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Heavy metals are among the most important pollutants in aquatic ecosystems due to their
high persistence, toxicity, and bioaccumulation potential, and they can seriously affect the
health of aquatic organisms and humans. The aim of this study was to investigate the
bioaccumulation of copper (Cu) and zinc (Zn) in liver and muscle tissues of tigertooth
croaker (Otolithes ruber), to assess sediment contamination, and to evaluate ecological risk
and non-carcinogenic health risks associated with the consumption of this species in
Chabahar Bay and the Oman Sea. Sampling of O. ruber was conducted using gill nets, and
surface sediments were collected using a Van Veen grab sampler from five stations—Tis,
Ramin, Beris, Pasabandar, and Gowatr—during autumn 2015. After sample preparation
and acid digestion, metal concentrations were determined using atomic absorption
spectrophotometry. The results indicated that the mean concentrations of Cu and Zn in
liver tissues were significantly higher than those in muscle tissues (P<0.05). The highest
bioaccumulation levels of both metals were observed in fish collected from the Beris
station. Sediment contamination assessment using the contamination factor (CF) showed
that Cu ranged from considerable to very high contamination levels, while Zn exhibited
moderate to considerable contamination. Human health risk assessment revealed that the
estimated daily intakes (EDI) and weekly intake (EWI) values of metals were less than the
tolerable daily intake (TDI) of metals. Furthermore, the target hazard quotient (THQ)
values for Cu and Zn were below the critical threshold of 1 at all stations, indicating no
significant non-carcinogenic health risk for consumers of O. ruber. Nevertheless, the
observed sediment contamination levels and metal accumulation patterns in fish tissues
highlight the need for continuous monitoring of heavy metals and effective management of
pollution sources in the study area.
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Introduction

Heavy metals are among the most persistent and potentially toxic pollutants in aquatic ecosystems due
to their non-biodegradable nature, high environmental stability, and ability to bioaccumulate and
biomagnify through food webs. Coastal and marine environments are particularly vulnerable to heavy
metal contamination as a result of increasing anthropogenic activities such as industrial discharges,
shipping traffic, aquaculture, urban wastewater, and oil-related operations. Although some metals such
as copper (Cu) and zinc (Zn) are essential trace elements involved in enzymatic reactions and
metabolic processes in aquatic organisms, excessive exposure can induce oxidative stress, tissue
damage, and adverse ecological and human health effects. The Oman Sea and Chabahar Bay represent
ecologically and economically important marine regions due to their high biodiversity and dependence
of local communities on fisheries. Otolithes ruber (tigertooth croaker) is a commercially valuable and
widely consumed coastal fish species in this region, making it a suitable bioindicator for assessing
metal contamination and potential health risks. This study aimed to (i) determine the concentrations of
Cu and Zn in liver and muscle tissues of O. ruber, (ii) assess the contamination status of surface
sediments, (iii) evaluate ecological risk using contamination factor (CF), and (iv) estimate non-
carcinogenic human health risks associated with fish consumption.

Material and Methods

Sampling was conducted during autumn 2015 at five coastal stations in the Oman Sea and Chabahar
Bay, including Tis, Ramin, Beris, Pasabandar, and Gowatr. A total of 30 specimens of O. ruber were
collected from each station using gill nets operated by local fishermen. Surface sediment samples (0-5
cm) were collected in triplicate using a Van Veen grab sampler. Fish biometric parameters (total
length and weight) were recorded prior to dissection. Liver and dorsal muscle tissues were separated,
oven-dried, homogenized, and digested using concentrated nitric acid. Sediment samples were dried,
sieved (<63 pm), and digested with a mixture of nitric and perchloric acids. Concentrations of Cu and
Zn were determined using flame atomic absorption spectrophotometry (AAS). Ecological risk was
assessed using the contamination factor (CF), calculated by comparing measured sediment
concentrations with background values. Human health risk assessment was performed by estimating
daily intake (EDI), weekly intake (EWI), and the target hazard quotient (THQ) based on fish
consumption rates and reference doses recommended by USEPA.

Results

The results showed that Cu and Zn concentrations were significantly higher in liver tissues compared
to muscle tissues across all sampling stations (P<0.05). The highest mean concentrations of both
metals in fish tissues were observed at the Beris station, while the lowest values were recorded at Tis.
Sediment analysis revealed elevated concentrations of Cu and Zn, particularly at Beris, Ramin, and
Pasabandar stations. CF values indicated considerable to very high contamination for Cu and moderate
to considerable contamination for Zn in most stations. Despite elevated metal concentrations in
sediments and fish tissues, calculated EDI and EWI values for both metals were below the tolerable
daily intake (TDI). Moreover, THQ values for Cu and Zn were less than 1 at all stations, suggesting no
significant non-carcinogenic health risk from consuming O. ruber.

Discussion and Conclusion

The significantly higher accumulation of Cu and Zn in liver tissues reflects the physiological role of
the liver as a primary organ for detoxification, storage, and redistribution of metals. The presence of
metallothioneins and high metabolic activity enhances metal-binding capacity in this tissue (Mziray
and Kimirei et al., 2016). Spatial variations in metal concentrations among stations are likely
associated with differences in anthropogenic pressures, including fishing harbor activities, boat
maintenance, fuel leakage, and coastal runoff. The strong correspondence between elevated sediment
metal concentrations and higher bioaccumulation in fish tissues highlights the role of sediments as
long-term reservoirs and secondary sources of metal pollution. Although Cu and Zn are essential
elements, excessive levels may pose ecological stress to benthic organisms and fish populations over
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time. This study demonstrates that O. ruber from the Oman Sea and Chabahar Bay accumulates
considerable levels of Cu and Zn, particularly in liver tissues, reflecting both environmental
contamination and physiological regulation mechanisms. Sediment contamination ranged from
moderate to high, indicating ongoing anthropogenic impacts in the study area. However, human health
risk assessment based on muscle consumption revealed that current exposure levels do not pose
significant non-carcinogenic risks to consumers. Continuous monitoring and management strategies
are nevertheless recommended to prevent future escalation of heavy metal pollution and to safeguard
ecosystem and food safety in the region.
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Table 2. Mean concentrations of heavy metals copper and zinc (ug g~ * dry weight) in the liver and muscle tissues of
Otolithes ruber from the studied sampling stations.
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Table 3. Concentrations of the heavy metals copper and zinc (mg kg™ dry weight) in sediment samples from the
different sampling stations
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Table 4. Estimated daily intake (EDI), estimated weekly intake (EWI), comparison with the tolerable daily intake
(TDI) (mg kg™ body weight), and target hazard quotient (THQ) of heavy metals in Otolithes ruber from the Oman Sea

oW e s Jaundl SRR i (e alj, G oyljm
(THQ) (EWI) (EDI) o Stanns]
(Zn) &35 (Cu) e (Zn) &) (CU) (e (Zn) &) (Cu) e
0.031 0.122 65.7 34.12 9.38 4.87 o
0.035 0.457 73.78 128.1 10.54 18.3 Ry
0.057 0.876 119.9 245.1 17.14 35.02 .
0.052 0.469 108.5 135.2 155 19.3 by
0.033 0.148 69.5 416 9.93 5.94 Slss
0.042 0.414 87.5 116.82 125 16.69 Sl
Jes BB Ola l50®
300 500 TDI) a1,

Varol et al., 2020*

ool )3 o 318 (clyy (Sgll ,eS16 il 0nd 1Y IS )3 (g pdiged (slaelSian] Cogu) 13 59y 5 e (i



YW hiKas 5 55lzko Ty /... OLOIIthES TUDET ) outy 5.5 alo (SLociSl 5 yiuws Sligasy 13 (537 5 oo Sinw SIS il

15516 5l ookl b Sogll o B las (cobpmadi 4 dagil ol LES 1y lise b (BI¥0) ey o (VIAY) oy
8 el (YY) jaibay o (V/0R) s (slaolSu) 515 )5 5bj (5ol o )3 o 315 (gl 59500 0] g3 ¢ Sl
8 el (Sl HeS B oy d3gr (VIAY) bawgio (559l saw (s 5165 oSl g ang5 B Sog)l paw (gl o
Oy SrolSiws! pzmen .5 lawgis ;39“ aw Y5 g VY'Y joolie b 5leS g G (sbolSiun] oS oy Lis (g9,
2 a5 ome 8 (S 556 Sile tivg d UB Sl o (sl (FIV-) jitde 5 (F90) oy (Y10)
yo5de Glils (ol ang B Syl alaw saimd lis a5 03,8 cud Y- 9 F/AA L plp i pa adllas 350 (claolSin]

Cal

om
B s g
2_ I
]_
i B B B M=

(Tis) s (Ramin) s, (Beris) s, (Pasabandar)  (Gowatr) 1
by

(St) alfa!

axdlho 590 (GO 13 (595 9 (w0 i I3  SaglT 4T Lad i pdlio —Y JSWS
Figure 1. Contamination factor (CF) values of copper and zinc at the studied sampling stations
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Table 5. Pearson correlation coefficients between biometric indices and heavy metal accumulation in the muscle and
liver tissues of Otolithes ruber.
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Table 6. Pearson correlation coefficients between heavy metals in sediment and muscle and liver tissues of Otolithes
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