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Abstract: The objectives of this study was to determine and compare the concentration levels of five selective essential
trace metals ( Fe, Cu, Zn, Co and Se) and three non-essential metals (Hg, Pb and Cd) in the edible muscle tissues of
commercially important species of male and female crustaceans (Erugosquilla massavensis, Penaeus semisulcatus,
Metapenaeus monoceros, Portunus pelagicus) and mollusks (Sepia spp. And Cardium edule). It was carried out also to
evaluate the bioaccumulation process of the elements based on the Metal Pollution Index (MPI) as an attempt to use these
organisms as bioindicators of pollution of Mediterranean Sea, Red Sea and the Arabian gulf and to ensure the seafood
safety from these regions. The obtained results revealed that significant variations of Fe, Cu, Zn, Co, Hg, Pb and Cd levels
in edible muscles of crustacean and mollusk organisms were observed at different localities surveyed, as well as between
sex of each species and environmental areas. The present data also, show that MPI factor of essential metals were higher
than that of non-essential heavy metals in all studied organisms. Moreover, MPI values suggested that mantis shrimps E.
massavensis and bivalve mollusks C. edule have a greater capacity for metal bioaccumulation than shrimps, crab and
cephalopod mollusks, so E. massavensis and C. edule are more vulnerable to metal pollution than the other studied species.
Therefore, it is suggested that E. massavensis and C. edule can be used as bioindicators of metal pollution.

Keywords: Essential, Metal Pollution Index, Non-Essential, Heavy Metals, Bioaccumulation, Edible Muscles,
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1. Introduction
Coastal pollution has been increasing significantly over
the recent years and found expanding environmental
problems in many developing significant amount of trace
metals into the marine environment, causing permanent
disturbances in marine ecosystems, leading to
environmental and ecological degradation and constitute a
risk to a number of flora and fauna species including
humans, through food chains [1]. Marine organisms require
varying amounts of essential trace metals "heavy metals"
and acquire them from ambient water such as: Fe which is
the most abundant transition element and probably the most
well known metal in biologic systems [2]. Zn and Cu are
present within the aquatic environment at low level and are
essential for some metabolism in living organisms at
particular concentration [3]. Furthermore, Cu required by

crustaceans species as an essential part of their oxygencarrying pigment haemocyanin. Zn is vital component of
many enzymes such as carbonic anhydrase, carboxypeptidase and several dehydrogenases. Additionally, Co is
readily absorbed from the gastro-intestinal tract and the
surrounding water by fish and crustacean and other aquatic
organisms. It is an essential trace mineral that is a
constituent of vitamin B12 [4]. Moreover, Se is an essential
trace element. It is an antioxidant which prevents damage
of cells and inhibits chromosome damage and mutations. It
is also known to participate in several important metabolic
interactions with a variety of hazardous elements such as
Hg, and Cd [5]. However, their importance for living
organisms, the essential metals can also produce toxic
effects when they accumulate and their level is excessively
elevated in aquatic organisms. Furthermore, these toxic
effects tend to be more complicated than that of the nonessential heavy elements [6]. These non-essential metals
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are exemplified by the Hg, Pb and Cd which are considered
toxic elements even at relatively low concentrations that
have no known vital or beneficial effect on organisms and
their accumulation over time in the bodies of organisms can
cause serious illness due to their competition with the
essential metals for binding sites [7]. Hence, their
concentration in the environment is of major importance,
since the accumulation of such metals in the water and
aquatic organisms has both direct and indirect
consequences on both aquatic and human life [8, 9].
In aquatic ecosystem, heavy metals are considered as the
most important pollutants, since they are present
throughout the ecosystem [10, 11]. Many marine organisms
have the potential to accumulate high levels of metals from
their environment [12, 13], Pollution enters fin and shell
fishes through five main routes: via food or non-food
particles, gills, oral consumption of water and the skin [14,
15] i.e., heavy metals in dissolved form are easily taken up
by aquatic organisms, where they are strongly bound with
sulfhydril groups of proteins and accumulate in their tissues
[16]. Bioaccumulation means an increase in metals
concentration in biological organisms compared to their
concentration in the environment [17]. Metals
accumulation in living things anytime they are taken up and
stored faster than they are broken down (metabolized or
excreted). Bioaccumulation varies among organisms based
on uptake, detoxification and outside environment.
Moreover, bioaccumulation indicates the pollution level in
organisms which live in polluted environments [18]. Hence,
bioaccumulation of heavy metals in commercial marine
organisms is of global importance. Continuous monitoring
of aquatic animals is very important in polluted
environment to evaluate the possible risk of human
consumption [19]. Furthermore, the bioaccumulation
studies led to adoption of the bioindicators concept.
Seafood is widely used as bioindicators of marine pollution
by metals [20, 21]. The use of marine organisms as
bioindicators of metal pollution of aquatic environments
and suitability for human use from toxicological point has
been documented [9, 13-15, 22, 23 ] .
Over the last decades, there is an increasing concern
regarding the roles and fates of trace metals in aquatic
ecosystem of Mediterranean Sea, Red Sea and the Arabian
gulf. Much of this concern arises from the low level of
available information on the concentration of these metals
within the environment and in marine organisms. So, the
present paper aims to highlight the level of five selective
essential trace metals (Fe, Cu, Zn, Co and Se) and three
non-essential metals (Hg, Pb and Cd) in the edible muscle
tissue of commercially important species of crustaceans
(mantis shrimps, shrimps and crabs) and mollusks
(cephalopods and bivalves) caught from these regions.
According to many researchers, some shellfishes by virtue
of their mobile nature are not fair indicator of aquatic
contamination, but their regular consumption by human
beings makes it absolutely necessary to monitor their
different organs, particularly the muscles. The present study

is therefore important not only from the safety point of
view of human health, but also from the quality point of
view as many of these shellfish species have high export
value.

2. Material and Methods
2.1. Collection of Samples
Six crustaceans species (2 species of mantis shrimps
species, 2 species of shrimps, 2 species of crabs and four
mollusks species ( 2 species of cephalopods and 2 species
of bivalves) were selected in this study and collected from :
A- Egyptian coasts ( fishing ports of the Suez and
Ismailia regions) that included males and females marine
mantis shrimp Erugosquilla massavensis.
B- Saudi Arabia coasts that included the following
species:
i- Crustaceans species: Both sexes of Penaeus
semisulcatus (shrimps), and Portunus pelagicus (crabs).
Additionally to mollusks species; cephalopod mollusks;
Sepia spp. and bivalve mussel Cardium edule that were
obtained from local fishermen at Jeddah as source of Red
Sea samples.
ii- Both sexes of of Metapenaeus monoceros (shrimps), P.
pelagicus, and mollusks (Sepia spp. and C. edule) were
collected from local fishermen at Dammam that included
the Arabian gulf strains .
The analyses were carried out on composite samples of 5
specimens of each species ( in each crustaceans species, 5
males and 5 females were included in each analysis) having
uniform size. This is a measure to reduce possible
variations in metal concentrations due to size and age.
2.2. Separation of Muscle away from Exoskeleton
- Fresh whole bodies of all samples of crustaceans were
stored at – 20 ° C to facilitate peeling process after thawing
when needed as most crustaceans. While, internal shell of
Sepia and the carapace of C. edule were removed from
their edible muscles.
2.3. Edible Muscles Analysis for Estimation of Heavy
Metal Contents
The tissues samples were dried in an oven for 6 hours at
105ºC and then burn in a muffle furnace for 16 hours at
550ºC till reduced to ash [24].
- The obtained white ash was digested by 1 ml of mixture
of concentrated nitric acid (2/3) and concentrated
perchloric acid (1/3; Merck). It was then dissolved in 1ml
of 1:1000 dilute nitric acid and analyzed for heavy metals
concentrations (Fe, Cu, Zn, Co, Se, Hg, Pb and Cd) by
using Perkin Elmer analyst 100 atomic absorption
Spectrophotometer.
2.4. Statistical Analysis
The results of the present work were analyzed
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statistically by using the Statistical Package for Social
Science (SPSS version 15 package software). Data were
expressed as Mean ± S.E Two way analysis of variance
(ANOVA) was applied to illustrate the effect of region, sex
and their interaction on the studied biochemical parameters.
Means with the same letter for each parameters are not
significantly different, otherwise they do (P<0.05). In order
to compare the total content of heavy metals at different
locations, the metal pollution index (MPI ) was used [25,
26].
MPI = ( M1 X M2 X M3X….X Mn)1/n, where Mn is the
concentration expressed in mg/kg of any investigated
metals in the sample.
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( o.25 and o.26 mg/kg respectively) but this increase was
non-significant.

3. Results
3.1. Essential Heavy Metals Analysis
The mean concentrations of essential trace metals Fe, Cu,
Zn , Co and Se in muscle tissues of commercially important
crustaceans and mollusks species as mg/ kg are presented
in Figures 1, 2, 3, 4, 5. In the present study, significant
differences were observed in all determined essential heavy
metal concentrations between sexes of crustaceans as well
as among all studied species ( p > 0.0001) except Se levels,
where non-significant variations were recorded. The range
of Fe varied from 44.33 to 158.57 mg/ kg, while that of Cu,
Zn , Co and Se were from 0.98 to 188.58 mg/kg, 31.29 to
61.50 mg/kg, 0.09 to 16.70 mg/kg and 0.05 to 0.26 mg/kg
respectively.
In crustaceans species, both sexes of E. massavensis
accumulated the higher levels of Fe, Cu, Co and Se
compared to that of males and females of crabs and shrimps
species. Additionally, E. massavensis males had the highest
levels of Zn, while their females accumulated the lowest
level (29.70 mg/kg , 28.76 mg/kg from Suez and Ismailia
respectively). Furthermore, the present results detected that
all edible muscles of shrimps species accumulated higher
concentrations of Fe, Cu, Co and Se except for shrimps
species from the Arabian gulf that had lower mean values
of Fe ( 48. 30 mg/kg , 57 mg/kg in males and females
respectively) in comparison with crab species from two
studied regions. On the other hand, in crab species, both
sexes had higher Zn contents than in shrimps species.
Comparing heavy metal contents of the same crustaceans
species with one another from different regions, the present
data recorded that in mantis shrimps, both sexes from Suez
region had higher levels of Fe and Co than that from
Ismailia region. Furthermore, Cu accumulation had the
higher concentration in edible muscles of females mantis
shrimps from Suez (188.58 mg/ kg) followed by females
from Ismailia (182.15 mg/kg), while lower level was
observed in males from Suez (104.31 mg/ kg). While, no
differences in mean values of Zn was detected between
same sex from two studied regions. Regarding, Se contents,
this essential heavy metal had the higher concentration in
males mantis shrimps from Ismailia and females from Suez

Fig 1. Fe concentration in muscles of crustaceans and mollusks species.

In shrimps species, both sexes of P. semisulcatus
accumulated higher levels of Fe, Cu and Zn compared to M.
monoceros. While, Co accumulation, the higher
concentration was detected in males M. monoceros (8.15
mg/kg), however their females had lower level (3.83
mg/kg). Furthermore, Se showed higher concentrations in
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males P. semisulcatus and females M. monoceros and lower
level was observed in males M. monoceros, however these
differences statistically were non-significant. In crab
species, both sexes of Arabian gulf strain had higher levels
of Fe, while higher concentration of Cu was recorded in
females from Red Sea and Arabian gulf (2.65 mg/kg and
2.35 mg / kg respectively) while lower level of Cu was
observed in males from Red Sea ( 1.03 mg/kg). On the
other hand, both sexes of crabs from Red Sea had the
higher concentrations of Se, but this increase was nonsignificant as in shrimps species.

Fig 3. Zn concentration in muscles of crustaceans and mollusks species.

Fig 2. Cu concentration in muscles of crustaceans and mollusks species.

In mollusks species as shown in Figs. 1, 2, 3, 4, 5, edible
muscle of cephalopods ( Sepia spp.) had the lower levels of
Fe, Cu, Co and Se than in bivalve mollusks (C. edule). On
the other hand, cephalopods accumulated the higher level
of Zn (35.26 mg/kg, 40.43 mg/kg from Red Sea and
Arabian gulf respectively). As regards, in cephalopods
species, Sepia from Red Sea had higher levels of Fe, Cu
and Se and lower concentrations of Zn and Co in
comparison with the same species from Arabian gulf. While,
in bivalves species, edible muscles of C. edule from Red
Sea accumulated higher levels of Fe and Co and lower
mean values of Cu, Zn and Se than those from Arabian gulf.
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Fig 5. Se concentration in muscles of crustaceans and mollusks species.

Fig 4. Co concentration in muscles of crustaceans and mollusks species.

Comparing essential heavy metals accumulation in
crustaceans and mollusks species in all studied regions, it
was observed that Fe accumulated as per the order C. edule
specie > both sexes of E. massavensis > both sexes of P.
semisulcatus > both sexes of P. pelagicus > both sexes of M.
monoceros > Sepia species (Fig 1). Moreover, Cu
accumulated in the highest concentrations in both sexes of
massavensis > males P. semisulcatus > C. edule > females P.
semisulcatus > both sexes of M. monoceros > both sexes of
P. pelagicus > Sepia (Fig 2). In Fig 3 , Zn had this
decreasing order males E. massavensis from two studied
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areas > both sexes of P. pelagicus > both sexes of P.
semisulcatus > both sexes of M. monoceros > Sepia > C.
edule > females E. massavensis. Furthermore, Co
accumulated as per the order C. edule > both sexes of
studied species of E. massavensis > males M. monoceros >
both sexes of P. semisulcatus > females M. monoceros >
both sexes P. pelagicus > Sepia (Fig 4). Se had this order,
where non-significant variation was detected both sexes of
E. massavensis species > males of P. semisulcatus >
females M. monoceros > females P. semisulcatus > C. edule
species > both sexes of P. pelagicus > Sepia (Fig 5).
3.2. Non-essential Heavy Metals Analysis
Regarding non-essential heavy metals contents, Hg, Pb
and Cd in muscle tissues of crustaceans and mollusks
species are presented in Figs 6, 7, 8. The present results
showed that the levels of non-essential heavy metals
showed variations among species, as well as between sex of
each species and environmental areas. The mean values of
Hg ranged from 1.65 mg/kg to 4.91 mg/kg. Furthermore,
that of Pb and Cd were 3.49 mg/kg to 11.49 mg/kg and 0.14
mg/kg to 0.87 mg/kg respectively. In crustaceans species,
the concentrations of Hg and Pb in the abdominal muscles
of both sexes of E. massavensis from two studied areas had
the highest mean values comparable to their values in crabs
and shrimps species. Furthermore, males mantis shrimps
from Suez accumulated the highest Cd contents in
comparison with all studied crustaceans (0.58 mg/kg).
While, the lowest mean values of Hg was detected in
females M. monoceros (1.65 mg/kg). Also, both sexes of M.
monoceros exhibited the minimum mean values of Pb (3.79
and 3.49 mg/ kg for males and females respectively).
Furthermore, the present data recorded that edible muscles
of all studied crab species accumulated Pb higher than that
in shrimps species. Conversely, all shrimp samples had
higher mean values of Cd than crab species except for
females P. semisulcatus where lower Cd contents were
recorded (0.270 mg/ kg). Moreover, the present data
showed that all studied male crustaceans accumulated
higher levels of determined non-essential trace metals in
their muscles than their females except for crab species
whose males had lower Cd than their females. According
the studied localities, males and female mantis shrimps,
from Suez region accumulated higher levels of studied nonessential heavy metals than those from Ismailia region.
Additionally, both sexes of shrimps species from Red Sea
had higher contents of Hg and Pb than those from Arabian
gulf. Moreover, males shrimps from Red Sea accumulated
more Cd than males and females of Arabian gulf, but, their
females had lower content of Cd (0.230 mg/ kg). In crab
species, both sexes from Red Sea had higher levels of Pb
and lower level of Hg than those from Arabian gulf. While,
non-significant variation was detected for Cd content
between two studied region.

Fig 6. Hg concentration in muscles of crustaceans and mollusks species.

In mollusk organisms, the bivalves bioaccumulated the
highest concentrations of non-essential trace metals as
compared with their concentrations in cephalopod mollusks.
Furthermore, in edible muscles of cephalopod species from
Red Sea less Hg level was detected than Arabian gulf.
However, non-significant differences were recorded in Pb
and Cd contents between studied regions. Regarding,
bivalves species, C. edule from Arabian gulf had higher
contents of all determined non-essential heavy metals than
that from Red Sea. Comparable to crustacean organisms,
Fig 6 illustrated that Hg accumulation had this descending
arrangement C. edule from Arabian gulf > males E.
massavensis from Suez > C. edule from Red Sea> males E.
massavensis from Ismailia > females E. massavensis>
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males P. semisulcatus > males P. pelagicus > males M.
Monoceros > Sepia from Arabian gulf > females P.
semisulcatus > Sepia from Red Sea > females P. pelagicus>
females M. monoceros. Moreover, Pb accumulation as per
the order both females P. pelagicus > males P. pelagicus
and females E massavensis from Ismailia> females P.
semisulcatus > Sepia. > M. monoceros (Fig 7). While, Cd
accumulated in all studied samples according to the
following order: C. edule > males E. massavensis from
Suez > males P. semisulcatus > males E. massavensis from
Ismailia > females E. massavensis from Suez > both sexes
M. monoceros > all females P. pelagicus > males P.
pelagicus and females E. massavensis from Ismailia>
females P.semisculcatus > Sepia

Fig 8. Cd concentration in muscles of crustaceans and mollusks species.

Fig 7. Pb concentration in muscles of crustaceans and mollusks specie.

To compare the total metal content in the different
sampling sites investigated in this study, the metal pollution
index (MIP) was used. From Fig. 9 A & B, it is clear that
MPI in essential heavy metals recorded higher level in all
mantis shrimps followed by bivalve mollusks, followed by
shrimps species and the lower content occurred in crabs
species followed by cephalopod species. Furthermore, the
present data showed that males mantis shrimps had higher
MPI of essential and non-essential heavy metal than that of
females. Regarding, shrimps species and bivalve mollusks
from Red sea, they had higher MPI for all determined
metals than in the same species from Arabian species.
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While, crab species and cephalopod mollusks from Arabian
gulf showed higher MPI than species from Red sea.
Furthermore the data detected that, MPI of essential metals
were higher than that of non-essential heavy metals in all
studied organisms. Furthermore, MPI of non-essential
heavy metals had this decreasing order bivalve mollusks >
mantis shrimps > male shrimps from Red Sea > male crabs
from studied regions> male shrimps from Arabian gulf >
female crabs from studied localities > female shrimps from
studied regions > cephalopod mollusks.

Fig 9. A. Metal pollution index of heavy metals in studied organisms
(MPI=( M1 X M2 X M3X….XM n)1/n ,where Mn is the concentration expressed
in mg/kg of any investigated metals [25, 26]. A- MPI of essential heavy
metals.

4. Discussion
Information regarding bioaccumulation levels of heavy
metals in marine organisms is very important, with many
implications in various domains, like environment
protection, public health, control of standards compliance
or risk assessment. Taking into account the ability of
marine biota to accumulate metals from their environment
(seawater, sediments, food), their utilization as marine
pollution bioindicators has been confirmed by numerous
examples [9, 13,15, 27]. Furthermore, several organizations
have pointed out the need for monitoring heavy metals
concentrations in the aquatic environment [28] because of
their toxicity, persistence and accumulation in the biota. So,
on this background the present study aims to investigate the
accumulative capacity of important commercially
crustaceans and mollusks with the heavy metals Fe, Cu, Zn,
Co, Se , Hg, Pb and Cd. In particular, the present study is
concerned with the determination of the residual heavy
metal concentrations in the edible muscles of these
organism to ensure their safety for human consumption.
Additionally, to investigate the ability to use these marine
organisms as bioindicators of water pollution especially, the
selective marine organisms in this study caught in the Suez
canal, Red Sea and Arabian gulf. Furthermore, the present
study is therefore important not only from the safety point
of view of human health, but also from the quality point of
view as these selected organisms have high export value.
The present study has shown that significant spatial
variations in metal contents among species and between sex
of each species were observed. These variations are
presumably due to individual samples being of different
size categories, from different ecological niches, and from
different trophic levels. Possibly, species also have different
metabolic requirements for specific trace element [15, 29,
30].
An important aspect is the wide variety of factors that
influence metal bioaccumulation, like type of food
hydrochemistry conditions, metal bioavailability, genetic
differences, physiological state [31]. These factors
determine variations of metal concentration that can
sometimes mask the organism responses to temporal or
spatial gradient of pollution. Furthermore, ecological needs,
sex, size, seasonal changes and moult of marine animals
changes were also found to affect metal accumulation in
their tissues, Moulting has often been considered as one of
the main excretory mechanisms of crustaceans since large
amounts of metals may be lost with the moulted carapace
[22]. Moreover, many laboratory and field studies reported
that metal accumulation in tissues of organisms depends on
metal concentration in the water and also the exposure
period, Physio-chemical parameters such as the
temperature, pH, salinity and hardness of the water play a
crucial role in heavy metal accumulation [9, 23].
Bioaccumulation varies among organisms based on uptake,
detoxification and outside environment [18]. In the present
study, the variation in metal bioaccumulation in studied
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crustacean and mollusk organisms might be due to
variation of species, sex and species location.

Fig 9. B. Metal pollution index of non- essential heavy metals in studied
organisms.

Looking to the residual heavy metals in edible muscles
of crustacean and mollusk organisms in the present work. It
was clear that higher levels of Fe were found in bivalve
mollusks followed by mantis shrimps followed by crabs
and shrimps. While the lowest contents were detected in
cephalopod mollusks. The present results coincides with
the results of [27] which recorded that edible muscles of
males E. massavensis accumulated the highest level of Fe
followed by males M. monoceros and males P. pelagicus
from the Egyptian Mediterranean coast off Port Said.
However, the recorded values in their studies were higher
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than that of the present work. This might be attributed to
variation in ecological niches where marine organisms
found. Moreover, the present study is in agreement of study
of [32] which recorded that bivalve mollusks accumulated
higher level of Fe in their edible muscles. On the other
hand, the present data are not in agreement with the results
of [26] which reported this decreasing order of Fe level:
cephalopod mollusks > bivalve mollusks > crab> shrimps.
Regarding to Cu, the present data show that E.
massavensis accumulated the highest content of Cu in their
edible muscles followed by P. semisulcatus shrimps,
followed by C. edule and M. monoceros while the lowest
levels were observed in crabs followed by Sepia. The
present result are in agreement with the results of [15]
which showed that P. semisulcatus accumulated the highest
level of Cu compared to other shrimps species (P. indicus, P.
monodon, P. marguensis and M. brevicornis). Similarly, the
present data coincide with [9] who reported that P.
pelagicus does not appear to accumulate excessively high
concentrations of Cu in its edible tissues. On the other hand,
[33] reported higher concentration of Cu in edible muscles
of P. pelagicus from Kuwait coast. Moreover, the
bioaccumulation of this trace metals exhibited the highest
concentrations in muscles of Sepia (9.7 µg/g) followed by
crabs (3.4 µg/g ) followed by shrimps (3.1 µg/g) and lowest
levels in bivalve mollusks (1.3 µg/g ) as reported by [26].
Furthermore, from the present study, it is detected that all
studied males of mantis shrimps had the highest Zn
concentrations, while their females accumulated the lowest
levels compared with other crustacean and mollusk
organisms. It was observed that the mean values of Zn in
males and females E. massavensis confirms the recorded
values by [27]. Additionally, the present results detected
that crabs species accumulated higher content of Zn
followed by shrimps species followed by cephalopod and
bivalve mollusks. The elevation of Zn in edible muscles of
P. pelagicus wa recorded also by [9, 34]. Furthermore, the
present study is in close agreement with [9] who recorded
that Zn levels in muscle tissues of P. pelagicus were higher
than Cu concentrations. Regarding Zn levels in other
studied species in the present work, it was observed that in
mantis shrimps and bivalve mollusks Cu pared to
concentration of Zn, conversely, in shrimps and cephalopod
mollusks Zn were relatively higher compared to
concentration of Cu. This similar findings were also
recorded in fishes [35, 36] and crustaceans [15, 36, 37]
caught from other waters of the world. It is generally
believed that marine organisms are actively regulate Zn
concentrations in their tissues and that therefore, Zn tissue
levels do not reflect the changes in Zn concentrations in the
environment [38]. Previously, [39] stated that all the
crustaceans require Cu and Zn for their biological functions
and are capable of regulating internal concentrations up to
thresholds above which regulations break down and net
accumulation of the metals occurs. In general, these
essential metals appear to diffuse passively probably as a
soluble complex by the gradients created through
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adsorption of membrane surface [40].
Additionally, the present data show that the contents of
Co had the following decreasing order bivalves > mantis
shrimps > shrimps > crabs > cephalopods. These results
confirm the findings of [40] who reported that crustaceans
concentrated Co from the surrounding medium, but this
ability varied among species. Moreover, [43] recorded
higher amount of Co in edible muscles of bivalve mollusks
and they attributed this increase to its richness in the
surrounding niche. In contrast, the present study disagree
with the results of [27] who demonstrated that
Mediterranean Sea strain of females P. pelagicus crab had
the higher content of Co in their muscles than M.
Monoceros shrimps and E. massavensis. This variation may
attributed to variation between species of crustaceans,
mode of feeding of these aquatic organisms and
percentages of Co in the surrounding medium.
Non-significant variations in Se concentrations among
crustaceans and mollusks species were observed in the
present study. In comparison to Se concentrations in marine
organisms, [43] estimated concentrations of Se in small and
large shrimp ranged from 0.14 - 0.16 and 0.19- 0.23 µg/ g
wet weight respectively. These values were lower than that
which recorded in this study. While, [26] recorded that the
level of Se in Penaeus spp. ranged from (1.0-2.7 µg/ g);
(1.7- 4.3 µg/ g ) in crab (Portanus spp.) and (0.9-1. 7 µg/ g)
in Sepia spp. from Mediterranean Sea. Moreover,
previously, [44] explained the lower content of Se in edible
muscles of crustaceans and other marine organisms as the
result of association of Se with free amino-acids or protein
residues and was not present as characterizable inorganic
Se species which indicate that Se is probably only
incorporated into biota for specific biochemical purposes
with any excess Se being excreted or eliminated. The
elevation of essential heavy metals in some marine species
is attributed to marine organisms accumulate some metals
in direct proportion to the increase in the bioavailability
from water and food chains. Many decapods can regulate
their tissue and body burdens of heavy metals effectively
[9].
Regarding to bioaccumulation of non-essential heavy
metals, the present data detect that the distribution of nonessential metals in edible muscles of all studied species
followed the order Pb > Hg > Cd. Furthermore, mantis
shrimps accumulated the highest Pb in their muscles
compared to that of all studied organisms followed by
bivalve mollusks. The present results are in agreement with
[27] in that E. massavensis are the most vulnerable to nonessential trace metals comparable to M. monoceros and P.
pelagicus. Additionally, in the present work , it was found
that bivalve mollusks had the highest levels of Hg and Cd.
While, the lowest levels of Hg were recorded in females
Red Sea P. pelagicus strain followed by females M.
monoceros followed by Sepia spp.. This present findings
coincide with the results of [45] who recorded that the
concentrations of Hg in edible muscles of crab collected
from the Suez Canal were higher than that in prawn and

Sepia samples. However, [46] did not detect Hg in any of
the tissues of fish and prawn samples from Arabian gulf.
Moreover, in the present study both sexes of Arabian gulf
shrimps M. monoceros exhibited the lowest level of Pb and
Sepia had the lowest content of Cd in their edible muscles.
These results are not in agreement of the results of [26]
which showed that the bioaccumulation of these trace
metals; non-essential heavy metals (Hg, Pb and Cd)
exhibited this order cephalopods mollusks > bivalve
mollusks > crabs > shrimps.
In comparison to the accumulative capacity of essential
and non-essential trace metals in edible muscles of present
studied species, it was observed that levels of Fe, Cu and
Zn have been found to be higher than Hg, Pb and Cd in
edible muscles of studied species .That could be explained
because of these essential metals play a role in the
enzymatic and respiratory processes of in aquatic animals
[15, 26, 47 ] and relatively high level of these metals is
necessary to carry out these biological functions. In
addition to, these essential metals appear to diffuse
passively probably as a soluble complex by the gradients
created through adsorption of membrane surface [40]. In
comparison with bioaccumulation of Fe, Cu, Co, Hg, Pb
and Cd in carapaces of these studied species in the previous
study [21] it was detected that carapaces of determined
crustaceans and mollusks species had higher contents of
essential and non-essential heavy metals than in their edible
muscles. From these results, it is suggested that shell of
marine organisms may be behave as an indicator of changes
in environmental pollution, presenting a lower variability
compared with soft tissue and providing a historical record
of metal content in the body throughout its life cycle as
attributed by [48]. This in turn suggest the tendency of
shells of crustaceans and mollusks to detoxification
mechanism of heavy metals as a mean of protection.
Comparing the present data with guidelines and limits as
recommended by [49], the levels of essential trace metals
Fe exceeds the maximum limit in all studied organisms.
Similarly, it was found that Cu concentration in muscles of
all studied samples were above the allowable level except
in crab and cephalopods species. While, total Zn
concentrations were above the regulatory limits in all males
samples of mantis shrimps. Unlike, Fe, Zn and Cu metals,
the present study show that the accumulation of Co ,Se and
Hg elements in edible muscles of crustaceans and mollusks
were below the maximum limit. On the other hand, the
levels of Pb exceeded the permissible limit in both sexes of
mantis shrimps and crabs as well as all studied bivalve
mollusks. Similarly, both males of mantis shrimps and
shrimps from Red Sea, besides all studied samples of
bivalve mollusks had Cd levels in their edible muscles
above the guide limits of Cd.
According to MPI (Fig 9) which compare the total metal
content of essential and non-essential trace metals in the
different sampling sites investigated in this study, it is clear
that E. massavensis and C. edule had the highest MPI in
essential heavy metals and non-essential heavy metals
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respectively, while the lowest values of MPI in essential
and nonessential trace metals were recorded in all Sepia
samples. Furthermore, it was observed that MPI of essential
metals were higher than that of non-essential heavy metals
this confirms the findings of [26]. However, the present
results are not in agreement with the results of [26] in that
higher MPI were recorded in cephalopod mollusks and
followed by crustaceans (crabs and shrimps) followed by
bivalve mollusks. The suggestion in the present study that
E. massavensis and C. edule are more vulnerable to metal
pollution than the other studied species may be attributed to
their exposure to metals not only from the sediment or from
surrounding water, but also through prey consumption
which in turn bioaccumulation of heavy metals in their
tissues [31]. Mantis shrimps are known to be obligate
carnivores, feeding on live prey [50]. While mollusks as
filter feeder organisms, are most frequently used to monitor
the pollution of coastal water by metals [51]. Lying in the
second trophic level in the aquatic ecosystem, mollusks
have long been known to accumulate both essential and
non-essential trace elements in aquatic ecosystems [52]. In
addition to, mode of feeding, the present results may
confirm that differences in ecological niches result in
variations in metal bioaccumulation in edible muscles of
marine organisms as recorded by the differences in
accumulation levels of determined metals in E. massavensis
in Suez and Ismailia regions, also in shrimps and crab
species and mollusks species from Red Sea and Arabian
gulf.

5. Conclusion
With regards to the objectives of this research and the
results obtained, this current study has provides useful
information and a baseline for future along with continuous
studies on the heavy metals concentrations in crustaceans
(mantis shrimps, shrimps and crab species) and mollusks
(cephalopods and bivalve species). The present study is
important not only from the human health point of view,
but it also presents a comparative account of heavy metals
in edible aquatic organisms from two different coasts
(Egypt and Saudi Arabia) that are physico-chemically
different. The knowledge of heavy metal concentrations in
edible crustacean and mollusk organisms are very
important with respect to nature management, human
consumption of these species and to determine the most
useful biomonitor species and the most polluted area.
The present study has shown that significant spatial
variations in heavy metal contents among species and
between sex of each species were observed these variations
in metal bioaccumulation in studied crustaceans and
mollusks organisms might be due to variation of species,
sex and species location. Furthermore, the present data
revealed that mantis shrimps and bivalve mollusks are more
vulnerable to metal pollution in comparison to other studied
species (shrimps, crabs and cephalopods) where higher
MPI of essential and non-essential heavy metals were
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recorded in E. massavensis and C. edule respectively. On
the other, Sepia (cephalopod mollusk) accumulated the
lowest levels of essential and non-essential heavy metals.
So, therefore, mantis shrimps and bivalve crustaceans can
be used as bioindicator of water pollution. Moreover, the
collection of such crustaceans and mollusks for human
consumption should restricted to clean aquatic localities
whether these are natural water bodies or aquaculture. The
high concentrations of heavy metals in commercially
important crustaceans and mollusks sampled from these
coasts are a cause of concern, and requires regular
monitoring of water quality in combination with the fact
that commercially marine organisms consumption is the
main source of heavy metal intake in people not
occupationally exposed, amplifies the need for preventive
measures to safeguard public health. Moreover, further
studies on the mode of action and characterization of the
active components in these crustaceans and mollusks
species especially, crab species and Sepia spp. must be
done to open the door in the future to use these species as
specific health foods (functional supplements as antioxidant
agents) and to play an important role in some
pharmaceutical industries.
For future studies it is recommended that sampling of
organisms should be done during different seasonal effects
as to study on its potential on the heavy metals distribution
in studied localities. Biological samples as well as water
and sediment samples should be collected all together in an
area that is polluted and other areas where the level of
pollution is variable. This is to enable the observation and
interpretation on absorption of metals and compare them
with concentration of pollutants at different locations.
Besides, the potential of these two biological samples as a
pollution indicator can be evaluated.

References
[1]

Boran, M., and Altınok, N. “ A Review of Heavy Metals in
Water, Sediment and Living Organisms in the Black Sea”,
Turkish Journal of Fisher. Aqua. Sci. 10: 565-572, 2010.

[2]

Frstner, U and Witmann, G.T.W. “:Metal pollution in the
aquatic environment”, Spring-Verlag, Berlin, 30-61, 1983.

[3]

De, T.K ,M. De, S. Das, R. Ray, P.B. Ghosh, “Level of
Heavy Metals in Some Edible Marine Fishes of Mangrove
Dominated Tropical Estuarine Areas of Hooghly River,
North East Coast of Bay of Bengal, India, Bull. Environ,
Contam. Toxicol. 85 , 385–390, 2010.

[4]

Sullivan, K., Vitamins and Minerals: A Practical Approach
to a Health Diet and Safe Supplementation. Harper Collins.
Copper Development Association · 5 Grovelands Business
Centre Boundary Way ·Hemel Hempstead HP2 7TE· United
Kingdom ,2000.

[5]

Radhakrishnan G., Ravichandran, S., Velankanni, S. and
Ajithkumar ,T. T., Variation in Lipid Concentration of the
Crab Portunus sanguinolentus at different developmental
stages. Centre of Advanced Study in Marine Biology,
Annamalai
University,
Parangipettai,
608Radhakrishnan,502, India,1994.

60

Hala A. Abdel- Salam and Salwa A. H. Hamdi: Heavy Metals Monitoring Using Commercially Important Crustaceans
and Mollusks collected from Egyptian and Saudi Arabia Coasts

[6]

Soegianto, A., Irawan, B., Hamami, Bioaccumulation of
Heavy Metals in Aquatic Animals Collected from Coastal
Waters of Gresiko Indonesia. Asian. J. Water, Environ Poll.,
6 (2): 95-100,2008

[7]

Hamdi, S. A. H, Heavy metal bioaccumulative capacity of
the Red Swamp Crawfish P. clarki in the river Nile, Egypt. J.
Union Arab. Biol. .Cairo ,20(A): 177-199, 2004.

[21] Abdel-Salam, H.A., H.A.,Assessment of biochemical
compositions and mineral crustaceans and mollusks
organisms from Egyptian and Saudi Arabia coasts as a new
animal feed. American J. BioSci., 1(2): 35-43, 2013.

[8]

Ololade, I.A .,L. Lajide, I.A. Amoo, N.A. Oladoja,
Investigation of heavy metals contamination of edible
marine seafood, Afr. J. Pure and Appl. Chem. 2(12) 121-131,
2008

[22] Yilmaz, A.B. and L. Yilmaz , Influences of Sex and Seasons
on Levels of Heavy Metals in Tissues of Green tiger Shrimp
(Penaeus semisulcatus de Harur. 1844). Food Chemistry, l0l:
1664-1669,2007.

[9]

Viswanathan, R., M.., Azhaguraj, M., Selvanayagam, and C.,
Raffi1, S.M , , Heavy metal levels in different tissues of the
Blue Swimming crab (Portunus pelagicus, Portunidae)
collected from Ennore Estuary. Inter. J. f Res. Fish Aquatic;
3(1): 1-6, 2013

[23] Yılmaz, A.B., Sangun, M.K., Lu, D.Y.L., Turan, C., Metals
(major, essential to non-essential) composition of the
different tissues of three demersal fish species from
Iskenderun Bay, Turkey, Food Chem. 123 410–415, 2012.

[10] Mohamed, F.A.S, Bioaccumulation of selected metals and
histopathological alterations in tissues of Oreochromis
niloticus and Lates niloticus from Lake Nasser, Egypt.
Global Veterinaria, 2 (4): 205-218, 2008.
[11] Slavka, S. , Mihajlo J. , Stankovic A.R. , and Katsikas, L.
and Lichtfouse, E. , Environmental Chemistry for a
Sustainable World: 311 Volume 1: Nanotechnology and
Health Risk, 2012.
[12] Szeffer, P., P., Wolowicz, M., Kusak, A., Frelek, K., and
Belzunce, M. J, Distribution of Hg and other trace metals in
the cockle from Mediterranean Leagoon. Etange Thau. Arch.
Environ. Contam. Toxicol. ,36: 56-63,1999.
[13] Abdel-Salam, H.A and Hamdi A.H. S, Biochemical
compositions and heavy metals accumulation capacity of the
marine mantis shrimp Erugosquilla massavensis from the
Suez canal(El- Suez and Ismailia) EGYPT. J. Egypt. Germ.
Soc. Zoo.,61:199-214, 2011.
[14] Amin, M. N., Begum, A., and Mondal, G. K. Trace Element
Concentrations Present in Five Species of Freshwater Fish
of Bangladesh. Bangladesh J. . Scie. Indus. . Res. 46(1) : 2732, , 2011
[15] Mitra, A, Barua,P.,Zaman, S., Banerjee,K, Analysis of trace
metals in commercially important crustaceans collected
from UNESCO protected world heritage site of Indian
sundarbans. Turk. J. Fish. Aquat. Sci. ,12: 53-66, 2012.
[16] Shah, S.L., Effects of heavy metal accumulation on the 96-h
LC50 values in Tench Tinca tinca L., 1785. Turk J. Vet
Anim Sci., 29:139-144, 2005.
[17] Al Sulami.S., AL Hassan, A. M.,Daili, M., Mohd, N.M., Fita,
N. A., Ibrahim, M.M. and Hassan,M., Study on the
distrubtion of toxic heavy metals in the fishes, sediment and
waters of Arabian Gulf along The eastern coast of Saudi
Arabia. Tech. Rep. No.3803/ 96011. Fisheries Res., Al Qatif,
2002.
[18] Bryan, G.W. , Bioaccumulation of marine pollutants, Phil.
Trans. R. Soc.( B) 286 483-505, 1973
[19] Cid B. P., Boia C., Pombo L., and Rebelo, E., Determination
of trace metals in fish species of the Ria de Aveiro (Portugal)
by electrothermal atomic absorption spectrometry. Food
Chemi., 75: 93-100, 2001.
[20] Evans, D.W., Dodoo, D.K. and Hanson, P.J.,: Trace elements

concentrations in fish livers implications of variations with
fish size in pollution monitoring”, Mar. Pollut. Bull.,
26(6):29-34,1993.

[24] Sidwell, V.D. , Stillings, B. R. and knobl, G.M. , The fish
protein concentrations.10- Nutrition quality and use in
foods . J. Food Technol., 14(8): 40-46,1970.
[25] Usero, J., Gonzales, R., Gracia, I, trace metals in bivalve
mollusks from Atlantic coast of Southern Spain. Envirn. Int.,
23:291-298, 1997.
[26] Ahdy, H.H., Abd Allah, A. and Tayel, “Assessment of the
heavy metals and non essential content of some edible and
soft tissues” Egypt. Aqua. Res. 33(1)85-97, 2007.
[27] Sallam, W.S., T. A ., Temraz,. and , H. R., Gabar
Biochemical compositions and heavy metals accumulation
in some commercial crustaceans from the Mediterranean
coast off Port Said , Egypt”. J. Egypt. Ger. Soc. Zool. 51 D:
127-14 , 2006.
[28] UNEP/ FAO, Sampling of selected marine organisms and
sample preparation for trace metal analysis. Reference
methods for marine pollution studies No.7 Rev.2, UNEP,
Geneva, 1996.
[29] Canli, M. and Atli, G., The relationship between heavy
metal (Cd, Cr, Cu, Fe, Pb, Zn) levels and size of six
Mediterranean fish species. Environ. Poll., 121:129-136,
2003.
[30] Soegianto, A., Irawan, B., Hamami, Bioaccumulation of
Heavy Metals in Aquatic Animals Collected from Coastal
Waters of Gresiko Indonesia. Asian. J. Water, Environ Poll.,
6 (2): 95-100, 2008.
[31] Wang, W.X. & N.S. Fisher, Delineating metal accumulation
pathways for marine invertebrates. Sci. Total Environ., 237–
238, 1999.
[32] El-Sikaily A, Khaled A, El-Nemr A., Heavy metals
monitoring using crustaceans and mollusks organisms from
Mediterranean Sea and Red Sea. Environmental Division,
National Institute of Oceanography and Fisheries, Kayet
Bay, Alexandria, Egypt. Nov;98(1-3):41-58, 2004.
[33] AL-Mohanna, S.Y. , Subrahmanyam, M.N.V. , Flux of
heavy metal accumulation in various organs of the intertidal
marine blue crab, Portunus pelagicus (L.) from the Kuwait
coast after the Gulf War, Environ. Int. 27 321–326, 2001.
[34] Mohapatra, T.R. Rautray, A.K. Patra, V. Vijayan, R.K.
Mohanty, Elemental composition in mud crab Scylla serrata
from Mahanadi estuary, India: In situ irradiation analysis by
external PIXE, Food Chem. Toxic. 47 119–123, 2009.

Animal and Veterinary Sciences 2014; 2(3): 49-61

[35] Zehra, I., Kauser, T., Zahir, E., and Naqvi, I. I.,
Determination of Cu, Cd, Pb and Zn concentration in edible
marine fish Acanthopagurus Berda (Dandya) along
Baluohistan Coast Pakistan. Inter. J. Agric. Biol. ,5: 80-82,
2003.
[36] Tyrell, L., Mchugh, B., Glynn, D., Twomey, M., .Ioyce, E.,
Costello, J., and Mcgovern, E., Trace Metal Concentrations
in Various Fish Species Landed at Selected Irish Ports.
Marine Environ. Health Seri, 20: 1-19, 2005.
[37] Hossain, M.S. and Khan, Y.S.A, Trace Metals in Penaeid
Shrimp and Spiny Lobster from the Bay of Bengal. Sci. Asia,
27: 165-168, 2001.
[38] Rejamon, G., Nair, M. , Joseph, T.,Trace metal dynamics in
fishes from the south west coast of India. Environ Monitor
Assess, 167:243–255, 2010.
[39] Culshaw, C.,newton, L.C., Weir and Bird, D.J(2002),
Concentrations of Cd, Zn and Cu in sediments and brown
shrimps (Crangon crangon L.) from the seven Estuary and
Bristol Channel, UK. Mar.Envir.Res.,54: 331-334, 2002.
[40] Mitra, K. ,Banerjee, R., Ghosh, R., Ray, S.K.,
Bioaccumulation pattern of heavy metals in the shrimps of
the lower stretch of the River Ganga. Mesopot. J. Mar.
Sci.,25(2): 1 – 14, 2010.
[41] Roy, E. Martin, George J. Flick, , John Wiley & Sons,
Composition of the Edible Portion of Raw (Fresh or Frozen)
Crustaceans, Finfish, and Mollusks. II Macroelements:
Sodium, Potassium, Chlorine Calcium, Phosphorus, and
Magnesium. Species, Products, Processing, and Safety.
ISBN: 1118229533, 9781118229538, 2012
[42] Kumar, K. A. and Hema Achyuthan, Heavy metal
accumulation in certain marine animals along the East Coast
of Chennai, Tamil Nadu, India. J. Environ. Bio., 28(3) 637643,2007
[43] Burger, J. and Gochfeld, M., Heavy metals in commercial

61

fish. Environ. Res., 99: 403, 2005
[44] Maher, W., Baldwin, S, Deaker, M. , Irving, M ,
Characteristics of selenium in Australian marine biota. Appl.
Organometallic. Chem., 6: 103-112, 1992
[45] Soliman, Z. I., A study of heavy metals pollution in some
aquaticorganisms in Suez Canal in Port Said harbour J.
applied Sci., 2 ( 10) :30:657-663, 2006.
[46] Al Sulami.S., AL Hassan, A. M.,Daili, M., Mohd, N.M., Fita,
N. A., Ibrahim, M.M. and Hassan,M., Study on the
distrubtion of toxic heavy metals in the fishes, sediment and
waters of Arabian Gulf along The eastern coast of Saudi
Arabia. Tech. Rep. No.3803/ 96011. Fisheries Res., Al Qatif ,
2002.
[47] Cogun, H., Yuzereroglu, T. A., Kargin, F. and Firat, O.,
Seasonal variation and tissue distribution of metals in
shrimp and fish species from the Yumurtalik coast of of
Iskenderum Gulf, Mediterranean. Bull. Environ. Contain.
Toxic., 75:707–715, 2005.
[48] Protasowicki, M., Dural M., J., and AmekreAREMEK J.,
Trace metals in the shells of blue mussels (Mytilus edulis)
from the Poland coast of Baltic sea. Environ Monit Assess,
141, 329–337,2008.
[49] FAO / WHO(1992): Codex alimentarius commission,
standard programme codex committee on food additives and
contaminants 24 th session,Hague,23-28 March, 1992.
[50] Schram, F. R, “Stomatopoda, In , Crustacean” Oxford
University Press. pp: 52-73,1986.
[51] Zia, S. and M.A.A. Khan, Copper uptake and regulation in a
copper-tolerant Deccapod carnbarus, Bartoni fabricius.
Decapoda, Crustacea. Bull. Environ. Contam. Toxicol., 42,
103-110,1989.
[52] Phillips, D.J, Biological indicator organisms monitor metal
pollution. Environ. Pollut., 13, 281-317, 1977.

