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Abstract:

Haematological and genotoxicological parameters of the Levant green frog Pelophylax bedriagae (Cam-
erano, 1882) and the Western Caspian turtle Mauremys rivulata (Valenciennes, 1833) were studied. These
species inhabited two sites with differing water quality in the Sarigay Stream passing through the city
centre of Canakkale, Tiirkiye. We examined whether the two species were affected by the water quality
classes identified based on physical and chemical properties of the water. Statistically significant differ-
ences were found between the two sites in terms of the frequencies of micronucleus, lobbed, notched,
kidney-shaped and blebbed nuclei, as well as total nuclear abnormality in Pelophylax bedriagae. More-
over, a higher rate of nuclear abnormalities was observed at the more polluted site, classified as water
quality class IV. Statistically significant differences were observed in the haematocrit value, percentages
of lymphocytes, eosinophils, heterophils and basophils, erythrocyte width and frequencies of lobbed and
kidney—shaped nuclei as well as the heterophil/lymphocyte ratio, often used as a stress indicator, in Mau-
remys rivulata. In this species, it was determined that parameters other than lymphocyte and eosinophil
percentages were higher in specimens from the more polluted site.

Key words: Pelophylax bedriagae, Mauremys rivulata, MICRONUCLEUS TEST, Blood Parameters, Canakkale.

. pollution and has become a great threat to aquatic
Introduction life (EGEMEN 2000, SELvI 2006).
Overpopulation, urbanisation, industrialisation, The presence of many pollutants affecting the

water pollution due to chemical wastes, pesticides
use and other environmental pollutants are the main
reasons of the formation of environmental prob-
lems (DoGan 2002, UysaL & TosunoGLu 2012,
COrDUK et al. 2018, GUL et al. 2019). In addition,
the discharge of domestic and industrial wastes into
streams without treatment increases the extent of
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quality of Canakkale’s water resources (AKBULUT
et al. 2006). The causes of water pollution in the
province are waste generated by the city and the
wastewater discharged by industrial enterprises lo-
cated in the coastal regions (ILGAR 2000, AKBULUT
et al. 2006). Agricultural activities surrounding the
Atikhisar Dam, the largest source of drinking water
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in Canakkale and Saricay Stream were observed to
result in the entry of pesticides used in these areas
into the river (Kaya 2007). In addition, it was stat-
ed that the concentrations of certain heavy metals
detected in the coastal streams within the province
exceeded the recommended threshold values (ILGAR
2000). The impacts of heavy metal concentrations
in Saricay Stream on certain macroinvertebrate and
frog species have been assessed, but their effects on
other aquatic species remain unknown (SerLvi 2006,
Kava 2007, BoraN & GUL 2021).

Anthropogenic pollutants have a direct impact
on the hematology of living organisms, resulting in
alterations in the form and function of both erythro-
cytes and leukocytes (BEYNON et al. 1992, BROWNE
2004). Previous studies reported that heavy metals
exhibited toxic effects, including immune system
impairment and haematological disorders, such as
erythrocyte destruction, leukocytosis and devia-
tions in haematocrit, haemoglobin, MCV and MCH
values in aquatic animals (JAVED & Usmant 2012,
ZHELEV et al. 2017, WuUESINGHE 2018). Thus, it was
reported that blood profiles were good indicators
for determining the health status of species (Ivanc
et al. 2005). Haematological parameters play a cru-
cial role in assessing environmental risks and health
effects associated with potentially toxic chemicals
and serve as important indicators for implementing
precautionary measures and acting as early warn-
ing signals in polluted areas (SALiNasS et al. 2015,
PoLLo et al. 2016, ZHELEV et al. 2017).

Physical, chemical and biological environ-
mental pollutants found in the ecosystems of liv-
ing organisms can damage their genetic materials
(COrDUK et al. 2018). In recent years, the Micronu-
cleus Test, which is one of the in vitro genotoxicity
tests and is used to assess the impact of environ-
mental pollutants on various species, has been in-
creasingly employed to detect nuclear abnormali-
ties such as micronucleus, kidney-shaped nucleus,
lobbed nucleus, notched nucleus, and blebbed nu-
cleus (ERGENE et al. 2007, GUILHERME et al. 2008,
NAPIERSKA 2009, STRUNJAK—PEROVIC et al. 2010,
DAR et al. 2016, COrRDUK et al. 2018, OzGuL et al.
2020).

This study focused on the effects of water qual-
ity on P. bedriagae and M. rivulata in the Sarigay
Stream, an area known for its exposure to environ-
mental pollutants. Haematological and genotoxico-
logical analyses were conducted to determine the
impacts. This study is the first to reveal the effects
of pollutants in this stream on some aquatic herptile
species, specifically in terms of genotoxicology and
hematology parameters.
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Materials and Methods

P. bedriagae (Levant Green Frog) and M. rivulata
(Western Caspian Turtle) specimens used in this
study were collected from the two sites of Sarigay
Stream located in Canakkale province (Fig.1C).
Previous studies found that the Atikhisar Dam was
classified as Class I, indicating high water quality,
while the Sarigay Stream fell within the Class 11—
IIT category, representing moderate water quality.
Saricay, a stream passes through the city center, is
polluted due to industrial and domestic waste. It was
reported that the pollution in the stream increased
towards the city center with previous studies (ILGAR
2000, AKBULUT 2006, KaYa 2007). For this reason,
the part of Sarigay close to the city centre was se-
lected as Site I (40° 8°21.35” N, 26°28’54.29” D,
Fig. 1A) and the Atikhisar Dam was selected as Site
IT (40° 7°58.37” K, 26°30°35.08” D, Fig. 1B).

Totally, 41 adult specimens were captured
from the two sites: 10 P. bedriagae and 11 M. rivu-
lata from Site I, whereas 10 P. bedriagae and 10
M. rivulata from Site II. The field studies were
carried out between May and August 2022. Frog
and terrapin specimens were collected with the
help of scoops and tunnel-nets. Necessary permis-
sions were obtained from the Ethics Committee of
Animal Experiments of Canakkale Onsekiz Mart
University (Decision no. 2021/06—-13). After hae-
matological analyses were performed, the animal
specimens were returned to their biotopes.

The pH, dissolved oxygen and temperature
of the water samples taken monthly in the study
sites were measured using an ecological kit (Hach—
Lange, HQ40D, USA). They were used to deter-
mine the water quality classes. In Tiirkiye, the in-
land waters are divided into four groups in terms
of water quality according to the Water Pollution
Control Regulation (ANoNYMOUS 2004, Table 1).
In addition, certain heavy metal concentrations of
water samples were analysed in Canakkale Onsekiz
Mart University Science and Technology Applica-
tion and Research Centre.

Actotal of 2 mL of blood was taken from the indi-
viduals taken to laboratory for haematological analy-
ses with the help of a 5 mL syringe with a diameter of
21-gauge needle on the day of capturing (BALLARD &
CHEEK 2003, THRALL et al. 2004). The blood samples
required for the analyses were taken from the middle
abdominal veins of the frogs and from the dorsal cau-
dal veins of the terrapins (WRIGHT & WHITAKER 2001,
BALLARD & CHEEK 2003, THRALL et al. 2004).

Within the scope of haematological analyses,
red blood cell (RBC) and white blood cell (WBC)
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Fig. 1. Study sites. A. Site I, near the city centre. B. Site II, near the Atikhisar Dam. C. Location of the two sites (https://

maps.google.com).

count, haemoglobin (Hb) and haematocrit (HCT)
values, erythrocyte indices (mean corpuscular vol-
ume (MCV), mean corpuscular haemoglobin (MCH)
and mean corpuscular haemoglobin concentration
(MCHQ)), leukocyte formula and erythrometric pa-
rameters were determined (ATaTUR et al. 1999, GUL
etal. 2015). For genotoxicological analyses, the fre-
quencies of micronucleus, kidney—shaped nucleus,
lobbed nucleus, notched nucleus and blebbed nu-
cleus as well as binucleate cells in the blood were
detected using the Micronucleus Test (GUL et al.
2019). Additionally, concentrations of certain heavy
metals in the blood were measured to assess their
presence and potential genotoxic effects.

The standard values of the obtained data were

analysed using Microsoft Excel, IBM SPSS Sta-
tistics 26 and R Project for Statistical Computing
programs. In statistical analyses, Shapiro—Wilk’s
Test for Normality and the Levene’s Test for Equal-
ity of Variances were used. The Mann—Whitney U
non—parametric test was used to determine whether
there was a difference in the haematological param-
eters between the sites. The Spearman correlation
test was used to determine whether there was a cor-
relation between water parameters and some hae-
matological parameters. In all cases, P < 0.05 was
considered statistically significant. Since there was
no significant difference between genders in indi-
viduals of P. bedriagae and M. rivulata, female and
male specimens were evaluated together.
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Table 1. Water quality classes based on physicochemical parameters according to the Water Pollution Control Regula-

tion (ANONYMOUS 2004).

Water Quality Classes
Parameters
| 11 I v
pH 6.5-8.5 6.5-8.5 6.0-9.0 <6.0-9.0<
Dissolved Oxygen (mg/L) 8 6 3 <3
Temperature (°C) 25 25 30 <30<

Results

Physicochemical Parameters of Water Samples

In Tirkiye, the inland waters are divided into four
groups in terms of water quality according to the
Water Pollution Control Regulation (Table 1): high—
quality waters (Class I), moderate—quality waters
(Class II), polluted waters (Class I1I) and highly pol-
luted waters (Class IV). Taking into account the pH,
dissolved oxygen and temperature values measured
in the study areas, it was determined that Site I was
in Class IV (Fig.1A), while Site II was in Class I-11
(Fig.1B). As a result of the water quality analyses
performed on the samples taken from both sites in
each month (May-August), some physicochemical
parameters and heavy metal concentrations were
determined. Mean values for four months of de-
tected physicochemical parameters and heavy metal
concentrations were given in Table 2. According to
the results obtained from the water analyses, it was
found that Ba, Cd, Fe, Mn, and Zn metals were in
higher concentrations at Site I and that Co and Ni
metals were higher at Site II.

Haematological parameters

The hematological parameters, percentages of leu-
kocytes and erythrometric parameters of P. bedria-
gae at the two sites are given in Table 3 in detail.
There were no statistically significant differences (P
>0.05).

In M. rivulata, there were statistically signifi-
cant differences between the two sites for haema-
tocrit, percentages of lymphocyte, eosinophile and
heterophile, H/L ratio and erythrocyte width (Table
4). Results of Mann—Whitney U Test were as fol-
lows: haematocrit (U: 12,000, W: 78,000, Z:-3,039,
P: 0,002), percentage of lymphocyte (U: 27,000, W:
82,000, Z: —1,977, P: 0,048), percentage of eosino-
phile (U: 16,000, W: 71,000, Z: -2,749, p: 0,006),
percentage of heterophile (U: 8,000, W: 74,000,
Z: -3,324, P: 0,001), percentage of basophile (U:
23,000, W: 89,000, Z: —2,270, P: 0,023), H/L ratio
(U: 6,000, W: 72,000, Z: -3,452, P: 0,001), eryth-
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rocyte width (U: 27,000, W: 82,000, Z: —1,972, P:
0,049) (Table 4). No statistically significant differ-
ence was found for the other haematological param-
eters (P >0.05).

Genotoxicological parameters

According to the results from the examination of the
blood smears of P. bedriagae, it was observed that
there were statistically significant differences be-
tween the two sites for frequencies of micronucleus,
lobbed nucleus, notched nucleus, blebbed nucleus
and total nuclear abnormalities (Table 5). Results
of Mann—Whitney U Test: frequencies of micronu-
cleus (U: 21,000, W: 76,000, Z: —2,423, P: 0,015)
kidney—shaped nucleus (U: 17,000, W: 72,000, Z:
-2,543, P: 0,011), lobbed nucleus (U: 15,000, W:
70,000, Z: —2,864, P: 0,004), notched nucleus (U:
4,500, W: 59,500, Z: -3,442, P: 0,001), blebbed nu-
cleus (U: 4,500, W: 59,500, Z: -3,442, P: 0,001) and
total nuclear abnormalities (U: 10,000, W: 65,000,
Z:-3,026, P: 0.002). However, there was no statisti-
cally significant differences for binucleate frequen-
cy between two sites (P> 0.05).

Considering the two sites, in M. rivulata, there
were statistically significant differences for frequen-
cies of lobbed nucleus and kidney—shaped nucleus (Ta-
ble 5). Results of Mann—Whitney U Test: frequency of
lobbed nucleus (U: 26,000, W: 92,000, Z: —2,456, p:
0,014) and frequency of kidney—shaped nucleus (U:
16,000, W: 82,000, Z: —2,851, p: 0,004). There was no
significant difference between the two sites in terms of
the other nuclear abnormalities and total nuclear ab-
normality frequency (P > 0.05) (Fig. 2).

Heavy metal concentrations in blood samples

According to heavy metal analyses on the P. bedria-
gae specimens, it was found that Co, Pb, Fe, and Cr
metals were in higher concentrations at Site I, which
was more polluted, and Hg, Cu, Zn and Ni metals
were higher at Site II. In the M. rivulata specimens,
Pb, Fe and Cr metals were in higher concentrations at
Site I, which was more polluted and Co, Cu and Zn
metals were higher at Site II. As a result it was found
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Fig. 2. Haematological and genotoxicological parameters with statistically significant differences in Pelophylax bed-
riagae (A) and Mauremys rivulata (B—C) as box—plots.

Table 2. Mean values of some physicochemical parameters (Mean = SE) and heavy metal concentrations of the water
samples taken from both sites.

Parameters Site I Site II
(Class IV) (Class I-II)
pH 5.76+0.37 6.87+0.33
Dissolved Oxygen (mg/L) 2.64+1.53 13.79+2.22
Temperature (°C) 18.10+2.45 25.47+2.83
Barium (ug Ba/L) 68.21 ug/L 40.07 ug/L
Cadmium (ug Cd/L) 0.87 ug/L 0.71 ug/L
Cobalt (ug Co/L) 0.98 ug/L 1.12 ug/L
Iron (ug Fe/L) 67.58 ug/L 10.63 ug/L
Manganese (ug Mn/L) 204.30 ug/L 1.46 ug/L
Nickel (ug Ni/L) 6.39 ug/L 8.83 ug/L
Zinc (ug Zn/L) 4.24 ug/L 2.95 ug/L

that the., the concentration of all heavy metals (ex- both species and various haematological parameters,
cept for Pb) was higher in specimens of P. bedriagae  including erythrocyte size, nucleocytoplasmic ratio,

than in specimens of M. rivulata (Table 6). hematocrit, total nuclear abnormalities and H/L or
The Spearman correlation test was employed  N/L values (Fig. 3).
to investigate the potential relationship between the There was a strong negative correlation be-

pH and dissolved oxygen levels of the habitats for tween the total nuclear abnormalities and the pH
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Table 5. Descriptive statistics of micronucleus test findings of P. bedriagae and M. rivulata (Mean£SD). *Parameters
that have significant differences between two sites in P. bedriagae. **In both species.

Pelophylax bedriagae Mauremys rivulata

Nuclear Abnormalities Site I Site 1T Site I Site 11
(Class IV) (Class I-1I) (Class IV) (Class I-1I)

N:10 N:10 N:10 N:11
Micronucleus (%)* 0.26+0.36 0.02+0.04 0.02+0.04 0.04+0.06
Lobbed Nucleus (%)** 0.26+0.23 0.02+0.04 0.09+0.09 0.00+0.03
Notched Nucleus (%)* 5.06+2.37 1.66+0.78 3.04+1.37 3.16+1.48
Kidney—Shaped Nucleus (%)** 0.43+0.33 0.08+0.07 0.24+0.19 0.05+0.06
Blebbed Nucleus (%)* 7.47+4.08 2.32+1.38 2.38+1.83 1.65+1.07
Binucleate (%) 0.02+0.04 0.00+0.00 0.0+0.031 0.00+0.00
Total Nuclear Abnormalities (%)* 13.03+6.63 4.10£1.96 5.78+3.06 4.92+2.05

Table 6. Mean heavy metal concentrations in the blood of samples taken from both sites. Undetectable concentrations

are marked by dash.
Pelophylax bedriagae Mauremys rivulata
Parameters Site I Site I1 Site I Site II
(Class IV) (Class I-II) (Class IV) (Class I-1I)
Mercury (mg/kg) 0.01 0.02 0.01 0.01
Cobalt (mg/kg) 0.58 - 0.35 0.44
Copper (mg/kg) 8.52 10.32 6.41 6.66
Manganese (mg/kg) — - - —
Zinc (mg/kg) 8.54 11.01 0.95 1.39
Lead (mg/kg) 0.21 - 0.88 0.69
Nickel (mg/kg) - 0.19 - -
Iron (mg/kg) 5.21 0.37 0.66 0.24
Chromium (mg/kg) 0.47 0.01 0.03 -

(r=—0.694, p=0.001) and dissolved oxygen levels
(r=0.694, p=0.001) in P. bedriagae. In addition, it
was found that there was a moderate positive rela-
tionship between the total nuclear abnormalities and
the N/L ratio (r=0.445, p=0.049). In M. rivulata,
there were strong negative correlations between
the pH levels, the haematocrit value (r=—0.680,
p=0.001) and the H/L ratio (r=0.772, p=0.001). A
strong negative correlation was determined between
the dissolved oxygen levels, the haematocrit value
(r=—0.680, p=0.001) and the H/L ratio (r=—0.772,
p=0.001). Moreover, there was a moderate positive
correlation between the haematocrit and the H/L ra-
tio (r=0.552, p =0.015).

Discussion

Areas near to the city center in Sarigay Stream were
generally more polluted physically, chemically and
biologically, while the pollution levels gradually de-
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creased from the city centre to the Atikhisar Dam
(ILGar 2000, OpABASI 2005, AKBULUT et al. 2006,
Kaya 2007). In the field studies, solid wastes and
presence of sewage disposal into the stream were
observed at Site I. Therefore, it was estimated that
the dissolved oxygen level may have decreased due
to this pollution. Considering heavy metal concen-
trations, it was found that levels of Ba, Cd, Fe and
Zn were higher at Site I and that Co and Ni levels
were higher at Site II. Cobalt and nickel can nat-
urally occur in high concentrations in certain sur-
face waters. Dissolution of volcanic rocks and silty
sedimentary rocks in streambeds can contribute
to their higher concentration (BARALKIEWICZ &
S1EPAK1999). Therefore, this data provides an expla-
nation for higher concentrations in Site II.

Previous studies showed that the number of
erythrocytes increased in polluted areas (ZHELEV et
al. 2013, TosuNOGLU et al. 2015); however, there
was no statistically significant difference found be-
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Fig. 3. A correlogram showing the relationships between some haematological parameters and physicochemical water
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tween the two sites in the present study. FiERASCU
et al. (2018) reported that erythrocytopenia may be
observed in individuals exposed to pesticides. It is
believed that the reason for these changes in haema-
tological parameters observed in polluted areas is in-
dicative of anaemia and disorders in the immune sys-
tem due to the presence of xenobiotics in ecosystem
and hypoxia, which can disrupt oxygen transport to
tissues (ZHELEV et al. 2018). It was reported that the
percentage of monocytes increased in polluted areas
(ZHELEV et al. 2013, PeskovA et al. 2019), while ba-
sophils decreased (ZHELEV et al. 2013), however, in
the present study, there was no statistically signifi-
cant difference between the two sites.
Hematological parameters obtained from M.
rivulata were in accordance with the findings re-
ported for polluted areas (GUL et al. 2015). It was
reported that increase in haematological parameters
in polluted areas may be evidence of acceleration
of metabolism to provide an active toxin output
(ZHELEV et al. 2017). Leukocyte profiles are use-
ful for evaluation of stress since they are related to
stress hormone levels. Thus, the ratio of heterophils
or neutrophils to lymphocytes (H/L or N/L) is often
used to assess stress in vertebrates as haematological
and a larger H/L or N/L ratio indicates an increase
in stress levels (Davis et al. 2008). In the present

study, it was found that this ratio was higher at Site
I which is more polluted. In addition, in the present
study the percentages of heterophils and basophils
in the individuals located in the polluted area were
higher, while the percentages of lymphocytes and
eosinophils in the individuals located in the unpol-
luted area were higher. It was suggested that taken
from the natural environment often suffer from para-
sites and, thus, may have a higher eosinophil count
(ZHANG et al. 2011). Lymphocytosis can occur due
to wound healing, inflammation, parasitic infec-
tions (MEAD & BORYSENKO 1984) and viral diseases
(CamPBELL 2004, ZHANG et al. 2011). Increase in
the number of heterophils may be due to increased
metabolic activity, competition, feeding and mating
behaviour that cause tissue damage and inflamma-
tion (TERRY 2006, CHI et al. 2013). Although it is
known that basophils in turtle species have an im-
mune capacity, similar to basophils or mast cells in
mammals, their numbers in the peripheral blood of
many species vary (ZHANG et al. 2011).

When the previous studies about erythrometric
parameters of P. bedriagae were examined, the data
obtained from the present study are consistent with
the literature predominantly (ZHELEv et al. 2017,
2021, SaHIN 2019). Previous studies determined that
the nucleocytoplasmic ratio was higher in unpolluted

409



Boran B. & Giil C.

areas than polluted areas (SAHIN 2019). However, in
the present study, no difference was found between
the two sites in terms of the nucleocytoplasmic ra-
tio. It was reported that the nucleocytoplasmic ra-
tio increased depending on the season, especially
in spring, compared to other months (ZHELEV et al.
2016).

There are no detailed studies regarding mor-
phometric changes of blood cells of M. rivulata
due to environmental parameters. In the transport
of oxygen and carbon dioxide, which is one of the
most important functions of erythrocytes, the ratio
of surface area to size is a determining factor in
terms of the passage of these gases to tissues. It was
proven by studies that small-sized erythrocytes of-
fer a higher gas exchange compared to large—sized
ones (PArTo et al. 2013). The data from the previous
studies provide an explanation for the observation
that terrapins living in environments with low dis-
solved oxygen levels have smaller erythrocytes.

It was stated that pollution leads to more DNA
damage in nucleus (AyMak 2010, CORDUK et al. 2018,
SismaN et al. 2021) and the results of the present study
also support this data. Based on this information, it
is possible to say that Site I was more polluted and
that P. bedriagae was affected by this pollution. The
findings of the current study indicate that the frequen-
cies of micronucleus in M. rivulata were higher com-
pared to previous studies (METIN et al. 2008, GUL et
al. 2019). The number of micronucleus is a marker
of genetic damage in adult animals and an increase
in their number indicates impaired cell health. How-
ever, ZUNIGA—GONZALEZ et al. (2000) suggested in
their studies that the presence of micronucleus may
increase in young individuals of some species due to
immature reticuloendothelial system.

In previous studies regarding the concentra-
tion of heavy metals in the blood of frog species, it
was observed that the Fe concentration was higher
in Pelophylax ridibundus and that the Cu concentra-
tion was higher in Pelophylax lessonae. Moreover,
in terms of the biological accumulation coefficient,
it was found that higher accumulation in the blood
of P. ridibundus was in Cu, Fe and Zn metals (Ro-
MANOWA et al. 2021). CORDUK et al. (2022) found that
among three sites compared in their study, in M. riv-
ulata specimens taken from the area where micro-
elements in water were in higher concentration, only
Fe metal was higher in the blood compared to the
other two sites, while Cu and Zn metals were higher
at the other two sites. As a result of our findings, the
concentration of heavy metals in the P. bedriagae in-
dividuals was higher than the M. rivulata individu-
als in all heavy metals except Pb.
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In terms of the correlation between the phys-
icochemical properties of water (pH and dissolved
oxygen) and haematological parameters, the results
may support the finding that DNA damage is more
common in polluted areas with low pH and dis-
solved oxygen levels. In contrast, in a study con-
ducted by ZHELEV et al. (2022), it was observed that
the polluted area that has more genotoxic damage
had a more suitable pH level for the normal devel-
opment of amphibians than reference site. Accord-
ing to our findings, it can be stated that haematocrit
values and the H/L ratio tend to increase as pH and
dissolved oxygen levels decrease. Hypoxia, which
is characterised by a decrease in dissolved oxygen
levels in aquatic ecosystems, can arise because of
the introduction of biological and chemical wastes
caused by human activities (KELESTEMUR 2012).
However, in recent studies, it was reported that hy-
poxia was accompanied by low pH values. For this
reason, many organisms exposed to hypoxic stress
also need to cope with low pH values, known as
acidification (GOBLER & BAUMAN 2016, TOMASETTI
& GOBLER 2020).

Conclusions

With this study, the effects of different water param-
eters and heavy metal accumulations on Pelophylax
bedriagae and Mauremys rivulata were revealed.
By comparing total nuclear abnormalities and heavy
metal accumulations in the blood between the spe-
cies, it can be inferred that P. bedriagae is more
significantly impacted by water pollution. This sug-
gests that P. bedriagae could potentially serve as a
bioindicator species for monitoring environmental
pollutants.

Acknowledgements: This study was financially supported by
the Scientific Research Projects Commission of Canakkale On-
sekiz Mart University (FYL-2021-3727).

References

AKBULUT M., OpaBASI S.S., OpABASI D.A. & CELIK E.S. 2006.
Canakkale {li’nin Onemli I¢sular1 ve Kirletici Kaynaklar1.
Su Uriinleri Dergisi 23(1):9-15.

ANONYMOUS 2004. State of Turkey. In: Turkish Water Pollution
Control Regulation, State of Turkey, Annexes, Table 4.

ATATUR MLK., ARIKAN H. & CEVIK 1.E. 1999. Erythrocyte sizes
of'some anurans from Turkey. Turkish Journal of Zoology
23(2):111-114.

Avmak C. 2010. Mersin Bolgesinde Yasayan Rana ridibunda Pal-
las, 1771 (Ranidae, Amphibia)’nin Mikroniikleus Test Yon-
temi ile Genotoksik Etkilerinin ve Agir Metal Kirliliginin



Haematological and Genotoxicological Effects of Water Quality on Pelophylax bedriagae and Mauremys rivulata...

Tespit Edilmesi. M.S. Thesis, Graduate School of Natural

and Applied Sciences, Mersin University, Mersin, Turkey.
BALLARD B. & CHEEK R. 2016. Exotic animal medicine for the

veterinary technician. USA: John Wiley & Sons. 544 p.

BARALKIEWICZ D. & S1EPAK J. 1999. Chromium, nickel and cobalt
in environmental samples and existing legal norms. Pol J
Environ Stud 8(4):201-208.

BeynoN P.H., LawToN M.P. & CooPER J.E. 1994. Manual of
reptiles. UK: British Small Animal Veterinary Associa-
tion. 228 p.

BoraN B. & GUL C. 2021. Changes in the Blood Cells of the
Pelophylax ridibundus (Pallas, 1771) (Amphibia: Ranidae)
Living in Different Streams in the Canakkale. 3rd Inter-
national Symposium on Biodiversity Research, Erzurum,
Turkey, pp. 161-174.

BroOwNE C.L. 2004. Impacts of urbanisation and metal pollution
on freshwater turtles. Ph.D. Dissertation, University of
Sydney, School of Biological Sciences, Sydney, Australia.

CampBELL T.W. 2004. Hematology of lower vertebrates. Mid-
dleton: American College of Veterinary Pathologists &
American Society for Veterinary Clinical Pathology, pp.
1104-1108.

CHiC.H.,YUPH., YANGP.Y. & CHIU Y.S. 2013. Hematologic and
plasma biochemical reference values of the yellow pond
turtle Mauremys mutica and the effects of sex and season.
Zoological Studies 52(1):1-6.

COrDUK N., Hacio6Lu DoGru N., GUL C. & TosuNnoGLU M. 2022.
Determination of the effects of environmental pollution
on the Balkan terrapin, Mauremys rivulata (Valenciennes,
1833). Acta Veterinaria Hungarica 70 (3), 245-253.

COrDUK N., HacioGLu DoGru N., GUL C. & TosuNoGLU M. 2018.
Monitoring of micronuclei and nuclear abnormalities in
Pelophylax ridibundus erythrocytes from the Biga Stream
(Canakkale, Turkey). Fresenius Environmental Bulletin
27(1):147-153.

DAR S.A., YousuF A.R. & BaLkHI M.H. 2016. An introduction
about genotoxicology methods as tools for monitoring
aquatic ecosystem: present status and future perspectives.
Fish Aquaculute Journal 7(1):1-11.

Davis A.K., MANEY D.L. & Magrz J.C. 2008. The use of leuko-
cyte profiles to measure stress in vertebrates: a review for
ecologists. Functional ecology 22(5):760-772.

DoGan U.G. 2002. Baz tekstil boyalarinin amfibi iribaslarina
toksik etkileri tizerine bir arastirma. M.S.Thesis, Graduate
School of Natural and Applied Sciences, Inénii University,
Malatya, Turkey.

EceMeN O. 2000. Cevre ve Su Kirliligi. izmir: Ege Uni., Su
Uriinleri Fak. Yaymlar1. 120 p.

ERGENE S., Cavas T., CELIK A., KOLELI N., Kaya F. & KARAHAN
A.2007. Monitoring of nuclear abnormalities in peripheral
erythrocytes of three fish species from the Goksu Delta
(Turkey): genotoxic damage in relation to water pollution.
Ecotoxicology 16:385-391.

Fierascu 1., PAUNESCUA., SOARE L. C., FiIErascu R.C. & PONEPAL
M.C. 2018. The influence of six pesticides on physiological
indices of Pelophylax ridibundus (Pallas, 1771). Bulletin
of environmental contamination and toxicology 100(3),
376-383.

GoBLER C.J. & BAumMaNN H. 2016. Hypoxia and acidification in
ocean ecosystems: coupled dynamics and effects on marine
life. Biology letters 12(5), 20150976.

GUILHERME S., VALEGA M., PEREIRA M.E., SANTOS M.A. &

PacHico M. 2008. Erythrocytic nuclear abnormalities in
wild and caged fish (Liza aurata) along an environmental
mercury contamination gradient. Ecotoxicology and En-
vironmental Safety 70(3):411-421.

GUL C., CORDUK N., DoGrRU NH. & TosuNoGLU M. 2019. As-
sessment of nuclear abnormalities in erythrocytes of Balkan
pond turtle Mauremys rivulata (Valenciennes, 1833) (Tes-
tudines: Geoemydidae) from the Biga Stream, Canakkale,
Turkey. Acta Zoologica Bulgarica 71(2):219-226.

GUL C., TosuNoGLU M. & HacioGLU N. 2015. Some hematologi-
cal parameters of the Mauremys rivulata in two different
water quality in the Biga Stream (Canakkale, Turkey).
ICWERC 2015: XIII International Conference on Wildlife
Ecology, Rehabilitation and Conservation, Paris, France.
17(4), 1960-1962.

ILGar R. 2000. Canakkale Bogazi ve gevresi ekosisteminin
cografi agidan incelenmesi. Ph.D. Dissertation, Istanbul
University, Institute of Marine Sciences and Management,
Istanbul, Turkey.

Ivanc A., Haskovic E., JErReMIC S. & Dekic R. 2005. Hema-
tological evaluation of welfare and health of fish. Praxis
veterinaria 53(3):191-202.

JaveD M. & UsmanI N. 2012. Toxic effects of heavy metals (Cu,
Ni, Fe Co, Mn, Cr, Zn) to the haematology of Mastacem-
belus armatus thriving in Harduaganj Reservoir, Aligarh,
India. Glob. J Med. Res. 12(8):1-8.

Kaya H. 2007. Atikhisar Baraj1 ve Sarigay’da pestisit ve evsel
kirliligin arastirilmasi. M.S. Thesis, Canakkale Onsekiz
Mart University, Graduate School of Natural and Applied
Sciences, Canakkale, Turkey.

KEeLESTEMUR G.T. 2012. Hipoksik Sularin Baliklar Uzerinde
Olusturdugu Fizyolojik Etkiler. Tiirk Bilimsel Derlemeler
Dergisi 5(1), 87-90.

MEAD K.F. & BORYSENKO M. 1984. Surface immunoglobulin on
granular and agranular leukocytes in the thymus and spleen
of'the snapping turtle, Chelydra serpentina. Developmental
& Comparative Immunology 8(1):109-120.

METIN K., Koca Y.B., KiraL FK., Koca S. & TURK0zZAN O.
2008. Blood cell morphology and plasma biochemistry
of captive Mauremys caspica (Gmelin, 1774) and Maure-
mys rivulata (Valenciennes, 1833). Acta Veterinaria Brno
77(2):163-174.

NAPIERSKA D., BARSIENE J., MULKIEWICZ E., PODOLSKA M. &
RyBakovas A. 2009. Biomarker responses in flounder
Platichthys flesus from the Polish coastal area of the Baltic
Sea and applications in biomonitoring. Ecotoxicology 18:
846-859.

OpABASI SS. 2005. Canakkale bolgesindeki Sarigay akarsuyunda
su kalitesinin aragtirilmasi. M.S. Thesis, Graduate School
of Natural and Applied Sciences, Canakkale Onsekiz Mart
University, Canakkale, Turkey.

0OzcuL CN., KurtuL D. & GUL C. 2020. Haematological and
genotoxicological research on Pelophylax ridibundus
and Bufotes variabilis living around the Can (Canakkale,
Turkey). Turkish Journal of Bioscience and Collections
4(2): 105-111.

PARTO P., JAVANBAKHT H. & VaIsst S. 2013. The morphological
characterization of the blood cells in the three species of
turtle and tortoise in Iran. Research in Zoology 3(1): 38—44.

Peskova T.Y., BAcHEvVSKAYA O.N. & PLoTnikov G.K. 2019. He-
matological indices of the lake frog Pelophylax ridibundus
(Pallas, 1771) (Ranidae, Anura) inhabiting reservoirs in the

411



Boran B. & Giil C.

Northwestern Ciscaucasia with various pollution types.
Current Studies in Herpetology 19 (1-2): 40-45.

PoLLo F.E., GRENAT P.R., OTERO M. A., SALAS N.E. & MARTINO
A.L.2016. Assessment in situ of genotoxicity in tadpoles
and adults of frog Hypsiboas cordobae (Barrio 1965)
inhabiting aquatic ecosystems associated to fluorite mine.
Ecotoxicology and environmental safety 133:466-474.

Romanova E.B., RyaBiNniNna E.S. & Borvakov A.V. 2021.
Heavy Metal Accumulation in the Tissues and Organs
of Pelophylax ridibundus (Pallas, 1771) and Pelophylax
lessonae (Camerano, 1882) (Amphibia: Ranidae) Inhabit-
ing the Waterbodies of Nizhny Novgorod. Biology Bulletin
48(10):1862—1869.

SALINAS Z.A., SALAS N.E., BARAQUET M. & MARTINO A.L. 2015.
Biomarcadores hematologicos del sapo comun Bufo (Rhi-
nella) arenarum en ecosistemas alterados de la provincia
de Coérdoba. Acta toxicoldgica argentina 23(1): 25-35.

Servi K. 2006. Canakkale, Sarigay’daki agir metal kirliliginin
(Ni, Fe, Cu, Zn) baz1 bentik makroomurgasizlar izerindeki
toksik etkilerinin arastirilmasi. M.S. Thesis, School of
Natural and Applied Sciences, Canakkale Onsekiz Mart
University, Canakkale, Turkey.

STrRUNJAK—PEROVIC 1., Lisicic D., Coz—Rakovac R., Toric
Porovic N., JabAaN M., Benkovic V. & Tapic Z. 2010.
Evaluation of micronucleus and erythrocytic nuclear ab-
normalities in Balkan whip snake Hierophis gemonensis.
Ecotoxicology 19:1460-1465.

SaHiN E. 2019. Gediz Nehri’nde yasayan Pelophylax
bedriagae’nin (Camerano, 1882) (Amphibia: Ranidae)
eritrosit morfolojisi ve sayisinda kirlilige bagl degisimin
arastirilmasi. M.S. Thesis, Graduate School of Natural and
Applied Sciences, Ege University, Izmir, Turkey.

SismaN T., KeEskiN M.C., DANE H., ADpIL S., GEYIKOGLU F., CoLAK
S. & CanrOLAT E. 2021. Marsh frog (Pelophylax ridibun-
dus) as a bioindicator to assess pollution in an agricultural
area. Pakistan Journal of Zoology 53(1):337-349.

TeErRrY W.C. 2006. Clinical pathology of reptiles. Pp. 453—470.
In: Douglus, R. M. (ed) Reptile medicine and surgery. 2nd
edn, St. Louis, MO: Saunders Elsevier. 1242 p.

THRALL A., BAKER D.C., CAMPBELL T.W., DENIcOLA D., FEETMAN
M.J., LasseEN E.D., REBAR A. & WEISER G. 2004. Veterinary
hematology and clinical chemistry. Philadelphia: Blackwell
Publishing. 784 p.

ToMASETTI S.J. & GOBLER C.J. 2020. Dissolved oxygen and pH
criteria leave fisheries at risk. Science 368(6489):372-3.

TosuNoGLU M., GUL C. & HactoGLu N. 2015. Impact of envi-
ronmental changes on blood parameters in the Pelophylax
ridibundus. ICWERC 2015: XIII International Conference
on Wildlife Ecology, Rehabilitation and Conservation,
Paris, France. 17(4), 1960-1962.

UysaL [&TosuNoGLU M. 2012. Kavak Deltasi (Saroz Kérfezi)’nin
herpetofaunal zenginligi. Anadolu Doga Bilimleri Dergisi
3(2):52-8.

412

WUuESINGHE M.R. 2018. Ecotoxicologists must facilitate the set-
ting of standards for safeguarding aquatic life. Sri Lankan
Journal of Biology 30:3(2).

WRIGHT K.N. & WHITAKER B.R. 2001. Amphibian Medicine and Cap-
tive Husbandry. Florida: Krieger Publishing Company. 570 p.

ZHANG F., GUH. & L1P. 2011. A review of chelonian hematology.
Asian Herp Res. 2(1):12-20.

ZHELEV Z., POPGEORGIEV G., IvaANOV 1. & BoyaDZHIEV P. 2017.
Changes of erythrocyte—metric parameters in Pelophylax
ridibundus (Amphibia: Anura: Ranidae) inhabiting water
bodies with different types of anthropogenic pollution in
Southern Bulgaria. Environmental Science and Pollution
Research 24:17920-34.

ZHELEV Z., TsoNEV S., GEORGIEVA K. & ARNAUDOVA D. 2018.
Health status of Pelophylax ridibundus (Amphibia: Rani-
dae) in a rice paddy ecosystem in Southern Bulgaria and
its importance in assessing environmental state: haemato-
logical parameters. Environmental Science and Pollution
Research 25:7884-95.

ZHELEV Z. M., ARNAUDOVA D.N., POPGEORGIEV G.S. & TSONEV
S.V. 2021. Determinations of erythrocyte sizes in adult
Pelophylax ridibundus (Amphibia: Anura: Ranidae) in-
habiting industrial area in southern Bulgaria. Water, Air,
& Soil Pollution 232:1-5.

ZHELEV Z. M., MEHTEROV N.H. & POPGEORGIEV G.S. 2016.
Seasonal changes of basic erythrocyte—metric parameters
in Pelophylax ridibundus (Amphibia: Ranidae) from
anthropogenically polluted biotopes in Southern Bulgaria
and their role as bioindicators. Ecotoxicology and envi-
ronmental safety 124:406—17.

ZHELEV Z. M., POPGEORGIEV G.S. & ANGELOV M.V. 2013. In-
vestigating the changes in the morphological content of
the blood of Pelophylax ridibundus (Amphibia: Ranidae)
as a result of anthropogenic pollution and its use as an
environmental bioindicator. Acta Zoologica Bulgarica
65(2):187-96.

ZHELEV Z., ARNAUDOVA D. & TsoNEV S. 2022. Genotoxicity and
Erythrocyte Nuclear Abnormalities in Pelophylax ridi-
bundus (Pallas, 1771) (Anura: Ranidae) in an Industrial
Area in Southern Bulgaria: Evaluation as Biomarkers for
Ecological Stress Assessment. Acta Zoologica Bulgarica
74 (1): 59-67.

ZUNIGA-GONZALEZ G., TORRES-BUGARIN O., LUNA-AGUIRRE
J., GONZALEZ-RODRIGUEZ A., ZAMORA-PEREZ A.A.,
GOMEZ-MEDA B.C., VENTURA-AGUILAR A.J., RAMOS—
IBARRA M.L., RaMos—MoRrA A., OrTiZ G.G. & GAL-
LEGOS—ARREOLA M.P. 2000. Spontancous micronuclei
in peripheral blood erythrocytes from 54 animal species
(mammals, reptiles and birds): Part two. Mutation Re-
search/Genetic Toxicology and Environmental Mutagen-
esis 467(1): 99-103.

Received: 03.07.2023
Accepted: 10.04.2024



