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Abstract -This study was carried out during the period from
Winter 2010 to Winter 2011 to evaluate the concentrations of
heavy metals (Fe, Co, Ni, Cu and Pb) in tissues of commercially
valuable coastal fishes (Talang Queenfish, Scomberoides
commersonianus) from Iraqgi coastal areas around the Faw
Peninsula which receives petrochemical wastes. Thus, it is
important to identify the extent of concentrations of heavy
metals in fish and consider potential impacts on the food chain
and risks to human health. Fe had the highest level of
accumulation in the four tissues examined (gill, muscle, liver
and gonad) of S. commersonianus whilst Pb had the lowest (p <
0.05). The order of the heavy metal concentrations in the gills,
muscles, liver and gonad tissues of S. commersonianus across
all the stations was Fe (198.27 pg/g) > Co (21.07 ug/g) > Cu

(7.89 pg/g) > Ni (5.43 pg/g) > Pb (1.85 pg/g). This study
suggests that additional measures must be taken to monitor

waste and ambient water quality, and to prevent contamination
of fish for human consumption.

Keywords: Arabian Gulf, Faw Peninsula, Heavy metals, Pollution, Fish and
Bioaccumulation.

Introduction

Environmental pollution and its hazards are a worldwide crisis. Heavy metals are
a dangerous type of pollution as they may accumulate in the tissues of fish (Rasheed,
2012) and be consumed by humans.

Levels of heavy metals in the environment are known to be linked with petroleum
industry operations (de Mora et al., 2010). Crude oil produced for export from the
southern Iraqi oilfields is carried through pipelines to Al-Basrah Oil Terminal that
lie approximately 50 km (31 mile) southeast of the Faw Peninsula in the northern
Arabian Gulf. However, industrialization has led to increased discharge of pollutants
into the natural environment.

It has been reported that industrial and domestic waste waters are important
sources of heavy metals in aquatic environments, including water and sediments
(Rasheed, 2012). Therefore, scientists should consider the fate of pollutants, and
how to avoid or reduce the effects of pollution on the environment. Consequently,
pollution sources, environmental effects and prevention methods should be
assessed.
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Metals tend to concentrate in water and move through the food chain in a process
known as bioaccumulation. Fish are an important source of protein, omega-3 fatty
acids, iron, zinc and calcium, and many Iraqis consume fish for their numerous
nutritional and health benefits. Recent works have found that heavy metals
bioaccumulate in different fish tissues such as gills, liver, tail, muscles, intestine and
liver (Al-Khfaji, 2005; Olowu et al., 2010; Al-Saad and Al-Najare, 2011). Therefore,
safe human consumption of fish is public health interest (WHO, 1999).

Marine and coastal waters around Fao include some of the most important
aquatic systems in the northwestern Arabian Gulf (Fig. 1), but receive waste water
discharges from petroleum operations, and surface water drainage from farms. Fish
that grow in this area could be a potential source of heavy metals intake for human
consumers, especially when if consumed frequently. Thus, a study of heavy metals in
the environment and an assessment of levels that may be potentially harmful for
human consumption are necessary.

In spite of the visible increase in industrial and domestic activities around the
Fao region, little attention has been paid to levels of heavy metal in marine
sediments and fish. Therefore, the objective of this work was to determine the
seasonal variations and distribution of copper (Cu), cobalt (Co), Iron (Fe), nickel
(Ni) and lead (Pb) in a popular fish for human consumption, Talang Queenfish
(Scomberoides commersonianus Lacepede). Samples were collected from marine
area around FaO region with the aim of providing data to scientists and to alert
public authority on the need for environmental protection. This fish is an important
and widely used species as salted and sun dried fish, and has high market price in
Arabian Gulf and Indian Ocean. The species is widely distributed across the Indo-
West Pacific, from eastern coast of Africa to Australia, and inhabits shallow coastal
waters to offshore areas.

The study also provides useful data as a baseline for future monitoring studies
concerning heavy metals contamination in fish and marine sediments.

Materials and Methods

The study was carried out in marine waters offshore from the Faw Peninsula,
which located 100 km south Basrah City, at approximately 30°00'N and 48°30'E
(Fig. 1). Heavy metals Cu, Co, Fe, Ni and Pb in S. commersonianus tissues were
determined from fish collected at three sampling stations between December 2010
and December 2011. Heavy metal concentrations were assessed by graphite furnace
atomic absorption spectrometry following the procedure given by ROPME (1982).
Heavy metal concentrations were expressed as microgram per gram (ug g*t) dry
weight.

Fish samples:

A total of 72 S. commersonianus samples (20.7 to 38.2 cm length and 96.0-579.2
g weight) were collected with the assistance of local fishermen at the following
locations: Al-Fao Station (48° 33.8' E and 29° 56.8' N); Crane (48 47.0' E and 29°
51.0' N) and Al-Ameeq (48° 48.0' E and 29° 46.0' E) (Fig. 1).

Freshly caught fish were dissected, and the gills, liver, muscles, and ovaries were
separated. The samples were wrapped in plastic bags. The samples then were freeze-
dried, ground and sieved prior the analyses. Concentrations of heavy metals (Cu, Co,
Fe, Ni and Pb) were determined using Atomic Absorption Spectrometry following
the methods which described by ROPME (1982).
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Figure 1. Showing sampling stations in northwestern part of the Arabian Gulf.

Statistical Analysis:

Data were tested for normal distribution first, and analyzed by one-way analysis
of variance (ANOVA). Seasonal variations in heavy metal concentrations were
examined using t-test. Significance was tested at the p<0.05 levels. The analysis was
done using SPSS Statistics software (version 17).

Results
Heavy metals in fish samples:

The heavy metals Cu, Co, Fe, Ni and Pb were analyzed in gills, muscles, liver and
gonad to assess the level of bioaccumulation during whole period of the study are
given in Figure (2). The results indicated that the metals in highest concentrations in
all tissues were Fe and Co (Fig. 2); the metal in lowest concentration was Pb. Thus,
the order of metals concentrations in all tissues was Fe > Co > Cu>Ni > Pb.
Concentrations of metals in gills and liver were significantly higher than in other
tissues (p < 0.05), while muscle and gonads appear the least contaminated (p <
0.05) (Fig. 2). The lowest value of Pb across all tissues was found in gonads (ND to

0.01 ug/g).

Seasonal variation of heavy metals accumulation:

The seasonal differences for heavy metal accumulation in the gills, liver, muscle
and ovaries are given in Figures (3a-3e). Accumulations displayed significant
variation among different seasons (p <0.05). There was also a clear seasonal
difference among concentration of Pb in the liver, muscle and gills and
concentration of Co, Cu and Ni in the gills, except in the few cases (Figs. 3a-3e).
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Figure 2. Mean concentration (ug/g) of heavy metals in fish tissue from Iragi Marine
water during the study period.
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Figure 3a. Winter 2010 concentrations of heavy metals (ug/g) in different tissues of
Scomberoides commersonianus.
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Figure 3b. Spring 2011 concentrations of heavy metals (ug/g) in different tissues of

Scomberoides commersonianus.
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Figure 3c. Summer 2011 concentrations of heavy metals (ug/g) in different tissues of

Scomberoides commersonianus.
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Figure 3d. Autumn 2011 concentrations of heavy metals (ug/g) in different tissues of
Scomberoides commersonianus.
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Figure 3e. Winter 2011 concentrations of heavy metals (ug/g) in different tissues of
Scomberoides commersonianus.
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Generally, the results indicated that the concentrations of Fe, Co, Cu and Pb in
the gills and liver and Ni in the gonad during winter were lower than summer (p <
0.01).

On the other hand, Co, Cu and Ni concentration in the gills and gonad during
winter was significantly higher than summer. With the exception of winter 2011,
muscles appear to be the least contaminated with heavy metals during this
investigation. The concentrations of Ni and Pb in most tissues and in most sampling
seasons were below the detection limit (Figs. 3a-3e).

Discussion

This study has reported the levels of Cu, Co, Fe, Ni and Pb in S.
commersonianus, which forms a part of the daily diet of the people in Basrah
Province, Irag. Bioaccumulation of metals in fish tissues may be dangerous to
human health, therefore, an understanding of the concentration of metals in aquatic
ecosystem is important (Ademoroti, 1983). Metals contribute to a range of adverse
effects that can impact human health, and each may cause different behavioral and
physiological changes in an exposed individual (Salehifar et al., 2008).

Most of the investigations of fish from estuaries and coastal waters associated
with industrial and sewage discharges have found contamination with heavy metals
(Tariq et al., 1993). However, metals may also accumulate in water (Daka et al.,
2003), and may absorb by organisms under different physicochemical situations,
and so move up through the food chain (Bryan and Langston, 1992; Shokrzadeh et
al., 2008).

In addition, sediments are considered as the most significant reservoir or sink of
metals and other pollutants in the aquatic environment (Gupta et al., 2009).
Fernandes et al. (2007) suggested that the heavy metal pollution in sediment can
affect the water quality and bioaccumulation of metals in aquatic organisms,
resulting in potential long-term detriment to human health and environment.

Heavy metal problems in the fish are serious, as reflect by the high metal
concentrations found in the water and sediments (Wong et al., 2001). Olowu et al.
(2010) reported that metals accumulate in the sediments of aquatic systems due to
industrial and domestic effluents, and Fernandes et al. (2007) reported that heavy
metal contamination in sediment can influence the water quality and
bioaccumulation of metals in aquatic organisms. This results in potentially long-
term negative implications on human health and the environment. Historically, a
lack of attention to environmental safety has been associated with increased
population in an area (Saeedi et al., 2009). Thus, industrialization often leads to the
environmental pollution.

There are differences and similarities among the results of the present work and
the results from studies in the region. Comparison of metals concentrations in the
current study with environmental standards established across the region (Table 1),
showed that Cu concentration in the fish tissues did not exceed the Turkish
Environmental Guidelines (1988), FAO (1983) and Saudi Arabian Standards
Organization, SASO (1977).

However, Cu measured from winter season samples did exceed the Turkish
Environmental Guidelines (1988) and SASO (1977). Measured values of Fe and Ni in
the fish tissues were higher than the recommended standard limits. The Pb
concentration in gills and liver only from this study exceeded prescribed by all the
values which mentioned in Table (1).
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Comparing these levels of metals with other places (Table 2), it is noticed that
values of Ni reported from this study were the least. Values of Co, Fe and Pb, which
found in this study were higher than those recorded for the fishes in Arabian Gulf
countries (Table 2).

Table 1. Heavy metal concentrations for fish tissues (ug/g) in guide line at different

regions.

Standard Cu Ni Fe Pb References
WHO (1999) 0.90 | 450 | 0.20 | WHO, 1999
Saudi Arabia - - - 2 Al-Saleh & Shinwari 2002
European Communities - - - 0.5 | Al-Saleh & Shinwari 2002

Turkish Environmental

Guidelines (1988) 20 - - 1 Demirak, 2006
FAO (1983) 30 - 0.5 | Sankar etal., 2006
The Saudi Arabian

Standards Organization, | 20 - - 2.0 | Alietal., 2011
SASO (1977)

Table 2. Mean levels of heavy metals (ug/g) in fish species from the present and
another Arabian Gulf Studies.

Stations Cu Co Fe Ni Pb References
Abdel-Moati &

Qatar - - 0.28 2.23 | 0.93 Nasir, 1997
Saudi Arabia 6.09 - - - 9.76 |Ailetal., 2011
Khor Al- ] ] 515 | 26.00| - |Al-Edaneeetal., 1991
Zubair
Kuwait - 2.40 | 148.00 | 20.60 - Anderlini et al., 1982
Saudi Arabia 3.96 1.75 - 1.69 - Ashref, 2005
Kuwait - 20.04| 125 - -
Bahrain - - - 0.49 0.13
UAE - - - 018 0.08 Fowler et al., 1993
Oman - - - 0.32 0.07
Black Sea 0.03-7.77 - - - %02%_ Levent et al., 2012
Baltic Sea 4.3-96.1 - ]101-1190| 0.1-1.2 | 0.1-1.1| Voigt, 1999
Present study 7.89 21.07 | 198.27 5.43 1.85

A number of factors may contribute to variability of contamination of fish
tissues by heavy metals. Seasonal differences could be related to the variation in
local levels of pollution, bioavailability of metals (which is a function of variations
among physiochemical factors) and fish metabolism (growth cycle, reproduction
and feeding) (Aucoin et al., 1999; Eastwood and Couture, 2002; Mendil et al.,
2005). Fernandes et al. (2007) stated that levels of heavy metals in fish tissues may
depend on the size and age of the species. Other scientists have shown that the
period of exposure of the fish to contaminants, their feeding habits (Canli and Kalay,
1998) and habitats (Canli and Atli, 2003) are also related to levels of heavy metals in
fish.
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Therefore, it is important to note in the present study that the spawning period
of S. commersonianus takes place in spring and summer (Nasir, 2000), and a
change in the feeding habits of marine fish is possible (Odukoya et al., 1987). This
change in feeding behavior could explain some of the differences in metal
concentrations between the seasons (Yilmaz, 2005; Oyewale and Musa, 2006). If
most of the heavy metal concentrations reported by this project stay below than
threshold values reported by WHO (1985), contamination of aquatic flora and fauna
should be expected through bioaccumulation. At the least, the presence of these
pollutants may disturb the stability of the aquatic ecosystem and accordingly
develop into an ecological concern.

Consumption of this fish species is high, yet marine habitats of Iraq are far from
suitable. The levels of heavy metals in different fish organs, especially in gills and
liver are hazardous due to their possible health implications for the local
populations who depend on fish to supplement their diet. It is clear from this study
that bioaccumulation of heavy metals in fish tissues has occurred, and conditions
may become worse.

The findings of this investigation include the recommendation that regular
monitoring of heavy metal conditions in fishes be conducted, and that more actions
be taken immediately to guarantee water quality and to control contamination of
fish. Monitoring must account for different levels of contamination in various
tissues, and for differences in apparent contamination across seasons.

Conclusions

Heavy metals accumulate at different concentrations in different tissues of S.
commersonianus. Generally, metals accumulation in muscle was lower than gills
and liver. Co and Fe mainly accumulated in gills while the Cu accumulation was
highest in liver except in winter 2010. The results indicated that the levels of some
metals exceed the legal limit designated by some environmental health
organizations. The major finding of this work showed that seasons play a significant
role in metals accumulation. Thus, risks from metal contamination via fish
consumption may depend on season. It is evident that industrial pollution has led to
food chain contamination, and it is essential to consider the results of this study in
designing a pollution monitoring and control plan for this marine ecosystem. This
study should also draw attention to requirements of environmental and human
health protection authorities for the purpose of improving the regulatory framework
for mitigation of pollution from industrial and domestic sources.
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