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Article Info ABSTRACT
Article type: Heavy metal pollution in aquatic ecosystems is a major environmental concern due
Research Article to the potential for bioaccumulation in aquatic organisms and subsequent human

exposure through seafood consumption. This study evaluated the concentrations of
cadmium (Cd), mercury (Hg), lead (Pb), and zinc (Zn) in liver and muscle tissues of
Otolithes ruber collected from Chabahar (Tis Pier) and Bandar Abbas. Sixty fish
samples (30 from each location) were analyzed using Inductively Coupled Plasma
Optical Emission Spectrometry (ICP-OES). Metal concentrations were higher in
Chabahar samples, with liver tissues showing greater accumulation than muscle.
Published: 21 March 2026 Mean Hg concentrations in Chabahar liver and muscle were 80926 and
0.097+ 0.019u9/g, respectively, compared to 0.G48.019 and 0.034 0.012ug/g

in Bandar Abbas (p 0.05). Pb levels in Chabahar liver and muscle (8.627 and

0.48+ 0.10pg/g) were significantly higher than those in Bandar Abbas (@402

and 0.03@& 0.01pg/g; p<0.05). Cd concentrations in Chabahar liver and muscle
(0.80+£0.35 and 0.63 0.12ug/g) also exceeded those in Bandar Abbas (M@3

'and 0.05: 0.02ug/g; p< 0.05). Zn concentrations in Chabahar liver and muscle were
97.90+10.17 and 24.227.04ug/g, respectively. Estimated Daily Intake (EDI)
values for all metals were below the Tolerable Daily Intake (TDI) thresholds.
However, the mean Cd concentration in Chabahar muscle exceeded permissible
limits set by FAO, WHO, and MAFF. Target Hazard Quotient (THQ) and Total
THQ (TTHQ) values for all metals were below 1, indicating low non-carcinogenic
risk. In contrast, the Cancer Risk (CR) value for Hg in Chabahar exceeded the
acceptable threshold (>} suggesting a potential carcinogenic risk from long-term
consumption. Continuous environmental monitoring of aquatic organisms in
Chabahar is recommended to mitigate health risks associated with heavy metal
exposure through seafood consumption.
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EXTENDED ABSTRACT

INTRODUCTION

Heavy metals are among the most important pollutants in aquatic ecosystems. Due to their high
toxicity and non-biodegradable nature, the accumulation of heavy metals has negative ecological
effects on marine organisms and human health through the food chain. Fish are an important source of
protein for humans. Heavy metals can accumulate in fish tissues and eventually be transferred to
humans. The accumulation of heavy metals in fish depends on various factors, and the level of
accumulation also varies among different fish tissues. Fish muscle tissue plays a key role in human
nutrition and health, while the liver has a special role in metabolism. Metals such as Fe and Zn are
essential for proper cellular function in physiological amounts, but metals such as Pb, Hg, and Cd are
toxic even at low concentrations and negatively affect the survival of aquatic organisms and human
health. The tigertooth croaker fis®tplithes rubey is a commercially important species in the Oman

Sea and the Persian Gulf, playing a significant role in the diet of local populations. Despite the global
distribution ofO. ruber, few studies have assessed the risks of its consumption in terms of heavy metal
contamination in the Persian Gulf and the Oman Sea. Considering the above, the present study aimed
to investigate the bioaccumulation of heavy metals Pb, Cd, Hg, and Zn in the liver and muscle of
Otolithes ruberfrom Chabahar and Bandar Abbas, and to assess the health risk of this fish for
consumers by calculating the non-carcinogenic and carcinogenic risk.

DATA AND METHODOLOGY

In this study, 30 croaker fish samples were collected from Chabahar and 30 from Bandar Abbas. The
samples were transported to the laboratory in sterile bags, thoroughly washed, and cleaned. Their
length and weight were then measured. Muscle and liver tissues were separated from the skeleton
using sterilized blades, transferred into coded sterile plastic bags, and stored at —20°C until the
analyses were performed. For sample preparation before heavy metal concentration measurement, acid
digestion was carried out. The concentrations of heavy metals in the samples were determined using
inductively coupled plasma optical emission spectrometry (ICP-OES), while mercury concentrations
were measured using the atomic absorption method. Trace element concentrations were expressed in
micrograms per gram of dry weight (Table 1).

Health Risk Assessment

The non-carcinogenic risk associated with fish consumption was calculated using the THQ formula.
THQ represents the ratio between the estimated exposure dose of a contaminant and the reference dose
(RfD), as shown in the following equation:

_EFXEDXFIRXC
" BW x AT x RFD

The oral reference dose (RfD) values for Pb, Cd, Hg, and Zn are 0.004, 0.001, 0.0001,and 0.3
g*/day, respectively. Since humans are often exposed to more than one contaminant and may be
affected by combined effects, the total Target Hazard Quotient (TTHQ) was also calculated using the
following equation:

TTHQ = THQ (Pb) + THQ (Hg) + THQ (Cd) + THQ (Zn)
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Table 1. Mean concentrations of heavy metals in the liver and muscle tissuesaiblithes ruber(ug g?)

Station Tissues Hg Cd Pb Zn
Chabahe Muscle Mean+S.L 0.097+0.019 0.63+0.12 0.48 +0.10 24.22 +7.04
Maximum 0.35 1.40 0.83 37.20
Minimum 0.00 0.10 0.00 4.05
Liver Mean+S.D 0.098 +0.026 0.80 £0.35 0.56 +0.27 97.90 £10.17
Maximum 0.383 1.52 1.20 118.12
Minimum 0.01 0.15 0.09 12.53
Bandar Abbas Muscle  MeantS.D 0.034 +0.012 0.05 +0.02 0.030 +0.01 NS
Maximum 0.262 0.74 0.22 NS
Minimum 0.002 0.00 0.01 NS
Liver Mean+S.D 0.045+0.019 0.07+0.03 0.041 +0.02 NS
Maximum 0.290 0.81 0.31 NS
Minimum 0.002 0.00 0.01 NS
FAO (2000) 0.5 0.5 2 30
WHO (2000) 0.5 0.5 0.5 40
MAFF (2000) 0.3 0.5 2 50
FDA (2001) 0.5-1 4 1.7 NS

For carcinogenic compounds, the risks were estimated as the incremental probability of individuals
developing cancer over a lifetime due to exposure to a potentially carcinogenic substance. The
carcinogenic risk (CR) resulting from the oral intake of heavy metals was calculated using the
following equation:

EF X ED X FIR X CSF x C

— -3
R BW x AT s |

Where CSF is the cancer slope factor for each heavy metal, with values of 0.0085, 0.38, ang 6.177
g*/day for Pb, Cd, and Hg, respectively. The results of the non-carcinogenic and carcinogenic health
risk assessments are presented in Table 2.

Table 2. Target hazard quotient (THQ), total THQ (TTHQ), and Target Cancer Risk (TR) for Cd, Hg, Pb,
and Zn in Otolithes ruber

Statior THQ TTHQ CR

Cd Hg Pk Zn Cd Hg Pt
Chabahz 0.22 0.34 0.04 0.03 0.63 8.6x1D  2.1x10° 1.4x10°
Bandar Abbas  0.02 0.12 0.003 £ 0.14 6.8x16  7.5x10° 9.1x108

Data analysis was performed using SPSS software (version 26), and a p-value of < 0.05 was
considered statistically significant.

RESULTS AND DISCUSSION

The mean and range of heavy metal concentrations in the liver and muscle tissues of the samples were
compared with the maximum permissible international limits. The concentrations of heavy metals in
the Chabahar samples were higher than those in the Bandar Abbas samples. Furthermore, in both
sampling sites, the concentrations of these elements in liver tissue were higher than in muscle tissue.
The order of heavy metal concentrations in the liver and muscle tissues of the Chabahar samples was:
Zn> Cd > Pb > Hg, whereas in tBandar Abbassamples, the order was: Cd > Hg > Pb. Among the
measured concentrations, only the mean Cd concentration in the muscle tissue of the Chabahar



158 Journal of Natural Environmental Hazards, Vol 15, Iss 47, March 2026

samples exceeded the permissible limits recommended by FAO, WHO, and MAFF, but was still
below the limit set by FAD.

Risk Assessment

The results showed that the THQ values for the heavy metals studied in the muscle tissue of both
Chabahar an@andar Abbassamples were less than 1. The TTHQ for the metals examined at both
stations was also found to be less than 1. The CR from the oral intake of Pb, Cd, and Hg accumulated
in fish muscle tissue revealed that: For Pb inBhedar Abbasamples, CR was less than 1%¥1@o

risk). For Hg in theBandar Abbasamples, Cd in both Chabahar @whdar Abbasamples, and Pb in

the Chabahar samples, CR values ranged between®lari)1x10* (acceptable risk)and for Hg in

the Chabahar samples, CR values exceeded“l¢dtibve the acceptable limit).

CONCLUSION

Findings indicated that heavy metal concentrations were higher in the liver tisGtelitifes ruber
compared to the muscle tissue. Notably, the average concentration of Cd in the muscle @ssue of
ruber from Tis Pier at Chababar exceeded the safety thresholds established by FAO, WHO, and
MAFF. Despite this, the non-carcinogenic risk assessment revealed that the Target Hazard Quotient
(THQ) values for individual metals, as well as the Total THQ (TTHQ), remained below 1. This
suggests that consumption of this species is unlikely to pose non-carcinogenic health risks under
current exposure levels. In contrast, the carcinogenic risk assessment for Hg in the edible @ssue of
ruber from Chabahar exceeded the acceptable threshold (greater thaf).4®ii8 finding highlights
potential health concerns for individuals who consume this fish regularly. Overall, samples collected
from Chabahar port exhibited higher levels of heavy metal contamination than those from Bandar
Abbas, particularly for Hg and Cd. These elevated concentrations may present increased risks to
consumers.

The higher contamination levels observed in Tis Pier may be attributed to intensified maritime

activity, aging and leaking vessels, and, to a lesser extent, industrial effluents and anthropogenic
pollution. Over time, the bioaccumulation of heavy metals poses a significant threat to aquatic

ecosystems. Therefore, consistent monitoring by environmental and public health authorities is
essential to protect aquatic life and mitigate risks to human health.
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