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Table 1: Exposure parameters used to estimate health
risks from fish consumption (USEPA, 2012)

Parameter Unit Adult
Body Weight (BW) Kg 70
Days/
Exposure Frequency (EF) years 365
Exposure Duration Years 30
Ingestion Rate (IRfish) mg/day 100

Average Time (AT) For
carcinogenic
Average Time (AT) For
non-carcinogenic

Days/years  365x70

Days/years 365x ED
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Figure 1: The image of the Rutilus kutum of the
Caspian Sea in this study during the years of 2021-
2022
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Table 2: Reference dose (RfD) of heavy metal (ug/kg-day)
Metal Concentration Reference
Cd 1.00 EPA, 1989
As 0.30 EPA, 2019
Hg 0.30 EPA, 2001
Pb 0.16 FDA, 2018
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Table 3: Pearson correlation coefficient of the biometric parameters of Caspian Rutilus kutum with heavy metals in
three coastal provinces in the north of Iran

Weight Total length Sex Cd As Hg Pb
Weight %0
ei
g 1
90
Total length
0.189 1
N 90 91
Sex
0.020 -0.002 1
N 83 84 84
Cd *k *k
-0.457 -0.505 0.113 1
N 83 84 84 77
As
0.298™ 0.272" 0.061 0.216 1
H N 85 86 86 79 81
g -0.092 -0.157 0.173 0.150 0.228" 1
Pb N 86 86 86 80 80 81
-0.092 -0.157 0.173 0.150 0.228" 0.018 1

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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Table 3: Estimated daily intake (EDI) and risk analysis to evaluate carcinogenesis risk expressed (mg/kg body
weight/day) for Caspian Sea Rutilus kutum in the three coastal provinces of the north of the country

Toxic Metal Province EDI (mg/kg Bw/day) HQ THQ (adult)
Gilan 0.026 2.64x107 0.013
Mazandaran 0.056 6.44x1072 0.029
cd Golestan 0.046 4.90x1072 0.024
Total 0.043 4.55x107? 0.022
Gilan 0.021 6.89x1072 0.003
As Mazandaran 0.030 1.31x101 0.005
Golestan 0.012 4.07x10%? 0.002
Total 0.021 7.57x1072 0.003
Gilan 0.008 2.54x1072 0.011
Mazandaran 0.005 2.01x10% 0.007
Hg Golestan 0.012 4.02x1072 0.017
Total 0.008 2.89x1072 0.012
Gilan 0.003 1.89x1072 0.0013
Mazandaran 0.003 1.76x1072 0.0005
Pb Golestan 0.003 1.80x1072 0.0003
Total 0.003 1.82x1072 0.001

TTHQ Gilan (0.013)Cd+ (0.003)As+ (0.0013)Pb+ (0.011)Hg =0.028
TTHQ Mazandaran (0.029)Cd+ (0.005)As+ (0.0005)Pb-+ (0.007)Hg= 0.042
TTHQ Golestan (0.024)Cd+ (0.002)As+ (0.0003)Pb+ (0.017)Hg= 0.043
TTHQ Total (0.022)Cd+ (0.003)As+ (0.001)Pb+ (0.012)Hg =0.038
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Table 5: Estimation of total target hazard quotient (TTHQ) of Caspian Sea Rutilus kutum species in the northern
provinces of the country
Fish species Province TTHQ/HI

Gilan 0.028

Mazandaran 0.042

Golestan 0.043

Total 0.038

Rutilus kutum
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Figure 2: Concentrations of toxic metals in Rutilus kutum samples at Northern Provinces and Southern Caspian Sea
(SCS). Mean= standard deviation (n=90)
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Table 6: Worldwide calculated metal pollution index (MPI) of fish species

Reference MPI Country
Carpene et al., 1998 5.84 Italy
Vicente-Martorell et al., 2009 211 Spain
Schnitzler et al., 2011 0.77 Belgium
Schnitzler et al., 2011 0.67 France
Lourengo et al., 2012 2.38 Portugal
Castritsi-Catharios et al., 2015 1.87 Greece
Tore et al., 2021 1.38 Turkey
Toreetal., 2021 1.67 Turkey
Bela Hossain et al., 2023 8.00 Bangladesh
Njinga et al., 2023 0.025 Nigeria
Abbas et al., 2023 1-5 Egypt
Pinkey et al., 2024 0.50 Bangladesh
This study (Caspian Sea) 0.001 Iran
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Table 7: The maximum concentrations of heavy metals detected in the present study and maximum permissible levels
for fish muscle tissues (Mg/kg Fresh Weight)

Cd As Hg Pb
This study (Gilan Province) 0.24 0.25 0.023 0.017
This study (Mazandaran Province) 0.27 0.01 0.080 0.001
This study (Golestan Province) 0.44 0.22 0.070 0.044
This study (Caspian Sea) 0.31 0.15 0.060 0.020
Food Standards Australia New Zealand (FSANZ) 2.00 0.50
World Health Organization (WHO) 1.00 2.00
Chinese Health Ministry (CHM) 0.10 0.10 0.50
European Commission (EC) 0.05 0.30
United Nations Environmental Programme (UNEP) 0.30 0.30
International Atomic Energy Agency (IAEA) 0.18 0.12
Turkish Food Codes (TFC) 0.05 0.20
Food and Agriculture Organization/ 0.50 0.50 0.50
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Abstract

In this article, the total concentration of toxic heavy metals such as lead (Pb), cadmium (Cd), mercury
(Hg), and arsenic (As), which are mandatory elements of the World Health Organization (WHO) and the
Food and Agriculture Organization of the United Nations (FAQO), were determined to measure the health
of the edible tissue of the Caspian Sea Rutilus kutum. 90 samples of Rutilus kutum were collected in three
northern provinces (Gilan, Mazandaran, and Golestan) during 2021-2022. The concentration of Pb, Cd,
Hg, and As of Caspian Sea Rutilus kutum samples were prepared by standard method and acid digestion.
All samples were analyzed using flame, graphite furnace, and cold steam of the atomic absorption
spectroscopy instrument. The results showed that 90% of all data samples (90" percentile) concentration of
toxic metals in Rutilus kutum tissue decreased in the order of Cd >As>Hg>Pb. The amounts of Cd, As, Pb,
and Hg in Rutilus kutum tissue were observed at not detected-0.31, 0.001-0.15, 0.001-0.060, and 0.001-
0.020 mg/kg wet body weight, respectively. Also, the statistical analysis showed that two types of
correlations were found between the concentration of metals and the total length and weight of Rutilus
kutum: for Cd with total length (r=-0.46) and with fish weight (r=-0.51), for As with total length (r=0.30)
and with fish weight (r=0.27), It showed negative and positive, respectively, but mercury and lead metals
did not show correlation with biometric parameters. Comparing the current results with international
standards showed that the four toxic metals Cd and As, Pb, and Hg were lower than the FAO and WHO
standards concentration. The findings showed that the health risk assessment parameters (EDI, HQ, and
THQ) for all metals were much lower than the recommended values. This showed that the consumption of
Caspian Rutilus kutum in the study area did not have any adverse effects on human health due to the
contamination of toxic metals.
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