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Abstract: The objectives of this study was to determine ampare the concentration levels of five selectisseatial
trace metals ( Fe, Cu, Zn, Co and Se) and threeessential metals (Hg, Pb and Cd) in the ediblecteusssues of
commercially important species of male and femalestaceans Hrugosquilla massavensifenaeus semisulcatus
Metapenaeus monocerdBortunus pelagicysand mollusks $epia sppAnd Cardium edulg It was carried out also to
evaluate the bioaccumulation process of the elesraed on the Metal Pollution Index (MPI) as aenapt to use these
organisms as bioindicators of pollution of Meditarean Sea, Red Sea and the Arabian gulf and toeetts2 seafood
safety from these regions. The obtained resultsaled that significant variations of Fe, Cu, Zn, €g, Pb and Cd levels
in edible muscles of crustacean and mollusk orgasmigere observed at different localities surveyedwell as between
sex of each species and environmental areas. Hsemrdata also, show that MPI factor of essentithls were higher
than that of non-essential heavy metals in allistidrganisms. Moreover, MPI values suggested riattis shrimp<.
massavensiand bivalve mollusk<. edulehave a greater capacity for metal bioaccumulatimn shrimps, crab and
cephalopod mollusks, $6. massavensand C. edule are more vulnerable to metal polutimn the other studied species.
Therefore, it is suggested tHat massavensandC. edulecan be used as bioindicators of metal pollution.

Keywor ds. Essential, Metal Pollution Index, Non-EssentialaAgMetals, Bioaccumulation, Edible Muscles,
Crustaceans, Mollusks

crustaceans species as an essential part of tkegen-
carrying pigment haemocyanin. Zn is vital componeht
many enzymes such as carbonic anhydrase, carboxy-
peptidase and several dehydrogenases. Additior@dyis

1. Introduction

Coastal pollution has been increasmignificantly over

the recent years and foundxpanding environmental ) c )
problems in many developing significant amount rate readily absorbed from the gastro-intestinal tractl dhe

metals into the marine environment, causing perm”esurrounding water by fish and crustacean and ahaatic

disturbances in  marine  ecosystems, leading tBrganlisms. It _is an essential trace miperal thatai_s
environmental and ecological degradation and csta constituent of wtamm &[4]: Moreover,_Se is an essential
risk to a number of flora andauna species including trace eIemept. _It_|s an antioxidant which preve]‘amage
humans, through food chains [1]. Marine organiseggiire  ©f Cells and inhibits chromosome damage and mutsti
varying amounts of essential trace metals "heavialsie IS @lS0 known to participate in several importartabolic
and acquire them from ambient water such as: Fehisi nteractions with a variety of hazardous elementshsas
the most abundant transition element and probaelyrtost H9: and Cd [5]. Howeveritheir importance for living

well known metal in biologic systems [2]. Zn and @xe organisms, the essential metals can also prod_ux:ie to
present within the aquatic environment at low leaed are  €ff€CtS when they accumulate and their level iesively

essential for some metabolism in living organisnts Llevated in aquatic organisms. Furthermore, these t

particular concentration [3]. Furthermore, Cu reediby €ects tend to be more complicated than that efrtan-
essential heavy elements [6]. These non-essentdhlsn
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are exemplified by the Hg, Pb and Cd which are iclemed
toxic elements even at relatively low concentratighat
have no known vital or beneficial effect on orgamésand
their accumulation over time in the bodies of oigars can

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

cause serious illness due to their competition with

essential metals for binding sites [7]. Hence, rthei2 Material and M ethods

concentration in the environment is of major impade,

since the accumulation of such metals in the watet 2.1. Collection of Samples

aquatic organisms has both direct and indirect . ) ) ) )
consequences on both aquatic and human life [8, 9]. Six crustaceans species (2 species of mantis s&rimp

In aquatic ecosystem, heavy metals are consideréigea SPECI€S, 2 species of shrimps, 2 species of ceaisb four
most important pollutants, since they are preserfollusks species (2 species of cephalopods arme@es
throughout the ecosystem [10, 11]. Many marine wisgas of bivalves) were selected in t_hls study and cedlédrom :
have the potential to accumulate high levels ofatsefrom A- Egyptian coasts ( fishing ports of the Suez and
their environment [12, 13], Pollution enters findashell ~Smailia regions) that included males and femalesime
fishes through five main routes: via food or nopdo Mantis shrimgErugosquilla massavensis ,
particles, gills, oral consumption of water and shén [14, B—_ Saudi Arabia coasts that included the following
15] i.e., heavy metals in dissolved form are easiken up SPECIES:

by aquatic organisms, where they are strongly bowitil - Crustaceans species: Both sexes Benaeus
sulfhydril groups of proteins and accumulate irirtissues ~ S€Misulcatus(shrimps), andPortunus  pelagicus(crabs).

[16]. Bioaccumulation means an increase in meta/@dditionally to mollusks species; cephalopod mditys

concentration in biological organisms compared heirt >€Pi@spp. and bivalve muss@ardium edulethat were
concentration in the environment [17]. MetalsOPtained from local fishermen at Jeddah as soufdeed

accumulation in living things anytime they are takep and €2 Samples. .

stored faster than they are broken down (metatblme I~ BOth sexes of oMetapenaeumonocerogshrimps) P.
excreted). Bioaccumulation varies among organisasety Pelagicus and mollusks epiaspp. and C. edulg were
on uptake, detoxification and outside environmentcollected from local fishermen at Dammam that ideld

Moreover, bioaccumulation indicates the pollutiendl in  the Arabian gulf strains . ,
organisms which live in polluted environments [18knce, | Ne analyses were carried out on composite sarples

bioaccumulation of heavy metals in commercial nerin SPECimens of each species ( in each crustaceacesps
organisms is of global importance. Continuous nwiriy ~ Males and 5 females were included in each analyaishg
of aquatic animals is very important in poIIutedun'form size. This is a measure to reduce possible

environment to evaluate the possible risk of humai@riationsin metal concentrations due to sizeagel

consumption [19] Furthermore, the bioaccumulation 5 o Separation of Muscle away from Exoskeleton
studies led to adoption of the bioindicators comcep

Seafood is widely used as bioindicators of mariokupon - Fresh whole bodies of all samples of crustaceams we
by metals [20, 21]. The use of marine organisms astored at — 20 ° C to facilitate peeling processrahawing
bioindicators of metal pollution of aquatic enviments when needed as most crustaceans. While, interedll ah
and suitability for human use from toxicologicalitohas Sepiaand the carapace of. edulewere removed from
been documented [9, 13-15, 22, 23] . their edible muscles.

Over the last decades, there is an increasing conce ) ) o
regarding the roles and fates of trace metals imatigy 23 Edible MusclesAnalysisfor Estimation of Heavy
ecosystem of Mediterranean Sea, Red Sea and th@aAra Metal Contents
gulf. Much of this concern arises from the low lewoé
available information on the concentration of thesetals
within the environment and in marine organisms. t8e,
present paper aims to highlight the level of fiwdestive
essential trace metals (Fe, Cu, Zn, Co and Se)tlaed

non-essential metals (Hg, Pb and Cd) in the edihlecle  yorchoric acid (1/3; Merck). It was then dissohiedim

tissue of commercially important species of Cruse®mSs ¢ 1:1000 dilute nitric acid and analyzed for heangtals

(mantis  shrimps, shrimps and crabs) and mOHL_’Sl@oncentrations (Fe, Cu, Zn, Co, Se, Hg, Pb and tgd)
(cephalopods and bivalves) caught from these region,qing perkin Elmer analyst 100 atomic absorption
According to many researchers, some shellfishesgitye Spectrophotometer.

of their mobile nature are not fair indicator ofuatjc
contamination, but their regular consumption by hom 2.4. Statistical Analysis
beings makes it absolutely necessary to monitoir the
different organs, particularly the muscles. Thesprd study

The tissues samples were dried in an oven for @shatu
105°C and then burn in a muffle furnace for 16 boat
550°C till reduced to ash [24].

- The obtained white ash was digested by 1 ml otuné
of concentrated nitric acid (2/3) and concentrated

The results of the present work were analyzed
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statistically by using the Statistical Package fawcial

( 0.25 and 0.26 mg/kg respectively) but this inseeavas

Science (SPSS version 15 package software). Data weaon-significant.
expressed as Mean = S.E Two way analysis of vagianc

(ANOVA) was applied to illustrate the effect of reqg, sex

and their interaction on the studied biochemicahpeters.
Means with the same letter for each parametersnate

significantly different, otherwise they do (P<0.06) order
to compare the total content of heavy metals dermdift
locations, the metal pollution index (MPI ) was di§é5,
26].

MPI = ( M; x M3 x Max....X Mp)* where M is the

concentration expressed in mg/kg of any investifjate

metals in the sample.

3. Results
3.1. Essential Heavy Metals Analysis

The mean concentrations of essential trace me&l€#,

Zn, Co and Se in muscle tissues of commerciallyoirtant

crustaceans and molluskpecies as mg/ kg are presented

in Figures 1, 2, 3, 4, 5. In the present studynificant

differences were observed in all determined essemtavy
metal concentrations betwesaxes of crustaceans as well

as among all studied species ( p > 0.0001) except\ls,
where non-significant variations were recorded. Témege

of Fe varied from 44.33 to 158.57 mg/ kg, while that af, C
Zn , Co and Severe from0.98 to 188.58 mg/kg, 31.29 to

61.50 mg/kg, 0.09 to 16.70 mg/kg and 0.05 to 0.2Bkm
respectively.

In crustaceans species, both sexesEofmassavensis 2
accumulated the higher levels of Fe, Cu, Co and Se ?

compared to that of males and females of crabshnhps

species. AdditionallyiE. massavensisales had the highest

levels of Zn, while their females accumulated tbevdst

level (29.70 mg/kg , 28.76 mg/kg from Suez and ifea
respectively). Furthermore, the present resultsaiet that

all edible muscles of shrimps species accumulatgheh

concentrations of Fe, Cu, Co and Se except fomgwi

species from the Arabian gulf that had lower mealuas

of Fe ( 48. 30 mg/kg , 57 mg/kg in males and female

respectively) in comparison with crab species fromo
studied regions. On the other hand, in crab spebieth
sexes had higher Zn contents than in shrimps specie

Comparing heavy metal contents of the same crumtace
species with one another from different regions, iresent
data recorded that in mantis shrimps, both sexaa fuez
region had higher levels of Fe and Co than thatnfro
Ismailia region. Furthermore, Cu accumulation haé t

higher concentration in edible muscles of femalemtis

shrimps from Suez (188.58 mg/ kg) followed by feesal
from Ismailia (182.15 mg/kg), while lower level was
observed in males from Suez (104.31 mg/ kg). Whike,

differences in mean values of Zn was detected ketwe

same sex from two studied regions. Regarding, 8tents,
this essential heavy metal had the higher condémtran
males mantis shrimps from Ismailia and females fGpz
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Fig 1. Fe concentration in muscles of crustaceans andusia species.

In shrimps species, both sexes Bf semisulcatus
accumulated higher levels of Fe, Cu and Zn comptr&dl
monoceros While, Co accumulation, the higher
concentration was detected in mals monocerog8.15
mg/kg), however their females had lower level (3.83
mg/kg). Furthermore, Se showed higher concentratian
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malesP. semisulcatuand female$1. monocerosnd lower
level was observed in malés. monoceroshowever these ' FVEIEE.
differences statistically were non-significant. lcrab Massavensis-
species, both sexes of Arabian gulf strain haddridgvels Suez
of Fe, while higher concentration of Cu was recdrite @Femalet.
females from Red Sea and Arabian gulf (2.65 mgkd a massavensls-
2.35 mg / kg respectively) while lower level of @as 60 aMeRE.
observed in males from Red Sea ( 1.03 mg/kg). @n th Massavensis-
other hand, both sexes of crabs from Red Sea had th Ismailia
higher concentrations of Se, but this increase nas- BFemaleE.
significant as in shrimps species. massavensis-
m M SeE
50 semisulcatus
200 EWEEE.
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40
% OSpeia -Arabian In mollusks species as shown in Figs. 1, 2, 3, 4dible
% = gulf muscle of cephalopodsSepiaspp.) had the lower levels of
% = Fe, Cu, Co and Se than in bivalve mollusks édulg. On
20 % E BC edule-RedSea the other hand, cephalopods accumulated the highet
% = of Zn (35.26 mg/kg, 40.43 mg/kg from Red Sea and
% = @ C. edule-Arahian Arabian gulf respectively). As regards, in cephalip
% = sulf species,Sepiafrom Red Sea had higher levels of Fe, Cu
o LRy Sln s and Se and lower concentrations of Zn and Co in
Cu comparison with the same species from Arabian gukile,
" in bivalves species, edible muscles@f edulefrom Red

Fig 2. Cu concentration in muscles of crustaceans andusida species.

Sea accumulated higher levels of Fe and Co andrlowe
mean values of Cu, Zn and Se than those from Anadpidf.
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%H h gulf Comparing essential heavy metals accumulation in
%il a crustaceans and mollusks species in all studiemnegit
a %ﬂ N was observed that Fe accumulated as per the @dedule
’ specie > both sexes &. massavensis both sexes oP.
Co semisulcatus both sexes of. pelagicus> both sexes ofl.

monoceros > Sepia species (Fig 1) Moreover, Cu
Fig 4. Co concentration in muscles of crustaceans anduskdi species.  gccumulated in the highest concentrations in beies of
massavensis malesP. semisulcatus C. edule> femalesP.
semisulcatus both sexes dfl. monoceros> both sexes of
P. pelagicus> Sepia (Fig 2). In Fig 3 , Zn had this
decreasing order malds. massavensiffom two studied
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areas > both sexes & pelagicus> both sexes ofP.
semisulcatus >both sexes oM. monoceros> Sepia> C.
edule > females E. massavensis Furthermore Co
accumulated as per the ord€r edule> both sexes of
studied species d&. massavensis malesM. monoceros
both sexes oP. semisulcatus femalesM. monoceros>
both sexed. pelagicus >Sepia(Fig 4). Se had this order,
where non-significant variation was detected bakes of
E. massavensispecies > males oP. semisulcatus>
femalesM. monoceros femalesP. semisulcatus C. edule
species > both sexes Bfpelagicus> Sepia(Fig 5).

3.2. Non-essential Heavy Metals Analysis

Regarding non-essential heavy metals contents,PHg,

and Cd in muscle tissues of crustaceans and msllusk

species are presented in Figs 6, 7, 8. The pressnits

showed that the levels of non-essential heavy metal

showed variations among species, as well as betssenf
each species and environmental areas. The meaesvafu

Hg ranged from 1.65 mg/kg to 4.91 mg/kg. Furthemmor

that of Pb and Cd were 3.49 mg/kg to 11.49 mg/ld@h4
mg/kg to 0.87 mg/kg respectively. In crustacearecigs,
the concentrations of Hg and Pb in the abdominaales

of both sexes of. massavensisom two studied areas had

the highest mean values comparable to their vafuesabs
and shrimps species. Furthermore, males mantisnghri
from Suez accumulated the highest Cd contents
comparison with all studied crustaceans (0.58 mg/kg

While, the lowest mean values of Hg was detected in

femalesM. monocerogl1.65 mg/kg). Also, both sexes lgf

monoceroexhibited the minimum mean values of Pb (3.79
and 3.49 mg/ kg fomales and females respectively).

Furthermore, the present data recorded that edibkxles
of all studied crab species accumulated Pb hidten that
in shrimps species. Conversely, all shrimp sampiad

higher mean values of Cd than crab species exaept f
females P. semisulcatusvhere lower Cd contents were

recorded (0.270 mg/ kg). Moreover, the present data
showed that all studied male crustaceans accundulate

higher levels of determined non-essential tracealmen
their muscles than their females except for crabciss
whose males had lower Cd than their females. Adagrd
the studied localities, males and female mantisngis,
from Suez region accumulated higher levels of sidion-
essential heavy metals than those from Ismailidoreg
Additionally, both sexes of shrimps species frond Bea
had higher contents of Hg and Pb than those froabian
gulf. Moreover, males shrimps from Red Sea accuiadla
more Cd than males and females of Arabian gulf, thetir
females had lower content of Cd (0.230 mg/ kg)ciab
species, both sexes from Red Sea had higher levdtp
and lower level of Hg than those from Arabian gWifhile,
non-significant variation was detected for Cd canhte
between two studied region.
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Fig 6. Hg concentration in muscles of crustaceans anduskd species.

In mollusk organisms, the bivalves bioaccumulatee t
highest concentrations of non-essential trace et
compared with their concentrations in cephalopodiusks.
Furthermore, in edible muscles of cephalopod spdcien
Red Sea less Hg level was detected tiWambian gulf.
However, non-significant differences were recordedb
and Cd contents between studied regions. Regarding,
bivalves speciesC. edulefrom Arabian gulf had higher
contents of all determined non-essential heavy Iséfan
that from Red Sea. Comparable to crustacean omanis
Fig 6 illustrated that Hg accumulation had thisadesling
arrangementC. edule from Arabian gulf > maleskE.
massavensifom Suez >C. edulefrom Red Sea> malds.
massavensidrom Ismailia > femalesE. massavensis>
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males P. semisulcatus> malesP. pelagicus >males M. 1
Monoceros > Sepiafrom Arabian gulf > females P.
semisulcatus > Sepifiom Red Sea *emalesP. pelagicus>
femalesM. monocerosMoreover, Pb accumulation as per SVEEE
the order both femaleB. pelagicus> malesP. pelagicus 09 massavensis-Suez
and femalesE massavensidrom Ismailia> femalesP. '
semisulcatus > Sepigz M. monocerogFig 7). While, Cd [aFemaleE.
accumulated in all studied samples according to the massavensis-Suez
following order: C. edule >malesE. massavensigrom 08 mMaleE.
Suez > male®. semisulcatusy maleskE. massavensi§om ' massavensis-
Ismailia > female€. massavensiffom Suez > both sexes Ismailia
M. monoceros> all femalesP. pelagicus> malesP. E;E:;:;::r'ms
pelagicus and femalesE. massavensisfrom Ismailia> 07 ——
femalesP.semisculcatus Sepia ’ m M ale P.
semisulcatus
14 = hale E. EFem ale P.
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\ N B e MPI in essential heavy metals recorded higher lavedll
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ko -1 . . .
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ki . . .
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from Red sea, they had higher MPI for all determine
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metals than in the same species from Arabian specie
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While, crab species and cephalopod mollusks froabfan 4. Discussion
gulf showed higher MPI than species from Red sea.

Furthermore the data detected that, MPI of esdenttals
were higher than that of non-essential heavy metak!
studied organisms. Furthermore, MPI
heavy metals had this decreasing order bivalve uskdl >

mantis shrimps > male shrimps from Red Sea > nralesc
from studied regions> male shrimps from Arabianf gul
female crabs from studied localities > female spsrfrom

studied regions > cephalopod mollusks.

of non-essentidMpPlications in various domains,
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EMaleE.
massavensis-Suez

o Female E.
massavensis-Suez

mMale E.
Massavensis-

Ismailia
e Female E.

massavensis-

lsmailia
m M aleP.

semisulcatus

mlIFem ale P.
semisulcatus

EMale M.
MONOCEros

g Female M.
MONGCEeros

mMale P. Pelagicus-
RedSea

@ Female P.
Pelagicus-Red Sea

o Male P. Pelagicus-
Arabian gulf

B Female P.
Pelagicus-Arabian

gulf
B Speia-RedSea

[ Speia-Arabian gulf

g C. edule-Red Sea

EC. edule-Arabian
gulf

Fig 9. A. Metal pollution index of heavy metals in studiedamisms

Information regarding bioaccumulation levels legavy
metals in marine organisms is very important, witany
like environment
protection, public health, control of standards pbamce
or risk assessment. Taking into account the abitify
marine biota to accumulate metals from their envinent
(seawater, sediments, food), their utilization aarine
pollution bioindicators has been confirmed by nuooier
exampleq9, 13,15, 27]. Furthermore, several organizations
have pointed out the need for monitoring heavy meta
concentrations in the aquatic environment [28] heeaof
their toxicity, persistence and accumulation inbiea. So,
on this background the present study aims to ifyetst the
accumulative capacity of important commercially
crustaceans and mollusks with the heavy metal€&geZn,
Co, Se, Hg, Pb and Cd. In particular, the presamy is
concerned with the determination of the residuadvize
metal concentrations in the edible muscles of these
organism to ensure their safety for human consumpti
Additionally, to investigate the ability to use #gemarine
organisms as bioindicators of water pollution esgbg the
selective marine organisms in this study caughhénSuez
canal, Red Sea and Arabian gulf. Furthermore, tbegmt
study is therefore important not only from the safeoint
of view of human health, but also from the quafitint of
view as these selected organisms have high explugv

The present study has shown that significant dpatia
variations in metal contents among species anddmatgex
of each species were observed. These variations are
presumably due to individual samples being of déife
size categories, from different ecological nichesg from
different trophic levels. Possibly, species alseehdifferent
metabolic requirements for specific trace elemdst, 29,
30].

An important aspect is the wide variety of facttinat
influence metal bioaccumulation, like type of food
hydrochemistry conditions, metal bioavailabilityergtic
differences, physiological state [31]. These fastor
determine variations of metal concentration than ca
sometimes mask the organism respontwesemporal or
spatial gradient of pollution. Furthermore, ecotadineeds,
sex, size, seasonal changes and moult of marimaaii
changes were also found to affect metal accumulatio
their tissues, Moulting has often been considesedre of
the main excretory mechanisms of crustaceans s$ange
amounts of metals may be lost with the moulted gaca
[22]. Moreover, many laboratory and field studieparted
that metal accumulation in tissues of organismsddp on
metal concentration in the water and also the exgos
period, Physio-chemical parameters such as the
temperature, pH, salinity and hardness of the waley a
crucial role in heavy metal accumulation [9, 23].
Bioaccumulation varies among organisms based cakapt

— 1/n H i . . . .
(MPI=( M1 xMa xMsx... XMy where Mis the concentration expressed (etgxification and outsidenvironment [18]. In the present

in mg/kg of any investigated metals [25, 26]. A-IMIP essential heavy

metals.

study, the variation in metal bioaccumulation idséd
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crustacean and mollusk organisms might be
variation of species, sex and species location.

BEhaleE.

35 FRassavensis-sue

AFemaleE
— massavensis-Suez

@ MaleE.
massavendis-
lzmiailia

OFemaleE
massawensis-

Ismailia
o MaleP.

semisulcatus
25 :

QFemale P
semisulcatus

@ Male M. monoceros
QFemale M
MONOCENDS

B Male P, Pelagicus-
RedSea

= QFemale P,
1 Pelagicus-Red 5e3

1L~ Oktale P, Pelagicus-
Arabian gulf

M/ ez

[

OFemaleP.
Pelagicus-Arabian
gulf

B Speia-AedSea

0o O 5peia -Arabian gulf

C edule-RedSea

oo et

B C. edule-Arabian
gulf

MNPl of non-essential metals

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

Looking to the residual heavy metals in edible nesc
of crustacean and mollusk organisms in the preserk. It
was clear that higher levels of Fe were found walvie
mollusks followed by mantis shrimps followed by lrsa
and shrimps. While the lowest contents were detfeate
cephalopod mollusks. The present results coincidigs
the results of [27] which recorded that edible nesof

due than that of the present work. This might be attedl to

variation in ecological niches where marine organsis
found. Moreover, the present study is in agreernéstudy
of [32] which recorded that bivalve mollusks accuated
higher level of Fe in their edible muscles. On titeer
hand, the present data are not in agreement wathetbults
of [26] which reported this decreasing order of IEeel:
cephalopod mollusks > bivalve mollusks > crab>raps.
Regarding to Cu, the present data show that
massavensiaccumulated the highest content of Cu in their
edible muscles followed byP. semisulcatusshrimps,
followed by C. eduleand M. monocerosvhile the lowest
levels were observed in crabs followed Bgpia The
present result are in agreement with the result$16f
which showed thaP. semisulcatuaccumulated the highest
level of Cu compared to other shrimps spediesndicus, P.
monodon P. marguensisind M. brevicorni. Similarly, the
present data coincide with [9] who reported thHat
pelagicusdoes not appear to accumulate excessively high
concentrations of Cu in its edible tissues. Onatieer hand,
[33] reported higher concentration of Cu in ediblascles
of P. pelagicus from Kuwait coast. Moreover, the
bioaccumulation of this trace metals exhibited highest
concentrations in muscles 8epia(9.7 ug/g) followed by
crabs (3.4 pug/g ) followed by shrimps (3.1 pg/gl bowest
levels in bivalve mollusks (1.3 pg/g ) as repotgd26].
Furthermore, from the present study, it is detethead all
studied males of mantis shrimps had the highest Zn
concentrations, while their females accumulatedidiesst
levels compared with other crustacean and mollusk
organisms. It was observed that the mean valuegnah
males and femaleE. massavensisonfirms the recorded
values by [27]. Additionally, the present resultstetted
that crabs species accumulated higher content of Zn
followed by shrimps species followed by cephalopod
bivalve mollusks. The elevation of Zn in edible mlas of
P. pelagicuswa recorded also by [9, 34]. Furthermore, the
present study is in close agreement with [9] whmorded
that Zn levels in muscle tissuesPfpelagicusvere higher
than Cu concentrations. Regarding Zn levels in rothe
studied species in the present work, it was obsketivat in
mantis shrimps and bivalve mollusks Cu pared to
concentration of Zn, conversely, in shrimps anchedgpod
mollusks Zn were relatively higher compared to
concentration of Cu. This similar findings were aals
recorded in fishes [35, 36] and crustaceans [15,33%
caught from other waters of the world. It is getigra
believed that marine organisms are actively regulén
concentrations in their tissues and that therefdretissue
levels do not reflect the changes in Zn concemnatin the
environment [38]. Previously, [39] stated that d&lfie
crustaceans require Cu and Zn for their biologigattions
and are capable of regulating internal concentatigp to

malesE. massavensiaccumulated the highest level of Fethresholds above which regulations break down aed n

followed by malesM. monocerosand malesP. pelagicus

accumulation of the metals occurs. In general, ehes

from the Egyptian Mediterranean coast off Port Saidessential metals appear to diffuse passively pighab a

However, the recorded values in their studies wegaer

soluble complex by the gradients created through



58 Hala A. Abdel- Salam and Salwa A. H. Hamdi:atdeMetals Monitoring Using Commercially ImportantuStaceans
and Mollusks collected from Egyptian and Saudi AaaBoasts

adsorption of membrane surface [40]. Sepiasamples. However, [46] did not detect Hg in afy o
Additionally, the present data show that the cotsteri  the tissues of fish and prawn samples from Aralgalf.
Co had the following decreasing order bivalves >ntisa Moreover,in the present study bosexes of Arabian gulf
shrimps > shrimps > crabs > cephalopods. ThesdtsesushrimpsM. monocerogxhibited the lowest level of Pb and
confirm the findings of [40] who reported that daceans Sepiahad the lowest content of Qul their edible muscles
concentrated Co from the surrounding medium, big thThese results are not in agreement of the resfil{26)
ability varied among species. Moreover, [43] reeakd which showed that the bioaccumulation of theseetrac
higher amount of Co in edible muscles of bivalvelosks metals; non-essential heavy metals (Hg, Pb and Cd)
and they attributed this increase to its richnassthe exhibited this order cephalopods mollusks > bivalve
surrounding niche. In contrast, the present studggiee mollusks > crabs > shrimps.
with the results of [27] who demonstrated that In comparison to the accumulative capacity of esalen
Mediterranean Sea strain of femakespelagicuscrab had and non-essential trace metals in edible muscleseasent
the higher content of Co in their muscles thdh  studied species, it was observed that levels ofCeeand
Monocerosshrimps ande. massavensid his variation may Zn have been found to be higher than Hg, Pb andnCd
attributed to variation between species of crustase edible muscles of studied species .That could ipdaaed
mode of feeding of these aquatic organisms anbecause of these essential metals play a role én th
percentages of Co in the surrounding medium. enzymatic and respiratory processes of in aquaticas
Non-significant variations in Se concentrations agio [15, 26, 47 ] and relatively high level of thesetat is
crustaceans and mollusks species were observetiein necessary to carry out these biological functiohs.
present study. In comparison to Se concentratiomsarine addition to, these essential metals appear to gdiffu
organisms, [43] estimated concentrations of Senallsand passively probably as a soluble complex by the igrasl
large shrimp ranged from 0.14 - 0.16 and 0.19- ugB8g created through adsorption of membrane surface. [#0]
wet weight respectively. These values were lowantthat comparison with bioaccumulation of Fe, Cu, Co, IR,
which recorded in this study. While, [26] recordédt the and Cd in carapaces of these studied species prévéous
level of Se inPenaesg spp.ranged from (1.0-2.7 ug/ g); study [21] it was detected that carapaces of déteman
(1.7- 4.3 ug/ g) in cralPprtanusspp) and (0.9-1. 7 ug/ g) crustaceans and mollusks species had higher centént
in Sepia spp. from Mediterranean Sea. Moreover, essential and non-essential heavy metals thareingdible
previously, [44] explained the lower content ofiB&dible  muscles. From these results, it is suggested thelt of
muscles of crustaceans and other marine organisntisea marine organisms may be behave as an indicatdrasfges
result of association of Se with free amino-acidpmtein in environmental pollution, presenting a lower wahility
residues and was not present as characterizablgamo compared with soft tissue and providing a histdrieaord
Se species which indicate that Se is probably onlgf metal content in the body throughout its lifecley as
incorporated into biota for specific biochemicalrposes attributed by [48]. This in turn suggest the termemf
with any excess Se being excreted or eliminatede Ttshells of crustaceans and mollusks to detoxificatio
elevation of essential heavy metals in some mapezies mechanism of heavy metals as a mean of protection.
is attributed to marine organisms accumulate soratals Comparing the present data with guidelines anddias
in direct proportion to the increase in the bio&ldlity recommended by [49], the levels of essential traetals
from water and food chains. Many decapods can atgul Fe exceeds the maximum limit in all studied organsis
their tissue and body burdens of heavy metals tafidg ~ Similarly, it was found that Cu concentration in soles of
[9]. all studied samples were above the allowable lexekpt
Regarding to bioaccumulation of non-essential heavipn crab and cephalopods species. While, total Zn
metals, the present data detect that the distabudf non- concentrations were above the regulatory limitalirmales
essential metals in edible muscles of all studipdces samples of mantis shrimps. Unlike, Fe, Zn and Ctalsge
followed the order Pb > Hg > Cd. Furthermore, mmntithe present study show that the accumulation ofSecand
shrimps accumulated the highest Pb in their musclddg elements in edible muscles of crustaceans anldiske
compared to that of all studied organisms followsgd were below the maximum limit. On the other hanck th
bivalve mollusks. The present results are in agezgwith  levels of Pb exceeded the permissible limit in kexkes of
[27] in thatE. massavensiare the most vulnerable to non- mantis shrimps and crabs as well as all studiechygv
essential trace metals comparabldtomonocerosand P.  mollusks. Similarly, both males of mantis shrimpsda
pelagicus Additionally, in the present work , it was found shrimps from Red Sea, besides all studied samples o
that bivalve mollusks had the highest levels ofafgl Cd. bivalve mollusks had Cd levels in their edible mesc
While, the lowest levels of Hg were recorded in ##s above the guide limits of Cd.
Red SeaP. pelagicusstrain followed by femaledv. According to MPI (Fig 9) which compare the totaltaie
monocerosfollowed by Sepia spp This present findings content of essential and non-essential trace meatathe
coincide with the results of [45] who recorded titheé  different sampling sites investigated in this stutlis clear
concentrations of Hg in edible muscles of crabemtfid that E. massavensiand C. edule had the highest MPI in
from the Suez Canal were higher than that in prawd essential heavy metals and non-essential heavylaneta
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respectively, while the lowest values of MPI in exst$al
and nonessential trace metals were recorded isegia
samples. Furthermore, it was observed that MPksétial
metals were higher than that of non-essential heastals
this confirms the findings of [26]. However, theepent
results are not in agreement with the results 6 [ih that

recorded inE. massavensiand C. edulerespectively. On
the other, Sepia (cephalopod mollusk) accumulated the
lowest levels of essential and non-essential haagtals.
So, therefore, mantis shrimps and bivalve crusta&an
be used as bioindicator of water pollution. Morapuhe
collection of such crustaceans and mollusks for dum

higher MPI were recorded in cephalopod mollusks andonsumption should restricted to clean aquatic litbes

followed by crustaceans (crabs and shrimps) foltbug
bivalve mollusks. The suggestion in the presend\sthat

whether these are natural water bodies or aquaeuliine
high concentrations of heavy metals in commercially

E. massavensiand C. eduleare more vulnerable to metal important crustaceans and mollusks sampled fromsethe

pollution than the other studied species may béated to
their exposure to metals not only from the sedinoerftom

coasts are a cause of concern, and requires regular
monitoring of water quality in combination with tHact

surrounding water, but also through prey consumptiothat commercially marine organisms consumptionhis t

which in turn bioaccumulation of heavy metals irith

main source of heavy metal intake in people not

tissues [31]. Mantis shrimps are known to be oliga occupationally exposed, amplifies the need for pntive

carnivores, feeding on live prey [50]. While mokssas
filter feeder organisms, are most frequently usechonitor
the pollution of coastal water by metals [51]. Lyim the
second trophic level in the aquatic ecosystem, uské

measures to safeguard public health. Moreoverhédurt
studies on the mode of action and characterizatiothe
active components in these crustaceans and mollusks
species especially, crab species &&pia spp. must be

have long been known to accumulate both essentidl adone to open the door in the future to use theseisp as

non-essential trace elements in aquatic ecosysteahsin

addition to, mode of feeding, the present resulsy m agents) and

confirm that differences in ecological niches résin
variations in metal bioaccumulation in edible mescbf
marine organisms as recorded by the differences

specific health foods (functional supplements amaidant
to play an important role in some
pharmaceutical industries.

For future studies it is recommended that samptihg
organisms should be done during different seaseffiatts

accumulation levels of determined metal&€irmassavensis as to study on its potential on the heavy metalgidution
in Suez and Ismailia regions, also in shrimps arab ¢ in studied localities. Biological samples as wedl \mater
species and mollusks species from Red Sea and afrabiand sediment samples should be collected all tegéthan

gulf.

5. Conclusion

With regards to the objectives of this research ted
results obtained, this current study has providesful
information and a baseline for future along witmtbouous
studies on the heavy metals concentrations in acaans
(mantis shrimps, shrimps and crab species) andusidal
(cephalopods and bivalve species). The presenty stud
important not only from the human health point ddw;
but it also presents a comparative account of heaetals

in edible aquatic organisms from two different deas
(Egypt and Saudi Arabia) that are physico-chemycall

different. The knowledge of heavy metal concertratiin

edible crustacean and mollusk organisms are ve|[§7]
important with respect to nature management, human
consumption of these species and to determine thet m

useful biomonitor species and the most polluted.are

The present study has shown that significant Spatiq)
variations in heavy metal contents among specied an

between sex of each species were observed thdaatiorss
in metal bioaccumulation
mollusks organisms might be due to variation ofcse
sex and species location. Furthermore, the predeta
revealed that mantis shrimps and bivalve mollusksgore
vulnerable to metal pollution in comparison to otsidied

species (shrimps, crabs and cephalopods) whereethigh
MPI of essential and non-essential heavy metalse wer

in studied crustaceans and

area that is polluted and other areas where thel lefs
pollution is variable. This is to enable the obs¢ion and
interpretation on absorption of metals and comphesm
with concentration of pollutants at different |doafs.
Besides, the potential of these two biological sesas a
pollution indicator can be evaluated.
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