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Within the scope of this study, heavy metals presence (Al, Cr, Ni, Cu, As, Cd, Hg, 
Pb) in water samples and liver, gills and muscle tissue of gibel carp Carassius gibelio 
caught in Marmara Lake was analyzed seasonally. It was determined that there was not 
any difference seasonally with regard to heavy metals studied in lake waters (p>0.05). 
Mineralization of fish tissues was made by microwave-wet decomposition. To evaluate 
heavy metal concentrations in water and tissue samples, method of inductively coupled 
plasma – mass spectroscopy (ICP-MS) was applied. TORT 2 lobster hepatopancreas was 
used as certified reference matter in this study. According to obtained results, 
bioaccumulation rates for gills were found as Cu>Cd>Ni>Pb>Cr>Al>As>Hg, for liver 
and muscle tissues they were found as Cu>Cd>Ni>Cr>Pb>Al>As>Hg. It was proved that 
the most bioaccumulated heavy metal was Cu and the least bioaccumulated was Hg for 
all of the studied tissues. 

Key words: Carassius gibelio, Marmara Lake, heavy metal, bioaccumulation. 
 

Introduction 
Environmental pollution first came up 

as a result of beginning of urban life and 
has increased in parallel to industrial 
improvement. Environmental pollution, 
which has accelerated depending upon 
population growth especially in the second 
half of the twentieth century, has caused 
life resources to be more polluted and  
as a result, corruption of ecosystem has 
gradually become a serious matter. 
Consequently, when aquatic ecosystem, 
which is a part of natural ecosystem, is 
used as a receiver and detractive zone for 
used waters and other wastes, it becomes  
a place, which is exposed to the densest 
pollution in proportion to air and earth 
within natural ecosystem [Yarsan et al., 
2000]. 

The pollutant contaminants disturbing 
the ecological balance are some organic 
matters, industrial wastes, petroleum and 
its derivatives, agricultural chemicals, 
detergents, radioactivity, pesticides, 
inorganic salt, artificial organic chemical 
matters, heavy metals and waste heat. 

These matters are threatening factors 
effecting natural balance negatively. A lot 
of heavy metals are used in heavy metal 
industry and left to nature as waste. 
Particularly in the last twelve years, 
industrial improvements have proved  
that marine environment has been polluted 
by heavy metals and this pollution  
has affected the food chain. Heavy 
metals,released into ecosystem through 
water and foods, have the potential to 
change and damage all of the daily life 
activities by accumulating in the living 
beings [Hu, 2000]. 

The effect of heavy metals on 
environment and human health has 
recently been a focus of interest [Uluozlu 
et al., 2007]. Toxic elements are very 
harmful even if they are released in the 
environment at low amounts in a long 
period [Celik, Oehlenschlager, 2007]. 

Heavy metals can be in aquatic 
ecosystems and are bioaccumulated in food 
chain. Amount of heavy metals in water 
can change according to types and 
abundance of pollutant sources. Under 
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normal circumstances, ratio of heavy 
metals in nature is low [Kayhan et al., 
2009]. Heavy metals in water can be toxic 
for fish, and humans consuming fish, 
according to their concentrations [Dural et 
al., 2007]. 

A lot of studies about heavy metal 
contamination in inland waters and 
freshwater fish are reported in literature 
from all around the world [Olaifa et al., 
2004; Staniskiene et al., 2006; Begum et 
al., 2009; Klavins et al., 2009] and also 
from Turkey [Olaifa et al., 2004; 
Staniskiene et al., 2006; Begum et al., 
2009; Klavins et al., 2009]. 

The control of natural fish stocks, 
which exist as a result of the sudden 
increase in world population, and fast 
consumption of natural resources can be 
performed with biological monitoring. 

Fish is a healthy and cheap protein 
source for a bigger percentage of world 
population [Hajeb et al., 2009]. Fish is a 
qualified food in terms of energy and 
nutritious components (essential multi-
unsaturated fatty acids, exogenic 
aminoacids, minerals and water-soluble 
vitamins) in human nutrition [Usydus et 
al., 2009]. In addition to its benefits in 

human nutrition, as fish accumulates toxic 
metals in its tissues, for public health its 
chemical monitoring has to be assess 
periodically [Cabañero et al., 2004]. 

The aim of this study was to determine 
the bioaccumulation of heavy metals (Al, 
Cr, Cu, Ni, As, Cd, Hg and Pb) in the 
tissues of gibel carp Carassius gibelio, an 
invasive fish species in Marmara Lake, 
and,on the basis of the results, to assess the 
presence of any potential risk for public 
health. 
 

Materials and methods 
Marmara Lake is located within the 

borders of Golmarmara and Salihli district 
in western Turkey. Marmara Lake  
(lat 38º 37´ N, long 28º 00´ E) is an 
alluvial dam lake at an altitude of 75 m.  
Its maximum depth is 3.5 m and it covers 
an area of 45 km2 [Ustaoğlu, 1993]. It was 
formed as a result of tectonic collapse 
zone’s being filled with water and it is fed 
by the Demirköprü Dam in the east and  
the Kum River to the northwest, and it 
regularly drains by means of a regulator in 
the south end into the Gediz River (Figure 
1). Agricultural activities are potently 
being performed around the lake. 
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Table 1. Microwave burning process 
 

Phase 1 2 3 4 
T (ºC) 155 200 50 50 
P (pressure, psi) 30 30 0 0 
Ta (run time, min) 2 10 1 1 
Time (min) 15 30 15 1 

 
Table 2. ICP-MS analysis parameters 

 
Radio frequency power 1550 W 
RF matching  2.1 V 
Sample depth 8 mm 
Carrier gas 0.85 L min-1 
Dilution gas 0.13 L min-1 
S/C heat 2ºC 
Nebulizer type MicroMist 

 
 

Specimens of gibel carp were bought 
from fishermen in Marmara Lake every 
season and carried to laboratory in sterile 
polyethylene bags under cold conditions. 
Water samples were also collected 
seasonally and carried to laboratory under 
cold conditions after being soured with  
1:3 (HNO3:H2O) depleted nitric acid  
(≥ %65 Puriss. p.a.) as pH<2. In laboratory 
watersamples were filtered through 
membrane filter of 0.45 µm. For each 
specimen of gibel carp, livers, muscle 
tissues and gills were collected and kept  
in Deepfreeze at -20ºC until they were 
analyzed. Containers in which samples 
were going to be put were placed in nitric 
acid for 15 minutes and then washed with 
deionized water before to be used for 
transportation of fish samples. 
 

Method 
Fish samples were burned in 

microwave burning unit (Berghofspeed 
wave MWS-3 and DAP-60 burning 
containers) and rendered liquid. Burning 
process was explained below. 

500 mg sample was weighed and put 
into DAP-60 container system. 5 ml nitric 
acid (%65, suprapure) was added onto it. 
Then, covered container was put into 
microwave burning unit and microwave-
burning program at the Table 1 was 
performed. 

After the program ended, overall 
volume was completed to 25 ml with 4:1 
HNO3:H2O2 solution. 

Samples, which were rendered liquid, 
were put into ICP-MS (Agilent 7700x) 
with the conditions shown at Table 2. 

Before the analyses, mix stock solution 
was prepared from the multi-element 
Calibration solution for the elements  
of Al, Cr, Cu, Ni, As, Cd and Pb and 
standardization was made by doing 
measurements at the levels of 5, 10, 50, 
100 and 200 ppb. For Hg, standardization 
was made by measuring stock solution, 
which was prepared with the Hg 
calibration solution as 0.5, 1, 5, 10 and  
20 ppb. 

The accuracy of microwave soaking 
and ICP-MS method was evaluated by 
using certified reference material (TORT-2 
lobster hepatopancreas) for all of the 
elements except Al (Table 3). The 
accuracy of microwave soaking and  
ICP-MS method was evaluated by doing 
recovery study for Al and recovery rate as 
87.98% was obtained. 

Rates of bioaccumulation factors of 
fish were calculated by means of the 
formula below suggested by Gobas and 
Morrison [2000]: 

BAF = KB / KS 
where KB represented concentration  
of chemical elements in fish and KS 
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Table 3. Accuracy of the method 

 
 TORT 2 (mg kg-1) In this study (n=5, mg kg-1) Recovery (%) 
Cr 0.77 ± 0.03 0.75 ± 0.04 97.40 
Ni 2.50 ± 0.19 2.13 ± 0.12 85.20 
Cu 106.0 ± 10.0 92.36 ± 2.60 87.13 
As 21.6 ± 1.8 19.65 ± 0.37 90.97 
Cd 26.7 ± 0.6 24.84 ± 1.45 93.03 
Hg 0.27 ± 0.06 0.28 ± 0.01 103.70 
Pb 0.35 ± 0.13 0.36 ± 0.02 102.86 
*Mean ± SD 

 
 

Table 4. Heavy metal concentrations in gibel carp caught in Marmara Lake (mg kg-1) 
 

 Gill  Liver Muscle tissue 
Al 1.31 ± 0.70 1.05 ± 0.39 1.22 ± 0.74 
Cr 0.32 ± 0.33 0.36 ± 0.33 0.26 ± 0.30 
Ni 0.50 ± 0.50 0.45 ± 0.53 0.35 ± 0.54 
Cu 0.72 ± 1.36 0.62 ± 1.15 0.60 ± 1.32 
As 0.49 ± 0.35 0.35 ± 0.20 0.28 ± 0.20 
Cd 0.03 ± 0.02 0.03 ± 0.02 0.03 ± 0.02 
Hg 0.04 ± 0.08 0.09 ± 0.13 0.05 ± 0.10 
Pb 0.28 ± 0.09 0.16 ± 0.33 0.17 ± 0.05 

*Mean ± SD 
 
 
represented the concentration of chemical 
in water. In this study, the formula was 
accomplished considering each heavy 
metal separately. 
 

Statistical Analyses 
The statistical analysis were performed 

using IBM SPSS Statistics V.20 program. 
Summary statistics such as mean, standard 
deviation, minimum and maximum 
concentration, median, and skewness were 
calculated to characterize distribution of 
heavy metal contents. Skewness is a 
measure of the degree of asymmetry of  
a distribution in relation to a normal 
distribution. Given that a normal 
distribution has a skewness of zero,  
the skewness of a dataset indicates either  
a tail to the right (positive skewness) or  
to the left (negative skewness). One  
way-ANOVA, followed by Tukey’s test  
(p < 0.05) was used to evaluate differences 
among organs and in water samples. 
 

Results 
In this study, heavy metals (Al, Cr, Ni, 

Cu, As, Cd, Hg and Pb) analysis were 
made in the water samples and in the 
overall 96 tissues (liver, gill and muscles) 
of 32 fish caught in Marmara Lake. 

Results of the analysis of gibel carp 
tissues were shown at Table 4. 

The order of analyzed fish tissues in 
terms of heavy metal concentrations was 
shown below. The mean heavy metal 
concentrations in lake waters were shown 
in Table 5. 

Also, dissolved oxygen, temperature, 
pH, TDS and salinity measurements in lake 
waters were made seasonally. The results 
were shown in Table 6. 

Bioaccumulation rates calculated 
according to Gobas and Morrison (2000) 
was shown in Table 7. For gills, 
bioaccumulation rates were determined as 
Cu>Cd>Ni>Pb>Cr>Al>As>Hg and for liver 
and muscle tissues they were determined as 
Cu>Cd>Ni>Cr>Pb>Al>As>Hg. 



154   

Российский Журнал Биологических Инвазий   № 2   2014 

Table 5. The mean heavy metal concentrations in lake waters 
 

 µg L-1 (Mean ± SD) 

Al 10.42 ± 2.00 
Cr 1.35 ± 0.48 
Ni 1.03 ± 0.32 
Cu 0.33 ± 0.26 
As 4.32 ± 1.04 
Cd 0.02 ± 0.004 
Hg 10.74 ± 4.99 
Pb 1.06 ± 0.07 

 
Table 6. Physicochemical parameters of lake water 

 
 Summer Autumn Winter Spring 
Dissolved oxygen (mg L-1) 7.5 8.6 8.5 8.2 
Temperature (°C) 22.78 12.9 8.1 13.6 
pH 7.76 8.45 9.12 8.56 
TDS (g L-1) 2.79 0.35 0.6 1.12 
Salinity (‰) 0.24 0.26 0.29 0.25 

 
Table 7. Heavy metal bioaccumulation rates of the tissues 

 
 Gill Liver Muscle tissue 
Al 125.72 100.77 117.08 
Cr 237.04 266.67 192.59 
Ni 485.44 436.89 339.81 
Cu 2181.82 1878.79 1818.18 
As 113.43 81.02 64.81 
Cd 1500 1500 1500 
Hg 3.72 8.38 4.66 
Pb 264.15 150.94 160.38 

 
Table 8. The mean difference between tissues in terms of bioaccumulation  

of different heavy metals 
 

 Al Cr Ni Cu As Cd Hg Pb 

Muscle 0.09846 0.06615 0.09692 0.12154 0.21154a 0.00231 0.01000 0.11000a 

Liver 0.26769 0.04077 0.12154 0.10154 0.13308ab 0.00385 0.03923 0.11923a 

Gill 0.16923 0.10692 0.10154 0.02000 0.07846b 0.00154 0.04923 0.00923b 
*The mean difference is significant at the 0.05 level. 
 

The difference shown by tissues in 
terms of heavy metal bioaccumulation  
is given at Table 8. With regard to 
concentrations of metals Al, Cr, Ni, Cu, Cd 
and Hg, there was not found any 
difference. While there was a significant 
difference between concentration of metal 

As in muscles (a) and gills (b), the 
concentration in the liver (ab) was similar 
to both of the two tissues. With respect to 
Pb metal concentration, there was a 
similarity in muscles (a) and liver (b),  
it was different in gills (b). 
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Discussion 
Aluminum: It is stated that 96-hour 
aluminum LC value shows a change 
between 95 µg L-1 and 235 mg L-1 for fish 
[Imray et al., 1998]. In this study, the mean 
aluminum concentration in lake water  
was determined as 10.42 µg L-1 and this 
amount was much lower than the minimum 
critical level. Stephens and Ingram [2006] 
researched aluminum level in water after 
deaths of Carassius auratus and Cyprinus 
carpio in a pool and determined aluminum 
concentration as 0.7 mg L-1. 
Chromium: As a metal found commonly 
and naturally, chromium mining is 
performed in the Philippines, South Africa, 
Turkey, Russia and Zimbabwe. It is used 
widely in the industry [Calamari, Solbé, 
1994]. When fish is poisoned acutely with 
chromium compounds, its body surface is 
covered with mucus; its gill epithelium 
gets harmed and fish dies with suffocation 
symptoms. In the body cavities of fish 
poisoned by chromium compounds, an 
accumulation of orange-yellow liquid is 
observed. While Chromium III LD50 value 
observed in different fish species shows 
high toxicity with 2.0–7.5 mg L-1, 
Chromium VI LD50 value shows average 
toxicity with 35–75 mg L-1 [Svobodova et 
al., 1993]. In this study, the mean 
chromium level in lake water was 
determined as 1.35 µg L-1. Also, during the 
dissection of fish, yellow liquid 
accumulation was observed in the body 
cavities. Canli and Atli [2003] determined 
2.22 mg kg-1 chromium in muscle tissues 
of European pilchard Sardina pilchardus  
in North Mediterranean. That value was 
almost nine times higher than the mean 
value of 0.26 mg kg-1, which was obtained 
from muscle tissues in this study. Given 
that critical chromium amount for human 
health was 8.00 mg kg-1 [Tuzen, 2009], it 
was found in this study that there was not 
any threat to public health. 
Copper: Copper which is an essential 
element, has the potential to be toxic for 
aquatic organisms when its amount is high 
in water [Martins et al., 2011]. The level  
of maximum copper remnant is given  
as 20 mg kg-1 in the Statement about 

Determination of Maximum Amounts of 
Certain Contaminants in Food Products- 
Turkish Food Codex that does not prevail 
now and published in September 23rd, 
2002 in the 24885th issue of Official 
Journal [Anonymous, 2002a]. The mean 
copper level obtained from muscle tissues 
in this study was 0.60 mg/kg and this 
amount was 33 times lower than the 
maximum remnant limit. Safe copper 
concentration in water for fish is 1–100 µg 
L-1. That said, this range could change as 
to fish species [Svobodova et al., 1993]. 
The mean copper concentration obtained 
from lake water in this study was 0.33 µg 
L-1 and this amount was much lower than 
safe level mentioned above. The highest 
mean copper amount obtained from muscle 
tissues of common carp, from Sakarya 
River by Barlas [1999] was 1.18 mg kg-1. 
That amount was lower than the mean 
amount (0.60 mg kg-1) found in this study. 
In another research on Tilapia zillii, copper 
amount in muscle tissues of control group 
was determined as 4.33 mg kg-1 [Ay et al., 
1999] and it was seen that it did not exceed 
the limit value of 20 mg kg-1. 
Nickel: Nickel can be discharged from 
metal processing facilities to surface 
waters. Nickel compounds are average 
toxicity for fish. If fish is exposed to nickel 
compounds at the level of toxicity, gills are 
filled with mucus and lamellas turn into 
crimson [Svobodova et al., 1993]. 96-hour 
LC50 amounts for perch, American eel and 
common carp are 13.7 mg L-1, 13.0 mg L-1 
and 10.4 mg L-1 respectively [Calamari et 
al, 1994]. The mean nickel concentration 
obtained from lake water analyses in our 
study was 1.03 µg L-1. It was seen that this 
nickel amount in water was not toxic for 
fish. Javed [2005] determined values of 
3.74, 1.95 and 3.49 mg kg-1 nickel in the 
muscle tissues of Catla catla, Oreochromis 
nilotica and Labeo rohita respectively  
in Kolkata wetlands. In the study done  
by Barlas [1999], the highest nickel 
concentration found in common carp was 
stated as 3.06 mg kg-1. In this research,  
the mean concentration revealed in the 
muscle tissues was 0.35mg kg-1 nickel. 
According to American Food and Drug 
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Administration, tolerable nickel 
concentration for Crustacea is 70 mg kg-1 
and for bivalves it is 80 mg kg-1 
[Anonymous, 2007]. According to Indian 
Official Export Supreme Audit Institution, 
the maximum amount of nickel remnant, 
which is permitted in fish and fishery 
products, is determined as 80 mg kg-1 
[Anonymous, 2002b]. Nickel 
concentrations obtained from muscle 
tissues of fish in this study did not exceed 
the maximum levels of nickel remnant 
mentioned above. 
Arsenic: It is an unessential metalloid, 
which can be found in nature plentifully.  
It is found in environment as a result of 
natural mobilization and mineralization 
processes such as erosion and biological 
activities of microorganisms [Duker et al., 
2005]. Lethal arsenic concentration in 
water for fish is between 3–300 mg L-1 
[Svobodova et al., 1993]. The mean arsenic 
concentration in the analyses made in lake 
waters in our study was determined as 4.32 
µg L-1. This level was 694 times lower 
than minimum lethal concentration value 
stated above. According to Australian 
standard, maximum arsenic concentration 
level allowed is 1 mg kg-1 [Anonymous, 
1998]. As maximum mean arsenic 
concentration that we obtained from 
muscle tissues was 0.28 mg kg-1, there was 
not any threat to public health. In a study 
done on ten freshwater fish species in the 
Manchar Lake (Pakistan), the highest 
arsenic amount obtained from muscle 
tissues of fish was found as 14.8 mg kg-1 in 
Catla catla and the lowest mean arsenic 
amount was found as 2.0 mg kg-1 in the 
species of Labeo gonius and Cirrhinus 
mrigala [Shah et al., 2009]. Also, it was 
seen that the mean arsenic concentrations 
in all of the fish exceeded the limit of 
Australian standard. Has-Schön et al. 
[2006] determined in the muscle tissues of 
common carp and grey mullet which they 
gathered from the River Neretva (Croatia) 
0.038, 0.309 mg kg-1 arsenic respectively 
which was safe for public health. 
Cadmium: It is a highly toxic element for 
all of the mammals and fish [Beširović et 
al., 2010]. Fish are the main source for 

people to be exposed to cadmium. Acute 
lethal concentration of cadmium in water 
for fish is 2–20 mg L-1 and acceptable 
cadmium concentration in water is 0.2 µg 
L-1 for salmonids and 1 µg L-1 for cyprinid 
[Svobodova et al., 1993]. In our study,  
the mean cadmium concentration obtained 
from lake water was 0.02 µg L-1.  
This concentration was 10 times lower 
than critical level stated for salmonoids 
which were very sensitive to contaminants. 
According to European Union EC 
1881/2006 commission regulation 
[Anonymous, 2006] and Contaminants’ 
Regulation of Turkish Food Codex 
[Anonymous, 2011] maximum cadmium 
remnant level in muscle tissues of fish is 
0.05 mg kg-1. In this study, the mean 
cadmium level obtained from muscle 
tissues of fish was 0.03 mg kg-1, so fish 
could be consumed safely. Barlas [1999] 
determined 0.181 mg kg-1 cadmium in the 
muscle tissues of common carp and this 
value exceeded the limit value in national 
and international regulations. While the 
mean cadmium concentrations were 
determined as 0.08, 0.05 mg kg-1 
respectively in the muscle tissues of 
common carp and grey mullet from the 
Neretva Lake [Has-Schön et al., 2006],  
it was seen that cadmium amount found  
in common carp in the Neretva Lake 
exceeded the limit value (0.05 mg kg-1). 
Jaffal et al. [2011] determined the highest 
mean cadmium concentration in the muscle 
tissues of Salvelinus fontinalis as 0.65 mg 
kg-1 and this value was very dangerous for 
public health. 
Mercury: It is a toxicant, which is found 
as a result of anthropogenic activities and 
natural processes [Voegborlo, Adimado, 
2010]. Fish accumulates the mercury in 
water within its body. So they undertake a 
main role in this heavy metal’s infecting 
people [Voegborlo et al., 1999]. Acute 
lethal concentrations in inorganic mercury 
compounds in water are stated as 0.3–1.0 
mg L-1 for salmonids and 0.2–4.0 mg L-1 
for cyprinids [Svobodova et al., 1993]. In 
our study, the mean mercury concentration 
found in lake water was 10.74 µg L-1. This 
concentration was almost 19 times lower 
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than the lowest critical level determined 
for cyprinids. According to European 
Union EC 1881/2006 commission 
regulation [Anonymous, 2006] and 
Contaminants’ Regulation of Turkish Food 
Codex [Anonymous, 2011], maximum 
mercury concentration in the muscle 
tissues of fish was 0.50 mg kg-1. In our 
study, the mean mercury concentration 
found in the muscle tissues was 0.05 mg 
kg-1 and this value was 10 times lower than 
the safe level. In a study carried on in 
North Massachusetts, the highest mean 
cadmium concentrations found in 
Micropterus salmoide and Perca 
flavescens were 0.99, 0.48 mg kg-1 
respectively [Hutcheson et al., 2008] and it 
was seen that mercury concentration found 
in the species of Micropterus salmoides 
exceeded the national and international 
mercury residual limits. Zhou and Wong 
[2000] studied on mercury concentrations 
in five freshwater fish species (Tilapia, 
common carp, bighead carp, silver carp, 
herbivorous grass carp) gathered from 
Pearl River Delta (Hong Kong) and 
determined the highest mercury 
concentration as 0.27 mg kg-1 in big head 
carp. This result matched up with the 
results of our study with regard to public 
health and there was not any threat. 
Lead: It is an industrial pollutant found in 
environment and biological systems [Hsu, 
Guo, 2002]. General populations are 
exposed to lead with equal amount of air 
and food [Järup, 2003]. Acute toxic 
concentration of lead in water is 1–10 mg 
L-1 for Salmonidae and 10–100 mg L-1  
for Cyprinidae [Svobodova et al., 1993]. 
According to the results of this project, the 
mean lead concentration in lake waters was 
determined as 1.06 µg L-1 and this value 
was 9433 times lower than the lowest  
limit determined for Cyprinids. According  
to European Union EC 1881/2006 
commission regulation [Anonymous, 
2006] and Contaminants’ Regulation of 
Turkish Food Codex [Anonymous, 2011], 
maximum lead concentration in the muscle 
tissues of fish is 0.30 mg kg-1. The mean 
lead amount found in the analyzed muscle 
tissues was determined as 0.17 mg kg-1 and 

this amount did not exceed national and 
international standards. Andreji et al. 
[2012] determined the mean lead amount 
as 0.10, 0.04, 0.04, 0.06 and 0.23 mg kg-1 
in the muscle tissues of five Cyprinid 
species – Gobio gobio, Leuciscus cephalus, 
Barbus barbus, Rutilus rutilus, 
Chondrostoma nasus respectively – from 
the Nitra River (Slovakia). As in our study, 
there was not any threat to public health 
with regard to lead. 
 

Conclusion 
In the light of the results, it was 

observed that heavy metals were mostly 
found in gills because fish generally 
aspirated by filtering the water. In this 
study, it was seen that the most 
bioaccumulated heavy metal was copper 
and the least bioaccumulated heavy metal 
was mercury. When the muscle tissues of 
fish were analyzed in terms of mercury, 
cadmium and lead which was called toxic 
trio and were highly important for public 
health, it was determined that there was  
not any threat to public health as  
a result of comparison between obtained 
concentrations and Turkish Food Codex 
and EC 1881/2006 regulation. Also, when 
critical reference values in water, which 
could have toxic effect on fish and the 
obtained results, were compared, it was 
proved that there was not any toxicity 
danger for fish with regard to studied 
heavy metals. As water can be exposed to 
pollutants and contaminants easily and fish 
is well liked and consumed by people, it is 
very important that heavy metals in fish 
and water should be monitored 
periodically. 
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