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ABSTRACT: The aim of this study was to determine the levels of Cd, As, Hg, Pb, and Cr 
in the edible part of eleven most consumed fish species collected from the north-east coast 
of Persian Gulf, Iran, during 2017. An inductively coupled plasma atomic emission 
spectroscopy (ICP-AES) instrument was used to measure the concentration of heavy 
metals. The results were compared within acceptable limits for human consumption set by 
various health institutions. The order of heavy metals about total accumulation was 
Cr>As>Pb> Cd> Hg. The mean heavy metals concentrations of fish species muscle 
decreased in the order of Acanthopagrus latus> Planiliza subviridis> Lutjanus lemniscatus 
> Alectis indica> Epinephelus areolatus> Otolithes ruber> Epinephelus chlorostigma> 
Lethrinus crocineus> Euryglossa orientalis > Cynoglossus arel > Grammoplites suppositus. 
Probably the difference in the concentration of metals between samples depends on fish 
species, diet, and habitat. These species were declared to exhibit a low probability of 
causing non-cancerous diseases. The comparison of the accumulation and hazard risk of 
consuming the five heavy metals existing in the eleven species that were sampled from the 
coasts of Khuzestan, Maah-shar Harbour, with the WHO and USEPA guidelines showed 
that although consuming these fish species does not threaten the consumers' health, 
pregnant women and children should be cautious about consuming them. The HI was 
calculated for 70 kg body weight of adults and 14.5 kg body weight of children. The 
amount of optimal consumption is different for different weights of consumers. 

Keywords: Fish consumption, risk assessment, toxic elements, Persian Gulf. 

 
 
 
INTRODUCTION


  

Aquatic animals are so important to human 

diet. However, aquatic animals can carry 

hazardous amounts of the metals that 

threaten the health of both aquatic species 

and the human consuming them. Fishes from 

the coasts of the Persian Gulf, where 

growing industrial and refinery activities and 

population growth in countries surrounded 

the waters have resulted a considerable 

increase of heavy metal content and various 
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contaminants in its aquatic ecosystems 

(Keshavarzi et al., 2018). 

Though contamination of the Persian 

Gulf by different environmental pollutants 

is concerned, few studies have investigated 

the risk of consuming these fishes with 

respect to heavy metals. Among various 

heavy metals and fish species, the hazard 

of some heavy metals on Oreochromis 

niloticus (Tayebi & Sobhanardakani, 

2020), Otolithes ruber (Sadeghi et al., 

2019; Mardoukhi et al., 2013), 

Acanthopagrus latus (Koshafar & 
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Velayatzadeh 2016), Carcharhinus 

dussumieri (Adel et al., 2016) and some 

other species (Keshavarzi et al., 2018; 

Shahri et al.,2017; Askary sary & Karimi, 

2017; Malakootian et al.,  2016; 

Khoshnood  & Khoshnood, 2013; 

Abdolahpur Monikh et al., 2013), and have 

reported in the other parts of the world and 

Iran (Liua et al., 2019; Varol & Sünbül, 

2018; Jiang et al., 2018; Genc & Yilmaz, 

2018; Alipour & Banagar, 2018; 

Łuczyńska et al.,  2018; Gu et al., 2017; 

Moslen & Miebaka, 2017; Zhang et al., 

2017; Kawser Ahmed et al., 2016; Çulha et 

al., 2016; Nasrabadi et al., 2015; Nasrabadi 

& Bidabadi, 2013). Some studies have 

shown that the hazard index (HI) of 

mercury is lower than 1 for all examined 

species in Persian Gulf except Otolithes 

ruber (Mardoukhi et al., 2013). 

Khuzestan province coastal waters, 

Persian Gulf is an area where there are 

many petrochemical plants, Oil tanker 

traffic, agricultural runoff and household 

wastewater, one of Iran's most polluted 

coastal waters. Due to the presence of 

semi-closed estuary, the pollutant removal 

time is relatively long and this trend will 

subsequently increase amount of pollution 

in the region. On the other hand, the 

estuaries and their tributaries are important 

areas for the fishing industry in the region. 

Popular and commercial fish in these 

estuaries are consumed by locals. Since a 

potential contaminant source (a 

petrochemical complex) is located near a 

major fishery harbor in the study area, the 

present study was performed. 

This research aims to quantify and 

measure the lead, cadmium, mercury, 

chromium and arsenic accumulation in the 

muscles of eleven fish species of Khuzestan 

province coastal waters. Besides, their 

economic value and popularity, these eleven 

species were chosen due to their diet and 

habitat roles. The selected species were 

members of the coastal carnivorous and 

omnivorous fish families. This study 

compares the heavy metal levels with the 

global standards announced by the United 

States Environmental Protection Agency 

(USEPA), and World Health Organization 

(WHO). Moreover, relationships between 

tissue metal contents and fish size, the daily 

and weekly intake amounts for children and 

adults as well as their permissible level of 

consumption are calculated. In addition, the 

risks of hazards of consuming these fish 

species are evaluated with respect to their 

potential of causing non-cancerous diseases 

and compared with the standards set by 

WHO.  

MATERIAL AND METHODS  

These eleven species were different diet 

and habitat. The selected species were 

members of the coastal carnivorous 

(Otolithes ruber, Lethrinus crocineus, 

Alectis indica), coastal demersal 

carnivorous (Euryglossa orientalis), 

demersal carnivorous (Cynoglossus arel, 

Grammoplites suppositus, Acanthopagrus 

latus, Epinephelus areolatus, Epinephelus 

chlorostigma, Lutjanus lemniscatus), and 

coastal omnivorous (Planiliza subviridis) 

fish families (Sadeghi, 2001) (Table, 1). 

Maah-shar Harbour is located in the 

south of the Khuzestan province, Iran 

(49°13' and 30°33'). Fish species were 

caught by trawlers from the coasts of 

Maah-shar Harbour. Due to the fact that 

the studied samples were chosen among 

edible fish species with weights that are 

mostly demanded by the market, the 

relationship between the length and weight 

indices and the amounts of metals 

aggregated in the species were taken into 

consideration. The samples were identified 

according to identification (Sadeghi, 2001). 

After that, the fish species were frozen at -

20 °C. In total, 66 fish belonging to 11 

species were caught, frozen and transferred 

to the Laboratory of Fishery Researches. 

One day prior to the experiments, the 

required samples were removed from the 

freezer and placed in a refrigerator to 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawser%20Ahmed%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27757369
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unfreeze them gradually. After unfreezing, 

the samples were completely rinsed with 

distilled water to remove their mucosal 

membranes that had absorbed the metals 

from the surface of their bodies. Then, the 

extra water was discharged and all samples 

were subjected to bioassay. In order to 

carry out the chemical digestion 

experiments, 10 g wet muscle tissue was 

separated from each fish and put in a flask 

containing 5 ml hydrogen peroxide and 

nitric acid (65%) with a 1 to 3 ratio. The 

flask was placed in a heater digesting 

machine for 5 h at the maximum 

temperature of 140 °
C
. In the next step, the 

transparent solution that was resulted from 

the digestion process was filtered using a 

number one Whatman paper and the 

volume of the filtered solution was 

increased to 5 ml using distilled water. 

Then, the solution was transferred to a 

digestion tube (Lakshmanan et al., 2009; 

MOOPAM, 2010). Finally, an inductively 

coupled plasma atomic emission 

spectroscopy (ICP-AES) instrument was 

used to measure the concentration of the 

heavy metals. For fish samples, the limits 

of detection (LOD, mg/kg wet weight) 

were the following: Cr 0.005, As 0.003, Cd 

0.001, Pb 0.005, and Hg 0.001. 

Table 1. The name, habitat, feeding mode and size of the analyzed fish species. 

 Family, Fish species, Common name Habitat; Favorable diet Total length Total weight 

1 
Carangidae, Alectis indica, 

Indian thread fish 
coastal waters; fishes, squids, and 

crustaceans 
47.33 ±0.57 1203.33 ±32.14 

2 
Serranidae, Epinephelus chlorostigma, 

Brownspotted grouper Bottoms; fishes and crustaceans 44.66±0.28 1041.66 ±36.85 

3 
Lutjanidae, Lutjanus lemniscatus, 

Yellowstreaked snapper 
offshore reefs and muddy habitats; 

Fishes, benthic  invertebrates 
39.66 ±0.28 966.66±7.63 

4 
Serranidae, Epinephelus areolatus, 

Areolate grouper 

shallow waters;  Zoobenthos, benthic 

invertebrates 
35.33 ±0.28 764±56.95 

5 
Sparidae, Acanthopagrus latus, 

Yellowfin seabream 
shallow c.w.; Zoobenthos, benthic 

invertebrates 
32.96 ±1.55 633.33 ±45.88 

6 
Sciaenidae, Otolithes ruber, 

Tigertooth croaker 
Amphidromous, Benthopelagic c.w.; 

fishes, invertebrates 
30 ±2.38 666.66±38.79 

7 
Lethrinidae, Lethrinus crocineus, 

Yellowtail emperor 
c.w.; fish,  benthic invertebrates 29.60±0.4 890.26±20.06* 

8 
Soleidae, Euryglossa orientalis, 

Oriental sole shallow c.w.; bottom invertebrates 29.5±3.14 550±164.27 

9 
Cynoglossidae, Cynoglossus arel, 

Largescale tonguesole 
Bottoms; bottom-living invertebrates 24.4 ±1.45 672.54 ±156.84 

10 
Platycephalidae, Grammoplites suppositus, 

Spotfin flathead 
Bottoms; Zooplankton, zoobenthos 

Detritus 
37.63 ±4.11 616.66±54.01 

11 
Mugilidae, Planiliza subviridis, 

Greenback mullet 

shallow c.w.; algae, diatoms and 

benthic detrital material 
26.82 ±0.64 580.35±50.22 

Note: coastal waters (c.w.). 

The Eq. 1 was used to obtain the 

correction factor for converting dry weight to 

wet weight.  Since about 80 wt.% of fish is 

water (FAO, 2009), the dry weight of the fish 

samples was calculated by multiplying their 

wet weight in  CF = 0.2 (UNEP, 1984). 

CF=1 - (the amount of moisture in the fish’s 

muscle/100) 
(1) 

Following the method proposed by the 

United States Environmental Protection 

Agency, Eqs. 2 and 3 were used to estimate 

the daily intake (EDI) and weekly intake 

(EWI) in adults and children regardless of 

sex of each heavy metal through 

consumption of each type of fish. 

DMS
EDI




C     

BW
 (2) 

wMS
EWI




C     

BW
 (3) 

EDI: daily amount of metal intake 

through fish consumption (μg/g bw/day), 

https://www.fishbase.de/summary/FamilySummary.php?ID=314
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=15347
https://www.fishbase.se/summary/FamilySummary.php?ID=289
https://www.fishbase.se/summary/FamilySummary.php?ID=323
https://www.fishbase.se/summary/FamilySummary.php?ID=289
https://www.fishbase.se/summary/FamilySummary.php?ID=330
https://www.fishbase.se/summary/FamilySummary.php?ID=331
https://www.fishbase.se/summary/FamilySummary.php?ID=328
https://www.fishbase.se/summary/FamilySummary.php?ID=441
https://www.fishbase.se/summary/FamilySummary.php?ID=442
https://www.fishbase.se/summary/FamilySummary.php?ID=273
https://www.fishbase.se/summary/FamilySummary.php?ID=359
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EWI: weekly amount of metal intake 

through fish consumption (μg/g bw per 

week), C: metal concentration in the 

muscle tissue of the consumed fish (μg/g), 

MSD = Rate of daily fish consumption 

(32.57 g/day according to the EPA 

standard), MSW= Rate of weekly fish 

consumption (228.00 g week
1
 according to 

the EPA standard); Body weight (adults: 

70 kg, children: 14.5 kg). 

The method recommended by USEPA 

(USEPA, 2000) was adopted to determine 

the permissible limit of fish consumption. 

In this method, the metal levels of the 

edible fish tissues and the Reference 

Dosages (RfD) can be implemented in Eq. 

4 to calculate the permissible amount of 

fish consumption in a certain period of 

time. The RfD values of the studied metals 

were considered as 0.0035 for lead, 0.001 

for cadmium, 0.0001 for mercury, 0.005 

for chromium (USEPA, 2000) and 0.003 

for arsenic (USEPA, 2002). Eq. 5 was used 

to calculate the permissible frequency of 

fish consumption. 

lim 

RfD  BW
CR 7




C
 (4) 

Crlim - Permissible limit of fish 

consumption (kg/day), BW - Body weight 

(adults: 70 kg, children: 14.5 kg), RfD - 

Reference dose (μg/g bw/day). 

mm 

CRlim   Tap 
CR

MS



 (5) 

CRmm - Permissible frequency of fish 

consumption (times per month), MS - 

Amount of each meal (adults: 227 g, 

children: 114 g), Tap - Average time period 

(4.3 weeks per month) 

It should be noted that calculation of 

Target Hazard Quotients (THQ) index 

requires considering the default amount of 

the metal assimilated by the body (EPA, 

1989) and the fact that cooking does not 

affect the level of the contaminants 

(Cooper et al., 1991). According to this 

index, if the resultant ratio be lower than 1 

indicating that consuming the studied 

aquatic animal has no harmful effect on its 

consumers. The total hazard index was 

calculated by summing up the risks related 

to the 15 metals, based on Eq. 7 (Chien, 

2002). 

THQ
  


 

EF  ED  IR  C

BW  RfD  AT
 (6) 

THQ - Target Hazard Quotients, EF - 

Encounter (exposure) frequency during the 

365 days of a year, ED - Total encounter 

(exposure) time in 70 years, IR - Daily rate 

of fish consumptioning fish; (32.5 g/day 

according to the EPA standard), AT - 

Average exposure time (365 days × 70 

years = 25550 days).  

 Hazard Index HI THQ   (7) 

The Kolmogorov-Smirnov test was used 

to assess the normality of the data. 

Correlation between trace elements uptake 

with standard length and weight was 

investigated by Pearson correlation by the 

SPSS 20 software.  Moreover, EXCEL 

2007 was used to draw the graphs at a 95% 

confidence level. 

RESULTS AND DISCUSSION  

According to the ANOVA results, the 

observed difference heavy metals 

accumulation in fish species is statistically 

significant (p<0.05) and the highest and 

lowest heavy metal levels refer to Pb in P. 

subviridis (0.021±0.001 μg/g) and C. arel 

(0.0027±0.0006 μg/g), Cd in E. areolatus 

(0.0114±0.0024 μg/g) and G. suppositus 

(0.0003±0.000 μg/g), Hg in E. chlorostima 

(0.0014±0.0001 μg/g) and L. lemniscatus 

(0.0003±0.000 μg/g), Cr in A. latus 

(0.19±0.009 μg/g) and P. subviridis 

(0.037±0.001 μg/g) and As in P. subviridis 

(0.143±0.006 μg/g) and G. suppositus 

(0.001±0.000 μg/g), respectively (Table 2). 

Generally speaking, the following order of 

heavy metal aggregation was detected in 

the muscle tissues of the studied fish 

samples: Cr>As> Pb>Cd>Hg. 
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Table 2. Amount of the permissible heavy metal intake according to the international standards and the 

amount of intake for the 5 metals (μg/g wet weight) and average± standard deviation 

As Cr Hg Cd Pb fish species 
0.007±0.0015 0.0796±0.01 0.0008±0.0002 0.0005±0.0001 0.003±0.0005 L. crocineus 
0.143±0.006 0.0374±0.0014 0.0008±0.0001 0.0021±0.0024 0.021±0.001 P. subviridis 

0.0036±0.006 0.0513±0.008 0.0008±0.0001 0.0003±0.0001 0.0028±0.001 E. orientalis 
0.006±0.0005 0.0467±0.008 0.0009±0.0001 0.0004±0.0001 0.0027±0.0006 C. arel 
0.001±0.0003 0.0498±0.004 0.001±0.0001 0.0003±0.000 0.003±0.0005 G. suppositus 
0.0067±0.0008 0.146±0.0052 0.0007±0.0001 0.0064±0.0017 0.014±0.0025 O. ruber 
0.0072±0.0006 0.19±0.0094 0.0008±0.0001 0.0084±0.0015 0.016±0.001 A. latus 
0.0084±0.0005 0.156±0.015 0.0011±0.0001 0.0114±0.0024 0.0078±0.0098 E. areolatus 
0.0022±0.0003 0.12±0.02 0.0014±0.0001 0.0046±0.0011 0.0026±0.0002 E. chlorostima 
0.0027±0.0003 0.174±0.0183 0.0003±0.0004 0.007±0.001 0.0032±0.0002 A. indica 
0.0018±0.0004 0.18±0.017 0.0003±0.000 0.0095±0.0005 0.0035±0.0003 L. lemniscatus 

0.2 1.3 0.5 0.2 0.4 WHO 

0.003c 0.005b 0.0001c 0.001a 0.0035a RfD 

15 23.3 5 7 25 PTWI 

Note: RfD: reference dose, PTWI: the standard for the maximum permissible limit of weekly absorption:  μg/g 

70/kg bw/week 

WHO, 1989; a)USEPA, 2011;   b)USEPA, 2002;  c)USEPA, 2000 

A. latus and P. subviridis live in the sea, 

particularly in coastal waters often entering 

river mouths, estuaries, and fresh water to 

feed (Coad, 2017; Sourinejad et al., 2015). 

The coastal and estuarine zones are the 

source of marine sediment and the place 

where river’s sediments sink. These areas 

are usually contaminated by various 

pollutants. Metals enter the aquatic 

environment by the disposal and discharge 

of agricultural, urban and industrial waste 

and deposited in sediments. Metals are 

deposited in sediment that is part of the 

aquatic ecosystem and remain in the 

sediment for a long time, then released into 

the environment (Keshavarzi et al., 2018). 

Jovanović et al., (2017) reported, 

sediments are the main route of direct 

transfer of heavy metals in many aquatic 

species. Metals accumulate in benthic 

feeders’ tissues and they move upward by 

the food chain through bioaccumulation. 

In P. subviridis, the amount of arsenic and 

lead were higher than other elements (Fig. 1). 

The sources of contamination of these 

elements are the entry of agricultural and 

industrial effluents into existing factories, 

refineries and petrochemicals in the region. 

Since these discharges are pollutant sources 

of coastal waters, studied areas are important 

from agricultural impacts on the living 

environment of aquatic animals. The high 

level of arsenic and lead in the P. subviridis 

tissues originate from its omnivorous diet. 

The economic activities in Maah-shar Harbor 

involve extraction of oil and gas and the 

relevant activities, shipping and agriculture. 

Bandar-e-Imam and Arvand Petrochemical 

companies are also located in the exclusive 

economic zone of Maah-shar. These have 

changed the coasts of the Khuzestan 

province into one of the most contaminated 

regions of Iran. 

The mean heavy metals concentrations 

of fish species muscle decreased in the 

order of: A. latus> P. subviridis> L. 

lemniscatus> A. indica> E. areolatus > O. 

ruber> E. chlorostima> L. crocineus> E. 

orientalis> C. arel> G. suppositus. Toxic 

metals concentration distribution shows a 

significantly difference in fish muscle 

tissues. Fig. 1 shows the mean heavy 

metals concentration distribution in fish 

muscle of different kinds of fish. The mean 

concentrations of each metal in different 

fish species were as follows: 

Pb: P. subviridis> A. latus> O. ruber> E. 

areolatus> L. lemniscatus> A. indica> G. 

suppositus≈ L. crocineus> E. orientalis> 

C. arel> E. chlorostima 

http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=15347
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=15347
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=15347
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Cd: E. areolatus> L. lemniscatus> A. 

latus> A. indica>O. ruber> L. crocineus> 

E. chlorostima> P. subviridis > C. arel> E. 

orientalis> G. suppositus 

Hg: E. chlorostima> E. areolatus> C. 

arel> L. crocineus> E. orientalis> P. 

subviridis> A. latus> O. ruber> A. indica> 

L. lemniscatus> G. suppositus 

Cr: A. latus> L. lemniscatus> A. indica> E. 

areolatus> O. ruber> E. chlorostima> L. 

crocineus> E. orientalis> G. suppositus> 

C. arel> P. subviridis 

As: P. subviridis> E. areolatus> A. latus> 

L. crocineus> O. ruber> C. arel> E. 

orientalis> A. indica> E. chlorostima> L. 

lemniscatus> G. suppositus 

 

Fig. 1. Heavy metals concentration (μg/g wet weight) in various species of fish muscle 

The studied fish species ranged from 

omnivorous to carnivorous (Table 1). 

However, small amounts of metals were 

detected in their muscles, which might be 

due to the low levels of heavy metal 

attachment to their proteins (Akoto et al., 

2014). In general, the physiological state of 

a fish can affect bio-aggregation of heavy 

metals in its tissues (Kotze et al.,1999) and 

the amount of the aggregated metals 

depends on their physiological role 

(Lakshmanan et al., 2009).  

Jiang et al., (2018) reported, that heavy 

metal concentrations were found 

significantly higher in demersal (inhabiting 

near the sediments) and piscivorous 

(possessing higher trophic level) fishes 

than in pelagic/benthopelagic (inhabiting 

the upper and lower water column) and 

herbivorous/planktivorous (possessing 

lower trophic level) fishes.  

According to the results of this study, all 

examined heavy metals do not accumulated 

same amount in the muscle tissues of the 

studied fish species. Chromium and 

mercury’s concentration in the samples 

found as the highest and lowest, respectively 

(table 2). This study also exhibited that the 

species of fishes determine the level of 

accumulation of heavy metals in the 

muscle’s tissue (Keshavarzi et al., 2018; 

Abdolahpur Monikh et al., 2013 and 2012). 

These results originated from species 

diversified behavior such as habitat and 

different food consumption. Specifically, 

heavy metal accumulation can increase in a 

specific fish by consuming carnivorous diet, 

eating food and being placed at the end of the 

food chain (Roesijadi & Robinson, 1994; 

Heath, 1987).    

A. latus and P. subviridis have the 

highest levels of contamination and they 

http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=15347
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=15347
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=15347
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=15347


Pollution, 6(4): 849-862, Autumn 2020 

855 

are carnivorus and omnivorus, 

respectively. But their habitate are in 

shallow coastal waters. Coastal water is 

more polluted because of their proximity to 

pollutants. So, the area where fish is caught 

is of great importance.    

The standard for the maximum 

permissible limit of weekly absorption 

(PTWI) in terms of kg fish per 70 kg body 

weight were calculated as 25 for lead, 7 for 

cadmium, 5 for mercury, 23.3 for 

chromium and 15 for arsenic. THQ values 

were as follows: Cr (0.1146)> 

Hg(0.0428)> As(0.0295)> Cd(0.0237)> 

Pb(0.0108) (Fig. 2). The average HI value 

was 0.221 being significantly lowers than 

1. THQ of sample’s muscle decreased in 

the following orders: P. subviridis> A. 

latus> E. areolatus> L. lemniscatus> O. 

ruber> A. indica> E. chlorostima> L. 

crocineus> G. suppositus> C. arel> E. 

orientalis (Fig. 3). As tables 3 and 4 

exhibit, the permissible limits of heavy 

metal consumption are lower than the 

standard levels announced by WHO.  

 

Fig. 2. Comparison of total hazard quotient (THQ) in heavy metals 

 

Fig. 3. Comparison of total hazard quotient (THQ) in various species of fish muscle 

http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=15347
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Table 3. The amount of EDI and EWI of heavy metals in children and adult bodies by consuming fish 

collected from Maah-shar Harbor, Persian Gulf in Iran. (μg/kg bw/day) 

fish species  Pb Cd Hg Cr As 

  children adults children adults children adults children adults children adults 

L. crocineus EDI 0.007 0.001 0.001 0.0002 0.0017 0.0003 0.178 0.037 0.0161 0.0033 

 EWI 0.051 0.01 0.0078 0.0016 0.0125 0.0026 1.251 0.259 0.1132 0.0234 

P. subviridis EDI 0.047 0.009 0.0047 0.0009 0.0018 0.00038 0.084 0.0174 0.322 0.0668 

 EWI 0.332 0.068 0.0335 0.0069 0.0128 0.0026 0.588 0.121 2.259 0.467 

E. orientalis EDI 0.0064 0.0013 0.0006 0.0001 0.0019 0.00039 0.115 0.0238 0.008 0.0016 

 EWI 0.045 0.009 0.0047 0.0009 0.0134 0.0027 0.807 0.167 0.0566 0.0117 

C. arel EDI 0.006 0.0012 0.0008 0.0001 0.002 0.00043 0.105 0.0217 0.0136 0.0028 

 EWI 0.042 0.008 0.0062 0.0013 0.0146 0.003 0.735 0.152 0.095 0.0197 

G. suppositus EDI 0.006 0.0014 0.0007 0.0001 0.0023 0.00049 0.112 0.0232 0.0023 0.0004 

 EWI 0.048 0.009 0.005 0.001 0.0167 0.0034 0.784 0.162 0.0167 0.0034 

O. ruber EDI 0.033 0.0069 0.0143 0.0029 0.00173 0.00036 0.327 0.0679 0.0151 0.0031 

 EWI 0.233 0.048 0.1 0.0208 0.0121 0.0025 2.295 0.475 0.1058 0.0219 

A. latus EDI 0.0369 0.0076 0.0188 0.0039 0.0185 0.00038 0.428 0.0887 0.0161 0.0033 

 EWI 0.258 0.053 0.132 0.0273 0.0129 0.0026 2.998 0.621 0.113 0.0234 

E. areolatus EDI 0.017 0.0035 0.0257 0.0053 0.0024 0.00051 0.350 0.0725 0.0188 0.0039 

 EWI 0.12 0.024 0.180 0.0373 0.0172 0.0035 2.452 0.508 0.132 0.0273 

E. chlorostima EDI 0.006 0.0012 0.0104 0.0021 0.0031 0.00065 0.269 0.0558 0.005 0.001 

 EWI 0.042 0.008 0.0733 0.0152 0.022 0.0045 1.886 0.390 0.0356 0.0073 

A. indica EDI 0.007 0.0015 0.0157 0.0032 0.0157 0.00016 0.390 0.08 0.006 0.0012 

 EWI 0.051 0.0106 0.11 0.022 0.0054 0.0011 2.736 0.566 0.0429 0.0089 

L. lemniscatus EDI 0.008 0.0016 0.0214 0.0044 0.0006 0.00014 0.405 0.084 0.004 0.0008 

 EWI 0.056 0.0116 0.149 0.0310 0.0047 0.0009 2.840 0.588 0.0283 0.0058 

Note: EDI -  daily intake  and EWI - weekly intake (μg/g bw/day), bw - body weight, kg 

Table 4. The amount of CRmm and Crlim (kg/day) of heavy metals by children and adult bodies by 

consuming fish collected from Maah-shar Harbor, Persian Gulf in Iran 

fish species  Pb Cd Hg Cr As 

  Crlim CRmm Crlim CRmm Crlim CRmm Crlim CRmm Crlim CRmm 
L. crocineus children 15.619 589 29.805 1124 1.893 71 0.920 34 6.224 34 

 adults 75.405 1428 143.888 2725 9.138 173 4.443 84 30.050 84 

P. subviridis children 2.405 90 15.063 568 1.827 68 1.940 73 0.3031 73 

 adults 11.611 219 72.722 1377 8.824 167 9.367 177 1.463 177 
E. orientalis children 19.193 723 52.361 1975 1.723 65 1.435 54 12.313 54 

 adults 92.66 1750 252.77 4788 8.320 157 6.929 131 59.444 131 

C. arel children 19.431 732 37.861 1428 1.570 59 1.581 59 7.202 59 
 adults 93.897 1776 182.77 3462 7.583 143 7.633 144 34.772 144 

G. suppositus children 16.844 635 46.092 1738 1.369 51 1.460 55 42.982 55 
 adults 81.31 1540 22.514 4215 6.611 125 7.048 133 207.50 133 

O. ruber children 3.489 131 2.387 90 1.911 72 0.497 18 6.521 18 
 adults 16.844 319 11.524 218 9.229 174 2.399 45 31.483 45 

A. latus children 0.283 116 1.763 66 1.783 67 0.38 14 6.069 14 
 adults 14.961 283 8.512 161 8.609 163 1.838 34 29.302 34 

E. areolatus children 17.807 671 1.302 49 1.325 49 2.258 17 5.191 17 
 adults 85.96 1628 6.286 119 6.398 121 0.467 42 25.064 42 

E. chlorostima children 18.99 716 3.228 121 1.097 41 0.615 23 19.417 23 
 adults 91.679 1736 15.584 295 5.296 100 2.972 56 93.741 56 

A. indica children 15.619 589 2.100 79 4.241 159 0.419 15 16.053 15 
 adults 75.403 1428 10.138 192 20.473 387 2.027 38 77.50 38 

L. lemniscatus children 14.33 540 1.523 57 5.012 189 0.403 15 25.003 15 
 adults 69.213 1311 7.356 139 24.195 458 1.948 36 120.707 36 

Note: Units; The permissible rate of consuming fish (CRmm): a meal in a month and the permissible limit of fish 

consumption (Crlim): kg/day 

The acceptable guideline for THQ is 1 

(USEPA, 2011). A THQ below 1 indicated 

that the level of exposure is smaller than 

the reference dose. A daily exposure at this 

level is believed to be unlikely to cause any 

adverse effects during a person's lifetime. 

Calculated THQ for the investigated metals 

for all species is safe for human 

consumption. According Fig. 3, The mean 

THQ values of heavy metals at all fish 

species followed the descending order of 

Cr>Hg>As>Cd>Pb. Tables 3 and 4 show, 

http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=15347
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=15347
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the permissible limits of heavy metal 

consumption are lower than the standard 

levels announced by WHO (WHO, 1989) 

and Also, the hazard indices of all metals 

are have values lower than 1, which means 

that consuming the studied fish species is 

not harmful for the consumers.  

For local residents, C. arel and G. 

suppositus was recommended as the daily 

consuming fish species, which had 

relatively lower toxic metals accumulation 

abilities, and followed by E. orientalis and 

L. crocineus. Consuming less than the 

amounts provided in Tables 3 and 4 by 

wild fish muscle tissues for an individual 

could basically assure local inhabitants' 

health. P. subviridis, A. latus, E. areolatus 

and E. chlorostima which had relatively 

higher bioaccumulation ability in Pb, As, 

Cr, Cd and Hg, was recommended as a 

sensitive bio-indicator in water quality 

monitoring. 

Hazard index represents the ratio of the 

estimated dose of heavy metal exposure to 

the metal’s reference dose (RfD). In this 

study, the hazard index of the five studied 

metals was lower than 1, which indicates 

that consuming the examined fish species 

has no harmful effect on the consumer's 

health. Therefore, consuming the fish 

species sampled from the coasts of Maah-

shar does not pose any serious threat to the 

consumers. However, the low rate of 

aquatic animal consumption in Iran should 

not be neglected and it should be 

considered that the calculated hazard index 

values would increase with the rate of fish 

consumption. Also, the obtained value of 

the total hazard index (HI) is lower than 

1(i.e. 0.221) in agreement with the results 

reported about the hazard of mercury in 

Acanthopagrus latus (Koshafar & 

Velayatzadeh 2016) and Otolithes ruber 

(Mardoukhi et al., 2013) in Persian Gulf. 

The Pearson correlation test used to 

determine the correlation between total 

length, Weight and heavy metal 

accumulation in muscle tissue (Table 5). 

As the length and weight of the fish 

increase, the amount of lead and arsenic 

accumulation decreases, but the 

accumulation of chromium and cadmium 

increases. A significant correlation found 

between the accumulation of heavy metals 

of between As and Pb and Cr (+); Cr and 

Cd (+); Cr and Hg (-) in fish tissues. 

Table 5. Pearson correlation test and relationship between length, weight and metal content in muscle tissue 

 Pb Cd Hg Cr As 

Cd 0.163 NS     

Hg -.061 NS -0.229 NS    

Cr 0.108 NS 0.845** -0.369*   

As 0.648** -0.183 NS -0.007 NS -0.396*  

Weight - 0.425* 0.298 NS -0.266 NS 0.470** -0.312 NS 

Total length -0.359* 0.419* -0.082 NS 0.547** -0.366* 

NS) Not significant, *) Significant is 0.05 level, **) Significant is 0.01 level 

Non-existence of relationship between 

the metals’ accumulation and weight and 

body length have reported by Pourang et 

al.,(2005). They discuss that the capacity of 

the body and biochemical factors could 

have non-influence or variability. 

On the other hand, comparison of 

biometric measurements between the 

eleven studied fish species P. subviridis 

samples, exhibited the highest Pb and As 

concentrations, while had not higher 

weight and length than other species. Thus, 

may be the species of fish, habitat (benthic, 

mezopelagic and pelagic), and feeding 

behavior are factors in observed 

differences in metals concentrations 

between different fish species. 

Although there were several significant 

(p<0.05) differences between the species 

regarding the bioaccumulation of the 
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selected metals, no definite trend could be 

established. Differences could be attributed 

to the different feeding habits of the 

species and intake of metals by the food 

(Coetzee et al., 2002). 

In similar studies, Keshavarzi et al. 

(2018) reported that the species of fish, 

habitat and biometric features are the most 

important factors in observed differences in 

metal concentrations between different fish 

species. This may be related to the 

differences in ecological needs, swimming 

behaviors and the metabolic activities 

among different fish species. 

A highly significant correlation between 

the heavy metals in the tissues was 

observed statistically in fishes. Specially, 

the correlation between As and Pb, Cr and 

Cd, were higher than that among other 

metals. Probably, the high levels of 

correlation coefficient between the metal 

represents the common source of these 

heavy metals is the same and the intensity 

of the pollution is high. Darvish Bastami et 

al. (2015) suggested that the positive linear 

relationship between heavy metals had 

common sources, mutual dependence and 

identical behavior during the transport. The 

negative correlations between Cr with Hg 

and As does not share the above specific 

metal traits with the other heavy metals. 

Pourang et al. (2005) reported that these 

inter- heavy metals relationships may be 

attributable to similar physicochemical 

properties of the metals involved. Also it 

has been regarded as indicative of similar 

biochemical pathways or, at its simplest, as 

demonstrating the binding of certain metals 

in animals indicates the occurrence of 

particular ligands. In addition, the 

concentration of elements in fishes can be 

explained by the enrichment of these 

metals in the sediment of region 

(Abdolahpur Monikh et al., 2012). 

The results of this study demonstrated 

that the heavy metal concentrations of the 

studied species are significantly lower than 

the maximum permissible amount 

determined by the WHO standards (table 

2). Therefore, with respect to the standard 

contamination thresholds, the observed 

densities are not hazardous. However 

recommended, children and pregnant 

women should be cautious about 

consuming these fish species due to the 

potential hazards of these heavy metals. 

Table 6 indicates a general view on the 

order of heavy metals accumulation in the 

muscle of different marine and freshwater 

fish species. Based on the results, in most 

cases Cr and As show the highest 

concentration compared to the other 

studied heavy metals. The reverse case can 

be observed for Pb and Cd. The obtained 

pattern of the heavy metals accumulation 

in this study showed that the results are 

same as the other studies of fishes have 

been reported by other researchers. It 

should be noted that, the order of 

accumulation is determined by determined 

by the need, prevalence in the earth's crust.  

In the second place - geochemical features 

and pollution of region.  

CONCLUSION  

Fish is not the only way of heavy metal 

entrance to the human body. Consuming 

any other heavy metals containing foods, 

such as rice, wheat, and vegetables that 

constitute the largest part of the Iranian 

diet, may introduce more heavy metals to 

the consumers' bodies. However, the 

consumed foods are not the same in 

different societies or even cities due to the 

differences in the tastes of people. 

Therefore, the intake of various 

contaminants through foods depends on the 

individuals’ diets. Because of a diversity of 

cultures and diets of Iranian people, it is 

obvious that providing a specific pattern 

for the standard amounts of food 

consumption is not possible and 

sufficiently creditable. From the present 

study, it can be concluded that: 

Although consuming these fish does not 

have harmful effects on the consumers’ 
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health, the amount of its consumption by 

pregnant women and children must be 

considered because embryos, infants, and 

children under 10 years are more 

vulnerable. 

The HI was calculated for 70 kg body 

weight of adults and 14.5 kg bodyweight of 

children. The amount of optimal 

consumption is different for different 

weights of consumers.  

Regarding various sources of 

contamination heterogeneously are 

scattered on the Persian Gulf, the 

accumulation levels related to this species 

and other economic species are different. 

Therefore, the various regions of the 

Persian Gulf should be refined regularly 

(every 3-5 years). 

Due to the wide diversity in their diet, 

the sea fish have very large amounts of 

metals accumulation in their tissues. 

Consequently, while we endeavor to 

increase the fish consumption per capita 

and including it in the people’s diet, we 

should also pay serious attention to the 

safety of aquatic foods. 

Table 6. THQ and Patterns of trace elements occurrence in the muscle of different species from various 

parts of the world. The orders are not based on statistical analyses 

Species Order THQ Sampling region Reference 

This study 
Cr>As>Pb> Cd> 

Hg 
<1 Persian Gulf, Iran This study 

Euryglossa orientalis, Pb>Cd    

Liza abu, Pb>Cd  Musa estuary, Persian Gulf Abdolahpur Monikh et al.,  2013 

Johnius belangerii Pb>Cd    

Carcharhinus dussumieri Pb>Cd>Hg <1 Persian Gulf, Iran Adel et al.,  2016 

Otolithes ruber Cd>Cr>Pb>As Pb<1 Oman Sea, Iran Sadeghi et al.,  2019 

Anodontostoma chacunda Cd>Pb> Hg>As As, Hg>1   

Belangerii Cd>Pb> Hg>As As, Hg>1 Persian Gulf, Iran Keshavarzi et al.,  2018 

Cynoglossurs arel Cd>Pb> Hg>As As, Hg>1   

Thunnus tonggol Hg > Cr > Pb <1 Persian Gulf, Iran Malakootian et al.,  2016 

Liza klunzingeri Hg > Cr > Pb <1   

Lutjanus johnii Pb>Cd <1 Persian Gulf, Iran Khoshnood & Khoshnood, 2013 

Lutjanus lemniscatus Pb>Cd <1   

Acanthopagrus latus Pb>Cd <1   

Pampus argentus Pb>Cd <1   

Liza subviridis Pb>Cd <1   

Sillago sihama Pb>Cd <1   

Rutilus frisii kutum Pb>Hg>Cd <1 Caspian Sea, Iran Monsefrad et al.,  2012 

Sardina pilchardus As>Hg>Cd>Pb >1 Eastern Mediterranean Sea Sofoulaki et al.,  2019 

Engraulis encrasicolus As>Hg>Cd>Pb >1   

Acanthogobius hasta Cr> Cd >Pb <1 Laizhou Bay, China Liua et al.,  2019 

Acanthopagrus schlegelii Cr> Cd >Pb <1   

Chelon haematocheilus Cr> Cd >Pb <1   

Lateolabrax japonicas Cr> Cd >Pb <1   

Mugil cephalus Cr> Cd >Pb <1   

Platycephalus indicus Cr> Cd >Pb <1   

Pleuronectiformes 

heterosomata 
Cr> Cd >Pb <1   

Luciobarbus esocinus As>Pb> Cr> Cd <1 Turkey Varol & Sünbül,  2018 

Capoeta umbla As>Pb> Cr> Cd <1   

Cyprinus carpio As>Pb> Cr> Cd <1   

Luciobarbus mystaceus As>Pb> Cr> Cd <1   

Capoeta trutta As>Pb> Cr> Cd <1   

Hypophthalmichthys nobilis Cr> Pb>Cd>As <1 Honghu Lake, China Zhang et al.,  2017 

Carassius auratus Cr> Pb>Cd>As <1   

Ctenopharyngodon idellus Cr> Pb>Cd>As <1   

Siniperca chuatsi Cr> Pb>Cd>As <1   

Ctenopharyngodon idellus Cr> Pb>Cd>As <1   

Pelteobagrus fulvidraco Cr> Pb>Cd>As <1   

Thunnus obesus, Cr>Cu>Pb >Cd <1 South China Sea Gu et al.,  2017 

Decapterus lajang Cr>Cu>Pb >Cd <1   

Cubiceps squamiceps Cr>Cu>Pb >Cd <1   

Priacanthus macracanthus Cr>Cu>Pb >Cd <1   

Scorpaena porcus (n=10) As > Pb > Cd = Hg <1 Black Sea, Turkey Çulha et al.,  2016 
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