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Abstract

Contamination with adverse effects on food quality and safety is a severe threat to human health. That is why food security
assessment is a high-priority issue in the world. This study aimed to determine the concentration of heavy metals and estimate

their consumption risk in the of Saccostrea cucullata soft tissue oyster collected (80 samples) from the eastern shores of
Chabahar Bay (Gowatr, Beris, Ramin, and Tis) seasons of autumn (2020) and spring (2021). Heavy metal concentrations of
the collected samples were measured after bioassay and preparation of soft tissue using an atomic absorption spectrometer. The
consumption risk of THQ, estimated daily intake (EDI), and estimated weekly intake (EWI) were also assessed. According to

the results, the overall mean concentrations of heavy metals copper, nickel, and cadmium were 145.25, 7.6, and 0.078 ug/g.dry
weight, respectively. A significant difference was observed between the seasons in the study of metal concentrations (p<0.05).

Estimation of daily and weekly metal intake in adults and children showed that the highest uptake was related to copper and the

lowest uptake to cadmium. The consumption risk of THQ for adults and children is less than one, indicating that consumption

of S.cucullata in the study area does not pose a health hazard. A comparison of heavy metals with world standards (WHO,

FAO, and FDA) indicates high nickel concentrations.
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1. Introduction

In recent years, environmental pollution has increased due to the
accelerating industrialization of the world the increasing energy
demand, and the excessive exploitation of natural resources.
Heavy metal pollution has become an important and worrying
environmental issue worldwide due to its toxicity, persistence,
and bioaccumulation in the environment and its non-degradability
[1]. Given the effects of bioaccumulation and biomagnification
on various aquatic organs in the aquatic environment, even at
deficient concentrations, they threaten human health through
food chains such as oysters and other contaminated edible aquatic
animals [2,3].

Seafood, after grains and legumes, is the most important human
food that provides about 15% of the protein intake in the world
and has long been an important part of the human diet [4].
Seafood, especially Bivalvia, is a valuable source of omega-
3These compounds have been shown to have beneficial effects

on human health. Therefore, the consumption of fish and oysters
can be useful and valuable food in the diet and human health [5].
Risk assessment involves identifying and describing the risk and
assessing the exposure. This leads to deciding whether legal action
should be taken to prevent damage to this food or raw material [2].

Bivalve mollusks can store large amounts of heavy metals in their
bodies because they have filtering properties. For this reason, they
cause more accumulation of metals in their tissues [6]. Oysters
are one of the major seafood in the human diet and are one of the
main components of the biochemical cycle in the marine system
as a filter. Saccostrea cuculata has been reported to be one of the
most important types of environmental pollution index due to their
high tolerance to various environmental conditions and long-term
inactivity, high accumulation ability of various pollutants (heavy
metals) [7].

Nourozifard et al., investigated the concentrations of Cu, Pb,
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Zn, Cd, Ni, and Cr in the shell and soft tissue of rocky oysters
(Saccostrea cucullata), water, and sediments on Qeshm Island
[8]. Their results showed that essential metals such as Zn and Cu
accumulate in the crust due to their biological role in soft tissue and
Pb and Cd are caused by their non-essential metals and tendency
to accumulate in calcareous tissues and bind to organic matter
[8]. Therefore, S. cucullata crust can be used as biomonitoring to
evaluate Cu and Zn in water and Cu in sediments, and soft tissue can
be used to monitor Cu and Zn in sediments. Also, in their research,
Cu and Ni in the water exceeded all relevant standards, and Cu in
sediments exceeded the effects range low (ERL), Threshold effect
level (TEL), and United States Environmental Protection Agency
(USEPA) standards. This could be a serious warning to living
species of these ecosystems, including oysters. Heavy metals in
oral tissues were most bivalve samples below the safety limits set
by national and international regulations. Therefore, in the long
term, monitoring and controlling the consumption of bivalves will
be necessary. However, the current accumulation of bivalves is
safe. Nevertheless, continuous and lifelong use for more than 70
years may increase cancer risk.

The Oman Sea is a vital transportation route for oil-producing
countries in the Persian Gulf. Chabahar Bay, located on the coastline

o
N

IRAN

of Makoran, southeastern Iran, is a port and free industrial zone
on the shores of the Oman Sea [9]. The particular importance of
Chabahar Bay is due to its € shape and limited water circulation.
Chabahar Bay has a humid climate, hot summers, and mild
winters. Fishing and maritime trade are the main activities of this
bay [9]. In recent years, petrochemical industries have started their
activities in Chabahar Bay. Therefore, understanding the level of
pollution in the region is an important step toward its protection
and sustainable development. Nowadays, the bay is exposed to
high pollution risks such as sewage discharge from vessels, boats,
and water-balancing vessels [10].

This study aimed to determine the contamination of heavy metals
and the risk of their consumption in S. cucullata due to its high
distribution on the shores of the Oman Sea and the important
export species in this area.

2. Materials and Methods

2.1 Preparation of Samples: In this study, oyster samples were
collected from four stations on the east coast of Chabahar (very
important commercial, shipping, and fishing areas in the Oman
Sea) including, Gowatr, Beris, Ramin, and Tis in the two seasons
of autumn (2020) and spring (2021)(Figure 1).

Figure 1: Sampling Location in Oman Sea (Makran Sea).

Saccostrea cuculata has become widespread in the sampling areas,
both on natural rocky shores and in the hard parts of the piers.
In the present study, to measure heavy metals from each station
and in each season, 20 specimens of S. cuculata of almost the
same size were collected at full tide using a hammer. Oyster shell
sediments were washed with seawater. The samples were placed
in heat-insulated polystyrene bags and inside Styrofoam. In the
laboratory, the samples were first washed with distilled water and
the length and weight of the samples were measured with a caliper
with an accuracy of 1 mm and a digital scale with an accuracy of
0.01 g. The equipment needed to test and extract the soft tissue of
the oyster was sterilized with 5% nitric acid. Using a steel spatula
and a hammer, the hard part of the open bivalve and soft tissue
were removed. Samples were kept at -20°C until the concentration
of metals was measured [11].

The soft tissues were placed in an oven at 70°C for 24 hours and
dried and finally pulverized. To carry out the acid digestion process,
1g of the tissue sample was pulverized and poured into glass tubes
with 10 ml of nitric acid. They were then placed on a hot plate for
one hour at 40°C and three hours at 140°C for complete digestion.
After acid digestion, the samples were filtered and made up to 25
ml with deionized water [12]. Finally, after preparing the samples,
the metals were read using an atomic absorption spectrometer
(Varian AA220).

2.2 Converting Unit of the Dry Weight of Heavy Metal
Concentration to A Unit of Wet Weight

The metal concentrations were calculated in terms of dry weight.
However, to investigate the ecological risk of consumption in
all cases, we must convert the dry weight to a wet weight by
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multiplying 0.17 (based on the average percentage of soft tissue
moisture in the present study) by the heavy metal concentration
of the present study. To calculate the percentage of soft tissue
moisture, we used the equation of MC = (w-d)*100/w, MC is
the moisture content (%), W is the weight while wet, and d is the
weight while dry.

2.3 Consumption Risk Assessment

Estimated daily intake (EDI) (ug/kg body weight per day) was
calculated using the equation of EDI = Cm*FIRd / BW, where
C,, represents the mean concentration of heavy metals in tissue in
terms of fresh weight (ug/g), FIRd is the oyster intake rate per day
(g/day) (36.4 g per day) and BW is the average body weight (kg)
(adults 70 and children 16 kg) [13,14].

The uptake rate of heavy metals in organisms based on nutrition
is directly related to the content of metals in food and the amount
of food consumed by organisms. The method and values provided
by FAO and WHO in 2004 were used to estimate the risk of
weekly uptake. To estimate the weekly intake of heavy metals
into the body of consumers, the obtained average was used for
the accumulation of metals in the studied oyster. Calculation of
weekly intake of metals: Maximum allowable weekly intake X
Body weight (Kg)/Concentration of metals obtained in the present
study using the equation of EWI = Cm*FIRw / BW, where EWI:
Estimated weekly intake, FIRw: Maximum allowed weekly intake
(daily intake multiplied by 7), Cm: The concentration obtained for
the target metal in wet weight, and W: body weight (70 kg for
adults and 16 kg for children) [14].

Health risk assessments have been evaluated to assess the chemical
quality of living organisms and to assess the potential risks
associated with their consumption. The potential non-cancerous
and carcinogenic hazards of each heavy metal are expressed as non-
carcinogenic risk factors (Target Hazard Quotients = THQ) and
carcinogenic risk (CR), respectively. The THQ formula is THQ =
(EF*ED*FIR*C)/RfD*BW*AT) * 10-3, where EF represents the
number of cycles (365 days per year) and ED denotes the duration
(70 years in adults and 6 years in children) of exposure (USEPA,
2000). FIR is the food intake rate, C is the concentration of heavy
metals in seafood (mg/kg.ww), RfD is the oral reference dose of
metals (0.001 for cadmium, 0.04 for copper, and 0.02 for nickel)

(mg/kg/day), and BW is the average body weight (70 kg for adults
and 16 kg for children) and AT is the mean exposure time (day/
year X ED =365 x 70 = 25/550 days).

According to the Fisheries Organization of Iran (1400), per
capita, aquatic consumption for adults is estimated at 36.4 grams
per day. In the study conducted by Khoshnood et al. (2015), the
consumption of aquatic organisms in adults to children is 39%.
Therefore, the daily intake for children will be 14.19 grams per
day. According to Wang et al. (2018), THQ is classified into five
categories: No significant risk: THQ <1, Low risk: 1< THQ <9.9,
Moderate risk:10 < THQ <19.9, High risk: 20 < THQ < 99, and
Serious risk: > 100 [15]. Humans are often exposed to more than
one heavy metal and suffer from combined or interactive effects.
As a result, total THQ (TTHQ) was used to calculate the overall
health risks, which is the sum of the THQ values of a single metal.
If the TTHQ value is less than one, there is no significant risk. If
the TTHQ is more than one, there is a possibility of side effects
likely to increase with increasing value [15].

3. Statistical Analysis

Data analysis was performed using SPSS software version 22. First,
the normality of the data was examined using the Kolmograph-
Smirnov test. The correlation between the data was examined by
Pearson test and linear regression and finally, the graphs were
drawn using Excel 2015. The results of Kolmogorov-Smirnov
test showed that all data were normal in both autumn and spring.
Therefore, to investigate the statistically significant differences
between the data between the two seasons, the studied stations
used a T-test, and to investigate the accumulation of heavy metals
between sampling stations in two separate seasons, one-way
analysis of variance (ANOVA) and Tukey post-test were used.

4. Results

According to the results, the crust length, and the total weight
of S. cuculata samples (Table 1), the maximum and minimum
lengths were recorded at Beris station in autumn and Tis station in
autumn, respectively. The highest and lowest weights were found
in specimens of the Gowatr station in autumn and Tis station in
autumn, respectively. The length of samples between the two
seasons showed there is not significant difference (p>0.05) and
their weight showed a significant difference (p<0.05).

Spring Autumn
Weight(g) length(cm) Weight(g) length(cm)
39.61+16.9° 5.52+1.3° 77.9+22.2° 7.16+£0.2 * Gowatr
56.948.7 ° 5.84+0.4° 64.1£5.2° 7.4+1.3° Bris
32.8+7.7° 5.66+0.7 * 46.9+17.3° 49+1.02° Ramin
30.36.5 ° 5.34+0.6* 24.5+8.13° 47+09* Tis

* Statistical comparison between length in two seasons and weight in two seasons. Matched letters indicate insignificance and

heterogeneous letters indicate significance

Table 1: Biometric Factor of S. Cucullata of Sampling Areas in Autumn and Spring
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4.1 Accumulation of Heavy Metals in Two Seasons

The results showed that the concentrations of Cd and Cd were
higher in autumn (Table 2). The results showed that Cd in Gowatr
station had no significant difference between the two seasons
(»>0.05). But the Cu and Ni had a significant difference between
the two seasons at this station (p<0.05).

At Beris station, the accumulation of Cu and Ni metals except Cd
was higher in autumn than in spring (Table 2). The results of t-test
showed no significance of metals between the two seasons in the
Beris station (p> 0.05).

At Ramin station, the accumulation of Cd and Ni metals except Cu

was higher in autumn than in spring (Table 2). T-test showed that
nickel metal in the Ramin station had no statistically significant
difference between the two seasons (P>0.05). However, Cd and
Cu metals had a statistically significant difference between the two
stations (P <0.05).

Concentrations of Ni and Cd except Tis station Cu were higher in
autumn than in spring (Table 2). The results of the t-test showed
Cd metal in Tis station between the two seasons had a statistically
significant difference (P<0.05), but the two metals Cu and Ni
contents did not have a statistically significant difference between
the two seasons at this station (P> 0.05).

Cu Ni Cd

148.8+47.7° 17.71£6.2° 0.04+0.006" | Spring

61.4* 7.02+2.3% 0.09+0.02* Autumn Gowatr

265.5+

60.43£6.2° 6.51+3.52° 0.04+0.005° | Spring
64.1+28.8 7.53+3.2 0.03+0.007" [yt Bris
229.8+49.2° 5.08+3.5" 0.02+0.003" | Spring
216.6+72.8° 9.06+0.75° 0.12+0.02* [ Autamn Ramin
89.4+31.9° 3.8+2.5° 0.09£0.02° | Spring
84.3+12.51 7.08+1.4 0.18£0.09" [y Tis

* Identical letters indicate insignificance and dissimilar letters indicate significance.

Table 2: Accumulation of Heavy Metals in S.Cuculata Soft Tissue (ng/g.ww) between Two Seasons

4.2 Accumulation in Different Stations

In autumn, the accumulation of Cd metal had the highest at Tis
station and the lowest at Beris station (Figure2). The results of the
ANOVA test (one-way analysis of variance) showed a significant
difference in terms of Cd metal content between the studied
stations, which was the difference between the Beris station and
the Tis and the Ramin station (P <0.05).

Ni accumulation was highest in the Ramin station in autumn
and lowest in Gowatr station (Figure. 2). The results showed no
significant difference in terms of Ni content between the studied
stations (P> 0.05).

The accumulation of Cu metal was highest in Gowatr station in
autumn and lowest in the Beris station (Figure. 3). The results of
ANOVA test (one-way analysis of variance) showed the significant
difference in copper metal content between the studied stations,
which was observed between Beris and Tis station and Gowatr
and Ramin stations (P <0.05).

In spring, the highest accumulation of cadmium metal was at
Tis station and the lowest at Ramin station (Figure. 2). ANOVA
test showed that cadmium metal had a statistically significant
difference between stations (P <0.05). Tukey’s test showed that Tis,
Gowatr, Beris and Ramin stations had no statistically significant
differences from each other (P> 0.05).

The mean of nickel metal concentration in spring was the
highest in Gowatr station and the lowest in the Tis station (3.8-
2.5) (Figure 3). ANOVA test showed a statistically significant
difference between stations for nickel metal (P<0.05). Tukey’s
post-test showed that three stations of the Beris, Tis and Ramin
had no statistically significant difference (P> 0.05).

The highest and lowest accumulation of copper metal in spring
was in Ramin station and Beris station, respectively (Figure 2).
ANOVA test showed that copper metal had a statistically significant
difference between the studied stations (P <0.05). Tukey’s post-
test of copper showed that all stations had a statistically significant
difference from each other (P <0.05).
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Figure 2: Concentration of Heavy Metals of Soft Tissue of S.Cucullata in the Studied Stations in Spring
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Figure 3: Concentration of Heavy Metals of Soft Tissue of S.Cucullata in the Studied Stations in Autumn

4.3 Examination of the Daily and Weekly Oyster Consumption daily and weekly absorption in adults and children, the copper
Table 3 shows the daily and weekly uptake of metals and the metal rate was the highest and the lowest uptake was recorded for
maximum consumption of the studied metals for adults and cadmium metal.

children in the present study. According to the results, in both
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EWI EWTI adults EDI EDI RFD

children children adults (ng/kg/day)
0.20 0.047 0.029 0.0067 1 Cd
20.70 4.73 2.95 0.67 20 Ni
393.3 89.9 56.19 12.84 40 Cu

Table 3: EDI and EWI Heavy Metals for Adults and Children in S. Cucullata

4.4 THQ Assessment

Consumption risk for Cd, Ni and Cu estimated through the use
of S. cuculata has been shown in Table 4. According to USEPA,
the acceptable value for THQ is 1. In the present study, THQ was

calculated to be less than one for both adults and children (Figure
4). Therefore, eating S. cucullata in the study area does not pose a
cancerous health risk to adults and children.

THQ (children) THQ (adults)
0.0011 0.0067 Cd
0.057 0.033 Ni
0.54 0.32 Cu
0.60 0.036 TTHQ

Table 4: Daily and Weekly Uptake of Heavy Metals in S. Cucullata
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Figure 4: THQ Changes of Heavy Metals

5. Discussion

A notable feature of S. cucullata on the shores of the Oman
Sea is its ability to accumulate and disperse widely. Given its
importance as an important oyster in human nutrition, it is one
of the suitable species to study the concentration of heavy metals
in the environment. Feeding oysters with a high intake capacity
of metals is a concern. Edible oysters such as S. cucullata have
high nutritional and economic value, so the analysis of heavy
metal accumulation in them in terms of biomarkers of aquatic

environments in close periods is very important to maintain
the health of oyster’s consumers and study areas exposed
to pollutants. Heavy metals in these oysters accumulate and
biomagnate through the food chain and are consumed by humans
and will have many health risks over time [16]. Anbuselvan and
Sridharan stated that changes in science and industry, increasing
world population, especially in coastal areas, developing industrial
activities along the coast and discharging their wastewater into the
aquatic environment has led to the spread of persistent pollutants
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in this environment [17]. Although pollution has existed since
the beginning of human existence, it has not accumulated to the
extent that it causes harm to human health. Over time, due to the
increase and development of societies and human powers, there
has been a significant increase in pollutants, especially stable and
non-degradable pollutants that are occurring at a worrying level of
non-stop [17].

As shown in the results, the concentrations of heavy metals
fluctuated in all stations and in both hot and cold seasons. According
to researchers, different levels of heavy metals in different bivalves
may be due to differences in the accumulation properties of heavy
metals [18]. Also, it has been stated that the concentration of heavy
metals in the edible tissue of bivalves is mainly influenced by
environmental factors [19].

Various studies have shown that organisms need small contents
of essential metals for their biological and biochemical functions,
Cu and Ni in the present study. In contrast non-essential metals
(including Cd in this study) have no biological function in living
organisms. Therefore, the concentration of Cu metal in the present
study was higher. Cu is an important component of several
enzymes that play a key role in the metabolism of organisms
[20]. The deficiency of copper in organisms can lead to immune
disorders, loss of appetite and stunted growth. However, studies
have shown that excessive consumption can lead to poor health
problems and even disease [19,21]. Cadmium binds to low
molecular weight proteins called metallothionein, which reduces
its toxicity. Therefore, using the detoxification mechanism, the
soft tissue of the oyster can collect more contents of this element.
The researchers stated that mollusca use copper metal to make
homocyanins for the respiratory process, which is the main reason
for the high concentration of copper [8]. High levels of copper in
soft tissue may be due to the tendency of oysters to accumulate
this element essential for cell growth and metabolism. Therefore,
the high concentrations of copper compared to other metals in the
present study indicate the need for oyster’s bodies. Because of
this, high content is absorbed from the environment. In addition,
Liang et al., stated that oysters use copper as an oxygen delivery
system in the blood [22]. The highest source of copper metal in
coastal waters is the anti-sediment paints used in most ships. This
metal enters the aquatic environment through industrial effluents
containing CuSO4 used in metal plating operations and fishing
equipment [23]. Also, high levels of copper accumulate in aquatic
animals and environments due to increased transportation activity,
industrial waste, untreated wastewater and leached sediments
[24]. One of the factors of nickel metal origin in the Oman Sea is
due to the presence of Ophiolites in the seabed, which has a large
amount of nickel sulfide [25]. Also, study results by Talebimatin et
al., showed that S. cuculata has a high ability to absorb nickel and
cadmium metals. For this reason, S. cuculata is the most suitable
species for measuring the pollution of the environment by nickel
and cadmium metals [26].

In recent years, many factors such as increasing ship traffic,
industrialization and increasing population of Chabahar Bay and
the Sea of Oman have polluted this important commercial area. In
Chabahar Bay, which does not have much advanced industry, most
pollutants have entered the aquatic ecosystem due to increased
traffic of ships, boats and fishing boats, ship repairs in coastal
areas, ship water balance discharge, dredging of municipal sewage
(Keshavarz et al., 2013) [27]. Continuous monitoring of Chabahar
Bay is necessary due to its valuable marine resources, including
commercial fish and molluscs, and due to the increase in pollution,
so as not to endanger the health of the natives and important
resources of this region. One of the sources of nickel in the Oman
Sea is the presence of Ophiolites in the seabed, which has a large
amount of nickel sulfide. Therefore, the origin of nickel metal in
the sediments of the Chabahar coasts is due mainly to the presence
of these rocks [25].

Qin et al. investigated the concentrations of heavy metals (copper,
zinc, arsenic, cadmium, lead and mercury) in the five marine
bivalves (Ruditapes philippinarum, Paphia undulata, Meretrix
meretrix, Sinonovacula constricta and Meretrix lyrata) in the three
major coastal cities of Guangxi in China [19]. A comparison of
this study with the present study showed that the concentration of
copper metal was much lower and cadmium was approximately
consistent with the present study. The research of Jana et al., on
the accumulation of heavy metals in the rocky oyster (S. cucullata)
showed that the concentration of copper metal was much higher
than the present study [28]. Copper metal concentrations in the
study of Rodrigues et al., of S. cucullata in Zuari estuary (India)
were the same as in the present study [29]. Comparison of metal
concentrations obtained by Jahromi et al., in five bivalve species
of Hormozgan with the present study showed that the copper metal
concentration is much higher and nickel and cadmium metals are
approximately consistent with the present study [30]. Liu et al.
investigated the bioaccumulation of heavy metals in three bivalve
species of Mactra veneriformis, Ruditapes philippinarum and
Scapharca subcrenata of Laizhou waters of China and comparing
their study with the present study showed that cadmium and copper
were higher than the present study [31]. Shakouri and Gheytasi
investigated the accumulation of heavy metals of S. cucullata in
Chabahar Bay [32]. Comparison of the results showed that the
concentrations of all three metals nickel, copper and cadmium are
much higher than the present study. Shaari et al. have examined
the bioaccumulation of heavy metals in Crassostrea sp. oyster
in Setiu Wetland (Malaysia) [33]. The results, showed that the
concentration of copper metal was much lower and cadmium
metal was approximately consistent with the present study. The
difference in heavy metal concentrations of the present study with
other studies is usually different environmental and geographical
conditions, different ways of municipal and industrial wastewater
disposal, different species, differences in feeding habits, gender,
age, size, and different conditions in measurement and laboratory
activities [34].
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Itis well accepted that aquatic organisms accumulate different levels
of heavy metals depending on several factors including species
differences, physiological mechanisms in the body, metabolic
activity, diet, growth rate, habitat and lifestyle, nutritional levels,
longevity as well as chemical characteristics and heavy metal
surfaces [21,30,35]. According to Huanxin et al., the accumulation
of heavy metals in oyster tissue is affected by their metabolism and
the availability of various metals in the environment [36].

Table 5 compares the concentrations of the studied metals in
different mollusks of other places with the present study. Numerous
studies have presented the differences in the accumulation of metals
to various factors such as geographical differences in latitude and
longitude, different species, and different effects of human activities
(Yilmaz et al., 2018). Cobbett and Goldsbrough (2002) stated that
the neutralization of some metals potentially occurs when they are
bound to proteins and may be removed from living organisms by
various metabolic methods (Sandrin and Maier 2002, Flora et al.
2012) [37]. A comparison of the concentrations of heavy metals
in Table 2 showed the safety of Cu and Cd concentrations in the
soft texture of S. cucullata. But the concentration of Ni metal was
higher than WHO, FAO and FDA standards.

According to the results obtained for daily and weekly intake in
adults and children showed that the highest uptake rate is associated
with copper and the lowest uptake rate is related to cadmium.
According to USEPA, the acceptable value for THQ is less than
1 [13]. In the present study, less than one THQ was obtained for
both adults and children. Therefore, feeding on S. cucullata in the
study area does not pose a non-cancerous health risk to adults and
children.

Potential health risks from eating contaminated seafood can be
carcinogenic and non-carcinogenic. Non-cancerous risk is based on
the risk factor (THQ) derived from the estimated daily intake (EDI)
[38]. The risk assessment of seafood consumption is based on the
fact that the rate of ingestion is equal to the rate of absorption and
cooking does not affect on the total content of metals. Seafood is
consumed as the cheapest source of protein available. Consumption
risk (THQ) of the three metals Cu, Ni and Cd obtained by Yap et
al. in S. cucullata of the present study was consistent and less than

one was calculated [39]. The study by Jahromi et al., as in the
present study, showed that THQ and TTHQ for all heavy metals
studied in binocular samples were below the safe level (THQ=1)
for children and adults, indicating no potential non-cancerous risk
of consuming six bivalve species (Saccostrea cucullata, Circenita
callipyga, Barbatia helblingii, Solen brevis, Amiantis umbonella,
Telescopium telescopium and Saccostrea cucullate) on the coast of
Hormozgan [30]. Consumption risk in the study of Wang et al. on
oysters (Crassostrea angulate and Crassostrea hongkongensis) of
the Jilong estuary in China was very high [15]. Therefore, they had
great concerns for human consumption and were not consistent
with the present study.

TTHQ <1 indicates that the exposure level is less than RfD ,
indicating that daily exposure at this level is unlikely to have any
negative impact on the lifespan of a human population (Bogdanovic
et al., 2014). However, in most studies, TTHQ values vary across
all bivalves.

The health risk assessment showed that although there is no non-
cancerous health risk to oyster users in the study area, continuous
and lifelong use for more than 70 years may increase cancer risk.
Therefore, in the long run, monitoring and controlling bivalve
consumption will be necessary.

The results obtained in both daily and weekly intake in adults and
children showed that the highest uptake rate was related to copper
metal and the lowest was recorded for Cd.

EDI is an estimate for the safe range of daily food intake without
adverse health effects. Estimated daily intake (EDI) can be a guide
for daily food consumption for humans (Puspitasari and Suratno,
2020). Estimation of daily intake (EDI) in the study of Zhao et
al., on 17 bivalve species was less than the RfD guidelines for
all metals studied in their study, which did not match the results
of daily intake of copper metal in the present study [21,40].
Therefore, they showed that consumers of the studied bivalves
would not experience significant health risks. Zhao et al., also
stated that people are much more exposed to seafood contaminants
than people who live in remote or landless urban areas [21].
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Area species Cd Ni Cu Source
Tropical Island of Strombus canarium - 0.46 8.4 Kobkeatthawin et al.,
Thailand 2021%
Malaysian Saccostrea cucullata 0.9 0.4 11.5 Yap et al., 2021
peninsular beaches
Qeshm Island Saccostrea cucullata | 51.09 12.94 206.03 Nourozifard et al., 2020"°
Estuary potengi Crassostrea 0.82 0.93 4.02 Senez-Mello et al., 2020%
(Brazil) rhizophorae
El-Mex Bay, Egypt Patella caerulea 21.75 21.93 39.77 Abdel-Halim, 2019™
(summer)
Gulf of California Atrina Maura 26.33 9.86 11.96 Gongora-Gomez et al.,
2018"
Marudu Bay Crassosstrea gigas 1.38 1.4 24.8 Denil et al., 2017
(Malaysia)
Assaluyeh beach Saccostrea cucullata | 1.54 0.26 283.78 Delshab et al., 20177
North shores of the Saccostrea cucullata 0.1 7.67 158.37 The present study of autumn
Oman Sea
North shores of the Saccostrea cucullata | 0.051 7.52 132.12 The present study of spring
Oman Sea

Table 5: Comparison of Metal Concentrations of the Present Study with Other Studies in Domestic and Foreign Waters in the

Soft Tissue of Bivalve Molluscs

6. Conclusion

The heavy metal accumulation sequence of the present study
in both seasons and all stations was obtained as Cu> Ni> Cd. A
comparison of heavy metal concentrations with world standards
showed that Ni was higher than some standards. The results for
daily and weekly intake in adults and children showed that the
highest rate was associated with copper metal and the lowest value
was related to Cd. In the present study, THQ was calculated to
be less than one for both adults and children. Therefore, eating S.
cucullata in the study area does not pose a non-cancerous health
risk to adults and children.
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