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Introduction

Fish and seafood are widely recognized as valuable components of a healthy diet because they provide
high-quality protein, essential amino acids, omega-3 fatty acids, vitamins, and minerals. Despite these
nutritional benefits, aquatic organisms can also accumulate environmental contaminants, particularly
heavy metals. These contaminants enter marine ecosystems through both natural processes and human
activities, including industrial effluents, municipal wastewater, and agricultural runoff. Owing to their
persistence, non-biodegradable nature, and tendency to bioaccumulate, heavy metals may be transferred
through the food chain and ultimately pose health risks to consumers of seafood (Ahmed ef al., 2018).
Among commercially exploited marine fish, tuna species are of particular economic and nutritional
importance. Longtail tuna (Thunnus tonggol) is one of the dominant tuna species in the northern Oman
Sea and supports an important regional fishery. Given its widespread consumption and commercial
significance, regular assessment of heavy metal contamination is essential to ensure its safety for human
consumption. Accordingly, this study quantified the concentrations of Zn, Fe, Cu, Pb, Cd, Hg, As, Cr, Mn,
and Ni in the muscle tissues of longtail tuna collected from the fishing ports of Chabahar, Beris, and
Pasabandar in the northern Oman Sea. In addition, the potential human health risks associated with the
consumption of this species were evaluated.

Methodology

A total of 60 longtail tuna specimens were collected from three fishing ports along the northern Oman Sea,
including Chabahar, Beris, and Pasabandar. Muscle tissues were separated from the dorsal, abdominal, and
caudal regions and homogenized. The samples were then dried in an oven at 70 °C for 48 hours.
Approximately 0.5 g of each sample was digested using a microwave digestion system with concentrated
nitric acid (HNOs) and hydrogen peroxide (H:0:). Heavy metal concentrations were determined using
Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES). The concentrations of metals

were expressed as micrograms per gram (ug/g) on a dry weight basis. Moisture content was determined
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according to standard AOAC methods (AOAC, 2000). Human health risk assessment was conducted using
several indicators including estimated daily intake (EDI), estimated weekly intake (EWI), target hazard
quotient (THQ), and cumulative hazard index (3 THQ). These indices were calculated using standard
equations recommended by international health organizations (USEPA, 2015). Average fish consumption
rates were assumed to be 33.6 g/day for adults and 13.1 g/day for children (IFO, 2020), with body weights
of 70 kg and 16 kg, respectively. Statistical analyses were performed using SPSS software, and significant
differences among sampling locations were evaluated using one-way ANOV A followed by Tukey’s post-
hoc test at a significance level of 0.05.

Results

The results revealed variations in heavy metal concentrations in the muscle tissues of longtail tuna among
the three sampling locations. In samples collected from Chabahar port, copper showed the highest
concentration (15.63 ng/g), while lead had the lowest concentration (0.02 pg/g). In Beris port, copper
again exhibited the highest level (17.19 pg/g), whereas chromium recorded the lowest concentration (0.04
ug/g). In Pasabandar port, iron showed the highest concentration (22.84 pug/g), while chromium remained
the lowest among the analyzed metals. Overall, the pattern of metal accumulation in tuna muscle tissues
across the sampling sites followed the order: Cu > Zn > Fe > Ni > Mn > As > Hg > Cd > Pb > Cr. The
overall mean concentrations of Zn, Fe, Cu, Pb, Cd, Hg, As, Cr, Mn, and Ni were 16.63, 17.50, 18.39, 0.25,
0.27,0.32,0.55,0.04, 1.73, and 8.30 pg/g dry weight, respectively. Risk assessment results indicated that
the estimated daily intake (EDI) and estimated weekly intake (EWI) of all metals for both adults and
children were significantly lower than the provisional tolerable intake limits established by international
health organizations. Among the studied metals, nickel, cadmium, and mercury showed relatively higher
intake contributions; however, their levels remained far below the safety thresholds. The calculated target
hazard quotient (THQ) values for individual metals in adults ranged from 0.001 to 0.225. The cumulative
hazard index (3 THQ) values for adults were 0.357, 0.447, and 0.278 for Chabahar, Beris, and Pasabandar,
respectively. For children, the cumulative THQ values ranged between 0.052 and 0.072. In all cases, THQ
values were lower than 1, indicating no significant non-carcinogenic health risk associated with the
consumption of longtail tuna from the studied regions.

Discussion and conclusion

The findings of this study indicate that heavy metal accumulation in longtail tuna varies among the three
fishing locations. Slightly higher concentrations of some metals were observed in samples collected from
Pasabandar compared with those from Chabahar and Beris. These differences may be associated with
environmental conditions, local pollution sources, and biological factors such as fish size and age that
influence metal bioaccumulation (Mortazavi and Sharifian, 2012; Ahmed et al., 2018). Despite these
variations, most heavy metal concentrations were within the permissible limits recommended by
international food safety authorities (USEPA, 2015). Although cadmium concentrations were relatively
higher than some guideline values, the overall risk assessment indicated that the exposure levels remain
within safe limits. The calculated EDI, EWI, and THQ values demonstrated that the consumption of
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longtail tuna from the studied regions does not pose a significant health risk to either adults or children.
The cumulative hazard index values were well below the critical threshold of 1, suggesting that long-term
consumption of this species is unlikely to cause adverse health effects related to heavy metal exposure. In
conclusion, longtail tuna harvested from the fishing ports of Chabahar, Beris, and Pasabandar can be
considered safe for human consumption with respect to the heavy metals investigated in this study.
Nevertheless, continuous monitoring of heavy metal contamination in marine ecosystems and
commercially important fish species is recommended to ensure food safety and detect potential
environmental changes that may influence contaminant levels in the future.
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Table 1: Mean and standard deviation (SD) of metals concentration (ug/g dry weight) in the muscle of longtail tuna

Location Zn Fe Cu Pb Cd Hg As Cr Mn Ni
Number 20 20 20 20 20 20 20 20 20 20

Mean 14.17 31.37 1563 0.02 019 0.22 050 0.03 0.49 6.24

SD 0.79 0.76 1.85 0.00  0.02 0.02 0.04 0.00 0.20 0.84

Minimum 5.93 9.38 5.78 0.01  0.05 0.12 026 0.01 0.30 1.26

Chabahar Maximum 21.23 20.48 3707 0.03 030 0.37 .11 0.09 445 18.69
Number 20 20 20 20 20 20 20 20 20 20

Mean 17.01 16.31 17.19 043  0.27 0.39 056 0.04 1.78 8.11

SD 0.95 0.91 2.03 0.08  0.02 0.07 0.05 0.00 0.24 1.09

Minimum 7.11 11.25 6.35 0.13  0.07 0.12 027 0.01 036 1.64

Beris Maximum 25.47 24.57 40.77 1.68 043 1.53 1.29  0.11 534 2430
Number 20 20 20 20 20 20 20 20 20 20

Mean 18.71 22.84 2235 032 034 036 059 0.04 193 10.54

SD 1.05 1.27 2.64 0.01  0.03 0.01 0.05 0.01 0.26 1.42

Minimum 7.82 17.75 8.26 022  0.09 0.25 028 0.01 0.39 2.13

Pasabandar Maximum 28.02 34.30 53.00 038 054 042 138 012 579 3159
Number 60 60 60 60 60 60 60 60 60 60

Mean 16.63 17.50 1839 025 0.27 0.32 055 0.04 1.73 8.30

SD 0.58 0.77 1.30 0.03  0.02 0.03 0.03 0.00 0.14 0.69

Total Minimum 5.93 9.38 5.78 1.01  0.05 0.12 026 0.01 0.30 1.26

Maximum 28.02 34.30 53.00 1.68 0.54 1.53 138 0.12 579 3159

1998 Blo B pao 3l (LU JUaS )52 31,81 (yos &1 (g 53 o (339 5 oS 50 8 )5 9,500) I3 gy 9959 (o (o ¥ Jguuxr
Table 2: Metal intake in adults through the consumption of longtail tuna, expressed as estimated daily intake (EDI;

pg/kg body weight/day)

Zn Fe Cu Pb Cd Hg As Cr Mn Ni
Chabahar 1.701 1.604 1.867 0.002 0.023 0.027 0.060 0.004 0.178 0.748
Beris 2.041 1.957 2.063 0.051 0.033 0.046 0.068 0.004 0.214 0.973
PasaBandar 2.245 2.740 2.682 0.038 0.041 0.043 0.071 0.005 0.232 1.256
Total 1.996 2.101 2.207 0.031 0.032 0.039 0.066 0.004 0.208 0.995
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Table 3: Metal intake in adults through the consumption of longtail tuna, expressed as estimated weekly intake (EWI;

pg/kg body weight/week)

Zn Fe Cu Pb Cd Hg As Cr Mn Ni
Chabahar 11.907 11.229 13.132 0.015 0.160 0.187 0.422 0.025 1.247 5.239
Beris 14.285 13.701 14.442 0.358 0.228 0.324 0.473 0.030 1.497 6.812
PasaBandar 15.714 19.181 18.774 0.268 0.288 0.299 0.498 0.033 1.624 8.854
Total 13.969 14.704 15.499 0.214 0.226 0.270 0.464 0.030 1.456 6.968
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! Provisional tolerable weekly intake (ug /week/kg body weight)
2 Provisional tolerable weekly intake for an adult person (ug /week/70 kg body weight)
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Table 4: Metal intake in children through the consumption of longtail tuna, expressed as estimated daily intake (EDI;

pg/kg body weight/day)

Zn Fe Cu Pb Cd Hg As Cr Mn Ni
Chabahar 2.901 2.736 3.200 0.004 0.039 0.046 0.103 0.006 0.304 1.277
Beris 3.481 3.339 3.519 0.087 0.056 0.079 0.115 0.007 0.365 1.660
PasaBandar 3.829 4.674 4.575 0.065 0.070 0.073 0.121 0.008 0.396 2.158
Total 3.404 3.583 3.765 0.052 0.055 0.066 0.113 0.007 0.355 1.698
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Table 5: Metal intake in children from longtail tuna consumption, expressed as estimated weekly intake (EWI; pg/kg

body weight/week)

Zn Fe Cu Pb Cd Hg As Cr Mn Ni

Chabahar Zn Fe Cu Pb Cd Hg As Cr Mn Ni
Beris 20.309 19.154 22.399 0.026 0274  0.319 0.720  0.043  2.128  8.936
PasaBandar 24366  23.371 24.634 0.610 0390  0.553 0.807 0.052 2.553 11.619
Total 26.804 32718 32.023 0.457  0.491  0.510 0.849  0.057 2.770 15.103
PTWI! 23.826  25.081 26.352 0364 0385 0.461 0.792  0.050 2.484 11.886
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Table 6: Hazard quotient (HQ) and target hazard quotient (THQ) for adults in respect of their ingestion of metals
through the consumption of longtail tuna

Zn Fe Cu Pb Cd Hg As Cr Mn Ni >THQ
Chabahar 0.006  0.002  0.047 0.000 0.023 0.038 0201 0.001 0.001 0.037 0.357
Beris 0.007  0.003 0.052 0010 0.033 0066 0225 0.001 0.002 0.049 0.447
PasaBandar  0.007  0.004  0.067 0.008 0.041  0.061 0.024  0.002 0.002  0.063 0.278
Total 0.007  0.003 0.055 0.006 0.032 0.055 0221 0.001 0.001 0.050 0.432
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The average adult weight is assumed to be 70 kg.

The fish consumption rate for adults is assumed to be 33.6 g of longtail tuna per day.
The average exposure period is assumed to be 25,550 days.
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Table 7: Hazard quotient (HQ) and target hazard quotient (THQ) for adults in respect of their ingestion of metals
through the consumption of longtail tuna

Zn Fe Cu Pb Cd Hg As Cr Mn Ni >THQ
Chabahar 0.001 0.000  0.007  0.000 0.003 0.006  0.029  0.000 0.000 0.005 0.052
Beris 0.001 0.000  0.008  0.001 0.005 0.010  0.033  0.000 0.000 0.007 0.065
PasaBandar  0.001 0.001  0.010  0.001 0.006 0.009  0.035 0.000 0.000 0.009 0.072
Total 0.001 0.000  0.008  0.001 0.005 0.008  0.032  0.000 0.000 0.007 0.063
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The average children weight is assumed to be 16 kg.

The fish consumption rate for children is assumed to be 13.1 g of halibut per day.
The average exposure period is assumed to be 25,550 days.
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Tabel 8: Maximum allowable consumption limits (CRlim; kg/ day) of longtail tuan for adults

Zn Fe Cu Pb Cd Hg As Cr Mn Ni
Chabahar 5.93 14.66 0.72 8.78 1.47 0.88 0.17 28.00 26.40 0.90
Beris 4.94 12.02 0.65 3.29 1.03 0.51 0.15 23.33 22.00 0.69
PasaBandar 4.49 8.58 0.50 4.39 0.82 0.55 0.14 21.27 20.28 0.53
Total 5.05 11.20 0.61 5.50 1.04 0.61 0.15 23.89 22.62 0.68
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Table 9: Maximum allowable meal consumption rate (CRmm; meal/ month) of longtail tuan for adults
Zn Fe Cu Pb Cd Hg As Cr Mn Ni

Chabahar 794.68  1966.11 96.07 10429'7 196.58  118.13 22.42 375471 3539.80  120.40

Beris 662.36 161137 8736  440.69 138.04 68.09 19.99 312893  2949.83 92,61
PasaBandar  602.14  1151.00 67.20 588.51 109.63 73.83 19.01 2851.68  2719.40  71.24

Total 67737 150149 81.66  738.15 139.84 81.75 20.38 3203.07  3032.65  90.52
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Tabel 10: Maximum allowable consumption limits (CRlim; kg/ day) of longtail tuan for children

Zn Fe Cu Pb Cd Hg As Cr Mn Ni

Chabahar 1.35 3.35 0.16 2.78 0.34 0.20 0.04 6.40 6.03 0.21
Beris 1.13 2.75 0.15 0.75 0.24 0.12 0.03 5.33 5.03 0.16
PasaBandar 1.03 1.96 0.11 1.00 0.19 0.13 0.03 4.86 4.64 0.12
Total 1.15 2.56 0.14 1.26 0.24 0.14 0.03 5.46 5.17 0.15
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Table 11: Maximum allowable meal consumption rate (CRmm; meal/ month) of longtail tuan for children

Zn Fe Cu Pb Cd Hg As Cr Mn Ni
Chabahar 361.69  894.85 43.73 746.98 89.47 53.76 1020 170891 1611.10  54.80
Beris 301.47  733.39 39.76 200.58 62.83 30.99 9.10 1424.09  1342.58  42.15
PasaBandar  274.05  523.86 30.59 267.85 49.90 33.60 8.65 129791  1237.70  32.42
Total 308.30  683.38 37.17 335.96 63.65 37.21 9.27 1457.84  1380.28  41.20
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Table 12: Comparison of heavy metal accumulation (ng/g dry weight) in the muscle of longtail tuna in the present
study with other studies

Location Species Zn Fe Cu Pb Cd Hg As Cr Mn Ni Reference
Indonesia ~ SCOMPETOMOTUS 4500~ 109 001 0004 012 - 033 o064 - Aewsaerdl,
sp 2007
. Katsuwonus Ahmad et
Pakistan pelamis 7 46 7 ) ) ) ) ) 6 ) al., 2017
Turkey Sarda sarda 1120 952 128 0.76 0.90 - - - 1.06 - Tiizen, 2003
Uluozlu et
Turkey Sarda sarda 487 735 084 076 0.90 - 1.o6 - 268 - al., 2007
Turkey Scomber 882 873 110 045 0.5 060 032 073 515 -  Tuzen,2009
scombrus
India Rastrelliger g 67 953 4 - 110 950 097 - 15 - [Sumare
kanagurta al.,2012
Scomberomorus Dobaradaran
Iran guttatus - - 337 151 0.009 - - - - - et al., 2010
. Hajeb et al.,
Malaysia  Thunnus tonggol - - - - - 0.91 - - - -
2010
USA Thunnus tonggol - - - - - 022 1.03 - - - [SIa;(l) f:)al"
. _ ~ ~ ~ ~ ~ ~ ~ Kerdthep et
Thailand ~ Thunnus tonggol 0.021 0.95 al., 2009
lan  Scomberomorous 5531 543 131 031 024 - - - -  Khoshnood
commerson etal., 2012
Present
Iran Thunnus tonggol  16.63 17.50 18.39 025 027 032 0.55 004 1.73 830 study
USEPA Limits (ug/g wet ) B ) USEPA,
welsht) 120 120 4 02 05 8 015
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