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Abstract The concentrations of heavy metals in Persian

Gulf are low, but petrochemical and refinery activities have

caused an increase in heavy metal wastes, especially in

coastal regions. The present study was done to determine

the bioaccumulation of heavy metals in the muscle of white

shrimp (Litopenaeus vannamei) using flame atomic

absorption spectrophotometry. The experiment was con-

ducted in four important coastal regions of the Persian

Gulf: Bushehr, Deylam, Mahshahr, and Abadan. Amounts

of seven heavy metals such as Copper (Cu), Iron (Fe), Lead

(Pb), Zinc (Zn), Nickel (Ni), Cadmium (Cd), and Cobalt

(Co), were measured as lg/g heavy metal in dry weight in

the muscle of white shrimp from the afore-mentioned

regions during 2011. This study revealed information that

the primary risk for human health and the marine life chain

was lead in the muscles of white shrimp in Mahshahr,

where intense petrochemical and refinery activities are

conducted. Concentrations of other heavy metals were

lower than world standards.

Keywords Bioaccumulation � Heavy metals � White

shrimp � Spectrophotometry

Persian Gulf (26�54017.0000N, 51�32051.0000E) is a body of

water in the Middle East which bordered by Iran, Iraq,

Kuwait, Saudi Arabia, Bahrain, Qatar, United Arab

Emirates, and Oman. It is surrounded by the greatest oil

reserves and has long been an important part of the global

economy. Because of a variety of operations, such as oil

exploration and industrial and agricultural activities, the

marine environment has become contaminated with a wide

range of pollutants, causing much concern over the last

few decades (Amoozadeh et al. 2014). Because of petro-

chemical and oil industries which are the major sources of

pollution, the matter of heavy metal contamination of

aquatic organisms has become a field of study in envi-

ronmental studies and toxicology (Hellou et al. 1992;

Rahmanpour et al. 2014). Heavy metals enter the aquatic

environment through sources such as anthropogenic

activities which cause industrial effluents, domestic sew-

age, and mining wastes (Reddy and Chinthamreddy 1999;

Wan Ngah and Hanafiah 2008). The discharge of these

wastes without suitable treatment often contaminates the

marine biota in fish, shrimp, oysters, and crabs (Mitra et al.

2010). In addition to the anthropogenic input, the largest

natural sources of heavy metal are rock and solid elements

(Soegianto and Irawan 2009). This is a vital requirement to

adopt an environmentally maintainable management sys-

tem to estimate the biological availability of environmental

pollutants (Krishnamurti and Nair 1999; Dökmeci et al.

2014; Salahshur et al. 2014). The purpose of this study was

to document the concentration of metals in the tissue of

commercially valuable shrimp from the Persian Gulf. This

survey also presents the distribution pattern and bioaccu-

mulation of heavy metals in the Persian Gulf. Furthermore,

hazardous heavy metal levels were compared to available

certified safety guidelines proposed by the Food and Drug

Administration (FDA), the National Academy of Science

(NAS), the National Health Research Council (NHMRC),

the Tasmania Public Health Regulation (TPHR), the

Ministry of Agriculture Fisheries and Food (MAFF), the

Food Standards Committee (FSC), the World Health
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Organization (WHO), and the Food and Agricultural

Organization (FAO).

Materials and Methods

Four different stations along the coast of the Persian Gulf

(Fig. 1) were selected, namely Bushehr (28.9833� N,

50.8167� E), Deylam (30.0539� N, 50.1572� E), Mahshahr

(30.5500� N, 49.1833� E), and Abadan (30.3472� N,

48.2917� E). Up to twenty individual shrimp of commer-

cial size (20–23 g) were collected in each sampling to

analyze the concentrations of heavy metals in their mus-

cles. The collected samples were stored in crushed ice and

brought to the laboratory where they were rinsed with

distilled water. The shells and legs were removed and the

abdomens were separated from the cephalothorax and tail

and stored at -20�C until processing for metal analysis.

Similarly sized specimens of each group were analyzed for

heavy metal content in the muscles.

All samples were washed with HCL(Moody and Lind-

strom 1977). Then, the muscles of white shrimp were dried

in an oven at 105�C and finely ground separately. The

tissue was measured using Walkey-Black titration (Walk-

ley and Black 1934), and heavy metal concentrations were

measured with the standard addition method (Frı́as-Espe-

ricueta et al. 2006; Paez-Osuna and Tron-Mayen 1995).

100 mg dried ground sample was digested in 5 mL con-

centrated nitric acid at 135�C for 4 h. Subsequently, 1 mL

hydrogen peroxide (30 %) and 1 mL concentrated per-

chloric acid were added to previous solution, and the

solution was incubated at 150�C (6 h) until clear and all

particles had turned white color (Wu and Yang 2011; Zhou

et al. 1998). Digested samples were filtered and diluted

with high purity deionized water at a ratio of 1:5 prior to

being analyzed with flame atomic absorption spectropho-

tometry. Samples were analyzed in triplicate, and the

results were collected on a dry weight basis using an

atomic absorption spectrometer (Perkin-Elmer Model-

Analyste 300) equipped with a microcomputer-controlled

acetylene flame.

Analysis of variance (ANOVA) was used to identify any

significant differences between the various parameters.

Statistical significance was defined as p \ 0.05. The data

was analyzed using SPSS software version 13.0.

Result and Discussion

The concentrations of heavy metal in the muscle of white

shrimp are shown in Table 1. The results of this study

indicated that concentrations of Copper, Zinc and Lead in

Mahshahr and Iron in Abadan and Nickel in Deylam had

the highest concentrations in heavy metal. Cadmium and

cobalt in all the locations had very negligible concentra-

tions. Nickel in Mahshahr, lead in Deylam, and copper in

Abadan and Bushehr had the lowest concentrations

(Table 1).

In Mahshahr station, the concentrations of copper and

lead were significantly higher than in those from the other

places (p \ 0.05). Also, the concentrations of Iron were

significantly higher in Abadan than in other regions

(p \ 0.05). Other heavy metals in another ports had no

significant differences (p \ 0.05). All heavy metal con-

centrations in shrimp muscle from different areas were

below standard levels except the concentration of lead in

the Mahshahr. A comparison of heavy metal concentrations

in different ports of the Persian Gulf is shown in Fig. 1.

The order of heavy metal concentrations in shrimp muscles

were Cu [ Pb [ Fe [ Zn [ Ni [ Cd, Co respectively

Fig. 1 Shrimp collection sites

in the Persian Gulf. Black

arrows show Bushehr, Deylam,

Mahshahr and Abadan in border

line ports of Persian Gulf
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(Figs. 1 and 2), and the records of concentrations are

summarized in Table 1. These heavy metal concentrations

were compared to seafood standards set by world organi-

zations, including the FDA, the WHO, and the FAO (Hu-

ang 2003; Kumar et al. 2012).

The lead (Pb) concentration in Mahshahr was much

higher than that in other regions, and it was above seafood

standards set by world organizations. Despite the impor-

tance of marine life and seafood resources in the Persian

Gulf, relatively little data is available on the flux and dis-

tribution of environmental marine pollutants and their

effects on marine organisms. The contamination of aquatic

systems with a wide range of pollutants has become a

matter of concern over the last few decades (Vutukuru

2005). Aquatic animals, part of the food chain, can be

contaminated by heavy metals (Perugini et al. 2014). The

toxicity and capacity of heavy metal accumulation in the

biota are serious problems for human health and ecosystem

safety. We found that the concentrations of Cu are higher

than other metals (Pb, Fe, Zn, Ni, Cd, and Co) in shrimp,

which these results are similar to (Sadiq et al. 1982). Dif-

ferent aquatic organisms from other marine environments

of the world have also been exposed to heavy (Paez-Osuna

and Tron-Mayen 1995; Carbonell et al. 1998; Hossain and

Khan 2001; Kádár et al. 2006; Badejo et al. 2010; Wu and

Yang 2011; Dökmeci et al. 2014). The levels of heavy

metals in shrimp muscles in this report were relatively

lower than those of other regions in the world except the

lead concentration, which had the highest concentration in

Mahshahr. Mahshahr Industrial Zone has one of the biggest

petrochemical complexes in the Middle East (Nabavi et al.

2013). Variations in heavy metal concentrations among the

samples could have been dependent on factors such as size

categories, ecological zones, and trophic levels (Rainbow

1995; Canli and Atli 2003; Soegianto and Irawan 2009;

Nabavi et al. 2013). The concentrations of heavy metal

may be dependent on species, feeding habits, the bio-

concentration capacity of each species, or ecological

zone(Kwok et al. 2014). In many studies, increasing

amounts of heavy metal accumulation in aquatic organisms

have been linked to urbanization, agriculture, oil activities,

and anthropogenic sources. The lowest Pb concentration

was found in Deylam station. There is no industrial activity

near this region. Which is relatively remote area compared

to other station. Thus, it seems reasonable that Abadan and

Mahshahr, both of which have intense industrial activity,

would have more heavy metal pollution. The concentra-

tions of other metals in shrimp muscle were generally

lower than those in current world standards (Huang 2003;

Kumar et al. 2012). This study found that the white shrimp

(Litopenaeus vannamei) from Bushehr, Deylam, and

Abadan are safe for human consumption. Significant vari-

ations were found between locations for Fe, Cu, and Pb

(p \ 0.05). Fe and Cu are classified as essential elements

Table 1 Level and standard deviation of heavy metals in seawater from different marine ecosystems in the Persian Gulf (lg/g)

Different ports in

Persian gulf

Copper

mean ± SE

Iron

mean ± SE

Nickel

mean ± SE

Lead

mean ± SE

Zinc

mean ± SE

Cadmium Cobalt

Mahshahr 4.14 ± 0.65 0.95 ± 0.1 0.29 ± 0.17 2.54 ± 0.32 0.48 ± 0.1 NS NS

Deylam 0.95 ± 0.24 1.48 ± 0.10 0.39 ± 0.10 0.01 ± 0.02 0.46 ± 0.12 NS NS

Abadan 0.19 ± 0. 1 1.98 ± 0.2 0.31 ± 0.01 0.59 ± 0. 2 0.47 ± 0.1 NS NS

Bushehr 0.06 ± 0.01 0.62 ± 0.10 0.38 ± 0.01 0.33 ± 0.10 0.34 ± 0.14 NS NS

NS below detection limit, Limits of detection of measurements are 0.09 mg kg d.w. for Cd, 0.3 mg kg-1 d.w. for Pb and 0.09 mg kg-1 d.w. for

Co

Fig. 2 Comparison of heavy

metals in shrimp muscles in

different ports of Persian Gulf
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and can be toxic when the amounts ingested increase

(Uluozlu et al. 2007), but they are lower than the recom-

mended standard maximum levels. This study shows new

information on the distribution of metals in white shrimp

along Persian Gulf. The results showed different results of

metals rather than previous studies in these areas(Nabavi

et al. 2013; Heidari et al. 2013). According to other

reviews, the measurement of heavy metals in aquatic

organism tissue as a water quality indicator could be more

reliable than water chemical analysis (Teodorovic et al.

2000; Abdullah et al. 2007; Türkmen et al. 2008; Mokhtar

et al. 2009; Hendriks et al. 1995). The shrimp market in

Iran is dependent upon shrimp farming and harvesting from

these regions. Therefore, it is strongly recommended that a

monitoring system be deployed, especially in polluted

areas. Stricter regulations for shrimp harvesting and

farming could satisfy health and safety considerations in

the shrimp market. The high, hazardous levels of lead

pollution in the shrimp of Mahshahr are alarming for

authorities, since lead in the human body tend to cause

deadly diseases.
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