; Summak et al., 2010). It is known
that genetic aberrations cannot be attributed to a
single agent due to the constitution of a complex
mixture (Donbak et al., 2005). Municipal effluents
are recognized as a major source of many environ-
mental contaminants, including polyaromatic
hydrocarbons, pesticides, steroids, and metals
(Gagne et al., 2006). White and Rasmussen (1998)
noted that despite the noteworthy genotoxicity of
some industrial wastewater, domestic wastewater
constitutes a greater genotoxic hazard to aquatic
systems and their associated biota (White and
Rasmussen, 1998). An ecological risk assessment of
polluted waters is difficult due to antagonistic or
synergistic effects of a mixture of contaminants. Our
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results are in accordance with the other
investigations that MN and NA frequencies
increased as the river water concentrations
increased; this may have been due to other genotoxic
chemicals and organic pollutants present in the
Ergene River water.

The results showed a significant negative
correlation between PCE/NCE ratio and apoptotic
cell frequency; the PCE-NCE ratio significantly
decreased at all treatments. Homeostasis is provided
by erythropoiesis and destruction of erythrocytes.
New erythrocytes are continuously entering the
circulatory system, and defeat erythrocytes are
destroyed at the same rate (Randalli and Farrell,
1992). Assessment of the PCE-NCE ratio can
provide evidence of exposure to toxic substances. It
is known that PCEs are immature erythrocytes that
have ribosomes in the cytoplasm, and that NCEs are
mature erythrocytes that lack ribosomes in the
cytoplasm (Kirkland, 1990). Inhibition of maturation
of nucleated erythropoietic cells causes a decrease in
the PCE-NCE ratio. Reductions in the proportion of
PCE/NCE are considered to be indicators of
mutagen-induced cytotoxicity (Suzuki et al., 1989).
The results of the present study indicated that Ergene
River water has cytotoxic effects due to a significant
reduction in the PCE-NCE ratio, and this reduction
1s strongly correlated with the induction of apoptosis.

Although water quality monitoring studies
involves measurements of physical-chemical
parameters, biological monitoring has become
essential as it reveals the harmful effects of noxious
chemicals and can indicate risk to the environment
and human health (Ternjej et al., 2013). In the
present study, we did not perform detailed chemical
analyses of the Ergene River water, since the
Ministry of Environmental and Urban Planning
(MEUP) investigates the Ergene River on a regular
basis. Based on the criteria of dissolved oxygen,
chemical oxygen demand, biological oxygen
demand, sulphate, chlorine, sulphur, and sodium,
class IV water quality for this river is considered
(MEUP, 2014). A high concentration of sulphate as
reported for this river, strongly interferes with the

biogeochemical cycling of iron and phosphorus and
can lead to eutrophication, which further enhances
toxicity (Lamers et al., 2002; Geurts et al., 2009). It
is known that sulphates present an ecotoxicological
risk (Mihaljevic et al., 2011; Stankovic et al., 2011).
In addition to the potential mutational effect related
to the complex mixtures, there are other possible
problems for resident organisms that could produce
alarming indices of organic wastes and result in the
death of various fish species (Batzias and Siontorou,
2006). In the present study, death of fish after
exposure to river water taken during spring and
summer may be due to low concentrations of
chemical and biological oxygen demand, sulphur,
and sulphate concentrations that has been indicated
in Class IV water quality (MEUP, 2014).

In the present study, the polynucleated
erythrocytes of G. affinis were the most frequent
abnormalities ~ with  exposure  to  higher
concentrations of riverine water. Polynucleated cells
were found to cause apoptosis of the cells due to
DNA degradation. Apoptosis is a form of nuclear
destruction in which the nucleus disintegrates and
nuclear fragments are formed; apoptosis occurs both
naturally and in response to chemically-induced
cellular damage (Lawrence and Hemingway, 2003).
The results also showed a positive correlation
between apoptosis and concentration and between
apoptosis and the other genotoxicity endpoints i.e.
MN and NA. The apoptotic effect of water pollution
on fish erythrocytes has been previously investigated
(Omar et al., 2012; Osman et al., 2012; Walia et al.,
2013). Metals, such as iron, copper, and zinc lead to
DNA fragmentation (Razzaque, 2007), and
fragmentation patterns may involve more than one
mechanism leading to cell death and inducing
apoptosis and/or necrotic cell death (Razzaque,
2007; Omar et al., 2012). Similarly, in the present
study the high incidence of MN, NA, and
polynucleated cells that could cause cell death
showed that the Ergene River has a genotoxic effect,
leading to cytotoxicity and apoptosis.

The effects of chemical interactions and the
influence of complex matrices on toxicity cannot be
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determined from chemical test alone (Polard et al.,
2011; Radic et al., 2013). In the present study, we
concluded that genotoxic and cytotoxic effects of the
Ergene River may be due to chemical interactions
and these interactions and toxicity mechanisms
cannot be predicted by solely measuring physical,
chemical, organic, and inorganic components of the
water.
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the ethical standards of the institution or practice at
which the studies were conducted (TUHDYEK-
2013/22).

Acknowledgements

This study was funded by The Scientific and
Technological Research Council of Turkey-
TUBITAK (1919B011300445).

References

Al-Sabti K., Hardig J. (1990). Micronucleus test in fish
for monitoring the genotoxic effects of the industrial
waste products in the Baltic Sea, Sweden.
Comparative Biochemistry and Physiology Part C,
Comparative Pharmacology and Toxicology, 97: 179-
182.

Al-Sabti K., Metcalfe C.D. (1995). Fish Micronuclei for
Assessing Genotoxicity in Water. Mutation Research-
Genetic Toxicology, 343: 121-135.

Andrade V.M., Silva J., Silva F.R., Heuser V.D., Dias
J.F.,, Yoneama M.L., Freitas T.R. (2004). Fish as
bioindicators to assess the effects of pollution in two
southern Brazilian rivers using the Comet assay and
micronucleus test. Environmental and Molecular
Mutagenesis, 44: 459-468.

Aonghusa C.N., Gray N.F. (2002). Laundry detergents as
a source of heavy metals in Irish domestic wastewater.
Journal of Environmental Sciences Health A — Toxic/
Hazardous Substances Environmental Engineering,
37: 1-6.

Bagdonas E., Dukelskis E., Lazutka J. (2003). Frequency
of micronuclealted erythrocytes in wild fish from
natural freshwater body. Ekologija, 1: 67-71.

Barbosa J.S., Cabral T.M., Ferreira D.N., Agnez-Lima
L.F., de Medeiros S.R. (2010). Genotoxicity
assessment in aquatic environment impacted by the

presence of heavy metals. Ecotoxicology and
Environmental Safety, 73: 320-325.

Batzias F.A., Siontorou C.G. (2006). A knowledge-based
approach  to  environmental  biomonitoring.
Environmental Monitoring Assessment, 123: 167-
197.

Bombail W., Aw D., Gourdon E., Batty J. (2001).
Application of the comet and micronucleus assays to
butterfish (Pholis gunnelus) erythrocytes from the
Firth of Forth, Scotland. Chemosphere, 44: 383-392.

Carrasco K.R., Tilbury K.L., Myers M.S. (1990).
Assessment of the piscine micronucleus test as an
insitu biological indicator of chemical contaminant
effects. Canadian Journal of Fisheries and Aquatic
Sciences, 47: 2123-2136.

Cavas T. (2008). In vivo genotoxicity of mercury chloride
and lead acetate: Micronucleus test on acridine orange
stained fish cells. Food and Chemical Toxicology, 46:
352-358.

Cavas T., Ergene-Gozukara S. (2003). Micronuclei,
nuclear lesions and interphase silver-stained nucleolar
organizer regions (AgNORs) as cyto-genotoxicity
indicators in Oreochromis niloticus exposed to textile
mill effluent. Mutation Research, 538: 81-91.

Cavas T., Ergene-Gozukara S. (2005). Micronucleus test
in fish cells: a bioassay for in situ monitoring of
genotoxic pollution in the marine environment.
Environmental and Molecular Mutagenesis, 46: 64-
70.

Chino M., Moriyama K., Saito H., Morn T. (1991). The
amount of heavy metals derived from domestic
sources in Japan. Water, Air, and Soil Pollution, 57-
58: 829-837.

da Silva Souza T., Fontanetti C.S. (2006). Micronucleus
test and observation of nuclear alterations in
erythrocytes of Nile tilapia exposed to waters affected
by refinery effluent. Mutation Research, 605: 87-93.

De Flora S., Vigano L., D'Agostini F., Camoirano A.,
Bagnasco M., Bennicelli C., Melodia F., Arillo A.
(1993). Multiple genotoxicity biomarkers in fish
exposed in situ to polluted river water. Mutation
Research, 319: 167-177.

De Lemos C.T., Rodel P.M., Terra N.R., Erdtmann B.
(2001). Evaluation of basal micronucleus frequency
and hexavalent chromium effects in fish erythrocytes.
Environmental Toxicology and Chemistry, 20: 1320-
1324.

Donbak L., Rencuzogullari E., Yavuz A., Topaktas M.



338 Kanev et al./ Genotoxic evaluation of the Ergene River, Turkey, on Gambussia affinis

(2005). The genotoxic risk of underground coal
miners from Turkey. Mutation Research, 588: 82-87.

Enserink E.L., Maas-Diepeveen J.L., Van Leeuwen C.J.
(2003). Combined effects of metals; an
ecotoxicological evaluation. Water Research, 25: 679-
687.

Ergene S., Cavas T., Celik A., Koleli N., Aymak C.
(2007). Evaluation of river water genotoxicity using
the piscine micronucleus test. Environmental and
Molecular Mutagenesis, 48: 421-429.

Frenzilli G., Scarcelli V., Del Barga I., Nigro M., Forlin
L., Bolognesi C., Sturve J. (2004). DNA damage in
eelpout (Zoarces viviparus) from Goteborg harbour.
Mutation Research, 552: 187-195.

Gagne F., Blaise C., Andre C. (2006). Occurrence of
pharmaceutical products in a municipal effluent and
toxicity to rainbow trout (Oncorhynchus mykiss)
hepatocytes. Ecotoxicology and Environmental
Safety, 64: 329-336.

Geurts J.J.M., Sarneel J.M., Willers B.J.C., Roelofs
J.G.M., Verhoeven J.T.A., Lamers L.P.M. (2009).
Environmental interacting effects of sulfate
pollution,sulphide toxicity and eutrophication on
vegetation development in fens: a mesocosm
experiment. Environmental Pollution, 157: 2072-
2081.

Guner U., Muranli F.D.G. (2011). micronucleus test,
nuclear abnormalities and accumulation of Cu and Cd
on Gambusia aftinis (Baird & Girard, 1853). Turkish
Journal of Fisheries and Aquatic Sciences, 11: 615-
622.

Hao H., Lei F., Nancai Y., Wen S., Xiaojuan Q. (2009).
The single-cell gel electrophoresis assay to determine
apoptosis induced by siRNA in Colo 320 cells.
African Journal of Biotechnology, 8: 3731-3733.

Heddle J.A., Cimino M.C., Hayashi M., Romagna F.,
Shelby M.D., Tucker J.D., Vanparys P., MacGregor
J.T. (1991). Micronuclei as an index of cytogenetic
damage: past, present, and future. Environmental and
Molecular Mutagenesis, 18: 277-291.

Hei T.K., Filipic M. (2004). Role of oxidative damage in
the genotoxicity of arsenic. Free Radical Biology and
Medicine, 37: 574-581.

Kirkland D.J. (1990). Basic Mutagenicity Tests.
UKEMS. 144 p.

Lamers L.P.M., Falla S. J., Samborska E.M., van Dulken
L.A.R., van Hengstum G., Roelofs J.G.M. (2002).
Factors controlling the extent of eutrophication and

toxicity in sulfate-polluted freshwater wetlands.
Limnology and Oceanography, 47: 585-593.

Lawrence A.J., Hemingway K.L. (2003). Effects of
pollution on fish: molecular effects and population
responses, Wiley-Blackwell. 376 p.

Manzoor S., Shah M.H., Shaheen N., Khalique A., Jaffar
M. (2006). Multivariate analysis of trace metals in
textile effluents in relation to soil and groundwater.
Journal of Hazardous Materials, 137: 31-37.

Metcalfe C.D. (1988). Induction of micronuclei and
nuclear abnormalities in the erythrocytes of mud
minnows (Umbralimi) and brown bullheads (/ctalurus
nebulosus). Bulletin of Environmental Contamination
and Toxicology, 40: 489-495.

Mihaljevic Z., Ternjej 1., Stankovic 1., Ivkovic M.,
Zeljezic D., Mladinic M., Kopjar N. (2011).
Assessment of genotoxic potency of sulfate-rich
surface waters on medicinal leech and human
leukocytes using different versions of the Comet
assay. Ecotoxicology and Environmental Safety, 74:
1416-1426.

MEUP (Ministry of Environmental and Urban Planning)
(2004). Turkish water pollution control regulation. 55.

MEUP (Ministry of Environmental and Urban Planning)
(2014). Ergene basin water quality monitoring report
at spring semester.

Nigro M., Frenzilli G., Scarcelli V., Gorbi S., Regoli F.
(2002). Induction of DNA strand breakage and
apoptosis in the eel Anguilla anguilla. Marine
Environmental Research, 54: 517-520.

Olive P.L., Frazer G., Banath J.P. (1993). Radiation-
induced apoptosis measured in TK6 human B
Iymphoblast cells using the comet assay. Radiation
Research, 136: 130-136.

Omar W.A., Zaghloul K. H., Abdel-Khalek A.A., Abo-
Hegab S. (2012). Genotoxic effects of metal pollution
in two fish species, Oreochromis niloticus and Mugil
cephalus, from highly degraded aquatic habitats.
Mutation Research, 746: 7-14.

Osman A.G., Abuel-Fadl K.Y ., Kloas W. (2012). In situ
evaluation of the genotoxic potential of the river Nile:
II. Detection of DNA strand-breakage and apoptosis
in Oreochromis niloticus niloticus (Linnaeus, 1758)
and Clarias gariepinus (Burchell, 1822). Mutation
Research, 747: 14-21.

Osman A.G.M., Abd El Reheem A. M., Moustafa M.A.,
Mahmoud U.M., Abuel-Fadl K.Y., Kloas W. (2011).
In situ evaluation of the genotoxic potential of the



Int. J. Aquat. Biol. (2016) 4(5): 330-339 339

river Nile: I. Micronucleus and nuclear lesion tests of
erythrocytes of Oreochromis niloticus niloticus
(Linnaeus, 1758) and Clarias gariepinus (Burchell,
1822). Toxicological and Environmental Chemistry,
93: 1002-1017.

Osman A.G.M., Kloas W. (2010). Water quality and
heavy metal monitoring in water, sediments, and
tissues of the African catfish Clarias gariepinus
(Burchell, 1822) from the River Nile, Egypt Journal of
Environmental Protection, 1: 389-400.

Pacheo S., Santos M.A. (2002). Biotransformation,
genotoxic, and histopathological effects of
environmental contaminants in European eel
(Anguilla anguilla L.). Ecotoxicological
Environmental Safety, 53: 331-347.

Pietripiana D., Modena M., Guidetti P., Falugi C., Vacchi
M. (2002). Evaluating the genotoxic damage and
hepatic tissue alterations in demersal fish species: A
case study in the Liguarian Sea (NW Mediterranean).
Marine Pollution Bulletin,, 44: 238-243.

Polard T., Jean S., Merlina G., Laplanche C., Pinelli E.,
Gauthier L. (2011). Giemsa versus acridine orange
staining in the fish micronucleus assay and validation
for use in water quality monitoring. Ecotoxicological
Environmental Safety, 74: 144-149.

Radic S., Gregorovic G., Stipanicev D., Cvjetko P., Srut
M., Vujcic V., Orescanin V., Vinko Klobucar G.I.
(2013). Assessment of surface water in the vicinity of
fertilizer  factory using fish and plants.
Ecotoxicological Environmental Safety, 96: 32-40.

Rajaguru P., Suba S., Palanivel M., Kalaiselvi K. (2003).
Genotoxicity of a polluted river system measured
using the alkaline comet assay on fish and earthworm
tissues. Environmental and Molecular Mutagenesis,
41: 85-91.

Randalli D.J., Farrell A.P. (1992). Fish physiology: the
cardiovascular system, William Steward Hoar, Part B.
Academiz Press, Inc.,, 12: 9.

Razzaque M.S. (2007). Cisplatin nephropathy: is
cytotoxicity avoidable? Nephrol Dial Transplant, 22:
2112-2116.

Rodriguez-Cea A., Ayllon F., Garcia-Vazquez E. (2003).
Micronucleus test in freshwater fish species: An
evaluation of its sensitivity for application in field
surveys. Ecotoxicological Environmental Safety, 56:
442-450.

Singh N.P. (2000). A simple method for accurate
estimation of apoptotic cells. Experimental Cell

Research, 256: 328-337.

Stankovic 1., Ternjej 1., Mihaljevic Z., Furac L., Kerovec
M. (2011). Crustacean plankton community
(Crustacea: Copepoda and Cladocera) in gypsum karst
lakes and their relation to abiotic parameters.
Hydrobiologia, 666: 145-153.

Summak S., Aydemir N.C., Vatan O., Yilmaz D., Zorlu
T., Bilaloglu R. (2010). Evaluation of genotoxicity
from Nilufer Stream (Bursa/Turkey) water using
piscine micronucleus test. Food and Chemical
Toxicology, 48: 2443-2447.

Suzuki Y., Nagae Y., Li J., Sakaba H., Mozawa K.,
Takahashi A., Shimizu H. (1989). The micronucleus
test and erythropoiesis. Effects of erythropoietin and a
mutagen on the ratio of polychromatic to normo-
chromatic erythrocytes (P/N ratio). Mutagenesis, 4:
420-424.

Ternjej 1., Gaurina Srcek V., Mihaljevic Z., Kopjar N.
(2013). Cytotoxic and genotoxic effects of water and
sediment samples from gypsum mining area in
channel catfish ovary (CCO) cells. Ecotoxicological
Environmetal Safety, 98: 119-127.

Ueda T., Hayashi M., Ohtsuka Y., Nakamura T.,
Kobayashi J., Sofuni T. (1992). A preliminary-study
of the micronucleus test by acridine-orange
fluorescent staining compared with chromosomal
aberration test using fish erythropoietic and
embryonic-cells. Water Science and Technology, 25:
235-240.

Valko M., Morris H., Cronin M.T. (2005). Metals,
toxicity and oxidative stress. Current Medicinal
Chemistry, 12: 1161-1208.

Walia G.K., Handa D., Kaur H., Kalotra R. (2013).
Erythrocyte abnormalities in a freshwater fish, Labeo
rohita exposed to tannery industry effluent.
International Journal of Pharmacy and Biological
Science, 3: 287-295.

White P.A., Rasmussen J.B. (1998). The genotoxic
hazards of domestic wastes in surface waters.
Mutation Research, 410: 223-236.



