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Evaluation of Mercury Pollution and Risk Assessment of Human 
Health due to Consumption of Common Carp (Cyprinus Carpio) 
from the Caspian Sea

Abstract

Background: In the present study, the main goal was to 
measure the concentration of mercury in the muscle tissue 
of common carp and evaluate the health risk to consumers 
using different indices, and evaluate the possible difference 
between the values of the studied element in the sampling 
stations. 

Methods: Samples of the studied species were collected 
from four different stations, Bandar torkaman, Faridunknar, 
Chalus, and Bandar Anzali, from the southern shores of the 
Caspian sea. Kruskal-wallis and Mann-whitney u tests were 
used to determine the difference in mercury concentration 
in fish muscle tissue at the stations.

Results: The average concentration of mercury in Ban-
dar anzali, Chalus, Faridunknar and Bandar torkaman were 
46.3, 35.8, 24.3 and 19.6 µg kg-1 DW, respectively. The results 
showed that there were significant differences between 
mercury concentrations in common carp muscle tissue in 
the studied stations (p<0.05). The results showed that there 
was a positive and significant correlation between mercury 
values and total weight (p<0.05), while no significant correla-
tion was obtained between mercury values and total length 
(p>0.05). 

Conclusions: The mercury values obtained in all the stud-
ied stations were lower than the standards recommended by 
NISO, WHO, FAO, SAC and JECFA. The obtained hazard quo-
tient (HQ) values were less than 1 in all stations, which indi-
cated the absence of potential risk for consumers’ health. 
However, it is recommended to continuously monitor the 
amount of mercury in this and other fish species to maintain 
the health of consumers.
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Introduction

Today, the importance of fish consumption is not hidden to 
anyone, because these species are very important in terms of 
nutritional value, for reasons such as the high amount of ome-
ga-3 fatty acids, vitamins, fats and amino acids, and they also 
contain minerals such as FE, ZN, etc [1,2].

In recent decades, due to the increase in pollution in the 
aquatic ecosystem, a large amount of potentially toxic metals 
accumulate in various organs of fish and other aquatic animals. 
The remarkable thing about these pollutants is their biomagni-
fication property, because in this way, their amount increases 
during the food chain and they can cause risks for the health of 
consumers. In most cases, these potentially toxic metals enter 
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the environment through the disposal of industrial and agricul-
tural wastewater, industrial processes and factories, excessive 
use of fertilizers in the cultivation of agricultural products, etc 
[3,4].

Among toxic metals, mercury is of particular importance due 
to its relatively long half-life, high toxicity and carcinogenicity. 
In addition, this metal has the property of bioaccumulation and 
biomagnification and accumulates in various tissues, including 
muscles, bones, kidney and liver, and its concentration increas-
es along the food chain. Its presence in the body of organisms 
causes harmful effects, including various neurological and blood 
diseases, genetic diseases and even death. A clear example is 
the minamata disaster in japan, which occurred due to the en-
try of factory sewage into the waters of this area, which caused 
the death of 600 people and the illness of 300 people [5-8].

One of the main ways humans are exposed to this toxic 
metal is by consuming fish. There are various species of fish in 
iran, especially on the shores of the Caspian sea. One of the 
most consumed species of fish is the common carp (Cyprinus 
Caprio) belonging to the Cyprinidea family. This fish is native 
to the temperate regions of Asia and Europe, which over time 
has spread to most parts of the world and is considered one 
of the most important species economically and nutritionally. 
During the breeding season, this species migrates to the south-
ern regions of the Caspian sea and enters the river estuaries to 
spawn. Due to its omnivorous diet, common carp has the ability 
to resist various pollutants and can be exposed to a wide range 
of environmental pollutants. But in recent years, this fish has 
been included among the species in need of protection due to 
the destruction of breeding places and overfishing [9-11]. Con-
sidering the importance of fish in the diet and their beneficial 
role in health, and on the other hand, the presence of pollut-
ants in these species and their negative impact on the health of 
consumers, the main purpose of the present study was to de-
termine the concentration of the toxic element mercury in the 
edible tissue of common carp caught from the southern shores 
of the Caspian sea. Also, other goals of this research were to de-
termine the permissible amount of daily and weekly consump-
tion, compare with international standards, evaluate the poten-
tial health risks of mercury for humans due to the consumption 
of this fish and evaluate the possible difference between the 
values of the studied element in the sampled stations.

Materials and methods 

Sampling area Common carp fish were sampled from four 
stations along the southern coast of the Caspian sea (from west 
to east were Bandar Anzali, Chalus, Faridunknar, and Bandar 
torkaman). After recording the information of each sample, 
each fish was placed in plastic and kept at -22°c until the experi-
ment. To measure the toxic element of mercury, first the muscle 
tissue samples were completely dried for 48 hours in an oven 
at a temperature of 105°c. After the sample was powdered, 1 
gram of each sample was digested using a mixture of perchlo-
ric acid and nitric acid and finally diluted to a volume of 15 ml 
using deionized water [11,12]. The recovery rate was between 
93% and 106% and also the detection limit was 3 μg kg-1 of dry 
weight.

Statistical analysis: The normal distribution of the data was 
checked with the Kolmogorov-smirnov test. Considering that 
the data were not normal, Kruskal-wallis and Mann-whitney u 
tests were used to determine the difference in mercury con-
centration in fish muscle tissue at the sampling stations. Also, 
spearman’s test was used to determine the correlation between 
mercury concentration and parameters of total body length and 
total body weight.

Estimated daily intake (EDI)

The daily intake value depends on the contents of the metal 
studied in species and the values of fish consumed. The EDI was 
obtained based on the following formula [12].

,
In which c is the mercury value in the sample studied (μg 

g-1 in terms of wet weight); BW is the human weight (70 kg for 
adult human); and IR is the daily ingestion of fish (grams day-1).

Estimated weekly intake (EWI)

The EWI values were calculated according to the following 
formula [13]:

In which c is the mercury value in the sample studied (μg g-1 
in terms of wet weight); BW is mentioned above; and irw is the 
weekly ingestion rate of fish (grams week-1) [12,14].

Hazard quotient (HQ)

The hq index was obtained based on the following equation

In which ed is the exposure period (70 years), EF is the fre-
quency of exposure (365 days/year), FIR is ingestion rate by fao 
(36 g/person/day) and or food ingestion rate for the whole of 
Iran and the coastal provinces of northern Iran by the iranian 
fisheries organization (20.5 g/person/day and 38 g/person/day, 
respectively), c is the metal concentration in the sample studied 
(µg g-1), BW is mentioned above, ta is the mean exposure time 
for non-carcinogens, and RFD is the reference dose of usepa 
(0.1 µg hg kg bw-1 day-1) or acceptable daily intake of who (0.23 
µg hg kg bw-1 day-1) [14-16].

Figure 1: Values of mercury (µg kg-1 DW) in muscle tissue of com-
mon carp from the southern of the Caspian Sea (different letters 
indicate a significant difference between the values).
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Figure 2: Correlation between mercury concentration and parameters of body length and total body weight.
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Table 1: Orphological information of common carp from the Caspian Sea.

Parameters

Bandar torkaman Faridunknar Chalus Bandar anzali

Total length 
(cm)

Total weight  
(g)

Total length 
(cm)

Total weight
 (g)

Total length 
(cm)

Total weight
 (g)

Total length 
(cm)

Total weight
 (g)

Mean 35.1 542.1 27.3 529.8 32.9 613.1 32.6 502.5

Std. Deviation 5.3 269.9 3.2 128.7 4.6 243.0 5.0 266.6

Minimum 28.0 215.0 21.0 312.0 27.4 256.8 25.8 215.0

Maximum 44.2 985.5 32.2 755.8 41.5 915.8 41.2 925.0

Table 2: Mean, standard deviation, minimum and maximum 
values of mercury (µg kg-1 dw) from muscle tissue of common 

carp.

Parameters
Bandar 

torkaman
Faridunknar Chalus

Bandar 
anzali

Total

Mean 19.6 24.3 35.8 46.3 31.5

Std. Deviation 22.5 31.9 37.0 54.9 38.4

Minimum 6.0 8.0 10.0 12.0 6.0

Maximum 80.0 110.0 135.0 150.0 150.0

Table 3: Comparison of average HG values of the common carp 
with hg values found by other authors.

Sampling location Country Concentrations Reference

Southern caspian sea Iran 31.5a  (5.5b) Present study

Anzali wetland Iran 190 a [18]

Anzali wetland Iran 179 a [19]

Southern caspian sea Iran 500 a [20]

Southern caspian sea Iran 302 a [21]

Shadegan wetland Iran 563 a [5]

Hamon wetland Iran 280 a [22]

Taham dam Iran 26 b [23]

Jinsha and tuo rivers China 39 b [24]

Velky kocelovicky pond Czech 31.6 b [17]

Mysliv pond Czech 22.9 b [17]

Zehunsky pond Czech 3.6 b [17]
A µg kg-1 dw; µg kg-1 ww

Results and discussion

In Table 1, the sample morphometric data, i.e. Total length 
and total weight for common carp from each sampling station. 
The average values of total length were 35.1 cm, 27.3 cm, 32.9 
cm and 32.6 cm from the Bandar Torkaman, Faridoonkanar, 
Chalus and Bandar Anzali stations, respectively. The average 
values of total weight were 542.1 g, 529.8 g, 613.1 g, and 502.5 
g from the Bandar Torkaman, Faridunknar, Chalus, and Bandar 
Anzali stations, respectively.

The average, standard deviation, minimum and maximum 
amount of mercury in the samples are shown in Table 2. The 
highest values of mercury was 46.3 µg g-1 DW in Bandar anzali 
samples and the lowest values was 19.6 µg g-1 DW in Bandar 
torkaman samples (Table 2). The mercury concentration ob-
tained in the muscle tissue of the studied fish was compared 
with international standards. The results showed that the con-
centrations of mercury in all the samples were less than the 
amount of 0.5 µg g -1 WW set by the National Iranian Standards 
Organization (NISO), food and agriculture organization (FAO), 
the Standardization Administration of China (SAC), the joint 
FAO/WHO expert committee on food additives (JECFA) and 
Food And Agriculture Organization (FAO) and 0.3 µg g-1 WW set 
by environmental protection agency (EPA). This indicates that 
the mercury values of common carp does not pose a risk to the 
health of consumers.

Determining the difference in mercury concentration among 
the samples obtained from four stations is also shown in figure 
1. The results showed that there were significant differences 
between mercury concentrations in common carp muscle tis-
sue in the studied stations (p<0.05). The value of mercury in 
the samples caught from Bandar Anzali station was significantly 
different from Faridunknar and Bandar Torkaman stations. A 
significant difference was also observed between the mercury 
values in the samples caught from Chalus station and Bandar 
Torkaman, while no significant difference was found in the mer-
cury values in other stations (Figure 1). The results also showed 
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Table 4: Hazard quotient (HQ) to common carp consumers from mercury. 

Station Index of hq

Hqfe 
a Hqfw 

b Hqime 
c Hqimw 

d Hqine 
e Hqinwk 

f

Bandar torkaman 0.000021 0.000009 0.000012 0.000005 0.000022 0.000009

Faridunknar 0.000026 0.000011 0.000015 0.000006 0.000027 0.000012

Chalus 0.000041 0.000018 0.000023 0.000010 0.000043 0.000019

Bandar anzali 0.000047 0.000020 0.000027 0.000012 0.000049 0.000021

Total 0.000035 0.000015 0.000020 0.000009 0.000037 0.000016

A. HQ index based on FAO’s food ingestion rate and USEPA’s reference dose.
B. HQ index based on FAO’s food ingestion rate and WHO’s reference dose.
C. HQ index based on the food ingestion rate in the whole of Iran and USEPA’s reference dose.
D. HQ index based on the food ingestion rate in the whole of Iran and who’s reference dose.
E. HQ index based on the food ingestion rate in the coastal provinces of northern Iran and USEPA’s reference dose.
F. HQ index based on the food ingestion rate in the coastal provinces of northern Iran and who’s reference dose.

Table 5: Estimated daily intake (edi) and estimated weekly intake (ewi) values for mercury 
in common carp.

Station Index Index

Edi f 
a Edi im

b Edi in
c Ewi f 

a Ewi im
b Ewi in

c

Bandar torkaman 0.0021 0.0012 0.0022 0.0144 0.0082 0.0152

Faridunknar 0.0026 0.0015 0.0027 0.0180 0.0103 0.0190

Chalus 0.0041 0.0023 0.0043 0.0288 0.0164 0.0304

Bandar anzali 0.0047 0.0027 0.0049 0.0328 0.0187 0.0346

Total 0.0035 0.0020 0.0037 0.0245 0.0139 0.0258
A. Food ingestion rate by fao (36 g/person/day).
B. Food ingestion rate in the whole of Iran (20.5 g/person/day). 
C. Food ingestion rate in the coastal provinces of northern Iran (38 g/person/day).

that the concentration of mercury in the studied fish samples 
increased from east to west and this difference was also signifi-
cant. These results indicate that the fish samples located in the 
western stations are exposed to higher amounts of pollution.

The average mercury values obtained in common carp are 
compared with the average concentrations obtained from 
other studies conducted on this fish (Table 3). Comparison of 
mercury values in this fish showed that the average concentra-
tion obtained in this study was higher than the values obtained 
from Zehunsky pond (czech) [17], and lower than the reported 
values from other studies. In Table 3, the highest average mer-
cury value was from Shadegan wetland (Iran) [5] and the lowest 
value was Zehunsky pond (czech) [17].

Correlation between the values of mercury in the studied 
fish with the morphological parameters of total length and 
total weight was analyzed. The results showed that there was 
a positive and significant correlation between mercury values 
and total weight (p<0.05), while no significant correlation was 
obtained between mercury values and total length (p>0.05) 
(Figure 2). In other studies, the relationship between mercury 
levels in common carp and morphological parameters has been 
investigated. For example, a positive and significant correlation 
has been obtained between mercury values with total weight 
and total length in common carp species from Anzali wetland 
(Iran) [19]. Similar results were obtained in the study conducted 
in Shadgan wetland (Iran) [5]. On the other hand, in another 
study conducted on the coast of the caspian sea, no correlation 
between mercury concentration and the considered param-
eters was reported [20].

The hazard quotient (HQ) values for the samples were in 
the range of 0.000005 and 0.000049 (Table 4). If the HQ value 
is greater than one, the consumption of fish is dangerous for 
health. Therefore, the results showed this important fact that 
the risk of consuming fish species for people’s health is small 
and insignificant. Similar results have been obtained in other 
studies conducted on this species.

In Table 5, estimated daily intake (EDI) and estimated week-
ly intake (EWI) values were used based on the per capita fish 
consumption stated by FAO, as well as the average per capita 
fish consumption values in the northern coasts of Iran and the 
average of the country of Iran. Based on different per capita 
amounts of fish consumption, the amount of mercury intake by 
the body through the consumption of common carp varied in 
the range of 0.0012 to 0.0049 μg/g-1 per day and in the range of 
0.0082 to 0.0304 μg/g-1 per week.

The obtained results showed that the concentrations of 
mercury in the muscle tissue of common carp were lower than 
the permissible limits provided by organizations such as Iran 
national standard, FAO, US EPA, WHO, FDA and EC. The value 
of the HQ index obtained was less than one, so the consump-
tion of this species is fortunately healthy and safe for the health 
of consumers. However, it is worth mentioning that due to the 
negative effects of this metal on the health of species and hu-
mans and its bioaccumulation and biomagnification property, 
it is necessary to carry out additional research to investigate 
the decreasing or increasing trend of the concentration of this 
metal over time in different species.
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