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ABSTRACT Genetic

We tested the hypothesis that chronic exposure to total heavy metal

loads in Cevizdere surface water and Unye District tap water of Ordu Research Article

Province (Tiirkiye) may cause a genetic toxic effect in erythrocyte cells

of carp (Cyprinus carpio) individuals. For this purpose, total heavy Article History

metal (loid)s contents in the surface and tap waters were determined Received 121.11.2024
seasonally. It was determined that both Cevizdere surface water and Accepted 1 27.03.2025
Unye District tap water caused DNA damage in erythrocyte cells of

carp fish, and this damage was statistically significant when Keywords

compared to control groups (P<0.05). As a result of the comet analysis, DNA damage

the DNA damage detected in the erythrocyte cells of C. carpio showed
the presence of genotoxic potential of Cevizdere Stream surface water
and Unye District tap water. The genotoxicity of the surface waters of
the Cevizdere Stream, which is the main source of drinking water for
the Unye District in Ordu City, as well as the Unye District tap
waters, was evaluated in vivo for the first time using the Comet assay.
This study revealed genotoxic damage in C. carpio due to total heavy
metal(loid) pollution in the surface water of Cevizdere Stream and tap
water of Unye District, contributing to a better understanding of the
relationship between genotoxicity and heavy metal(loid) pollution.
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Comet Analizi Kullanilarak Yiizey ve Musluk Sularinin Olas: Genotoksisitesinin Incelenmesi

OZET _ _ Genetik

Ordu Ili (Turkiye) Cevizdere yiizey suyu ve Unye Ilcesi musluk

suyundaki toplam agir metal yiliklerine kronik maruz kalmanin sazan Aragtirma Makalesi
(Cyprinus carpio) bireylerinin eritrosit hiicrelerinde genetik toksik

etkiye neden olabilme hipotezini test ettik. Bu amag¢ dogrultusunda Makale Tarihgesi

ylizey ve musluk sularindaki toplam agir metal(loid) icerikleri Gelig Tarihi  :21.11.2024
mevsimsel olarak belirlenmistir. Hem Cevizdere ylizey suyunun hem Kabul Tarihi :27.03.2025
de Unye Ilgesi musluk suyunun sazan baliklarinin eritrosit

hiicrelerinde DNA hasarina neden oldugu ve bu hasarin kontrol Anahtar Kelimeler
gruplariyla karsilastirildiginda istatistiksel olarak anlamli oldugu DNA hasan

belirlenmistir (P<0,05). Comet analizi sonucunda C. carpionun
eritrosit hiicrelerinde tespit edilen DNA hasari, Cevizdere ylizey suyu
ve Unye Ilgesi musluk suyunun genotoksik potansiyelinin varligini
gbstermistir. Ordu Ili, Unye Ilgesi'nin igme suyunun ana kaynagi olan
Cevizdere'nin yiizey sularimin ve Unye Ilcesi musluk sularinin
genotoksisitesi Comet yontemi kullanilarak ilk kez in vivo olarak
degerlendirilmistir. Bu ¢alisma, Cevizdere yiizey suyu ve Unye Ilcesi
musluk suyunda toplam agir metal(loid) kirliligine bagl olarak C.
carpio'da genotoksik hasar oldugunu ortaya koyarak, genotoksisite ile
agir metal(loid)ler arasindaki iliskinin daha iyi anlasilmasina katk:
saglamistir.

Comet Analizi
Yizey ve musluk sulari
Genotoksisite
Metal(loid)ler
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INTRODUCTION

Water pollution, caused by various types of pollutants, is mostly the result of human activities like industry,
agriculture, and urbanization. This is one of the most critical problems for all organisms, including humans, in
terms of protecting and sustaining water resources. In addition, another important concern about water pollution
is the potential negative effects of genotoxic pollutants on humans and native biota. Different chemicals, such as
heavy metals and metalloids, directly contribute to water pollution. These substances can cause DNA damage and
mutations in living organisms. Even chronic exposure to low doses of these chemicals can negatively affect
biodiversity and increase the risk of developing cancer in humans (Mitra et al., 2022). Heavy metals, which are
among the leading pollutants in aquatic systems, can be found everywhere because they are formed because of
atmospheric and geological processes as well as human activities. Water bodies around the world have long been
affected by heavy metal pollution, making it a global issue. Heavy metals can also be used as environmental
monitoring factors and are often preferred in monitoring the state of the environment and organisms. Heavy metals
and metalloids (heavy metal(loid)s) receive significant attention due to their toxicity, accumulation, and their
harmful effects on aquatic ecosystems, fish, and human health (Fikirdesici Ergen et al., 2023; Khan et al, 2023).

Heavy metal(loid)s can cause DNA damage in organisms in different ways, such as breaking DNA strands and
DNA-protein cross-links (Gebel et al., 1998; Kousar & Javed, 2015; Karaismailoglu, 2022). Therefore, it is vital to
determine the genotoxic effects of these pollutants for environmental impact assessment and organism monitoring
studies. Comet assay has found wide application in the literature as a sensitive method used to evaluate DNA
damage in organisms in terrestrial and aquatic systems exposed to various pollutants (Mokhamer et al., 2019;
Kontas, 2022). Since genotoxic effects can be detected in fish species, as in many organisms, even in cases of
exposure to low concentrations of pollutants, with the help of this method, it is among the effective indicators in
monitoring environmental health (Bolognesi & Cirillo, 2014; Kontas, 2022).

Ordu is an important province in the Black Sea Region of Tiirkiye, which attracts tourists due to its natural,
historical places, sea, rivers, lakes, ponds, waterfalls, and the opportunity for many cultural and touristic activities.
Cevizdere valley is one of the most important valleys of Ordu city, and Unye district is a distinguished district
located in this valley. Cevizdere Stream, located within the borders of Unye district, is the most important stream
source providing drinking water to this district. Unye Drinking Water Treatment Plant, one of the main drinking
water sources of the city, is located in the Cevizdere Stream basin. Agricultural land is cultivated in the basin, and
animal husbandry and beekeeping activities are carried out. Additionally, the Unye wastewater treatment plant
is located on the east side of the downstream part of the study area (Oy, 2018; Beden & Ulke Keskin, 2021; Yedier
et al., 2022). Cevizdere Stream and the basin in which it is located are also important for the economy of Ordu city.
Unye Cement Factory, located on the southern slopes of the valley where the Cevizdere Stream is located, is an
important industrial facility for both the region and Tirkiye (Unye Municipality (MU), 2018). Unye district's water
resources are exposed to different pollutants such as agriculture, cement, textile, mining, and domestic waste
(Kurucu & Bostanci, 2022; Bostanci et al., 2024). There are a limited number of studies in the literature
investigating the genotoxicity of surface and tap water (Vazquez Boucard et al., 2017; Feretti et al., 2020). In
addition, no detailed study was reported investigating the genotoxicity of surface water used as a drinking water
source, as well as tap water in cities in the Black Sea region. Therefore, within the scope of this study, we tested
the hypothesis that chronic exposure to total heavy metal loads in Cevizdere surface water and Unye District tap
water in Ordu Province (Tiirkiye) may cause genetic toxic effects on erythrocyte cells of carp (Cyprinus carpio)
individuals.

MATERIAL and METHOD
Sampling Areas and Collection of Water Samples

The sampling areas in the study were selected as the local consumers in the Unye district for tap water samples
and the water intake area of the drinking water treatment plant on the Cevizdere Stream, which provides drinking
water to the Unye district for surface water samples (Figure 1). Within the scope of the study, water samples were
collected seasonally from several random points at the stations, representing these sampling points in 2020, and
quickly transported to the laboratory in sterile polyethylene jerricans, where they were mixed in the laboratory to
form a representative sample and transferred to the control and experimental tanks.

Water Chemical Analysis

In order to prepare the water samples for heavy metal analysis, firstly, the water sample representing each group
was filtered with the help of a 0.45 pm nitrocellulose membrane filter, and nitric acid was added to keep the pH of
the samples below 2. Then, the water samples were taken into Falcon tubes, labeled, and stored at +4 C° until
analysis. The heavy metal(loid) concentrations (ug/L) in these water samples were measured on Inductively
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Coupled Plasma Mass Spectrometry (ICP-MS) at Sinop University Scientific and Technological Research
Application and Research Center (SUBITAM). Since the toxic effects will be evaluated based on the total heavy
metal load within the scope of the study, the heavy metals in the relevant water samples were evaluated not
individually but by taking into account the total heavy metal (loid) content.

BLACK SEA vy B il : BLACK SEA

BLACK SEA

Figure 1. Sampling areas.
Sekil 1. Ornekleme alanlari.

Test Organisms

Fish samples, Cyprinus carpio, were obtained from Suluova Yedikir Aquaculture Production and Research Station,
Amasya, Turkiye. The experimental procedures of the study were approved by the Animal Experiments Local
Ethics Committee, Ordu University (approval number: 82678388/5). The length and weight of C. carpioindividuals
were selected to be between 4.5 - 5.5 cm and 1.00 - 1.70 g, respectively, and the fish were transferred to 80 L
aquariums in the laboratory where they were acclimated to the environmental conditions for a month. Aquariums
were aerated with air stone diffusers and sponge air pumps. Oxygen concentration, pH, and temperature in
aquarium water are between 80-90%, 7-8, and 24-26°C during the day and night periods, respectively. Fish samples
were fed with commercial feed without additives twice a day, at 8 am and 5 pm, throughout the experiment. In
this study, the experimental setup was designed into three main groups: Group I: Cevizdere Stream (Surface
water), Group II: Unye (Tap water), and Group III: Control groups (dechlorinated clean water). Fish samples were
placed in the relevant tanks of these three groups, 20 fish in each tank. All experiments were carried out in three
replicates. Water samples in the tanks were renewed every ten days. Three fish samples were randomly taken
from each tank for comet analysis on the 10th, 20th, and 30th days after the start of the experiment.

In vivo Comet Assay

At the end of the 10th, 20th, and 30th days, three fish samples from each tank were anesthetized with clove oil, and
blood samples were immediately collected from the hearts of these samples with heparinized syringes, and the
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procedure of Comet assay was immediately performed (Sing et al., 1988; Kontas, 2022). After the erythrocyte cells
were stained, comet images were captured using a fluorescence microscope (Leica DM2500, Leica Microsystems,
Germany) at 20X objective. Quantification of the DNA single-strand breaks in the stored images was analyzed
using Comet Score 2.0 software (Tritek Corp, Sumerduck, VA, USA). A hundred erythrocyte cells were randomly
counted for each fish sample. The % DNA in the tail (DNA%) is a reliable parameter of DNA damage because both
the extent and amount of DNA in the tail are considered (Hartmann et al., 2003; Kumaravel & Jha, 2006; Tung et
al., 2024). Therefore, % tail DNA, which is a valid and reliable reflection of genetic damage, is used to assess DNA
damage in erythrocyte cells of fish samples.

Statistical Analysis

The DNA damage, as recorded by the alkaline comet assay, was analyzed considering the mean (+ standard error)
of the % tail DNA measured. The data were normally distributed (Kolmogorov—Smirnov normality test) and
therefore Student’s t test was performed for comparison of means between groups (control and treated groups).
Then, comparisons according to the groups (Group I, Group II, Group III), the exposure times (10th, 20t», and 30th
days), and the seasons (autumn, winter, spring, and summer) were tested using the Minitab 18.0 Statistical
Software. P-values lower than 0.05 were considered statistically significant.

RESULTS and DISCUSSION
Total Heavy Metal(loid)s Contents of Water Samples

When the heavy metal data in tap water and surface water samples were evaluated according to the relevant water
quality criteria based on each heavy metal data (except for copper in winter and spring seasons), it was determined
that they were generally within the range suitable for human use (Official Gazette of the Republic of Tiirkiye,
2005; 2019; 2022). However, since heavy metals together will create more toxic effects in the water environment,
it was deemed more appropriate to compare the total heavy metal loads for water samples in each season for the
purpose of the study. Total heavy metal(loid)s contents in the Cevizdere Stream surface water and the Unye
District tap water of Ordu province were determined as 26.703 = 4.785 pg / L for Cevizdere Stream and 134.135 +
7.128 png / L for Unye District tap water in spring, 47.955 + 3.942 pg/L for Cevizdere Stream and 57.521 + 5.412 pg
/ L for Unye District tap water in summer, 27.684 + 4.842 pg / L for Cevizdere Stream and 31.212 + 4.587 pg / L
for Unye District tap water in Autumn, 40.052 + 4.235 pg / L for Cevizdere Stream and 96.101 + 6.053 ng / L for
Unye District tap water in winter.

When the total heavy metal(loid)s contents of the surface waters of the Cevizdere Stream and the tap waters of
Unye District were compared, it was determined that the total load contents of the tap waters were higher than
the surface waters. A similar situation in terms of total heavy metal load was reported in a study conducted in the
Black Sea region, which covers the sample area of the current study and is consistent with the data in the current
study (Bostanci et al., 2024). It was stated that parameters such as temperature, pH, DO, and water salinity can
affect the concentration of heavy metals in water (Wisha et al., 2018). Increasing temperature values in water may
have different effects on heavy metals. Depending on the chemical properties of the heavy metal, it may show a
parallel to the temperature increase or the opposite may be the case (Gati et al., 2016; Lazar et al., 2024). This
situation may also lead to their seasonal toxicological effects being different. When the total heavy metal(loid)s
contents were evaluated seasonally, the total heavy metal(loid)s contents in the surface waters of the Cevizdere
stream were determined to be lower than the value in the tap water in their respective groups in all seasons. The
differences between the total heavy metal(loid)s amounts in the Cevizdere Stream surface water and Unye District
tap water were statistically significant in spring, summer, and winter seasons (P < 0.05), and it was determined
that there was no statistical difference in the autumn season (P > 0.05).

Heavy metalloids are significant pollutants due to their high potential to spread from various sources. In addition,
heavy metalloids pose a particular concern in aquatic systems and humans because they can show high toxicity to
organisms even at low concentrations (Marcovecchio et al., 2007). Therefore, heavy metalloid pollution in water is
not only a worldwide environmental problem but also a critical issue for human health (Sekabira et al., 2010). For
this reason, it is crucial to continuously assess the quality of water sources. Therefore, analyzing and quantifying
these toxic agents in water resources is of great importance. In order to protect human health globally, various
international organizations such as USEPA, WHO, EPA, and the European Union Commission have established
guidelines for the presence of heavy metals in drinking and surface waters (Mohod & Dhote, 2013; Eissa et al.,
2023). The coastal districts of Ordu city, like Unye, are heavily polluted with metalloid-based pollutants. These
pollutants, which can have bioaccumulative and toxic effects on organisms, come from natural sources like rock
erosion and human activities such as domestic and industrial wastewater discharge, as well as the use of herbicides
and pesticides (Kurucu & Bostanci, 2022; Bostanci et al., 2024). The variation in the total load of heavy metals
(Iloids) in surface water samples in the Unye district between seasons could be due to changes in climate as well as
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an increase in the district's population because of tourism activities. Additionally, surface waters are more affected
by factors such as agricultural drainage, domestic sewage, and municipal wastewater. In addition to population
growth, the concentration of heavy metal(loid)s in surface waters has increased due to industrialization in the
coastal regions of Unye District. Similar to this ur study, many studies have stated that domestic and industrial
wastewaters are the primary contributors to heavy metal pollution in coastal cities and districts, posing a
significant genotoxic risk to aquatic systems (Bashar & Fung, 2020; Liu et al., 2022). Sunjog et al. (2012) reported
that industrial and domestic wastewaters in Serbia have genotoxicity potential because it is not treated before
being released into waterways, and that they can be effectively monitored with comet analysis in aquatic
ecosystems in Serbia. Silva et al. (2020) found that elevated levels of certain metals in urban water can lead to
genetic damage in Astyanax lacustris, consistent with this study's findings.

It was reported that contaminants in tap and drinking waters used for consumption are related to the presence of
disinfection by-products and corrosion in pipes used in distribution systems, and genotoxic damage may occur in
organisms exposed to these pollutants (Richardson et al., 2003; Zegura et al., 2009; Cortés & Marcos, 2018). A
similar situation may also be the case in terms of heavy metal pollution in the tap water of Unye District. Unye
District's main water is provided by long-distance water transportation through pipes. The district’s water
distribution system is old and worn, making it more susceptible to corrosion, and as a result, contaminants from
pipes in the distribution system can contaminate tap water. In this study, it is thought that this may be one of the
main reasons for heavy metal(loid) pollution in tap water in the Unye district of Ordu province. In addition, after
many connection points in plumbing fixtures and pipes in water distribution systems are joined by welding
processes, heavy metals in these parts can migrate into water due to aging in these parts over time. Moreover,
contamination in the water may result from potential issues such as breakage and cracking at these connection
points. Many studies have found that lead is commonly used for soldering in water distribution systems and
plumbing pipes, potentially leading to increased levels of heavy metals in tap water (Jaishankar et al., 2014; Sorlini
et al., 2014; Ghoochani et al., 2023). In addition, it was reported that in residences using plastic pipes, possible
breakage and leakage of plastic pipes in close contact with domestic garbage dumps may cause heavy metal-
containing leachate to mix with tap water and may be responsible for the increase in heavy metal concentration in
tap water (Duplay et al., 2013; Chowdhury et al., 2021). Moreover, soft acidic water may cause some complications
in pipelines due to its contact with plumbing, taps, and water fittings in residences. These situations may cause
corrosion in water transmission and installation pipes and increase the concentration of some heavy metals such
as Fe, Cu, Pb, and Ni in tap water (WHO, 2005; USEPA, 2011; WHO, 2022). In addition, high levels of heavy
metals such as Cu in tap water may have a corrosive effect on the increased dissolved oxygen level in tap water
and heavy metal(loid)s leakage from pipes in buildings. The pollution of heavy metals (Ioid)s in the surface water
of Cevizdere Stream and tap water in the Unye district can be attributed to various reasons.

Genotoxicity of Cevizdere Stream surface water and Unye tap water

In the present study, the comet test was successfully performed in Cyprinus carpio erythrocyte cells. The values
of DNA in the tail (%) used to determine DNA damage in fish exposed to Cevizdere Stream and Unye tap water,
are summarized in detail according to the experimental groups (tap water, surface water, and control), and seasons
(spring, summer, autumn, and winter), and exposure times (10th, 20th, and 30th days) (Figure 2). In the present
study, it was found that the surface waters of Cevizdere Stream and tap waters of Unye District exhibited
significant genotoxic effects in C. carpio samples compared to the negative control, as determined by comet
analysis. It was determined that genotoxic damage increased in direct proportion to the total heavy metal content
in water samples and exposure times, and showed a positive correlation. Comet analysis data of the fish individuals
exposed to Cevizdere Stream surface waters in the spring revealed that tail DNA% values were 13.31% on the 10th
day, 13.96% on the 20th day, and 15.70% on the 30th day (Figure 2A). These results also show that the genotoxic
effect of Cevizdere Stream surface water in the spring season on the fish increases depending on the exposure time.
There are statistical differences in tail DNA% between exposure times in the Cevizdere Stream surface water
group in the spring season (P<0.05). According to the comet analysis results of C. carpio individuals exposed to
Unye tap waters in spring, tail DNA% values were 13.43% on the 10t day, 14.55% on the 20t day, and 15.94% on
the 30th day (Figure 2A). These results show that the genotoxic effect of Unye tap waters in the spring season on
the fish increases depending on the exposure time. There are statistical differences in tail DNA% between exposure
times in the Unye tap water group in the spring season (P<0.05). It was also determined that Unye tap water
causes more DNA damage than Cevizdere surface water in the spring season. In addition, it was determined that
there were statistical differences in tDNA% when both Cevizdere Stream surface water and Unye tap water were
compared with the negative control group at all exposure periods (10th, 20th, and 30th days) in the spring season
(Figure 2A).
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1 Control Cevizdere Stream Unye District Tap
- D Surface Water D Water

DNA damage (%DNA in tail)

Figure 2. DNA percentages in the tail in erythrocyte cells of Cyprinus carpio subjected to increasing exposure time
to water extracts in Cevizdere Stream surface water, Unye District tap water, and control groups in
spring (A), summer (B), autumn (C), and winter (D) seasons.

Sekil 2. Cevizdere Deresi yiizey suyu, Unye Ilcesi musluk suyu ve kontrol gruplarinda ilkbahar (A), yaz (B),
sonbahar (C) ve kis (D) mevsimlerinde su ekstraktlarina artan siirelerle maruz birakilan Cyprinus
carpio’nun eritrosit hiicrelerindeki kuyruktaki DNA ytizdeleri.

According to the comet analysis results of C. carpioindividuals exposed to Cevizdere Stream surface water samples
in summer, tail DNA% values were 11.68% on the 10th day, 14.41% on the 20th day, and 15.31% on the 30th day
(Figure 2B). These results also show that the genotoxic effect of Cevizdere Stream surface water in the summer
season on the fish increases depending on the exposure time. It was determined that Cevizdere Stream surface
water samples in the summer season caused statistical differences in tDNA% examined in the study, according to
the exposure time in C. carpio (P<0.05). Comet analysis data of fish individuals exposed to Unye tap water in the
summer revealed that tail DNA% values were 14.06% on the 10t day, 15.27% on the 20t day, and 16.93% on the
30th day (Figure 2B). These results show that the genotoxic effect of Unye tap waters in the summer season on the
fish increases depending on the exposure time. There are statistical differences in tail DNA% between exposure
times in the Unye tap water group in the summer season (P<0.05). Unye tap water causes more DNA damage than
Cevizdere Stream surface water in the summer season, similar to the spring season. Moreover, statistical
differences in tDNA% values were found when comparing both Unye tap water and Cevizdere surface water with
the negative control group at all exposure times in the summer (Figure 2B).

As a result of Comet analysis of C. carpio individuals exposed to Cevizdere Stream surface water samples in
autumn, tail DNA% values were determined as 13.25% on the 10th day, 15.70% on the 20th day, and 16.71% on the
30t day (Figure 2C). These results show that the genotoxic effect of Cevizdere Stream surface water in the autumn
season on the fish increases depending on the exposure time. Cevizdere Stream surface water samples in the
autumn season caused statistical differences in tDNA% examined in the study, according to the exposure time in
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C. carpio (P<0.05). Tail DNA% values in erythrocyte cells of C. carpio individuals exposed to Unye tap water
samples in the autumn were 14.45% on the 10th day, 15.84% on the 20th day, and 17.35% on the 30th day (Figure
20C). These results show that the genotoxic effect of Unye tap waters in the autumn season on the fish increases
dependlng on the exposure time. There are statistical differences in tail DNA% between exposure times in the
Unye tap water group in the autumn season (P<0.05). It was found that in autumn, Unye tap water causes more
DNA damage than Cevizdere Stream surface water, similar to the other seasons. Furthermore, it was determined
that there were statistical differences in tDNA% values when both Unye tap water and Cevizdere Stream surface
water were compared with the negative control group at all exposure times in the autumn (Figure 2C).

Tail DNA% values in erythrocyte cells of C. carpioindividuals exposed to Cevizdere Stream surface water samples
in the winter were 12.73% on the 10t day, 14.02% on the 20t day, and 15.10% on the 30t day (Figure 2D). These
results show that the genotoxic effect of Cevizdere Stream surface water in the winter season on the fish increases
depending on the exposure time. There are statistical differences in tail DNA% between exposure times in the
Cevizdere Stream surface water group in the winter season (P<0.05). According to the comet analysis results of
erythrocyte cells of fish individuals exposed to Unye tap water in winter, tail DNA% values were determined as
13.92% on the 10th day, 14.62% on the 20t day, and 16.63% on the 30th day (Figure 2D). These results show that
the genotoxic effect of Unye tap waters in the winter season on the fish increases depending on the exposure time.
There are statistical differences in tail DNA% between exposure times in the Unye tap water group in the winter
season (P<0.05). It was also determined that Unye tap water causes more DNA damage than Cevizdere Stream
surface water in winter, similar to other seasons. Moreover, it was determined that there were statistical
differences in tDNA% values when both Unye tap water and Cevizdere surface water were compared with the
negative control group at all exposure times in the winter (Figure 2D). In this study, the genotoxic effects of tap
and surface waters were successfully carried out using the Comet assay. Like this study, the comet assay was used
in many studies on the genotoxicity of water and has proven to be a sensitive and rapid method to detect DNA
damage in organisms (Yuan et al., 2005; Zani et al., 2005; Buschini et al., 2008).

DNA damage in the erythrocyte cells of carp fish exposed to the surface waters of the Cevizdere Stream, which is
the main drinking water source of Unye District of Ordu province, and the tap water of Unye district, may be
caused by organic and inorganic pollutants. In addition, in monitoring studies in surface water and tap water, it
is difficult to identify the compounds that may be responsible for possible negative effects associated with exposure
to environmental pollutants in aquatic environments in mixed form and to directly attribute the genotoxic effect
to a single type of pollutant. Heavy metals are among the most important pollutants affecting organisms and
ecosystem health in aquatic systems. Moreover, the interactions of the relevant heavy metals (loid) with each other
are quite complex, and these substances can show different effects when they are mixed in the same environment,
as well as their effects when they are found alone in the environment (Kocadal et al., 2020; Kontas, 2022; Mitra et
al., 2022; Kontas Yalcinkaya et al., 2025). In the current study, chemical analysis results of water samples showed
the presence of metals in Cevizdere surface waters and Unye district tap water. Even if they are not at very high
levels, these pollutants have the potential to cause DNA damage to erythrocyte cells when evaluated as total heavy
metal(loid)s. It is widely reported in the literature that exposure to these heavy metals may cause toxicogenic
damage and carcinogenesis in organisms. When the DNA in the tail is evaluated, it is clear that these water
samples cause DNA damage in the erythrocyte cells of carp fish. Similar to the current study, DNA damage caused
by heavy metals (such as Cu, Fe, Mn, and Cd) was reported in Clarias gariepinus sampled from the Orontes River
(Turan et al., 2020). There are many studies in the literature that mainly use the average value of tail length and
tDNA% to evaluate genotoxicity (Alink et al., 2007; Pereira et al., 2012; Osman et al., 2012; Nwani et al., 2013).
The mean tail length and tDNA% values were reported as 35.17 + 1.370 % and 45.14 + 5.610% in Alburnus
chalcoides from Melet River (Kontas & Bostanci, 2020). Moreover, the mean tDNA% value in Clarias gariepinus
exposed to the surface waters of the Orontes River was calculated as 17.746 = 1.072 % (Turan et al., 2020). In this
study, this value was calculated as 14.323 + 1.236 % for spring, 13.800 + 1.890 % for summer, 15.220 + 1.779 % for
autumn, and 13.950 £ 1.187 % for winter in the samples exposed to Cevizdere Stream surface water seasonally. In
the Channa punctatus, it was determined that the percentage of tail DNA% in individuals in the control group was
1.6 + 0.32, while it was 16.5 + 0.61 in the treatment group, and this increase was reported to indicate significant
DNA damage in this species (Mehra & Chadha, 2021).

Increasing exposure time in carp fish in all seasons caused an increase in DNA damage, and in this study, a positive
relationship was observed between exposure time and DNA damage in all groups except the control group. A
similar positive relationship between DNA damage and exposure time has been reported previously (Ahmed et al.,
2005). Moreover, we observed an increase in DNA damage in erythrocyte cells of the C. carpio, depending on the
total metalloid amount. It revealed a similar trend in Labeo rohita after exposure to organophosphate pesticides
in blood samples (Mohanty et al., 2011) and in Channa punctatus after exposure to tetrabromobisphenol A (Sharma
et al., 2019) and profenophos (Pandey et al., 2011). The increases in DNA damage observed in fish, depending on
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the exposure time as a result of metalloid accumulation in their environment, are quite understandable. In high-
temperature seasons (spring and summer), the concentration of pollutants and especially heavy metal(loid)s in
water increases due to the decrease in the amount of surface water. This was also confirmed by the total heavy
metal(loid)s load determined in the surface and tap water samples in this study. Therefore, this situation can be
associated with the DNA damage detected in C. carpioin warm seasons. In low-temperature seasons (winter and
autumn), especially as a result of rainfall, pollutants from agricultural areas and environmental wastes enter
surface water resources in the form of oil. In this study, DNA damage caused by surface water in the erythrocyte
cells of C. carpio during low-temperature seasons may be associated with excessive rainfall in these seasons. This
study is also consistent with previous data reporting an increase in DNA damage in fish from waters contaminated
with different pollutants, such as industrial, agricultural, and domestic wastes. In addition, it also supports the
results emphasized in many genotoxic studies that the amount of DNA damage may vary depending on exposure
time and seasonal differences (Dhawan et al., 2009; Andem et al., 2013; Kontasg, 2022).

CONCLUSION

This study revealed that the surface and tap waters of Unye district, one of the important towns of Ordu province
in the Black Sea Region, were polluted with heavy metal(loid)s and that the total heavy metal load in these waters
caused genotoxic effects on carp fish. This study is the first to use comet analysis to evaluate the possible
genotoxicity of the surface water of Cevizdere Stream, used as a drinking water source in Unye district of Ordu
province, and the tap water in these regions on carp fish. Concentrations of such contaminants in drinking water
can often vary from nanograms per liter to micrograms per liter, often resulting in such contaminants falling below
detection limits in analysis and their genetic toxic effects remaining undetected. In addition, although heavy
metals do not cause genotoxic effects individually and in low amounts, these heavy metals have the potential to
come together and create genotoxic effects as a total heavy metal load. Therefore, instead of evaluating the
pollutants individually in such aquatic environments, it is necessary to evaluate them based on total accumulation,
which can provide more detailed information about the relevant environment. In addition, it is important to
analyze the pollutants in water with alternative analyses, such as comet analysis, to obtain detailed information
about the current conditions of these environments. For this reason, local consumers should also be sure that the
distributed water is of good quality until it reaches users, even if the surface water is thoroughly purified in
treatment plants and offered for use as tap water. It is recommended that users use this water by taking the
necessary precautions instead of using it directly in order to prevent negative health effects.
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