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Abstract
Background: Marine products, especially fish, play an increasingly significant role in human diets and 
health. This research evaluated the concentrations of cadmium, lead, chromium, and nickel in liver and 
muscle tissues of Rutilus frisii kutum along the Caspian Sea coasts of northern Iran. 
Methods: Thirty samples of fishes were taken from five stations (Astara, Rezvanshahr, Anazali, Ramsar, and 
Tonekabon) during fishing season. An ICP-OES spectrophotometer was used to determine concentrations 
of the studied metals. Data was analyzed by SPSS 19 using descriptive statistical index, t test, and analysis 
of variance (ANOVA) test; P < 0.05 was considered significant.
Results: Mean concentrations of cadmium, lead, chromium and nickel in the livers were 0.06, 1.1, 2.1 and 
1.5 µg/g respectively and in the muscles were 0.05, 0.8, 1.7 and 1.1 µg/g, respectively. In liver: cadmium= 
0.01-0.13; lead= 0.3-2.7; chromium = 0.9-4.5; nickel = 0.1-2.8. In muscle: cadmium = 0.01-0.08; lead = 0.2-
1.5; chromium = 0.7-2.7; nickel = 0.5-1.5. Mean contents of these heavy metals were higher in the liver than 
in muscle. The order of heavy metal concentrations in the liver and muscle tissues were: Cr>Ni>Pb>Cd. 
The results showed statistically significant differences in the concentrations of these metals in liver and 
muscle tissues (P < 0.05), but no significant difference was observed between males and females. 
Conclusion: Based on calculations, the estimated permissible tolerable weekly intakes (PTWIs) of 
cadmium (0.042 and 0.567 mg) and lead (0.0021 and 0.027 mg) in this study are lower than the levels 
established by the World Health Organization (WHO) (0.455 mg for cadmium and 1.625 mg for lead).
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Introduction
The Caspian Sea is located in the northern part of Iran and 
has an area of 378 400 km2 and a basin volume of 78 170 
km3. Its average and maximum depths are 210 m and 1025 
m, respectively (1). 
Heavy metals in organic and inorganic compounds that 
are released into aquatic ecosystems are very dangerous 
because of their various toxicity levels and potential bio-
accumulation in aquatic species (2,3). Unlike other pol-
lutants, heavy metals are not degraded and eliminated by 
biological processes in the environment (2). Heavy metals 
can accumulate in different organs of fish through food 
and water (4,5), and their contamination of aquacultures 
can be proven in water, sediments, and organisms (6). 
Heavy metal contents in different tissues of fishes are de-
termined by their concentrations in water and food, and 
therefore can serve as a pollution bioindicator of aquatic 

ecosystems (7,8). Fish have been widely used in assessing 
the quality of aquatic environments. These organisms are 
often at the top of the aquatic food chain and may accu-
mulate large amounts of heavy metals from the surround-
ing waters (9,10). 
Cadmium, one of the most toxic heavy metals, is carcino-
genic and has a long half-life (10-15 years), which leads 
to its gradual accumulation in the human body (6). Lead 
usually disrupts blood-forming and the nervous and re-
productive systems (7,8). Chromium causes dermatitis 
and irritates peripheral membranes (1,4). Nickel is widely 
used in industry and is a common aquatic pollutant (5). 
In aquatic systems, nickel interacts with numerous inor-
ganic and organic compounds and occurs as a soluble salt 
adsorbed into substances of different chemical origins (4). 
Other studies have detected the levels of some heavy 
metals in water, sediments, and several organs of fish. 
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Rajkowska and Protosowicki assessed heavy metals ac-
cumulation in aquacultures consumed by humans and its 
effect on human health (3). Hassanpour et al determined 
the maximum concentrations of lead in water and sedi-
ments were 0.154 and 2.04 mg/kg and in the liver and kid-
ney of wild birds (the common coot) were 1.2 and 2.1 mg/
kg, respectively (11). Other investigations measured the 
accumulation of heavy metals in different tissues of fish, 
birds, and other aquacultures in the Caspian Sea. Najm et 
al found the concentrations of lead and chromium in the 
tissues of Clupeonella cultriventris and Gasterosteus acu-
leatus from the southern coast of the Caspian Sea to be 
less; however, the concentration of cadmium was higher 
than the recommended consumption limit for human 
health (12). Rajkowska and Protosowicki studied heavy 
metals accumulation (Fe, Mn, Zn, and Cu) in different 
tissues of fish in two lakes of northern Poland (3). They 
suggested that the lowest levels of the studied metals were 
always detectable in muscle. The highest accumulations 
were Mn in the skin, gills, and gonads; Zn in the digestive 
tract and gills; and Cu in the liver. Nasrollahzadeh et al 
studied heavy metal (Ni, Cd, Pb, and Hg) contents in the 
edible tissue of Cyprinus carpio (13). They showed that Ni, 
Cd, and Pb contents in the muscle of this fish were lower 
than standard levels; however, the concentration of Hg 
was higher than the standard levels recommended by the 
World Health Organization (WHO) and Food and Agri-
culture Organization (FAO). Khoshnoud et al investigated 
the concentrations of metals (Zn, Cu, Pb, Cd, and Hg) in 
two commercial fish species of the Persian Gulf (14). They 
stated that the concentrations of all metals had mean val-
ues lower than permissible limits set by WHO and FAO. 
Malakootian et al determined the concentrations of Pb, 
Cd, Ni, and Zn in canned fish in southern Iran. Their re-
sults indicated that the concentrations of these toxic met-
als in tuna fish produced and marketed in Iran were much 
lower than the standard levels set by FAO and WHO (15).
Considering the economic and nutritional values of white 
fish (Rutilus frisii kutum) from the Caspian Sea and the 
adverse effects of heavy metals on water quality and the 
health of fish, this study aimed to determine the concen-
trations of cadmium, lead, chromium, and nickel in the 
muscle and liver of fish in five fishing center stations on 
the southern coast of the Caspian Sea. 

Methods
Description of the study area
The studied area included the southern coast of the Cas-
pian Sea between Astara and Tonekabon located in Guilan 
and Mazandaran provinces. This area is located between 
longitudes 48°52′ and 50°57′ and latitudes 38°26′ and 
36°52′ (Figure 1). The major rivers of this area, Sefid Rud, 
Cheshmeh Khileh, Pol Rud, Astara Chai, Chelvand, Ga-
rakan Rud, Kia Rud, Shalman Rud, Langrud Khan, and 
Masouleh Rud Khan, flow into the Caspian Sea.

Sample preparation
Thirty fish samples were collected from five fishery sta-

tions from November 2013 to April 2014 (Figure 1). In 
the laboratory, the mass and total lengths of the fish were 
recorded. The fish were dissected and gender was deter-
mined by inspecting the gonads after the body cavity was 
opened. The muscles and liver were removed from each 
fish and preserved in the freezer (-20°C) in clean, dry 
polyethylene bags. To prepare analytical samples, 1 g of 
the selected organ was weighed with an accuracy of 0.001 
g. Hotplate digestion was performed using a mixture (7:3 
v/v) of nitric acid (65%, Merck, Germany) and perchlo-
ric acid (70%, Merck, Germany). Then, the samples were 
dissolved in 5 mL of 15% nitric acid (9). At the end of 
the digestion stage, the samples were cooled and passed 
through Whatman filter paper 42. After that, pH values 
were reduced to below 2 using nitric acid, and volumes 
were increased to 25 ml (16,17).

Determination of Cd, Pb, Cr, and Ni contents
Concentrations of Cd, Pb, Cr, and Ni were determined us-
ing inductively coupled plasma (ICP) optic emission spec-
trometry. Metal concentrations in tissues were expressed 
in micrograms per gram as wet weight . The wave lengths 
used for determining Cd, Pb, Cr, and Ni were 228.8, 283.3, 
267.7, and 231.6 nanometers, and detection limits were 
0.05, 2.1, 0.1, and 0.3 μgrm/l, respectively. After optimiz-
ing the ICP-OES device (Germany), its calibration curve 
was drawn using standard heavy metal levels to measure 
their concentrations in the prepared solutions. 

Statistical analysis
All statistical analyses in this study were performed using 
SPSS version 19. The independent t test was used to evalu-
ate the statistical significance of differences in concentra-
tions of heavy metals in fish based on gender. Analysis of 
variance (ANOVA) was used to identify significant differ-
ences in length and weight of fish, heavy metal contents in 
organs and gender by t test. The level of significance was 
considered to be 95% and an error rate of less than 5% was 
acceptable (P < 0.05).
 
Results
Biometry study of the fish samples
In Table 1, the biometric characteristics of the fish samples 

Figure 1. Location of the studied stations
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are presented. The average length and weight of fish were 
higher at Anzali station than any other stations, but the 
difference was not statistically significant (P > 0.05).

Heavy metal contents in fish organs
The average concentrations of Cd, Pb, Cr, and Ni in fish 
livers were 0.06 ± 0.01, 1.1 ± 0.1, 2.1 ± 0.2, and 1.5 ± 0.1 
μg/g, respectively and in muscle were 0.05 ± 0.01, 0.8 ± 
0.1, 1.7 ± 0.2, and 1.1 ± 0.1 μg/g, respectively (Figure 2). 
The mean content of all metals except cadmium was high-
er in the liver than in the muscle, and these differences 
were statistically significant (P < 0.05). The order of heavy 
metal concentrations in the muscle and liver of fish was 
Cr>Ni>Pb>Cd. 
In Figure 3, the average concentrations of Cd, Pb, Cr, and 
Ni in male and female fish are presented. According to this 
figure, the mean contents of all metals were higher in the 
tissue of female fish than male fish, but these differences 
were not statistically significant (P > 0.05).
Maximum and minimum Cd, Pb, Cr, and Ni concentra-
tions in the muscle of Caspian kutum were 0.08 and 0.01 

Figure 2. Mean heavy metal contents in liver and muscle tissues 
of Caspian kutum.

Figure 3. Mean heavy metal contents in male and female Caspian 
kutum.

μg/g, 1.5 and 0.2 μg/g, 2.7 and 0.7 μg/g, 1.5 and 0.1 μg/g, 
and in the livers, 0.13 and 0.01 μg/g, 2.7 and 0.3 μg/g, 4.5 
and 0.9 μg/g, and 2.8 and 0.1 μg/g as dry weight of the 
sample, respectively (Table 2). The t test results showed 
that the differences in heavy metal concentrations in the 
muscle and liver of fish in the studied stations were statis-
tically significant (P < 0.05).

Discussion
In the current study, the average length and weight of 
the fish was highest in Anzali station, but this difference 
was not statistically significant (P > 0.05). Moreover, there 
were no statistically significant differences between the 
heavy metals accumulation in liver and muscle and weight 
and length of the analyzed fishes (P > 0.05). Chakeri et al 
showed that there is no correlation between lead and cad-
mium contents in the muscle and liver of Rastrelliger ka-
nagurta in the Persian Gulf and the size of the analyzed 
fish (18).
This study investigated the liver and muscle of fish be-
cause of their high nutritional value and importance in 
metabolism and the storage of chemicals (17,19,20). The 
accumulation of lead, chromium, and nickel was higher 
in the liver of all fishes than in the muscle, and these dif-
ferences were statistically significant (P < 0.05). The high 
contents of metal accumulation in the liver compared to 
the muscle of fish has been confirmed by other studies 
(14,21). Elsagh investigated the bioaccumulation of heavy 
metals in the muscles of Rutilus kutum (17) and showed 
that the average concentrations of Cd, Pb, Cr, and Ni in 
fish muscles were 2.6 ± 1.3, 1.2 ± 0.3, 0.65 ± 0.12 and 1.7 ± 
0.3 μg/g, respectively. Furthermore, it was found that the 
mean accumulations of nickel and chromium in the mus-
cle and liver of white fish along the coasts of the Caspian 
Sea were higher than those found in the Persian Gulf and 
along the coast of Bushehr. Yaghobzadeh et al determined 
that the mean accumulated concentrations of lead in ku-
tum from the Bandar Anzali and Roodsar stations were 
2.55 ± 0.54 and 1.66 ± 0.25 μg/g dry weight, respectively 
(22). Results of the current study confirmed these investi-
gations. In this study, the mean contents of all metals were 
higher in the tissue of female fish than male fish, but these 
differences were not statistically significant (P > 0.05). 
Turkmen et al found that in fish of the Aegean Sea, the 
accumulated contents of heavy metals were higher in the 
tissue of male fish than female fish (23). This result is not 
consistent with the results of this study. In the current 
study, the concentrations of all metals were higher in the 
analyzed fish from Bandar Anzali (station 3) than the oth-
er stations. The differences in mean contents of all metals 
in the liver and muscle between stations were statistically 
significant (P < 0.05). Studies have shown changes in the 
accumulation of metals in fish tissue may be caused by 
various factors such as type of metal, the target tissue or 
organ, gender, weight and age of fish, their feeding habits, 
duration of exposure to the metal, ecological features, en-
vironmental conditions, and physical and chemical prop-
erties of the environment (17,23,24). 
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The minimum and maximum cadmium and lead concen-
trations in analyzed fish were 0.01 and 0.13 μg.g-1 and 0.2 
and 2.7 μg.g-1, respectively. The joint FAO/WHO expert 
committee on food additives established the permissible 
tolerable weekly intake (PTWI) for cadmium as 0.007 and 
for lead as 0.025 mg per kg-1 body weight per week (22), 
which are equivalent to 0.455 and 1.625 mg per week, 
respectively, for a 65 kg adult. Using the average weekly 
fish consumption in Iran of 210 g per person (16) and the 
minimum and maximum cadmium and lead levels mea-
sured in fish by this study, the weekly intake was calcu-
lated to range from 0.0021 to 0.027 mg of cadmium per 
person and 0.252 to 0.504 mg of lead per person in the 
muscle and liver of fish. As can be seen, the estimated 
PTWI of cadmium (0.042 and 0.567 mg) and lead (0.0021 
and 0.027 mg) in this study is below the established PTWI 
(0.455 mg for cadmium and 1.625 mg for lead). The mini-
mum and maximum chromium and nickel concentrations 
were 0.7 and 4.5 μg.g-1 and 0.1 and 2.8 μg.g-1, respectively. 
Although there was no information about maximum per-
missible chromium and nickel levels in fish tissue in Ira-
nian standards, the maximum permissible chromium and 
nickel reported by FAO for fish is 1 μg.g-1 (22). 
The high accumulation of heavy metals in the tissue of 
the analyzed fish clearly shows the considerable amount 
of pollution with these elements in the Caspian Sea waters 
at the studied stations. The regions covered in this study 
are considered centers of agricultural production. Because 
of the density of cultivation of various crops, large quan-
tities of chemical fertilizers, pesticides, fungicides, and 
herbicides are used. The increase in Cd, Pb, Cr, and Ni 
concentrations in the tissue of the fish at Bandar Anzali 
(station 3) is related to the hydraulic and hydrodynamic 
flows of the Caspian Sea, heavy marine traffic, and indus-
trial wastewaters discharge, especially wastewater from 

the electroplating industry (21). 

Conclusion
This research evaluated the contents of Cd, Pb, Cr, and 
Ni in the tissue of Caspian kutum in northern Iran. Mean 
concentrations of these heavy metals were higher in liver 
tissue than in muscle tissue. The order of heavy metal 
concentrations in the muscle and liver tissues of fish were 
Cr>Ni>Pb>Cd. The results indicated that there are statis-
tically significant differences among the accumulation of 
these metals in the liver and muscle tissues, but there was 
no significant difference in heavy metal concentrations 
between male and female fish. Based on calculations, the 
estimated PTWIs of cadmium (0.042 and 0.567 mg) and 
lead (0.0021 and 0.027 mg) in this study are lower than the 
PTWI established by WHO (0.455 mg for cadmium and 
1.625 mg for lead).
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Table 1. Weight and length (mean ± SD) of Caspian kutum collected from the studied stations

Station number Station name Sample number (n) Weight (g) Length (cm)
1 Astara (S1) 6 996.5 ± 158.6 40.7 ± 6.3
2 Rezvanshahr (S2) 6 1084.8 ± 176.2 43.4 ± 7.8
3 Anzali (S3) 6 1138.7 ± 168.6 48.2 ± 6.8
4 Ramsar (S4) 6 1112.2 ± 165.5 44.6 ± 6.5
5 Tonekabon (S5) 6 1025.4 ± 182.5 42.8 ± 7.4

Table 2. Concentrations of metals as μg/g (dry weight) in selected organs of Caspian kutum from different stations

Station

Nickel Chromium Cadmium Lead

Liver Muscle Liver Muscle Liver Muscle Liver Muscle

Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max

S1 (n = 6) 0.1 2.3 0.7 1.4 1.5 3.2 0.9 1.9 0.05 0.1 0.03 0.07 0.8 1.9 0.5 1.1

S2 (n = 6) 0.7 1.6 0.5 0.9 0.9 2.2 0.7 1.4 0.01 0.03 0.01 0.02 0.3 1.1 0.2 0.6

S3(n = 6) 1.4 2.8 0.9 1.5 2.3 4.5 1.4 2.7 0.06 0.13 0.04 0.08 1.3 2.7 0.8 1.5

S4 (n = 6) 0.9 1.8 0.6 1.2 1.2 2 0.8 1.5 0.04 0.09 0.03 0.05 0.5 1.3 0.3 0.8

S5 (n = 6) 0.8 1.4 0.5 0.8 1 2.4 0.7 1.4 0.03 0.05 0.02 0.04 0.3 1.2 0.2 0.7

Mean ± SD 1.5 ± 0.1 1.1 ± 0.1 2.1 ± 0.2 1.7 ± 0.2 0.06 ± 0.01 0.05 ± 0.01 1.1 ± 0.1 0.8 ± 0.1
P value P < 0.05 P < 0.05 P < 0.05 P<0.05 P < 0.05 P < 0.05 P < 0.05 P < 0.05
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