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Abstract

Water pollution may have a significant and negative impact on aquaculture because of heavy
metal accumulation. This study aimed to determine the concentrations of heavy metals
copper, cadmium, cobalt, iron, manganese, and nickel in the muscles of three cultured fish
species viz. Cyprinus carpio, Ctenopharyngodon idella, and Hypophthalmichthys molitrix)
in Basrah as well as in water and sediments. Between November 2020 and October 2021,
the fish with an average length of 30.5cm and a weight of 379.5g were collected. Based on
the results, the maximum concentrations of Fe, Ni, and Cu in common carp were 50, 19,
and 10pg/g dry weight in November and December, respectively, while the lowest of Cd,
Co, Cu, and Mn were non-sensitive in April. The greatest concentrations of Fe, Ni, and Cu
in grass carp were also recorded, 35, 24, 11pg/g dry weight, respectively, in September and
October, and the lowest Cd was in April at 1pg/g dry weight. The highest concentrations
53, and 27ug/g dry weight of Fe and Ni in silver carp were found in April, and the lowest
in September and October. The heavy metals concentration levels in water varied for Co at
1.13 pg/g dry weight, in July and August for Fe and Ni at 28.87, and 14.93pg/1, respectively.
The lowest concentrations were recorded in March for Cd and Mn 0.83, and 0.42pg/L,
respectively, whereas Co was non-sensitive. Mn in sediments were highest in December
and February at 209.0pug/g dry weight, whereas Cu was lowest in September and October at
21.46pg/g dry weight. The highest levels of heavy metal concentrations in the studied fishes

were greater than the internationally permitted limits.
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Introduction

Fisheries and aquaculture play an important role in
food security (Qian et al. 2020). Aquatic systems
have been exposed to many pollutants, which may
cause severe environmental damage. Industrial waste
is a major cause of pollution in natural water, with
some pollutants being thrown directly from
industries and sewage treatment plants, while others
come from agricultural run-off (Akhtar et al. 2021).
Heavy metals are important contaminants, posing
considerable environmental and health risks because
of their toxicity, stability, bioaccumulation, and
biomagnification features in water and fish tissues
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(Lipy et al. 2021). Not all heavy metals in
aquaculture systems are created by human activities
such as agriculture and industry (El Bahgy et al.
2021), but some are formed by the absorption of
naturally occurring soil components, making it
difficult to pinpoint their sources; also, pollution-free
places are not entirely free of heavy metals
(Hacisalihoglu 2020).

Some living species in the region are affected by
toxic benthic sediments. Worms, crabs, and snails are
exposed to harmful and hazardous compounds.
However, depending on the element's toxicity, it can
cause chemical or biological changes in the living
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organism (Habib et al. 2021). Some benthic
organisms accumulate pollutants from sediments
through oysters, crabs, and mollusks. These
pollutants will be the food of fish, later the food of
marine mammals, water birds, and humans. The food
chain is upgraded and the accumulation process is
increased, known as biomagnification. Pollutants in
sediments may not always stay at the bottom of a
water body, implying that when water flows and
drifts, chemicals deposited at the bottom might be
moved, and exposing organisms to hazardous
pollutants directly (Vazquez & Rahman 2021).
Chemical components that accumulate in silt and
sediment at the bottom of bodies of water can re-enter
the water, making silt a secondary source of heavy
metal pollution (Valdelamar-Villegas et al. 2021).
Heavy metal concentrations in fish muscle and tissue
and water and sediment are now vital and useful as
one of the most important indicators of pollution in
aquaculture (Bawuro et al. 2018; Tore et al. 2021).
Many factors influence the intensity of heavy
metal bioaccumulation in fish tissues, including fish
species and eating patterns, the kind and
concentration of pollutants, and season (Khallaf et al.
2018). Therefore, this study aimed to measure the
concentrations of some heavy metals in the muscles

of three high-demand farm fishes, including
Common carp Cyprinus carpio, grass carp
Ctenopharyngodon idella, silver carp

Hypophthalmichthys molitrix in Basra Province
during the year.

Materials and methods

A total of 30 samples of each species were collected
monthly from fish cages (3*3*2m) in the Al-Haritha
district. Fish were measured for their total length and
weight. Between November 2020 and October 2021,
the fish with an average length of 30.5cm and a
weight of 379.5g were collected. Following sample
collection and preparation, the procedure described
by Ropme (1999) was used to digest fish muscle
samples and assess their heavy metal concentration.
For this purpose, 0.5g of lyophilized and crushed
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samples were placed in glass tubes, and 3ml of a
concentrated combination of perchloric acid HCI1O4
and nitric acid HNO3 (1:1) was added. The tubes
were submerged in a 70°C water bath for 30min
before moving to a heating plate (until the mixture
became clear) to finish the digesting process. During
the filtering or separating process (fibers), a
centrifuge was used to extract any remaining
undigested components. The filtrate was collected,
and the volume of 25ml with distilled deionized
water was complete. Samples were kept in sealed
plastic bottles until the examination using a flame
atomic absorption spectrometer with wavelengths of
240.7,248.3, 324.8, 232, 279.5, 228.8nm for Cu, Cd,
Ni, Mn, Fe, and Co). The product in units, pg/g dry
weight was measured. Because of the layer's stability,
sediment samples were taken with a hand shovel at a
depth of 5cm to determine the concentration of the
heavy elements. Water samples at a depth of 10cm
were collected.

The data was analyzed using SPSS version 22.0.
One-way analysis of variance (One-way ANOVA)
was used to compare the concentrations. The
significant difference between means was examined
by the least significant difference test (LSD test). All
the differences were considered significant at
P<0.05.

Results

Table 1 shows the environmental factors of the
studied area, where the pH was the highest in winter
as 8.7 and the lowest in summer at 7.3. In summer,
the salinity reached the highest value at 9.33%o, and
the lowest in spring at 5.50%c. Regarding DO, the
highest level was found in winter at 10.60mg/liter
and the lowest in summer at 8.27mg/liter. The
highest temperature was recorded in summer at
28.2°C, and the lowest was in winter at 13.7°C.

The highest concentrations of heavy metals in the
muscles of the common carp fish were Fe, Ni, and
Cu, with 50, 19, and 10pg/g dry weight, respectively,
during September and October (Fig. 1). As for Cd,
Co, and Mn, the highest concentrations were 2.74, 3,
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Fig.1. Concentration of elements in the muscles of the common carp during the study.
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Fig.2. Concentration of elements in the muscles of the grass carp during the study.

and Spg/g dry weight, respectively, in the same
period. The lowest concentrations for Cd, Co, and Cu
were during March, April, June, and May, and for Mn
in April, and they were below the level of sensitivity
of the device. The results also showed a significant
difference (P<0.05) between the elements, where
three groups were formed: Fe, Ni and Cu, and Cd,
Co, and M groups.

Figure 2 shows the concentrations of elements in
grass carp. Fe, Ni, and Cu had the highest values in
September and October and 35, 24, and 11 pg/g dry
weight, respectively. Mn was relatively high in the
same period (8ug/g dry weight), with Cd and Co as
2.55, and 3pg/g dry weight, respectively. However,
the lowest concentrations were found during April
with 1, 0.23, 5, 20, 6, and 3.33ug/g dry weight for Cd,
Co, Cu, Fe, Ni, and Mn, respectively. The results
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showed a significant difference (P<0.05) between the
Cd and Ni group, Cu and Mn group, and Fe and Co
group, but there was a significant difference between
September, October, and April.

Heavy metal concentrations rose in the muscles of
silver carp throughout April (Fig. 3), with Fe and Ni
of 53 and, 27ng/g dry weight, respectively. Cu and
Mn were 10, and 5.99ug/g dry weight, whereas Cd
and Co were 3.9, and 5.55ug/g dry weight,
respectively. The lowest concentration of Cd, Co, Cu,
Fe, Ni, and Mn was reported in September and
October, with 1.13, 1.54, 3.29, 17.44, 10, and 2pg/g
dry weight, respectively. The results revealed a
significant difference (P<0.05) between Cd, Co, Cu,
and Mn with Ni. There were significant differences
between March and the other months (Fig. 3).

The highest values in July and August for Cd, Co,
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Fig.3. Concentration of elements in the muscles of the silver carp during the study.
Table 1. Environmental factors during the study period.
. Salinity . Water
Stations Season pH %, Dissolved oxygen mg/L temperature°C
Autumn 8.2 8.29 9.9 15.30
1 Winter 8.7 7.89 10.60 13.70
Spring 7.4 5.50 10.50 21.19
Summer 7.3 9.33 8.27 28.20

Cu, Fe, Ni, and Mn were 5.76, 2.73, 5, 28.87, 14.93,
2.72ug/l, respectively. The lowest values were noted
in March for Cd, Cu, Fe, Ni, and Mn 0.83, 2, 5, 1.93,
0.42 pg/L, respectively, while the concentration of
Co was below the sensitivity level. The results
showed a significant difference (P<0.05) between
April and June with the rest of the months. A
significant difference between Fe and the other
elements was found (Fig. 4).

The highest concentration of Mn was 209.82ug/g
dry weight in December and February, and the lowest
was 167.82ug/g dry weight in September and
October. Iron had the highest value in sediments with
162.2g/g dry weight in November and December. Ni
showed the highest concentration in November and
December and the lowest in September and October.
The highest concentration of Cd was in April and the
lowest in September and October. Cobalt also
recorded the highest concentration in November and
December and the lowest in September and October.
Copper recorded its lowest concentration in the same
period and highest in April. Significant differences
were found (P<0.05) between November and
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December and the rest of the year, and there were
significant differences between Ni, Mn, and Fe and
the rest of the elements (Fig. 5).

Discussion

Fishes can accumulate heavy metals in their tissues
and move them to higher levels through the food
chain (CCME 1998). The results of the current study
showed high pH values. During fall and winter, the
cause might be a lack of drainage from the Tigris and
Euphrates rivers. This also applies to the salinity
values that have increased during the two studied
seasons (Al-Najare et al. 2020). Also, the dissolved
oxygen recorded the highest values during winter and
spring due to the decrease in temperature values that
are inversely proportional to the amount of oxygen
(Wu 2010). Temperature showed an increase in
summer and a decrease in winter due to the region's
climate (Power et al. 2000).

Heavy metals in farmed fish muscles are the most
substantial indication of metal contamination in
aquaculture. Fish may absorb metals and accumulate
them biologically by swallowing polluted water
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Fig.4. Concentration of elements in water during the months of the study.
Table 2. The permissible limits of heavy metals in fish (micrograms/g dry weight).
References Pb Cd Fe Mn Ni
FAO (2009) 31 39 50 7.9 17.8
MFR (1985), (Swami et al. 2001) 40 1 55 45 20.0
FDA (2001), (Swami et al. 2001) 1.7 4 40 — 80
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Fig.5. Concentration of elements in the sediments during the months of the study.

directly or through gills and skin (Rubalingeswari et
al. 2021). It is critical to understand the
concentrations of heavy metals in fish tissues that
endanger human health (Chai et al. 2021). The
present study found a high concentration of Fe and
Ni in the muscles of the three carp species (common
carp, grass carp, and silver carp) during the study
period. It is due to the tendency of living organisms
to concentrate Fe in their muscles to take advantage
of it in growth processes (Al-Najare 2021). As for
nickel, studies have indicated the tendency of its
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concentration in living things to be more than its
concentration in the environment. These elements
can accumulate through absorption or adsorption on
the cell wall and affect the cellular system’s structure
(Danouche et al. 2021). Khallaf et al. (2018) noted
that the degree of bioaccumulation of heavy metals
in fish tissues and muscles depends on the type of
pollutants and their concentration in the environment.
Furthermore, heavy metals infiltrate fish tissues, such
as fatty tissues, and with inadequate blood circulation
in this area of the tissues, they are difficult to
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eliminate (Al-Najare 2012). According to the
Malaysian Food Regulations 1985 (Table 2), the
concentration of heavy metals in the muscles was
higher than the permissible limits set by FAO/WHO
(1984), while the rest of the concentrations were
within the permissible limits.

In the muscles of fishes, there was a significant
difference between Fe and Ni and the other elements
investigated. The results showed the highest values
are found in silver carp in all months of the year,
except for Fe, which was highest in common carp,
followed by grass carp, and silver carp. It may be due
to the nature of these fish's feeding since they are fed
the phytoplankton, which causes an increase in their
concentration. It is diffusion through the absorption
and buildup of chemicals found at the bottom of the
food chain, such as phytoplankton and diatoms. Saleh
(1997) reported that in Liza subviridis that fed
diatoms and organic crumbs, heavy metals move
from the intestines to the circulation and then to the
various organs. The accumulation of heavy metals
recorded in the present study is higher than that of Al-
Najare (2012) in L. subviridis, and Nasir & Al-Najare
(2015) on Scomberoides commersonianus, which are
predatory fish at the top of the food pyramid.

The present study reveals that Metals
concentrations in water might make it difficult to
assess the environmental status.
revealed a fluctuation in heavy metal concentrations
in the water of the culture ponds over the study
period, as the heavy metals. The high concentrations
of heavy metals in the present study might be because
of irrigation water, sewage, and contaminants that
enter the aquatic environment through agricultural
operations, and household waste that is directly
thrown without any treatment into the river (Mojoudi
et al. 2013). Our findings outperformed those
obtained by Al-Tai (1999) in his survey on some
heavy metals in the waters of the Shatt Al-Hilla
River, as well as those of Hussein & Fahd (2008) in
their study on the monthly fluctuations of heavy
metal concentrations in the waters of the Garraf
Canal (one of the main tributary of the Tigris River).

This work also

387

According to the current study, there is
approximate stability of the heavy elements in the
sediments, with minor variations over the winter
season due to the quantity of rain and absolute
volumes of water. This is consistent with Fufeyin
(1994) study on one of the tributaries of the Ravi
River in Pakistan, where it was discovered that the
average annual Cu, Cd, Ni, Mn, Zn, Pb, Fe, and Cr
concentrations were higher in the rainy season than
the dry season due to mineral release from sediments
during the rainy and flood seasons and adsorption
into sedimentary particles during the dry season
(Obasohan et al. 2007).
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