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Introduction: Industrial expansion and increased activity in coastal areas,
coupled with the discharge of wastewater and pollutants, have caused marine
pollution, particularly in enclosed environments like the Caspian Sea, where
pollutants accumulate due to evaporation. Heavy metals, stable and non-
biodegradable, pose significant health risks to humans and aquatic life by
contaminating marine environments and fish, a key part of the human food chain.
Factors such as fish age, size, sex, feeding habits, ecological needs, heavy metal
concentrations in water and sediment, duration of fish residence, fishing season,
and water chemistry (salinity, hardness, temperature) all influence heavy metal
accumulation in fish organs. Heavy metals and other pollutants accumulate in
aquatic organisms and can transfer to humans, posing health risks. The toxicity
depends on the metal type and concentration; lead, arsenic, mercury, and
cadmium are particularly hazardous due to low tolerance limits. This study
focused on wild common carp in Guilan Province (Iran), a valuable species that
feeds on bottom sediments. Carp's feeding habits make them prone to higher
heavy metal accumulation compared to surface-dwelling fish, highlighting the
importance of studying contamination in wild-caught fish, considering diet,
habitat, and species variations.

Materials and methods: A total of 24 wild common carp weighing 1450 + 161
g were randomly collected in April 2022 from fish markets in the cities of
Astara, Hashtpar, Anzali, Rasht, Kelachay, and Kiashahr in Guilan Province. In
the laboratory, after biometric measurements and recording of total and standard
lengths as well as weight, a 100-gram portion of pectoral fin muscle from each
specimen was separated, coded, and stored at —20 °C until digestion. Heavy
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metals were measured using an atomic absorption spectrometer. Descriptive
statistics and Kolmogorov—Smirnov tests assessed data normality. One-Way
ANOVA (SAS v9.4) compared quantitative variable means across independent
groups. T-tests identified differences between independent group means.
Duncan's multiple range test (95% confidence) performed group mean
comparisons. Partial correlation analyzed relationships between quantitative
traits and heavy metal accumulation.

Results: The findings of this study showed no significant differences in heavy
metal accumulation between male and female fish, nor between heavy metal
concentrations and the measured biometric characteristics of the specimens (P >
0.05). The mean concentrations of zinc (24.73 + 14.24 ng/g dry weight),
cadmium (0.003 £+ 0.00020 pg/g), lead (0.0252 + 0.001 pg/g) and mercury
(0.0842 £ 0.0659 ng/g) were found to be well within the permissible limits of
international standards (FAO/WHO) and the Iranian national standard (Iran
Veterinary Organization).

Discussion: Fish feeding habits significantly impact contaminant accumulation,
with variations observed even among those in similar aquatic environments. For
bottom-feeding common carp, sediment is a key source of heavy metal
accumulation. This study found that common carp in the examined regions are
safe, with zinc, lead, cadmium, and mercury levels below international
standards. Sediment contamination can transfer to these organisms and then to
the fish. The low contamination levels in this study suggest that sediments and
small benthic organisms in the region also have relatively low levels of zinc,
cadmium, lead, and mercury.

*Corresponding author: babak.shoaibi@jiau.ac.ir
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Table 1 Descriptive values of biometric characteristics and heavy metals concentration in
samples of different cities

Sampled cities

Biometric characteristics

Anzali Astara Hashtpar Kelachai Kiashahr Rasht
Weight (g) 1384.5+£167.9 1431.3+£2134 1425.5+197.4 1391.8 +100.9 1482 £ 161.2 1580 +125.7
Total length (cm) 46.5+2.4 47+£2.6 47+1.6 472+22 475+19 48.1+2
Standard length (cm) 40.1+£23 39.7+£2.7 40.6+2.7 40.1+24 41+29 404+2.8
Heavy metals concentration (ppm)
Zn 21.02+4.6 2536+5.4 3598 £6.8 18.02+6.4 25.11+4.1 2291+43
Cd 0.003 + 0.0001 0.003 £ 0.0001 0.0032 + 0.0005 0.003 +0.0001 0.003 + 0.0001 0.003 £ 0.0001
Pb 0.025 +0.001 0.0262 + 0.002 0.025 £ 0.001 0.025 £ 0.001 0.025 +0.001 0.025 £ 0.001
Hg 0.1045 £ 0.1 0.0847 +0.05 0.0832 +0.08 0.0660 + 0.05 0.0747 +£0.05 0.0925 + 0.06

03l g 35 (i ) (oo W3l Clald (1 Slo Ao ¥ Jgur
Table 2 Comparison of heavy metals mean concentrations in males and females

. Sex
Heavy metals concentration (ppm) Male Female Pvalue
Zn 21.76 £ 7.67 27.24 + 8.13 0.38
Cd 0.0030 + 0.0001 0.0031 = 0.0003 0.37
Pb 0.0250 = 0.001 0.0254 £0.001 0.37
Hg 0.0589 £ 0.02 0.1058 = 0.03 0.12

-6, si2e s :P-Value

0dls (655 03Il (S ) Wlho g (pw WIS Clale oy Kisod o 30 ¥ Joua
Table 3 Correlation coefficient between determined biometric characteristics and heavy metals

concentrations
Heavy metals . Correlation coefficient
Weight Total length Standard length P-value
Zn -0.008 -0.98 3.88 0.38
Cd -4.81 0.0001 -0.0001 0.37
Pb -0.0001 0.0003 -0.0001 0.37
Hg -0.0001 0.02 -0.006 0.12

-6, g2 s :P-Value
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Table 4 Comparison of heavy metals mean concentrations with national and international values
(ng/g dry weight)
Heavy metals Mean + SD International standard' National standard?
Zn 2473 £14.24 1000 -
Cd 0.003 £ 0.0002 0.2 0.05
Pb 0.025 £ 0.001 0.5 0.5
Hg 0.0842 + 0.0659 0.5 0.5

1. International standard- FAO/WHO
2. Iranian Veterinary Organization
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