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Abstract

This study examined the concentrations of heavy metals (cadmium, zinc, lead, and mercury) and
their potential health risks for consumers in the muscle and gill tissues of Capoeta fusca, collected
from Lar wetland in Sistan and Baluchestan province. Thirty samples were collected and heavy
metal levels in samples were analyzed by ICP-OES atomic absorption spectrophotometer (Perkin
Elmer, Model; Optima DV 2000). Mercury content was measured by Atomic Adsorption method
(nova 400P, analytic jena) hydride production technique. The concentration of cadmium was
lower than the detection limit (0/05 mg/kg) of the atomic absorption spectrophotometer, so its
concentration was not reported in the study. The results showed that the amount of Lead in gill
tissue is significantly higher than that of muscle tissue, and the concentration of zinc in muscle
tissue is higher than that of gill. The mercury concentrations of muscle and gill tissues are not
significantly different from each other. The accumulation of heavy metals in the samples follows
this pattern: zinc>lead>mercury. The concentration of lead in the muscle of C. fusca is higher
than the international standards. Therefore, among the investigated metals, the main risk for
human health can be related to the amount of lead in fish samples, which can be transmitted to
humans directly after consuming fish. The relatively high concentration of heavy metals in the
studied fish is probably due to the entry of the wastewater of Zahedan city into the Lar lagoon.

Keywords: Pollution, Toxic metals, Risk assessment, Fish, Aquatic ecosystems.

INTRODUCTION

Rapid population growth, industrialization and rapid
economic development have led to the movement of
pollutants in the environment and changes in its
biogeochemical cycles (Ali & Khan 2018). One of the
most dangerous pollutants affecting the environment
are heavy metals (Mahmuda et al. 2020). Heavy
metals are defined as metallic elements that have a
relatively high density compared to water. Among
them, arsenic (As), mercury (Hg), cadmium (Cd) and
chromium (Cr) have no known essential function in
living organisms and are toxic even in small amounts
when ingested for a long time. These elements are
considered the most toxic substances for humans,
animals and the environment. Some rare elements are
also known as heavy metals, such as copper (Cu),
selenium (Se), iron (Fe) and zinc (Zn), which are
essential for the body's metabolism, but are toxic in
higher concentrations (Pandey & Madhuri 2014).

Heavy metals are distinguished from other pollutants
due to their bioaccumulation, non-
degradability in the environment, high solubility in
water, long shelf life, increased accumulation in the
food chain, and are a serious threat to freshwater
ecosystems and, as a result, freshwater fish (Taslima
et al. 2022). Fish can be exposed to heavy metals
contamination through various ways (e.g. food and
water consumption, or through skin) (Squadrone et al.
2013), and when the pollutant is absorbed, it can be
transferred to different tissues such as bone, muscle
and liver (Nussey et al. 2000). Bioaccumulation of
heavy metals in
environmental factors such as pH, temperature,
salinity, water hardness, sampling location, season,
concentration and type of pollutant, ecological and
physiological characteristics of species such as age,
sex, size and length of fish, habitat preference, feeding
habits, nutritional level, reproductive status, fish

toxicity,

fish depends on various
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Fig.1. Map of sampling site located in the Lar Wetland in Zahedan, Iran.

health, duration of exposure to heavy metals, and etc.
(Mohammadi et al. 2011; AL-Taee et al. 2020;
Sheikhzadeh & Hamidian 2021). Factors such as high
levels of omega-3 fatty acids, low cholesterol and high
protein, fat-soluble vitamins, elements such as
phosphorus and sodium, minerals, calcium, zinc and
iron have made fish one of the most important
components in the human diet (Malakootian et al.
2016; Isangedigh & David 2019). Consuming fish
reduces various diseases, including mental disorders,
cardiovascular diseases, rheumatoid arthritis, and
some types of cancer, and can helps the normal growth
of neurons (Rahmani et al. 2014). Among animal
species, the fishes are the creatures that can be
severely affected by toxic pollutants (Pandey &
Madhuri 2014). The Fishes are usually at the top of the
aquatic food chain and their natural metabolism can
accumulate metals from food, water and sediments
(Hossain et al. 2022). Therefore, fishes are often used
as an important biological indicator to investigate the
level of metals in their living environment and to
assess environmental risks (Zhao et al. 2012). The Lar
Wetland is very important from a health point of view
due to the its role in feeding and supplying water to
the wildlife of the region and also because the
wastewater discharge of Zahedan city takes place in
this ecosystem. Capoeta fusca, Carassius auratus, and
Gambusia holbrooki are three species that have been
recorded from Lar wetland (Ghanbarifardi 2021,
unpublished report). Therefore, the main purpose of

this study was (i) to investigate the content of heavy
metals (cadmium, zinc, lead and mercury) in muscle
and gills tissues of the Capoeta fusca caught in the Lar
wetland of Zahedan city and (ii) to calculate the health
risks to consumers.

MATERIALS AND METHODS

Study area: Zahedan is located in the southeast part of
Iran (29.50215967° N, 60.85580867° E) and Lar
wetland is located in the 15 kilometers northeast of
Zahedan, which is shared between Iran and Pakistan
(Fig. 1).

Sampling collection: A total of 30 samples of Capoeta
fusca were collected from Zahedan to study the
concentrations of four heavy metals cadmium (Cd),
lead (Pb), mercury (Hg) and zinc (Zn) in muscle and
gills tissues. The weight and length of the samples
were measured to find the relationship between these
parameters and the concentration of heavy metals.
Then, all collected samples were coded and stored in
cool boxes and immediately transferred to the freezer
and kept at -20°C until analysis (Hosseini et al. 2018;
Korkmaz et al. 2019)

Heavy metals analysis: In the laboratory, the samples
were taken out of the freezer, and when they reached
room temperature, their muscle and gills tissue were
dissected and dried in the oven at 100°C. Next, the
dried samples were completely ground with a Chinese
mortar and 0.5 g of muscle and 0.5 g of gills from each
sample were weighed with an analytical balance. Then
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7 ml of HNO3 65% and 1ml of H2O2 added and the
samples were placed in the microwave (Mileston,
Model: ETHOS 1000 W) for digestion. After acid
digestion, the samples were transferred to a balloon
and made up to 50ml with distilled water. Finally, the
levels of heavy metals in the samples were measured
using an ICP-OES atomic absorption
spectrophotometer (Perkin Elmer, Model; Optima DV
2000), and mercury was measured by the Atomic
Adsorption method (nova 400P, analytic jena). These
steps were carried out in the central laboratory of the
Sistan and Baluchestan University.

Human risk assessment

Estimated Daily and weekly Intake of metal (EDI and
EWI): The daily intake of metals depends on factors
such as metal concentrations in food and daily food
intake, which are used to assess human health
concerns (Keshavarzi et al. 2018). To do this, the EDI
should be determined, which is based on the
concentration of the metal in the food as well as the
daily intake of certain food items (Tahity et al. 2022).
The amount of EDI and EWI were measured as the
following equations:

EDI (ng/day/60 kg body weight) = C x

FIR (1)

EWI (ng/week/60 kg body weight) = EDI X
7day (2)

Permissible tolerable amount of weekly intake
(PTWI) was calculated as;

PTWI (ug/week/60 kg body weight) = RfD X
BW x 7 (days) (3)

In above equations, C is the mean heavy metal level in
fish muscle tissue (mg/kg), FIR (Fish consumption
ratio); is daily fish consumption per capita for Iranian
population (7g/person/day) which used by the ISIRI
(Institute of Standards and Industrial Research of Iran)
(Keshavarzi et al. 2018). RfD (Oral reference dose) is
the reference dose of the metal (3.0x10 *mg/kg/day
for  Hg, 1.0x10>mg/kg/day ~ for  Cd,
4.0x107mg/kg/day for Pb, 3.0x10"'mg/kg/day for
Zn) and BW (Body weight); is the average body
weight of Iranian people which was considered as 60
kg (USEPA 2011; Keshavarzi et al. 2018; Korkmaz et
al. 2019).

Target hazard quotient (THQ): The non-carcinogenic
health risk was calculated using the Target Hazard
Quotient equation introduced by the USEPA (United
States Environmental Protection Agency) (USEPA
2011). The THQ is defined as the ratio of the lifetime
median daily dose to the reference dose (RfD). The
target hazard quotient (THQ) does not predict the
actual adverse health effect on the exposed
population, but provides a signal of the level of risk
from pollutant exposure (Nyarko et al. 2023).

Values less than unity indicate no significant toxic
hazards. THQ is calculated by following equation:

THQ = EFXEDXEDI 13
BWXATXRfD
(4)
Where THQ is the target hazard quotient, EF is the
exposure frequency (365 days/year), ED is the
exposure duration (70 years for non-cancer risk as
used by the USEPA, EDI; Estimated Daily Intake,
BW; average body weight (60 kg), AT is the average
exposure time for non-carcinogens (EF x ED) as used
in description non-cancer risk, and RfD (Oral
reference dose) for each metal. If THQ=>1, it presents
adverse health effects and THQ<I1 presents that
potential non-carcinogenic effects are very unlikely
(Lei et al. 2015).
Statistical analyses: The SPSS software (Version 22.0
for Windows) was used for statistical analysis of data.
Standard deviation and mean concentration of heavy
metals in fish samples were estimated. The normality
of the data was checked using the Kolmogorov-
Smirnov test. In examining the correlation between
two quantitative variables, Pearson's parametric test
was used for data with normal distribution, and
Spearman's test was used for non-normal data.
Statistical differences between the concentration of
heavy metals in muscle and gill tissues were
determined using the paired t-test if the data were
normal. If the data were not normally distributed, the
Wilcoxon test was used (Mo et al. 2019). Pvalues less
than 0.05 indicated a significant difference
(confidence level of 95 percent).
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Table 1. Mean#SE of heavy metals in muscle and gill tissue of Capoeta fusca collected from Lar wetland (mg kg™2).

105

Station Tissues Lead (Pb) Zinc (Zn) Mercury
(Hg)
Muscle MeanzS.E 28.143+5.36  70.183+4.24 0.120+0.01
9 4 0
Zahedan Maximum 171 140.9 0.284
Minimum 11.6 19.5 0.045
gill Meanz S.E 81.050+20.7 44.610+2.53 0.250+0.04
38 8 79
Maximum 584.7 91.3 0.990
Minimum 0 21.2 0
FAO™* (Staniskiene et al. 2006; Tuzen et al. 2009) 0.5 40 0.5
WHO* (Pourang et al. 2005; Tiirkmen et al. 2009) 0.5 50 0.5
NHMRC* (Pourang et al. 2005; Tirkmen et al. 2009) 1.5 150 1
MAFF* (Tuzen et al. 2009) 2 50 1
*These international standard concentrations are defined only for muscle tissue.
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Fig.1. Comparison of Pb, Zn and Hg concentrations (mg kg) in muscle and gill tissues of Capoeta fusca.

RESULTS

Data have shown that the average concentration of Pb
in the gill tissue of the Capoeta fusca samples is
significantly higher than that of the muscle tissue
(81.050 mg/kg vs28.143mg/kg respectively), whereas
the average concentration of Hg between the gill tissue
(0.250mg/kg) and the muscle tissue (0.120mg/kg) is
not significantly different from each other. Also, the
median concentration of Zn in the gills was lower than
its concentration in the muscle (44.610mg/kg vs
70.183mg/kg respectively). The accumulation of
heavy metals in muscle follows this pattern:
Zn>Pb>Hg. The comparison of metal concentrations
obtained in this study with the concentrations
determined by WHO (World Health Organization),
FAO (Food and Agricultural Organization), NHMRC
(National Health and Medical Research Council) and

MAFF (Ministry of Agricultural, Forestry and
Fisheries) shows that the concentration of Pb in the
muscle of fish samples is higher than international
standards, while the concentration of Hg is lower than
the international standards and the concentration of Zn
is only within the permissible limits recommended by
NHMRC standards (Table 1, Fig. 2). The estimated
daily/weekly Intake of metals (EDI and EWI), the
permissible tolerable amount of daily/weekly intake
(PTDI and PTWI), and the risk index are announced
in Table 2. The risk index for each heavy metal is
estimated separately. The obtained THQ shows a
number greater than 1 only for the heavy metal Pb, and
for Zn and Hg, this parameter is estimated to be less
than 1. Therefore, considering the THQ obtained for
Pb and also because the average concentration of lead
is higher than the international standards, the
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Table 2. Estimated Daily Intake (EDI) and Estimated Weekly Intake (EWI) from fish consumption by local residents.

Heavy metals EDI EWI PTDI? PTWIP THQ®
Lead 2.814 19.698 240 1680 4.279
Zinc 7.018 49.126 18000 126000 0.142

Mercury 0.012 0.084 18 126 0.243

aPTDI: Provisional Tolerable Daily Intake
bPTWI: Provisional Tolerable Weekly Intake
°THO: Taraet Hazard Quotient

Table 3. Correlation of heavy metals with Capoeta fusca weight.

Heavy metal Muscle Gill
Correlation Coefficient P value Correlation Coefficient P value
Lead -0.060 0.751 -0.067 0.725
Mercury 0.190 0.314 -0.042 0.827
Zinc -0.391 0.033 -0.031 0.871
Table 4. Correlation of heavy metals with Capoeta fusca length.
Heavy metal Muscle Gill
Correlation Coefficient P value Correlation Coefficient P value
Lead 0.261 0.164 0.188 0.319
Mercury -0.058 0.760 0.268 0.152
Zinc -0.340 0.066 0.308 0.098

consumption of this type of fish should be done with
caution.

Investigation of correlation of metals with length
and weight of Capoeta fusca: To evaluate the
correlation of the data, first the normality of the data
was checked using the Kolmogorov-Smirnov test. If
the data were normal, Pearson test was used and if the
data were not normal, Spearman test was used.
Examination of Kolmogorov-Smirnov test revealed
that the weight of Capoeta fusca and zinc metal
samples measured in the muscle and gills have a
normal distribution and the rest of the data do not have
a normal distribution.

Correlation of heavy metals with Capoeta fusca
weight: The results of the correlation between the
studied heavy metals and fish weight showed that
there is a significant inverse correlation only between
zinc in muscle and the weight of Capoeta fusca and
there is no significant correlation between the weight
of the fish and other heavy metals (Table 3).
Correlation of heavy metals with Capoeta fusca
length: The results of the correlation between the
studied heavy metals and fish length showed that there

is no significant correlation between fish length and
heavy metals (Table 4).

DISCUSSION

Lead: In this study, the average concentration of Pb in
the muscle and gill tissue of the Capoeta fusca was
measured as 28.143 and 81.050mg/kg, respectively.
The maximum concentration of Pb in fish samples
allowed by MAFF, FAO, WHO and NHMRC is 2, 0.5,
0.5 1.5mg/kg, respectively (Pourang et al. 2005;
Staniskiene et al. 2006; Tiirkmen et al. 2009; Tuzen et
al. 2009). The results of the statistical analysis in this
study showed that the amount of Pb in the muscle
tissue is higher than the international standards. Also,
the concentration of Pb in gill tissue is significantly
higher than that of muscle (P-value=0/022<0/05),
which is consistent with the results of previous study
(Huang et al. 2022). In fact, the absorption of divalent
Pb through the gills into the bloodstream is the main
absorption method in freshwater fish (Sharma &
Agrawal 2005). Previously the average concentration
of Pb in the muscle tissue of Hypophthalmichthys
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molitrix (silver carp) was measured as 0.23 mg/kg
from Sistan region (Miri et al. 2017) which is
significantly less than the result obtained in the present
study. The amount of lead in mentioned study was
within the range recommended by WHO and FAO,
but exceeded the amount recommended by EC. Also,
the average concentration of Pb in the muscle of
Cyprinus  carpio,  Ctenopharyngodon  idella,
Hypophthalmichthys nobilis, Hypophthalmichthys
molitrix, Schizocypris altidorsalis,
zardunyi species belonging to the Hamon wetland of
Sistan and Baluchestan province was reported as 0.51
mg/kg (Zolfaghari 2018), which is significantly less
than the result obtained in the present study. The
average concentration of Pb in the muscle tissue of
Orolithes ruber in Abadan and Bandar Abbas ports
was determined to be 0.638 and 0.668 mg/kg,
respectively (Askary Sary et al. 2012). Also, lead
concentration in the muscle tissue of three types of
marine carp fish (Cyprinus carpio), golden mullet
(Liza auratus) and white fish (Rutilus frisii kuttom),
were measured 0.41, 0.58 and 0.46mg/kg respectively
(Askary Sary & Velayatzadeh 2013), and were
determined in the muscles of Persian Gulf fishes, 0.58-
0.73 and 0.69-0.76mg/kg, respectively
(Mohammadnabizadeh & Pour Khabaz 2013). The
results of studies on fish species caught from
Shadegan wetland showed that the average
concentration of Pb in the edible parts of all species
with concentrations between 2.09 and 12.87mg/kg is
higher than the FDA limit (Sheikhzadeh & Hamidian
2021). Also, the average concentration of Pb in the
muscle tissue of Esox Lucius from Anzali wetland in
its western, central and eastern parts was measured as
0.52, 0.45 and 0.49mg/kg respectively, which is lower
than the FDA standard (Ahmadi & Khanipour 2020).
The mean concentration of lead in previous studies is
significantly lower than the result obtained in this
study, because the level of pollution in the study area
is very high due to the direct discharge of sewage into
it. This difference in the amounts of heavy metals of
different fish species depends on factors such as the
size of the fish, age, food behavior and habitat (Al-

Schizothorax

Yousuf et al. 2000). In the study conducted on the
species Liza auratus, the amount of Pb in the gills was
higher than in the muscle, which is consistent with the
result of the present study (Sharif Fazli et al. 2005).
Also, the concentration of Pb in the gill, muscle and
liver tissues of the studied species of Pampus
aragenteus, Scomberomorus commerson, Otolithes
ruber and Parastromateus niger was reported to be
significantly lower than the FAO/WHO limit, which
is contrary to the result obtained from the present
study that the concentration of Pb in the muscle tissue
is higher than the international standards
(Sobhanardakani et al. 2011). The average
concentration of Pb in the muscle and gills of
Cyprinus carpio was reported as 0.13 and 0.50mg/kg,
respectively, which is much lower than the results
obtained from the present study. But this result is
consistent with this study in that the amount of lead in
gills is higher compared to muscles. (Erdogrul &
Erbilir 2007). Lead toxicity depends on the life stage
of the fish, pH and hardness of the water, as well as
the presence of organic matter (Baatrup 1991;
Jezierska et al. 2009; Ahmadi & Khanipour 2020).
Depending on the level of Pb, this metal has the
potential to cause a variety of biological effects,
including hemoglobin  synthesis,
neurobehavioral and mental disorders, peripheral
neuropathy, indirect effects on the heart, kidney
damage, and reproductive problems (Mansouri et al.
2010). Lead also reduces the activity of three
important metabolic enzymes, including glucose-6-
phosphate dehydrogenase, lactate dehydrogenase and
pyruvate kinase (Marcotrigiano & Storelli 2003).
Long-term exposure to lead causes neurochemical
changes in the brain of Clarias batrachus catfish. Lead
increases the level of histamine and serotonin, but
decreases the content of Gamma-aminobutyric acid
(GABA), (MAO),
acetylcholinesterase (AChE). In addition, it reduces
the content of fat, cholesterol and protein in the brain
(Menezes & Qasim 1984). The sources of lead release
into the environment by waste streams include battery
manufacturing, electroplating and finishing of acid

decreased

monoamine oxidase
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metals, ammunition, tetraethyl lead production,
ceramic and glass industries, printing, painting,
dyeing and other industries (Zolfaghari 2018).

Zinc: The mean concentration of Zn in the muscle and
gill tissue of the studied species was determined to be
70.183 and 44.610mg/kg, respectively. The maximum
concentration of Zn in fish samples allowed by
MAFF, FAO, WHO and NHMRC is 50, 40, 50 and
150mg/kg, respectively (Pourang et al. 2005;
Staniskiene et al. 2006; Tiirkmen et al. 2009; Tuzen et
al. 2009). The results showed that the amount of Zn is
only within the permissible limit recommended by
NHMRC standards and is higher than the permissible
limit recommended by MAFF, WHO and FAO. Also,
the results of statistical investigations showed that the
measured values of Zn concentration between muscle
and gill tissue have significant differences with each
(P-value=0/000<0/05). So that zinc
concentration in muscle tissue is about 1.5 times
higher than its concentration in gill tissue. Previously,
the average concentration of Zn in the muscle tissue
of Epinephelus coioides in Khor Musa, was reported
as 26.01 mg/kg (Askary Sary et al. 2009), which is less
than the result obtained from the present study. Also,
in a study on Oncorhynchus mykiss and Cyprinus
carpio, the average concentration of Zn in muscle
tissue was determined to be 0.37 and 0.15mg/kg,
respectively (Askary Sary & Velayatzadeh 2014).
This amount is also significantly less than the result
obtained from the present study. Contrary to the
results of the present study, in the study conducted by
Sheikhzadeh & Hamidian 2021, the highest average
concentration of zinc was observed in the gill tissue of
Cyprinus carpio. In the muscle tissue of white fish and
common carp, the average concentration of Zn has
been reported as 29.97 and 30.20mg/kg, respectively
(Elsagh 2012). The concentration of Zn in the
previous studies is lower than the result obtained in the
present study, which in fact, due to the direct
discharge of industrial effluents and domestic sewage
in to the studied area, the high level of heavy metals
including zinc, in this area is not far from expected.
Also, the results of previous studies on Capoeta fusca

other

showed that quantitatively the amount of Zn was more
than other metals (Ni, Co, Cd and Cr). In fact, the rate
of zinc excretion is very slow compared to its
bioaccumulation rate (Mansouri et al. 2010). The
mean concentration of Zn in the gills and muscle of
Dicentrarchus labrax, Sparus aurata, Mugil cephalus
from Camlik wetland in Iskenderun Bay, was reported
to be 115.58 and 78.5 mg/kg, respectively (Dural et al.
2006), which although unlike this study, the average
concentration of zinc in gill tissue is reported to be
higher than that of muscle tissue, but the average
concentration of zinc in muscle tissue is almost within
the concentration range reported in the present study.
Zn is an essential element involves in many metabolic
processes, such as the
neurotransmission, and cell signaling and also plays a
role in some enzymatic reactions as a cofactor
(Pastorino et al. 2020). It helps to control the
biochemical and physiological mechanisms of living
tissues and is necessary to maintain health, but
increasing its concentration may cause skin irritation,
vomiting, nausea and stomach cramps (Carolin et al.
2017; Hossain et al. 2022). However higher
concentrations of Zinc may have severe toxic effects
and cause liver damage, respiratory disorders and
disruption of protein metabolism (Beesley &
Marmiroli 2011; O'Mara et al. 2019). A chronically
elevated zinc dose increases the risk of developing
anemia and damage to the pancreas, decreases the
level of HDL cholesterol and increases the level of
LDL cholesterol and possibly increases the symptoms
of Alzheimer's disease (Sharma & Agrawal 2005).

Mercury: In this research, the average concentration
of Hg in muscle and gill tissue of the studied species
was reported as 0.120 and 0.250mg/kg respectively.
The maximum concentration of Hg in fish samples
allowed by MAFF, FAO, WHO and NHMRC s 1, 0.5,
0.5 and 1 mg/kg (Pourang et al. 2005; Staniskiene et
al. 2006; Tirkmen et al. 2009; Tuzen et al. 2009). The
results of statistical investigations showed that Hg
concentration is lower than the limit of international
standards. Also, the results showed that the measured
values of Hg concentration between muscle and gill

immune  system,
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tissue do not differ significantly from each other (-
value=0/09>0/05). Based on the studies, the average
concentration of Hg in Liza abu muscle tissue was
0.75pg/g, which is lower than the standard set by
FAO, EPA, WHO and USFDA (Cheraghi et al. 2013),
but it is more than the average obtained in this study.
Also, the concentration of Hg in
Parastromateus niger was determined to be 0.331pg/g,
which was within the permitted range recommended
by FAO, WHO and USFDA (Ahmadi Kordestani et
al. 2013) and it is almost close to the average obtained
in this study. Previously, the highest accumulation of
Hg=0.065ng/g, was observed in the gill tissue of
Barbus sharpeyi species (Sheikhzadeh & Hamidian
2021) which is lower than the average obtained in this
study. In the muscle tissue of Mahshahr port Orolithes
ruber, the average concentration of Hg was 0.354pg/g.
This amount was more than the limit recommended by
MAFF and USEPA (Mardoukhi et al. 2013) and also
1s more than the result obtained from the present study.
In another study, Velayatzadeh (2014 ) were reported
that the average concentration of Hg in Arus
thalassinus muscle to be 0.41pg/g, which was lower
than international standards (FAO, FDA, WHO).
Although in the present study, the average
concentration of Hg was to be lower than the
international  standards, but the mean Hg
concentration obtained from this study is more than
the present study. In this study, no significant
correlation was observed between length and weight
of black fish with Hg level, but this correlation has
been investigated by other researchers. In the study
conducted on two species of common and silver carp,
a positive and significant correlation was obtained
between Hg concentration and weight and length
(Malvandi et al. 2015). Also, in America, a significant
correlation was observed between size and amount of
Hg in Sciaenops ocellatus species (Adams & Onorato
2005). On the other hand, in a study conducted in
Florida, no significant relationship was observed
between the amount of Hg and the length and weight
of fish (Malvandi et al. 2015). According to the
studies, Hg is produces dramatic consequences both

average

for vertebrates and invertebrates (Zupo et al. 2019).
Mercury is very toxic for fish because it caused
structural, physiological and biochemical damage to
the nervous system in concentrations below the lethal
limit (Baatrup 1991). Also, mercury toxicity resulted
defects of important organs of fish such as abnormal
and irregular fins, head, tails and several spinal
difficulties (Taslima et al. 2022). Human exposure to
mercury occurs primarily through fish consumption,
particularly muscle tissue. Mercury, even in low
concentrations, is very toxic to human health and
causes impaired fetal brain development, movement
problems, reduced vision, thinking, general weakness,
loss of consciousness and ultimately death (Costa et
al. 2020).

CONCLUSION

In this study, the concentrations of four heavy metals
(Pb, Hg, Zn and Cd) in muscle and gill tissue of
Capoeta fusca and health risks were investigated. The
results showed that there is little concern about the
amount of Zn and Hg in fish because the amount of Zn
is within the permissible limit recommended by
NHMRC and the amount of Hg is lower than the limit
of international standards of WHO, FAO, NHMRC
and MAFF. Among the investigated metals, the main
risk for human health can be related to the amount of
Pb in fish samples, because the amount of Pb exceeded
the permissible limit recommended by the mentioned
international standards. Considering that the studied
species lives in sewage water, these results were not
far from expected, and native people who use fish as a
source of food, should keep in mind what kind of
water the fish they catch lives in, so that there is no
serious risk to their health. Eventually, due to the
accumulation of Pb at toxic levels and the risk index
greater than one for this metal, it is recommended to
continue investigating the concentration of the other
heavy metals in the target fish as well as the wetland
water sample.
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