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Some heavy metals in the muscle of Capoeta trutta: risk assessment for the consumers
M. Eroğlu*, M. Düşükcan, Ö. Canpolat

Firat University, Fisheries Faculty, 23119, Elazig, Turkey

Abstract: This study was carried out to detect the concentrations of some heavy metals (copper, iron, zinc, cadmium and chromium) in the 
muscle of Capoeta trutta (Heckel, 1843) and in their surrounding water in order to study the potential human risk of consumption. The relation-
ship between the heavy metal load of fish and some of their biological aspects (weight, length and sex) was also examined. In addition, the ac-
cumulation factors of heavy metals in this species were determined. The concentrations of Cu, Fe, Zn, Cd and Cr in water and muscle samples 
were analysed using ICP. Cu, Zn and Fe were detected in all samples, but Cd and Cr were not found in detectable levels. The results showed that 
heavy metals accumulation in muscle of fish was higher than that in the water. It was found that the level of heavy metals in the muscle of fish 
showed differences according to weight, length and sex of fish. 
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Introduction

Heavy metal pollution is a serious and widespread 
environmental problem due to the toxic, persistent, 
non-biodegradable and bio-accumulation properties of 
these contaminants (1). In recent years, industrial and 
mechanical activities have raised natural concentrations 
causing serious environmental problems. Aquatic en-
vironment is one of the receiving ends for pollutants, 
particularly heavy metals which are ploughed back into 
the food chains through bioaccumulation in plankton 
and invertebrates to fishes and finally biomagnified in 
human (2). Pollution of heavy metals in aquatic ecosys-
tem is growing at an alarming rate and has become an 
important worldwide problem (3). The aim of the pre-
sent study is to determine the concentrations of copper, 
iron, zinc, cadmium and chromium in muscle of Capo-
eta trutta from Karakaya Dam Lake in order to find out 
whether this species has any risk for human consump-
tion.

Materials and Methods

Site description
Karakaya Dam Lake (Figure 1), is the third largest 

dam lake on the River Euphrates and is situated 166 km 
downstream of Keban Dam (4).

Reagents and apparatus
All reagents were of analytical grade unless other-

wise stated. Distilled water was used for the preparation 
of solutions. All the plastic and glassware were cleaned 
by soaking, with contact, overnight 0.1 N nitric acid so-
lution and then rinsed with distilled water prior to use. 
HNO3 used for digestion are supplied by Merck. The 
concentrations of heavy metals were determined by ICP 
(Perkin Elmer Optima 5300 DV).

Blank preparation
At each step of the digestion processes of the sam-

ples acid blanks were done using an identical procedure 
to ensure that the samples and chemicals used were not 

contaminated. They contain the same digestion reagents 
as the real samples with the same acid ratios but without 
fish sample. After digestion, acid blanks were treated 
as samples and diluted with the same factor. They were 
analysed by ICP before real samples and their values 
were subtracted to check the equipment to read only the 
exact values of heavy metals in real samples. Each set 
of digested samples had its own acid blank and was cor-
rected by using its blank sample.

Fish collection and analysis
Fish samples were collected from Karakaya Dam 

Lake by gill net (from July 2008 to March 2009). Cap-
tured fish were immediately transported to the labora-
tory in a freezer bag with ice. Total length and weight 
were measured to the nearest millimetre and gram be-
fore dissection, and then 10 g homogenized muscle 
(cleaned from skin) samples were taken from 30 fish. 
They were individually transferred to 4 ml glass vi-
als previously washed (with 0.1 N nitric acid), dried, 
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Figure 1. Karakaya Dam Lake, Malatya-Turkey (5).
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and weighed and then they were dried in an oven for 
24 hours at 105ºC and kept in a desiccator for a few 
days until constant weight was obtained. Vials were 
again weighed to obtain dry weight of tissues, and then 
samples were digested on a hot plate by adding 2 ml 
suprapure nitric acid (65%, Merck, Whitehouse Station, 
New Jersey). Digested samples were kept at room tem-
perature for 24 hours and then diluted to 50 ml with 
deionised distilled water. Standard solutions for calibra-
tion graphs were prepared. Blanks were also prepared 
using the procedure as above, but without the samples. 
Diluted samples and blank solutions were analysed by 
ICP for determination of copper, iron, zinc, cadmium 
and chromium levels (6).

Accumulation Factor (AF) 
The Accumulation Factor is the ratio between the 

accumulated concentration of a given pollutant in any 
organ and its dissolved concentration in water. It gives 
an indication about the accumulation efficiency for any 
particular pollutant in any fish organ (7). Accumulation 
Factor was calculated according to Aboul Ezz and Ab-
del-Razek (8) using the following equation:
AF= Mtissue/ Mwater
If the accumulation factor is greater than 1.0, then bio-
accumulation for metals occurs by fish species.

Statistical analysis
GraphPad Prisim 5.0 package programs were used to 

get the statistical analysis (t-test and One Way ANOVA, 
Duncan) and graph of the data obtained during the re-
search.

Results and Discussion

Heavy metals in water
In the water samples, the concentration of Cu, Fe 

and Zn were 0.01, 0.04 and 0.07 mg L-1 respectively. 
By comparing measured concentrations of metals with 
water quality standards, it was found that all metal con-
centrations were lowest than the permissible limits (Ta-
ble 1).

Heavy metals in fish 
Only Cu, Fe and Zn were detected in the muscle 

samples analysed (Figure 2). All others were found to 
be undetectable levels. In this study, the order in rela-
tion to the concentration of heavy metal in the muscle 
was found as Zn>Fe>Cu. The order of some heavy 
metals in the muscle of some fish species was found as 
Zn>Fe>Cu>Mn for Capoeta capoeta umbla from Lake 
Hazar (10), Zn>Cu>Pb>Cd for Liza aurata from Lake 
Manzala (11), Fe>Pb>Cd>Cu>Ni for fish from Up-
per Lake and Fe>Ni>Cu>Cd>Pb for fish from Shah-
pura Lake (12),  Zn>Hg>As>Cu for Silurus triostegus, 
Zn>Hg>As>Cu for Aspius vorax, Zn>Cu>As>Pb for 
Cyprinus carpio, Zn>Cu>As>Hg for Carasobarbus 
luteus, Zn>Cu>As for Capoeta trutta, Zn>Cu>Hg>As 
for Chalcalburnus mossulensis, Zn>Cu>As>Pb>Hg for 
Acanthobrama marmid (13). In general, our findings 
showed similarity with the findings of these researches.

Heavy metal accumulation in muscle increased with 
fish size (Figure 3 and 4). These increase were found 
significant (P<0.05). Similar results were found for Ca-
poeta capoeta umbla (10) and for Tilapia zilli (14). 

Some studies stated that accumulation of heavy met-
als in fish change not only according to the size and sex 
of fish. But also it was controlled by specific uptake, 
detoxification and elimination mechanisms, depends on 

Cu Fe Zn
Heavy metal concentrations (mg L-1) 0.01 0.04 0.07
Permissible limits (mg L-1)

 MC

 CC

0.013

0.009

-

1

0.12

0.12
MC: Maximum concentrations CC: Continuously 
concentrations

Table 1. Heavy metal concentration in the water and acceptable 
values suggested by USEPA (9).

Figure 2. Box-Whisker diagram dissemination of some heavy metals concentration in muscle of C. trutta.

Figure 3. Some trace metals in muscle tissue of C. trutta fish species in relation to fish weight.
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ments determined in C. trutta muscle tissues differs ac-
cording to the weight and this shows that heavy metal 
accumulation level changes according to the weight 
groups. The lowest level of concentration of all ele-
ments in the muscles of C. trutta was found in 100-399 
g in weight groups. When length is taken into account 
the lowest concentration of all elements for C. trutta 
was found in 200-299 mm in length group. As a result 
it is found that all elements accumulation in the muscle 
of C. trutta changes according to the weight and length 
groups. When the accumulation levels of all elements 
between female and male C. trutta caught in Karakaya 
Dam Lake was compared. All elements (except for Fe) 
are found in higher levels in muscle tissues of male C. 
trutta. 

The variability in heavy metal levels in different spe-
cies depends on feeding habits (23), ecological needs 
(24), metabolism (25) and biological aspects of fish 
(26). Yılmaz and Solak (27) found that C. trutta have 

the size-specific metabolic rate of organisms (10). 
The effect of sex on the level of the tested metals was 

also examined (Figure 5). Although the concentration of 
all metals analysed in muscle tissue of female fish were 
found to be higher than those of male fish, the differenc-
es were not statistically significant (P>0.05). Al-Yousuf 
et al. (15) found that Cu, Zn and Cd concentration is 
more in female fish compared to the male fish.

The concentrations of heavy metals in some fish spe-
cies examined by some researches were compared with 
the present study in Table 2.

These results clearly show that accumulation levels 
of heavy metals in the tissues change according to the 
habitat and fish species. The heavy metal accumulation 
in tissues are much higher than the level of changes in 
the environment and concentrations are changeable ac-
cording to the type and the concentration of the metal, 
water quality, species of the organism, season, age and 
nutrition type (22). The concentration rates of all ele-

Figure 4. Some trace metals in muscle tissue of C. trutta fish species in relation to fish length.

Fish species Zn Fe Cu References

Capoeta trutta 7.00-27.88 10.67-38.36 0.34-0.92 present study

Capoeta capoeta umbla 3.51 18.13 46.59 Canpolat and Calta (16)

Acanthobrama marmid
Cyprinus carpio
Chondrostoma regium

3.18
2.83
3.13

9.31
19.02
22.51

13.28
27.87
38.66

Calta and Canpolat (17)

Oreochromis niloticus
Tilapia zilli
Serathrodon niloticus
Clarias gariepinus
Ethmaliosa timbriata

0.80
1.97
2.84
18.01
6.20

1.41
1.04
3.80
10.80
1.85

Kanayochukwu et al. (18)

Capoeta umbla 13.28 19.96 1.35 Canpolat (19)

Aspius vorax 10.536 18.367 0.009 Canpolat et al. (20)

Luciobarbus xanthopterus 10.49-49.12 12.04-69.16 0.30-1.88 Dusukcan et al. (21)

Table 2. Some heavy metal concentrations (mg/kg) determined in the muscle tissue of C. trutta and some fish species.

Figure 5. Some trace metals in muscle tissue of C. trutta fish species in relation to fish sex.
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more bottom material in the digestive system due to not 
making a major food preferences and owning a ven-
tral mouth. Thus, heavy metals that are present larger 
amounts in sediment passes in fish through the diges-
tive. This can be one of the reason to be more heavy 
metal in the muscle of C. trutta than that in water. Kır et 
al. (28) stated that it can be explained to be the higher 
amount of heavy metal accumulation in sediments due 
to the high metal binding capacity of sediments and 
high molecular weight of heavy metals.

Accumulation factor
The average concentrations of the metals detected 

in fish muscles and the values of accumulation factor 
(AF) are summarized in Table 3. It was found that the 
concentrations of metals in muscle are much higher than 
in the water. The accumulation factor from water to fish 
in case of C. trutta was in the order of Fe (571.75)>Zn 
(154.14)>Cu (59.0). Iron was the greatest metal accu-
mulated by C. trutta from water, while the accumulation 
factor of Cu was the lowest.

The presence of metals in high levels in fish envi-
ronment does not indicate a direct toxic risk to fish, if 
there is no significant accumulation of metals by fish 
tissues (29). On the other hand, all accumulation factors 
(AF) from water were higher than 1.00 which means 
that the C. trutta accumulated metals from water. This 
result agrees with some previous studies on Tilapia spe-
cies (3, 30). 

Conclusion

In conclusion there was a clear difference between 
the concentrations of heavy metals within muscle tissue 
of fish. However, there was no rather clear difference for 
some metal levels between the comparable parameters 
such as fish size, sex and seasons. Sometimes, smaller 
fish showed higher concentrations of a metal or bigger 
fish of another metal. Heavy metals pollution affects not 
only aquatic organisms, but also public health as a result 
of bioaccumulation in food chain. Our results show that 
heavy metal levels in the muscle samples taken from 
C. trutta caught from Karakaya Dam Lake were under 
the dangerous limits given by EPA (31) and FAO (32) 
and there is no any risk for public health by eating of C. 
trutta (Table 4).
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