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Abstract
The lower Melet River is a drinking water source that is surrounded by hazelnut grove, agricultural lands, resulting in the 
accumulation of genotoxic agents such as mining activities, various domestic and agricultural wastes. Therefore, it receives 
many domestic and agricultural wastes that contain the genotoxic agent. This study was aimed to assess the heavy metal 
concentrations in water, sediment, and bioaccumulation in the tissues of Alburnus chalcoides. Comet assay and micro-
nucleus test were used to evaluate the genotoxic effects on the blood cells of A. chalcoides. The concentrations of heavy 
metals and metalloid in the water, in the sediments and in the muscle of fish were in the order of Fe > Al > Mn > As > Zn > 
Cu > Ni > Cr > Cd = Pb = Co, Fe > Al > Mn > Zn > Cu > Pb > Cr > As > Co > Ni > Cd and Fe > Zn > Al > Mn > Cu > Pb > As 
> Cr > Ni > Co > Cd, respectively. The blood cells of fish collected from the polluted location showed significantly higher 
DNA damage and micronucleus frequency compared to the reference location (p < 0.05). The study indicated that the DNA 
integrity of A. chalcoides was affected by heavy metals which originated from many anthropogenic sources.
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River systems are continuously polluted by anthropogenic 
activities, several chemical pollutants come from agricul-
tural, industrial and domestic wastes, and other sources. 
These polluting agents have clastogenic and/or mutagenic 
properties (Waters et al. 1999). Several genotoxic contam-
inants such as heavy metals (Matsumoto et al. 2006) can 
act as genotoxicants and can cause genetic alterations on 
DNA of aquatic organisms (Crespo-López et al. 2009). The 
genotoxic effects such as strand breaks, cross-linkages, and 
DNA base modifications resulted in the loss of DNA integ-
rity (Frenzilli et al. 2009).

The comet assay and the micronucleus (MN) test are two 
rapid and sensitive methods. They are extensively used as 
genotoxic biomarkers for several species (Matsumoto et al. 
2006; Boettcher et al. 2010). Further, these methods are 

useful tools for environmental monitoring and early ecologi-
cal risk assessment. Besides, these tests are early warning 
tools for the environment (Park and Choi 2007).

In situ toxicity assessment has been used for several 
aquatic organisms in river environments and this method 
is useful to assess water toxicity and non-point source con-
taminants (Kushwaha et al. 2012). Fishes are affected by 
water pollution by directly exposing to the physical and 
chemical changes in the water. Therefore, fish species are 
suitable genetic model to evaluate the pollution in aquatic 
ecosystems (Kushwaha et al. 2012). Besides, they are used 
in vivo, in vitro and in situ genotoxic monitoring of rivers 
and lakes. Fishes, such as Squalius cephalus (Sunjog et al. 
2016), Oreochromis niloticus (Hemachandra and Pathiratne 
2016), Channa punctatus (Javed et al. 2016), Abramis brama 
(Kostić et al. 2016), Alburnus alburnus (Jovanović et al. 
2018), Labeo rohita (Hussain et al. 2018), have been widely 
used to investigate DNA damage caused by heavy metals.

The lower Melet River, is covered by agricultural and 
industrial fields, which is also used as the most important 
drinking water source of the Ordu province. Further, the 
geological location of the river, the formation of the rich 
region of mineral deposits and heavy metals from domestic 
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wastes, hazelnut agriculture and used pesticides are the main 
pollution sources of the river. In the upper region of the sam-
pling points, there is Kabadüz district where mining activi-
ties are carried out. However, there is no study about the 
genotoxic potential of this river. This study was carried out 
to detect heavy metals and metalloid concentration in water, 
sediment and to evaluate bioaccumulation in the muscle of 
A. chalcoides. Consequently, the main objective of the cur-
rent study was to determine the genotoxic potential of heavy 
metal and metalloid arising from anthropogenic activities in 
the lower Melet River using the comet assay and MN test.

Materials and Methods

Melet River, the biggest river of Ordu province (Turkey), 
forms a border between Middle and Eastern Black Sea parts. 
The lower Melet River is used as a water source that receives 
many detergents, industrial, domestic and agricultural wastes 
for Ordu province. It is surrounded by hazelnut groves and 
agricultural lands. Kabadüz district is a settlement located 
on the river and is located in the upper region of sampling 
points. Mining activities are carried out in this region and 
these activities constitute a resource in terms of copper, lead 
and zinc elements. Due to its geological location, especially, 
mineral deposits of copper (Cu), lead (Pb), silver (Ag), zinc 
(Zn), iron (Fe), gold (Au) and manganese (Mn) are notewor-
thy in the river basin (Gülderen and Bektaş 2011).

Two locations were selected to determine the genotoxic 
potential of the river (Fig. 1). The formation of a control 
group in natural river systems is an important issue for 
monitoring studies. Regarding this situation, Çavaş (2004) 
reported that the upper regions of the river are used as a ref-
erence region because they are cleaner than lower regions. 
In addition, the lower regions with discharge points are more 
polluted regions. Therefore, Location 1 was selected as a 
control site because anthropogenic effects were relatively 
low compared to Location 2. The other site was Location 
2 which involved all the metal accumulation of the river. 
The heavy metals and metalloids which might arise from 
anthropogenic sources are concentrated at this site. Three 
different stations were selected for each locations (Location 
1; 40º 54’ 26” N- 37º 56’ 07” E, 40º 54’ 20” N- 37º 56’ 08” 
E, 40º 54’ 12” N -37º 56’ 06” E and Location 2; 40º 58’ 58” 
N- 37º 56’ 00” E, 40º 58’ 29” N- 37º 56’ 10” E, 40º 58’ 11” 
N- 37º 56’ 23” E).

The water and sediment samples were seasonally (April, 
July, October, January) collected from Location 1 and Loca-
tion 2 three times in 20RG-15/4/2015–2932715. The ten 
metals (Mn, Fe, Co, Cu, Zn, Al, Ni, Cr, Cd, Pb) and a met-
alloid (As) concentrations in water, sediment, and muscle 
of A. chalcoides were also estimated by inductively coupled 
plasma mass spectrometry (ICP-MS). The element concen-
trations were compared with permissible limits according to 
National Regulation (Official Gazette ) in water, according 
to the natural limit of earth’s crust (Turekian ve Wedepohl 

Fig. 1   The sampling locations
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1961) in sediment and permissible limits according to FAO 
(1983) and IAEA (2003) in the muscle of A. chalcoides.

The comet assay and micronucleus (MN) test were 
selected as in situ genotoxicity assays to measure genotoxic 
effects in erythrocyte cells of the A. chalcoides. The fish 
specimens that inhabiting naturally in these regions were 
collected from selected stations by using gill nets. A total 
of 40 specimens were caught from Location 1 (n = 20) and 
Location 2 (n = 20). Fishes were brought to the laboratory 
alive. Firstly, the fish were decapitated (Yazıcı and Şişman 
2015) and then the blood cells of A. chalcoides individu-
als were collected directly from the heart of each specimen 
in heparinized tubes for comet assay and micronucleus test 
before dissection.

The comet assay was performed under alkaline conditions 
according to the procedure of Singh et al. (1988) with some 
modifications (Tice et al. 2000). The slides were precoated 
with a layer of %1 normal melting point (NMP) agarose. 50 
µL blood and 150 µL of 0.75% low melting point (LMP) 
agarose were mixed and pipetted on the slide for the second 
layer. The slides were covered with cover glass and placed 
on a cooled layer. Then, the cover glass was removed and 
slides were placed into cold lysis buffer for 1 h. The slides 
were then put into cold alkaline electrophoresis buffer (10 
N NaOH and 200 Mm EDTA, pH > 13) to allow DNA 
unwinding for 20 min at 300 mA at 4 °C. After electropho-
resis, slides were placed into neutralizing buffer for 15 min. 
Staining was performed with EtBr per slides. The stained 
slides were observed under a fluorescent microscope (Leica) 
equipped with a TXR filter. 100 erythrocyte cells were ran-
domly examined for each fish sample and comet images 
were scored using Comet IV Computer Software (Percep-
tive Instruments, UK). One drop blood was smeared imme-
diately on the slides to perform the micronucleus (MN) test. 
When the smeared blood was dried, the slides were fixed in 

ethanol for 20 min and stained with 5% Giemsa solution. 
2000 erythrocytes were examined per individual (Boettcher 
et al. 2010).

The descriptive statistics related to values of heavy metals 
and metalloid concentrations of water, sediment, muscle of 
fish, micronucleus frequency, and comet assay parameters 
were calculated. Spearman correlations were calculated for 
each element in the water-muscle and sediment-muscle. 
For values of micronucleus (MN) test and comet assay 
parameters, firstly the Kolmogorov-Smirnov test was used 
to determine whether the data had a normal distribution or 
not. Since the data were not normally distributed, evalua-
tions were made using the Mann–Whitney U test. P-value 
less than 0.05 is statistically significant. All statistical tests 
were performed using MINITAB 16 statistical program.

Results and Discussion

The heavy metals and metalloid levels in the water, sedi-
ment, and muscle of A. chalcoides were presented for Loca-
tion 1 and Location 2 in Table 1. Generally, element concen-
trations of water in Location 2 were higher than Location 1 
(p > 0.05). The concentrations of heavy metals and metalloid 
in sediment followed the decreasing order: Fe > Al > Mn > 
Zn > Cu > Pb > Cr > As > Co > Ni > Cd, while in water, the 
order was Fe > Al > Mn > As > Zn > Cu > Ni > Cr > Cd = 
Pb = Co. While the strong correlations between water and 
muscle were determined in Al, Co and Zn at the Location 
1, the strong correlation was found in Cr at the Location 
2. Similarly, the strong correlations between sediment and 
muscle were determined in Ni, Mn, and Zn at the Location 
1, the strong correlations were found in As, Cd, and Mn 
at the Location 2. Besides, especially Al, As, Fe and Cu 
concentrations were observed higher level than permissible 

Table 1   The mean element levels (± S.E) of water (µg/L), sediment (µg/g), and muscle (µg/g) of A. chalcoides samples (Difference significant 
relative to Location 1 at * p < 0.05 and bold values are high levels according to Regulations U.D.L: Under Detection Limit)

Water (µg/L) Sediment (µg/g) Muscle (µg/g)

Location 1 Location 2 Location 1 Location 2 Location 1 Location 2

Al 70.5 ± 37.40 387.0 ± 317.00 4059.0 ± 80.00 4476.0 ± 174.00 4.9 ± 0.68 7.16 ± 3.90
As 20.4 ± 2.22 25.4 ± 3.93 5.0 ± 0.47 5.5 ± 0.29 0.3 ± 0.02 0.4 ± 0.02
Cr 1.1 ± 0.12 1.6 ± 0.32 4.6 ± 0.26 5.7 ± 0.35* 0.6 ± 0.40 0.2 ± 0.01
Cd U.D.L U.D.L 0.4 ± 0.08 0.2 ± 0.03 U.D.L U.D.L
Pb U.D.L U.D.L 18.1 ± 2.00 17.3 ± 0.85 0.6 ± 0.17 0.5 ± 0.15
Mn 15.3 ± 10.10 30.5 ± 19.20 275.5 ± 10.00 322.2 ± 9.60* 1.2 ± 0.21 3.3 ± 1.60
Fe 319.5 ± 55.90 965.0 ± 710.00 10956.0 ± 649.00 11743.0 ± 843.00 47.1 ± 0.99 75.4 ± 30.00
Co U.D.L U.D.L 4.2 ± 0.16 4.5 ± 0.16 0.01 ± 0.005 0.02 ± 0.010
Cu 5.0 ± 3.17 3.4 ± 0.97 28.4 ± 5.80 19.5 ± 1.90 1.0 ± 0.33 0.6 ± 0.03
Zn 82.6 ± 58.10 19.0 ± 5.64 84.0 ± 13.00 57.4 ± 3.70 19.1 ± 9.50 15.1 ± 2.50
Ni 1.4 ± 1.10 2.0 ± 0.25 3.4 ± 0.20 4.1 ± 0.50 0.3 ± 0.16 0.1 ± 0.03
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limits according to National Regulation (Official Gazette 
RG-15/4/2015–29327) in Location 2. Cr and Mn concen-
trations in sediment were higher in Location 2 than Location 
1 (p < 0.05). Generally, Al, As, Mn, Fe, Co and Cu concen-
trations in muscle of A. chalcoides inhabiting Location 2 
were higher than Location 1 samples (p > 0.05). Pb and As 
concentrations in muscle were higher than the permissible 
limits according to FAO (1983) and IAEA (2003) in both 
Location 1 and Location 2.

The images of the observed cells during microscopic 
examinations for the MN test were given in Fig. 2. The 
results of micronucleus frequency in blood cells of fish 
samples were presented in Table 2. Location 2 was a more 
polluted location than Location 1 and the micronucleus fre-
quency was higher in Location 2 than Location 1. In addi-
tion, this difference between Location 1 and Location 2 was 
statistically important (p < 0.01) (Fig. 2; Table 2). Therefore, 
MN frequency was determined as 3.65 ± 0.65 in Location 
1 and 5.10 ± 0.94 in Location 2 (p < 0.01). Yazıcı (2012) 
reported that MN frequency was higher in polluted loca-
tions for Leuciscus cephalus and Capoeta capoeta inhabiting 

Karasu River (Turkey). Yazıcı and Şişman (2015) found sim-
ilar results for Barbus plebejus inhabiting the polluted loca-
tion of Karasu River (Turkey). Aquatic organisms exposed 
to waters contaminated by heavy metals have demonstrated 
DNA damage in many studies (Matsumoto et al. 2006).

The values of comet parameters were used to detect 
DNA damage in blood cells of A. chalcoides and the results 
were presented in Table 2. The DNA damage levels were 
shown in Fig. 3a. The DNA damage was higher in Location 
2 (Fig. 3c) than in Location 1 (Fig. 3b). The blood cells of 
fish from polluted location showed significantly higher DNA 
damage in proportion to the reference location (p < 0.01). 
In the previous studies, three comet parameters such as 
tail length (TL), tail moment (TM) and tail intensity (TI) 
were generally used for determining DNA damage (Morin 
et al. 2011; Sunjog et al. 2014). In this study, six comet 
parameters were used to evaluate DNA damage. According 
to the results, comet formations in erythrocyte cells were 
generally increased in Location 2 compared to Location 1. 
When the results of the comet parameters were evaluated, 
tail length, tail intensity, and tail moment values were higher 
in Location 2 than Location 1 (Table 2). Additionally, the 
difference between the two station values was statistically 
important (p < 0.05) (Table 2). The mean tail length values 
were determined as 25.78 ± 0.656 µm for Location 1 and 
29.38 ± 1.023 µm for Location 2, respectively. The mean 
values of tail length, tail moment, %DNA in the tail, tail 
intensity and %DNA in head parameters were determined 
and the values in Location 2 were higher than Location 1. 
These differences between the locations were statistically 
important (p < 0.01) (Table 2). Okuşluk (2008) conducted 
a study about the determination of pollution in the Mogan 
Lake (Turkey) using comet assay in Cyprinus carpio. The 
C. carpio samples were compared in Mogan Lake and com-
mercial fish farm (control group). The tail length value of C. 
carpio individuals was 31.100 ± 10.390 µm for Lake Mogan 

Table 2   The mean values (± S.E) of micronucleus frequencies and 
comet assay parameters in erythrocytes of A. chalcoides (Difference 
significant relative to Location 1 at * p < 0.05 and ** p < 0.01)

Location 1 Location 2

Micronucleus frequency (‰) 3.65 ± 0.65 5.10 ± 0.94**
Comet assay parameters
 Tail length (µm) 25.78 ± 0.656 29.38 ± 1.023**
 Tail moment 42.27 ± 2.060 51.88 ± 2.350**
 % DNA in tail 35.17 ± 1.370 45.14 ± 5.610**
 Tail intensity (%) 34.05 ± 0.688 39.71 ± 0.588*
 % DNA in head 64.83 ± 1.370 54.86 ± 5.620**
 Head intensity (%) 65.95 ± 0.688 60.29 ± 0.588

Fig. 2   Micronucleus (MN) formation of A. chalcoides erythrocytes; A normal erythrocyte cells (in left) and the micronucleus in an erythrocyte 
cell (in right)
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and it was calculated as 22.800 ± 1.082 µm for the control 
group. These results were similar to the present study. In 
both studies, it was determined that increased concentrations 
of heavy metals and metalloid due to anthropogenic factors 
in polluted areas statistically increased (p < 0.05) genotoxic 
effect in fish.

The heavy metals and metalloids occur naturally in the 
environment. Earth’s crust has these components and anthro-
pogenic effects cause them to mix into sediments, soils 
and waters (Sunjog et al. 2016). Many water sources were 
exposed to heavy metal and metalloid contamination from 
industrial, agricultural and human sources. In recent years, 
agricultural and industrial activities have changed the lower 
Melet River ecosystem. Also, pesticide residues mixed into 
the river. Pesticides can be divided into two groups, organic 
and inorganic. Inorganic pesticides are generally in a simple 
structure and are widely used in agriculture in pest control 
as they are easily soluble in water (Urkude et al. 2019). Inor-
ganic pesticides contain different heavy metals such as iron, 
arsenic, copper, cadmium, lead, aluminum, and mercury, the 
heavy metals do not degrade readily and remain in the water 
and soil for a long time (Bigyan and Poonam 2014).

Additively, domestic wastes and quarry activities caused 
heavy metal pollution. In addition to all these factors, the 
most important was that the station is under the influence 
of the mine (Cu, Pb, and Zn) operating in Kabadüz dis-
trict. Therefore, pollution in this environment can cause 
genetic alterations in fish species and other organisms liv-
ing in this habitat. The average concentrations of Al, As, Fe, 
Mn, Cr and Ni in water were generally higher in Location 
2 than Location 1. Also, Al, As, Fe and Cu concentrations 

were higher than permissible limits (Official Gazette RG-
15/4/2015–29327). The high As concentration in water and 
muscle of fish, especially more than the permissible limit, 
affect organisms such as growth, ion regulation, reproduc-
tion, enzyme activities, and immune functions of fish spe-
cies and the aquatic ecosystems (Kumari et al. 2016). In the 
present study, the high level of As was detected (Table 1) 
and it may be transported due to pesticide contents used in 
agricultural fields. Aluminum is one of the most abundant 
elements in the Earth’s crust. The presence of a quarry on 
the river leads to continuingly element entry into the water. 
Aluminum acts as a toxic agent on fish species in the aquatic 
environment (Rosseland et al. 1990). Pb is an element that 
is widely distributed throughout the world. Pb-based paints, 
storage batteries, mining of ore, application of Pb-containing 
pesticides and combustion of coal are other anthropogenic 
sources of lead (ATSDR 2019).

Matsumoto et  al. (2006) determined the genotoxic 
effects of water samples at different pollution levels of a 
river by comet assay and micronucleus test using erythro-
cytes of Oreochromis niloticus. In the study, researchers 
reported that due to possible Cr compounds in river water, 
the comet assay values and MN frequencies increased in 
fish erythrocytes in the polluted area and suggested that 
chromium residues can be genotoxic. In the current study, 
the mean Cr concentration in Location 2 was also higher 
than Location 1 for both water and sediment of the Melet 
River. Cr originated from sediment can cause DNA dam-
age in Location 2, because the mean Cr concentration 
was higher than the earth’s crust (Turekian and Wedepohl 
1961). Scalon et al. (2010) analyzed possible DNA damage 

Fig. 3   DNA damage levels of A. chalcoides erythrocytes: (a) Typical images of comet representing different levels of DNA damage in erythro-
cyte cells; Erythrocyte cells after comet assay from Location 1 (b) and Location 2 (c) of A. chalcoides 
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from Al, I, Cr, Cu, Zn, Pb, and Ni pollution. Al and I levels 
increased in the middle and lower regions of the Sinos 
River. The higher levels of heavy metal concentrations in 
polluted sites can cause DNA damage in aquatic species.

The changes in DNA damage were probably related to 
endogenous or seasonal effects. Many studies indicated 
seasonal variations in DNA damage in fish species and 
found that warmer seasons caused to increase DNA strand 
breaks (Buschini et al. 2004; de Andrade et al. 2004a, 
b; Osman et al. 2012). On the contrary, DNA damage 
decreased during warmer seasons (Wirzinger et al. 2007). 
The results showed that water temperature plays a role in 
the genotoxicity dynamic (Sunjog et al. 2014). Moreover, 
other chemical compounds such as pesticides, organochlo-
rinated pesticide (OCP) residues, polyaromatic hydrocar-
bons (PAHs), polychlorinated biphenyls (PCBs) were cre-
ated genotoxic effects for fish species. The increased DNA 
damage was reported in fish species such as Ameiurus 
nebulosus (Amado et al. 2006) and Cyprinus carpio (Pan-
drangi et al. 1995) living in the contaminated waters with 
PAH and PCB. According to the present study results, it 
is obvious that high concentrations of heavy metals cause 
DNA damage in the fish. However, such natural aquatic 
ecosystems are influenced by heavy metals as well as 
other genotoxic agents such as PCBs, OCPs, and PAHs. 
For this reason, A. chalcoides living in the lower Melet 
River are thought to affect not only heavy metals but also 
other pollutants.

It was determined that metalloid and heavy metal 
concentrations in water, sediment and fish muscle of 
lower Melet River (Turkey) were increased in Location 
2 and these element concentrations may cause genotoxic 
effects in at least one native fish species, A. chalcoides. 
The observed DNA damage in A. chalcoides may also be 
caused by PCBs, OCPs, and PAHs as well as heavy metal 
contamination found in water sediment and fish tissue. In 
the present study, for the first time, the MN test and comet 
assay were used for genotoxic monitoring for an aquatic 
system on the lower Melet River. The current study indi-
cated that A. chalcoides can be used as an indicator organ-
ism for in situ monitoring in environmental contamination 
and genotoxicity. The obtained data were useful for moni-
toring studies and provided an idea for new future studies 
using fish blood in other aquatic locations in Turkey.
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