Int. J. Aquat. Biol. (2018) 6(5): 288-293

ISSN: 2322-5270; P-ISSN: 2383-0956

Journal homepage: www.ij-aquaticbiology.com
© 2018 Iranian Society of Ichthyology

Original Article
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Abstract: This study aimed to investigate the concentration of some heavy metals in three fish
species with high consumption in Shif Island, Bushehr Province, and calculation of the estimated
daily intake (EDI), estimated weekly intake (EWI), Target Hazard Quotients (THQ) and hazarded
index (HI). Three species viz. Euryglossaorientalis, Argyrops spinifer, and Sillago sihama were
collected from the Bushehr coastal water using fishing boat. After the transfer of samples to the
laboratory, the heavy metals were extracted and analyzed using Atomic Absorption
Spectrophotometer (AAS). Based on the results, the average concentrations of Fe, Zn, Cu, Mn and
Ni in E. orientalis were 10.02, 8.33, 1.18, 0.80, and 0.86 mg/kg, in A. spinifer 7.25, 5.75, 0.74, 0.43,
and 0.37 mg/kg, and in S. sihama 6.20 , 8.27, 0.60, 0.47, and 1.28 mg/Kkg, respectively. Daily and
weekly intake values in all three studied species in the group of children were higher than the adult
group. The highest and lowest daily and weekly intake rates were observed for Fe in the E. orientalis
and Cu in A. spinifer. The Target hazard quotient (THQ) and Hazard index (HI) for both adults and
children showed less than 1. Also, the comparison of metal concentrations showed that the
concentration of Mn in all three species and Ni in E. orientalis and S. sihama were higher than the
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Introduction
Heavy metals are dangerous pollutants in our natural
environment due to their toxicity. When organisms are
exposed to high metal levels
environment, they can absorb the available metals
directly from the environment, contaminated water
and food, and thus, accumulate them in their tissues.
Further they can enter the food chain and extend the
problem to humans (Jovanovi€ et al., 2017). Fish is an
important part of the human diet and therefore in many
studies, the contamination of various tissues of fish by
metals has been investigated (Baramaki et al., 2012).
In different regions of the Persian Gulf, oil
pollution, along with other urban, agricultural and
industrial pollution has degraded this valuable
ecosystem and their resources such aquatic species are
at risk of contamination (Pourrang et al., 2005).
Bushehr area has particular economic importance due
to having about 800 oil platforms and traffic about
25000 oil tankers each year (Hosseini et al., 2014).
Humans are exposed to heavy metals through

in an aquatic
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various pathways, primarily via the food chain. Metals
such as iron, zinc, and copper are essential to the
human body. These elements are cofactor of many
enzymes and the human body needs a specific
concentration of these elements (Iron 8-18 mg/day,
copper 0.9 mg/day, zinc 8-11 mg/day and nickel 0.5
mg/day). However, outside of this range, the effects of
deficiency and toxicity may be observed (Singh et al.,
2006; FAO, 1963).

Risk assessment is a process that probability and
magnitude of damage, loss, or damage from a hazard
and potential health hazard are estimated (Yeganeh,
2012). The general objective of risk assessment is to
pay attention to the status of soil, air, water or
sediment contamination, investigation of all possible
exposure ways of the studied organisms to
contamination, estimating the amount of pollutants in
body organisms and determination the adverse effects
(Mansouri et al., 2012). The risks of heavy metals are
mainly divided into carcinogenic and
carcinogenic effects. In an assessment of the non-

non-
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carcinogenic effects of heavy metals, a function called
risk ratio (THQ, Target Hazard Quotient) is used.
THQ is a ratio of a concentration of heavy metal
content in the tissue to its RfD. The oral reference dose
(RFD) is the daily exposure of persons to pollutants or
toxins that can pose no appreciable risk during their
lifetime. The unit of RfD is usually mg/kg body
weight/day. The THQ values below 1 show that there
is no non-carcinogenic health risk to the consumer.
Albeit, if the frequency and extent of exposure to
contamination are increased, the probability of
adverse effects will be increased (Yeganeh, 2012).

With increasing population and subsequently
increase in per capita fish consumption, human
exposure to heavy metals has increased due to fish
consumption. Therefore, determination of the
concentration of these metals and providing a suitable
strategy for consuming food containing these
pollutants, is important (Zazouli et al., 2013; Guang et
al., 2015). Many studies have been carried out on the
risk assessment of heavy metals (Zheng et al., 2007;
Kalani and Riazi, 2014; WHO, 1985). Sewage and oil
spill from tankers are the sources of pollution in the
coastal area and fish caught from these waters polluted
with heavy metals. Therefore, this research was
conducted to determine the risks of heavy metals for
humans associated with fish consumption in three fish
species, including Euryglossaorientalis, Argyrops
spinifer, and Sillago sihama

Materials and Methods

Study area: Shif Island is one of the small islands in
the Bushehr Province. It locates 12 km northwest of
the Bushehr city and 6 Km north of the Bushehr Port
(29°4’12"N, 50°53"25"E).

Sampling: A total of 30 fishes (10 specimens of each
species) of E. orientalis, A. spinifer and S. sihama
were collected. Fishes after collection were stored in
ice and transported to the laboratory. Then, they were
washed with deionized water to remove external
contamination. After the biometric characteristics
(weight, length, and sex) were recorded, the muscle
samples of fish species were separated. Each sample
was dried at 105°C until to reach a constant weight.

Chemical analysis: Two grams of each muscle sample
was digested with nitric acid and perchloric acid (4:1)
at 40°C for 1 hour and 140°C for 3 hours (Yap et al.,
2006). The digested samples were filtered with
Whatman filter paper No. 42 and then diluted to 25 ml
with deionized distilled water and analyzed for heavy
metals using the Atomic Absorption
Spectrophotometer (AAS). For the heavy metals
standard solutions, the calibration curves fit was R? =
0.9925-0.9976, that showed the extreme linearity.
Estimated daily intake and estimated weekly intake of
heavy metals: Estimated Daily Intake (EDI) of studied
heavy metals from the consumption of the three
species was calculated according to following
formula:
EDI= (Cmx IR) / BW

Where estimated daily intake (EDI) (mg/kg-day) is
the EDI of heavy metal, C (mg/kg) is the mean
concentration of heavy metal, IR (g/day) is the amount
of fish consumption which is taken as 20 g/day based
on Banagar et al. (2015), and BW (kg) is the body
weight of the consumer (70 kg for Adult). The
estimated weekly intake was calculated by
multiplying the daily intake of the heavy metal in the
number of days of the week according to the following
formula:

EWI=EDIx Number of days of the week
PTDI= Provisional Tolerable Daily Intake

PTWI= Provisional Tolerable Weekly Intake
Target Hazard Quotient: THQ (Target Hazard
Quotient) is the ratio between exposure and reference
oral dose (RfDing) and it is usually applied to show
the risk of non-carcinogenic effects, which are
calculated based on the following formula:

THQ = EFXEDXIRxC / RFDXxBWXxAT

Where THQ is target hazard quotient, EF =
Frequency of exposure (365 days per year), ED = total
exposure time (60 years), RFD = Reference dose
(mg/kg/day) and AT = Average Days (EF x ED).
Hazard index (HI): Hazard index (HI) was calculated
by summing all the calculated THQ values of heavy
metals in fish for each species.
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Table 1. Concentration of Fe, Zn, Cu, Mn and Ni (ng/g/ww) in muscle tissue of Euryglossa orientalis, Argyrops spinifer and Sillago sihama in the

Shif Island.
Muscle Mn Zn Fe Mn Ni
Euryglossa orientalis 1.18 8.33 10.02 0.80 0.86
Argyrops spinifer 0.74 5.75 7.25 0.43 0.37
Sillago sihama 0.60 8.27 6.20 0.47 1.28

Table 2. Estimated daily intake (mg/ kg /day) of heavy metals (Fe, Zn, Cu, Mn and Ni) for muscle tissue of Euryglossa orientalis, Argyrops spinifer
and Sillago sihama consumed by adults and children and the Provisional Tolerable Daily Intake (EPA, 2005).

EDI

Fish species Cu Fe Zn Mn Ni
Euryglossa orientalis 0.28 3.57 2.97 0.42 0.30
adults  Argyrops spinifer 0.15 2.58 0.26 2.05 0.16
Sillago sihama 0.16 2.21 2.95 0.21 0.45
Euryglossa orientalis 1.10 13.82 11.48 1.62 1.18
children Argyrops spinifer 0.20 3.55 0.35 2.82 0.22
Sillago sihama 0.64 8.55 11.40 0.82 1.76

PTDI 40 500 300 140 -

Table 3. Estimated weekly intake of heavy metals (Fe, Zn, Cu, Mn and Ni) in muscle tissue of Euryglossa orientalis, Argyrops spinifer and Sillago
sihama (adults and children) (mg/kg/week) and the Provisional Tolerable Weekly Intake (EPA, 2005).

EWI

Fish species Cu Fe Zn Mn Ni
Euryglossa orientalis 1.96 24.99 20.79 2.94 2.10
adults  Argyrops spinifer 1.05 18.06 1.82 14.35 1.12
Sillago sihama 1.12 15.47 20.65 1.47 3.15
Euryglossa orientalis 1.7 96.74 80.36 11.34 8.26
children Argyrops spinifer 14 24.85 245 19.74 1.54
Sillago sihama 4.48 59.58 79.80 5.74 12.32

PTDI 280 3500 2100 980 -

HI=) THQ = THQcu + THQfe + THQzn +
THQmn + THQni

Statistical analyses:
analysed with SPSS version 22 statistical package

The data were statistically

programs. The Shapiro-Wilk test was used to analyze
the normality of data distribution.

Results

The heavy metals concentration in fishes is shown in
Table 1. The highest and lowest concentrations of
metals in E. orientalis, A. spinifer and §. sihama were
Fe-Mn, Fe-Ni and Zn- Mn, respectively.

The estimated daily intake values for both adults
and children are presented in Table 2. According to the
results of daily intake values, in the adult group for Cu
and Zn, the ascending line was A. spinifer< §. sihama
< E. orientalis, for Fe §. sihama < A. spinifer <
E. orientalis, for Mn S. sihama < E. orientalis <

A. spinifer and for Ni A. spinifer < E. orientalis <
S. sihama, and for children group, the corresponding
values for Fe, Cu, Zn and Ni were as follows
A. spinifer < S. sthama < E. orientalis and for Mn
S. sihama < E. orientalis < A. spinifer.

Estimated weekly intake for both adults and
children are shown in Table 3. The highest amount of
weekly intake in adults (24.99) and children (96.74)
was found for Fe in the E. orientalis. Also, the lowest
weekly intake values of Cu in both adults and children
were 1.05 and 1.4 in A. spinifer, respectively.

The values of THQ and HI (Fe, Zn, Cu, Mn and Ni)
for three studied fish species are given in Table 4.
According to the results, the highest and lowest risk
indices are for . sihama and A. spinifer. The Target
Hazard Quotient and Hazard Index for all metals were
lower than 1. Therefore there was no a potential health
risk for adults and children via the consumption of
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Table 4. Target hazard quotient (THQ) and hazard index (HI) values of heavy metals through fish consumption in the Shif Island.

THQ HI
Fish species Cu Fe Zn Mn Ni

adults Euryglossa orientalis 0.039 0.005 0.009 0.003 0.015 0.039
Argyrops spinifer 0.026 0.003 0.0008 0.014 0.006 0.026

Sillago sihama 0.039 0.003 0.009 0.001 0.022 0.039

children  Euryglossa orientalis 0.151 0.019 0.036 0.011 0.058 0.151
Argyrops spinifer 0.099 0.014 0.026 0.007 0.025 0.099

Sillago sihama 0.159 0.012 0.038 0.005 0.088 0.159
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Table 5. Comparison of Fe, Cu, Zn, Mn and Ni concentrations in the muscle tissue of Euryglossa orientalis, Argyrops spinifer and Sillago sihama

with global standards (ug/g/ww).

Ni Mn Zn Fe Cu Reference
WHO 0.6 0.5 75 100 3 (WHO, 1985)
MAFF - - 50 - 30 (MAFF, 1995)
FAO - - 40 100 30 (FAO, 1963)
NHMRC - - 150 - 10 (Maher, 1986)
Euryglossa orientalis 0.86 1.18 8.33 10.02 0.80 Present Study
Argyrops spinifer 0.37 0.74 5.75 7.25 0.43 Present Study
Sillago sihama 1.28 0.60 8.27 6.20 0.47 Present Study

these species.

Discussion

As fish is an important part of the human diet, it is
often deemed as the most suitable object among the
bioindicators of an aquatic ecosystem. In recent years,
fish consumption has significantly.
Similarly, the concentration of heavy metals has
increased in fishes (Ullah et al., 2017).

In this study, the highest concentrations of Zn, Cu,
Fe and Mn in fish were observed in E. orientalis.
Concerning the E. orientalis is benthic fish species
that feed on sediments and benthic invertebrates tend
to accumulate the highest concentrations of heavy
metals in comparison to other species. In the case of
Ni, the highest concentrations were found in S. szhama
and the lowest in A. spinifer. Henry et al. (2004)
investigated heavy metals in four fish species from the
French coast, and concluded that the E. orientalis had
the highest levels of cadmium, copper and lead in
agreement with our findings. Differences in the heavy
metal concentrations are observed among the fish
species depend on feeding habits, age, size, and length
of fish, and habitat.

Considering the per capita fish consumption in the
south of the country (20 gr/day) and the mean weight

increased

of adults and children (70 and 14.5 kg, respectively),
the highest daily and weekly intake in adult group for
Fe, Zn and Cu were observed in the E. orientalis, while
for Mn in A. spinifer and Ni in S. sihama. For the
children group, the highest daily and weekly intake for
Fe, Zn and Cu were found in E. orientalis, for Mn in
A. spinifer fish and Ni in S. szhama. Generally, the
daily and weekly intake rates of the studied metals in
children were higher than adults, except for Mn in
A. spinifer and Ni in all species, which adults were a
higher than children. The results are in agreement with
Shahri et al. (2017) findings that studied Ni, Pb, Cd
and Zn in the muscle of four fish species of in the
Chabahar region with highest daily intake of metals in
children than adults.

The risk of heavy metals due to the consumption of
marine products is often calculated by THQ. THQ is
based on the ratio of the metals in the food stuff to the
reference amount (RFD) of those metals. If the
amount is less than 1, it indicates a lack of food risk
and vice versa, if more than 1, represents a risk of food
intake (Bajgiran et al., 2015). The THQ of Fe, Cu, Zn,
and Mn for the adults and children were less than 1
value. Also, the THQ for all of the metals, except Mn
in A. spiniferand Ni in three other species, was higher
for children compared with adults. In the study of
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Wang (2005) that health risk of heavy metals through
the consumption of vegetables and fish in Tianjin,
China was assessed, the THQ in children was 1.5 to
3.5 times higher than the adults. Also, the hazard index
(HI) of these metals was less than 1, indicating no
health risk from the intake of these species for the
consumer. Karimi et al. (2014) examined the
concentrations of chromium, nickel, zinc, and copper
in the muscle and skin tissues of two edible fish
species of Alosa Caspica and Clupeonella cultiventris
caspia in the southern Caspian Sea and indicating
consumption of these fish species with a current rate
of contamination is not a risk for consumers. Ullah et
al. (2017) studied heavy metals in 8 species of fish and
the implications for human consumption in
Bangladesh. According to the results, the consumption
of 140 gr/ week for the adult is not prohibited. In this
study, to assess the risk of heavy metal accumulation,
these values were compared with the standards in this
field. The results showed that the concentrations of
heavy metals of Cu, Fe and Zn were lower than global
values, but the concentration of Mn in each of the 3
species, as well as the concentration of Ni metal in
E. orientalis and S. sihama, was higher than the WHO
standard.

Considering that the fish species studied are in
high-consumption in Shif and Bushehr, the
concentration of metals such as Mn and Ni in these
species is higher than WHO standard, it is necessary
to manage the exposure of this metals around Shif
Island and manage its input sewage.
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