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Abstract
In the present study, the concentrations of cadmium (Cd), lead (Pb), copper (Cu), zinc (Zn), iron (Fe),
aluminium (Al), mercury (Hg), nickel (Ni), manganese (Mn), and cobalt (Co) in the muscle tissues of three
shrimp species (Plesionika martia, Plesionika edwardsii, and Aristeus antennatus) from the northeast
Mediterranean Sea in Turkey were investigated. Inductively coupled plasma-optical emission spectrometry
(ICP-OES-Perkin Elmer Optima 8000) was used to determine heavy metals in the samples. The concentrations were expressed as mg/kg wet weight. Cd, Pb, Hg, Ni, and Co were not detected in muscle tissues of the
species. Mn was detected only in A. antennatus. The order of heavy metal concentrations were found as
Zn>Cu>Fe>Al in muscle tissue samples for P. martia and P. edwardsii. Also, the mean concentrations of
heavy metals in A. antennatus were Zn>Cu>Fe>Mn>Al. The results showed significant differences in Cu, Fe,
and Zn concentrations among the three shrimp species (p<0.05). The comparison of our results with previous
studies showed that the metal levels of species can vary even when caught from a similar area. In this study,
the concentrations of metals in the muscle tissue are less than the permissible limits set for heavy metals by
food regulations.

Keywords: heavy metals, shrimp, northeast Mediterranean Sea, crustacean

Introduction
In aquatic systems, heavy metals have received considerable attention due to their toxicity and accumulation
in organisms [1]. In general, they are not biodegradable
and have long biological halflives. According to the World
Health Organization (WHO), heavy metals must be controlled in order to assure public safety [2]. Therefore, during the last four decades the detection of trace elements in
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living organisms has become very important [3]. In fact,
heavy metals are natural trace components of the aquatic
environment, but their levels have increased due to
domestic, industrial, mining, and agricultural activities
[4, 5].
Marine organisms, in general, accumulate contaminants from the environment. Therefore, crustaceans have
been broadly used as biological indicators of coastal water
and in the determination and assessment of biological
effects of contaminants on the marine environment [6, 7].
The utilization of marine shrimp as bioindicators of heavy
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metal pollution in environmental monitoring studies has
been emphasized by many investigators. Meanwhile,
shrimp are widely consumed in many parts of the world
by humans, and polluted shrimp may endanger human
health. Heavy metal concentrations in these organisms
can be influenced by many environmental and biological
factors [2, 8, 9].
Most shrimp are benthic organisms living on the bottom
of oceans or seas. They generally live among algae and sea
grass, under stones and shells, in the cracks of rocks and
corals on hard surfaces, and in shallow holes on soft surfaces, and they are omnivores that consume foraminifer,
polychaeta, crustacean, algae species, and detritus. It could
be said that sediment geochemistry has a very important
role in the accumulation of metal in shrimp because of feeding behaviors of shrimp besides creating a living environment for shrimp [10].
This work presents a comparative evaluation of accumulation of cadmium (Cd), lead (Pb), copper (Cu), zinc
(Zn) iron (Fe), aluminum (Al), mercury (Hg), nickel (Ni),
manganese (Mn), and cobalt (Co) in the muscle tissue of
three shrimp species (P. martia, P. Edwardsii, A. antennatus) from the northeast Mediterranean Sea. In addition,
thiso study aims to gain knowledge about both environmental quality and the health of the organisms collected
from this area. Because the heavy metal pollution in aquatic environments can be harmful to human health, it is necessary to understand and control the hazard levels of pollution in seafood.

Materials and Methods
Collection and Preparation of Samples
Twenty samples from each shrimp species were caught
by bottom trawlers between 450 and 500 m deep in the
northeast Mediterranean from Turkey (36º12′253" N34º33′986" E/36º11′095′′ N-34°48′ 085" E).
Immediately after collection, shrimp were stored in a
container, preserved in crushed ice, and transferred to the
laboratory, where the muscle, viscera, and shell were separated and placed in labeled polyethylene bags and stored at
-20°C until processing for metal analysis.

Determination of Heavy Metals
The muscle tissue samples were transported with dry
ice to the Accredited Industrial Services Laboratory of
Turkey/Izmir. For each shrimp species, 2 g of muscle tissue
(wet weight) were weighed and placed in a digestion vessel
with 5 ml of concentrated (65%) nitric acid (HNO3) and
2 ml (30%) hydrogen peroxide (H2O2), and digested in a
microwave oven system. Inductively coupled plasma-optical emission spectrometry (ICP-OES-Perkin Elmer Optima
8000) was used to determine Cd, Pb, Cu, Zn, Fe, Al, Hg, Ni,
MN, and Co in the samples. The concentrations were
expressed as mg/kg wet weight [11].

Table 1. Concentrations of heavy metals in muscle tissue of
three shrimp species (mg/kg).
Muscle tissue

Heavy
metals

P. martia

P. edwardsii

A. antennatus

Cd

n.d

n.d

n.d

Pb

n.d

n.d
a

n.d
b

Cu

1.357±0.01

2.040±0.01

2.099±0.01c

Zn

4.483±0.15a

5.933±0.15a

9.953±0.10b

Fe

0.456±0.14a

0.619±0.14b

1.609±0.15c

Al

0.400±0.17a

0.399±0.18a

0.583±0.20a

Hg

n.d

n.d

n.d

Ni

n.d

n.d

n.d

Mn

n.d

n.d

0.698±0.01

Co

n.d

n.d

n.d

n.d. – below detection limit;
Limits of detection of measurements are 0.1 ppb for Cd, 1 ppb
for Pb, 1 ppb for Hg, 0.5 ppb for Ni, 0.1 ppb for MN, and 0.2
ppb for Co.
Data are expressed as mean±SD of triplicate measurements.
Different superscripts within the same row show significant differences between samples (p<0.05).

Data Analysis
For data analysis, analysis of variance and Duncan’s
multiple range test were employed by using SPSS 15.0
Windows software for finding out statistical differences
among various parameters. Statistical significance was
defined at p<0.05. The mean values were obtained from
three experiments and reported as means±SD [12].

Results and Discussion
The mean and comparison of heavy metal levels
(mg/kg) in muscle tissues for the selected three shrimp
species (P. martia, P. edwardsii, and A. antennatus) are presented in Table 1. As seen in Table 1, this investigation
showed significant differences in Cu, Fe, and Zn concentrations among the three shrimp species (p<0.05).
In the study, the highest concentrations of metal ions were
found in A. antennatus, while the lowest were detected in
P. martia. The Zn content in muscle of the shrimp species
was higher than other elements, and the lowest concentration was Al. The order of heavy metal concentrations were
found as Zn>Cu>Fe>Al in muscle tissue samples for
P. marti and P. edwardsii. The concentrations of heavy metals in A. antennatus were Zn>Cu>Fe>Mn>Al. In the tissues, Mn ions (0.698±0.01 μg/g) were detected only in
A. antennatus, while the Cd, Pb, Hg, Ni, and Co ions were
below the detection limit (Table 1).
Zn, Cu, Fe, Mn, and Al are essential for most living
organisms. In the study, Zn and Cu exhibited the highest
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accumulation in all three shrimp species, followed by Fe,
Cu, and Mn. That could be explained because Zn and Cu
play a role in growth and cell metabolism, in the enzymatic and respiratory processes of aquatic animals and the relatively high level of these metals it is necessary to carry out
these biological functions [6, 10, 13]. Similar results have
been reported by Gokoglu et al. [12] in previous studies on
shrimp species (Penaeus semisulcatus, Parapenaeus longirostris, and Paleomon serratus) from the Mediterranean,
Gulf of Antalya, Turkey. According to Pourang et al. [14],
Zn is the most abundant element in muscle, followed by
other metals. Krishna et al. [15] reported that the highest
concentration of the metal in muscle tissues of marine
organisms was Zn. Our results are in agreement with the
results reported on Zn and Cu.
Much of the Mn in natural waters is present in suspended forms, thus resulting in the removal of this metal
from the water column by sedimentation before toxic levels
can be attained. Mn is therefore less toxic than most other
metals [12]. For A. antennatus the Mn concentrations in the
muscle were 0.698±0.01 mg/kg.
The concentration of aluminium clearly reflects the
effects on living things, so it is an appropriate indicator
for acidification of the environment [16]. Al concentrations in the three shrimp species ranged from 0.399-0.583
mg/kg.
Among the ten metals studied in the present study, Cd,
Pb, Hg, Ni, and Co were not detected in muscle tissue of the
species. This may arise from the fact that these are either
only in trace amounts in their habitats or these elements are
not biomagnified in tissues. Many researchers have noted
that these elements did not exist or were only in trace
amounts in tissues [17].
There have been several studies on accumulation of
heavy metals in shrimp species [12, 18-21]. Table 2 shows
the comparison of mean concentrations of metals in tissues of some shrimp species from different parts of the
Mediteranean. The values in Table 2 demonstrate that the
metal levels in muscle tissues of shrimp species are variable and related to the pollution status of the regions, and
reflect the level of contamination in the sampling areas
and feeding behaviour of organisms [22, 23]. Recent studies have indicated that different marine species collected
from the same area contain different metal levels in their
tissues. Heavy metal bioaccumulation of shrimp is
species-dependent. Feeding habits and lifestyle of the
species are strongly related to accumulation levels [17, 24,
25]. As seen in Table 2, almost all metals measured in this
study are relatively lower than the values recorded in
shrimp species from different parts of the Mediterranean.
For example, Oksuz et al. [18] reported that the Cu, Zn,
Fe, and Mn in tissue of P. martia were higher than those
found in our study for the same species. Yarsan et al. [20]
pointed out that the Al contents in muscle tissue of P.
semisulcatus was also higher than those found in ours.
This is perhaps due to the fact that our sampling area is a
less contaminated marine environment compared to water
(sampling area) given in Table 3. However, all the previous studies indicated that various factors such as season,
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Table 2. Concentrations of heavy metals in crustaceans collected from different parts of the Mediterranean Sea (mg/kg).
Species

Metals

Concentrations

References

6.19

[12]

1.33-2.2

[12, 18]

2.83

[18]

5.59

[12]

2.71-3.07

[21]

Melicertus kerathurus

7.12

[19]

Penaeus semisulcatus

2.36

[12]

0.23-0.78

[12, 19]

Paleomon serratus

0.88

[19]

Plesionika martia

1.56

[18]

Penaeus semisulcatus

30.84

[12]

6.1 -14.57

[12, 19]

5.87

[18]

6.25

[12]

11.16-13.37

[21]

Melicertus kerathurus

60.42

[19]

Penaeus semisulcatus

33.89

[12]

11.81-18.00

[12, 18]

2.00

[18]

1.84

[12]

1.09-2.85

[21]

Melicertus kerathurus

57.90

[19]

Penaeus semisulcatus

0.60

[12]

0.72-1.52

[12, 18]

Plesionika martia

0.14

[18]

Paleomon serratus

0.25

[12]

0.43

[21]

4.26

[19]

Penaeus semisulcatus
Parapenaeus
longirostris
Plesionika martia
Cu
Paleomon serratus
Aristaeomorpha
foliacea

Parapenaeus
longirostris

Cd

Parapenaeus
longirostris
Plesionika martia
Zn
Paleomon serratus
Aristaeomorpha
foliacea

Parapenaeus
longirostris
Plesionika martia
Fe
Paleomon serratus
Aristaeomorpha
foliacea

Parapenaeus
longirostris

Aristaeomorpha
foliacea

Mn

Pb

Melicertus kerathurus
Penaeus semisulcatus

Al

8.57-49.9

[20]

Penaeus semisulcatus

Ni

0.03-0.52

[20]
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Table 3. Maximum permissible limit of some heavy metals in muscles (mg/kg wet weight) according to international standards [28, 29].
Metals
Cd

Pb

Cu

Zn

Fe

Mn

Al

FAO (1983)

0.05

0.5

30

30

-

-

-

FAO/WHO limit

0.5

0.5

30

40

-

-

-

1

2

30

100

100

1

Tolerable daily intake of
1 mg aluminium/kg
body weight per day

European community

0.05

0.2

-

-

-

-

-

Turkish guidelines

0.05

0.3

-

-

-

-

-

WHO 1989

“-” undeclared (unreported)

length, weight, different ecological needs, metabolism
and feeding patterns of marine organisms, physical and
chemical status of water type, and the level of water pollution can all play a role in the tissue accumulation of metals [24, 26, 27].
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