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In natural aquatIc ecosystems, metals occur m 10w 

concentratIOns, l10nnally at the nanogram to lnICrogram per htre level 

In recent tnnes, however, the occurrence of metal contammants, 

especIally the heavy metals m excess of natural loads, has become a 

problem of mcreasmg concern ThIs sItuailon has ansen as a result of 

the rapId growth of populatIon, mcreasmg urbaruzatIOn, expanSIOn of 

mdustnal actlVlttes, exploration and explOItation of natural resources, 

extenslon of lITIgation and other modern agnculture practice as well as 

the lack of enVIronment regulatIon 

Trace metals enter the aquatIc enVironment from both natural 

(geochemIcal background) and anthropogemc sources Entry may be as 

a result of dIrect dIscharges mto both freshwater and manne 

ecosystems or through mdlrect routes such as dry and wet deposItIon 

and land runoff In VIew of the toXIC nature of the trace heavy metals, 

the knowledge of theIr sources and fate III the enVIronment IS lmportant 

The anthropogeruc sources of metals mclude, mmmg, mdustnal and 

petroleum mdustry achVIhes, domestic effiuents and urban storm-water 

runoff, leachmg of metals from garbage and solId wastes dump, metal 

mputs from rural areas, e g metals contamed pestIcides and 

atmosphenc sources, e g burmng of fossIl fuels, mcmeratton of wastes 

and mdustnal emISSIOn DIfferent examples of potentIal mdustnal and 

agncultural sources for metals ill the enVIronment have been reported 

by F AO (1992) 

TIns report also shows that for most trace metals, antbropogeruc 

emISSions are either more than or qUlte equal to natural ermSSlons The 

combustIon of leaded petrol m automobtles, for mstance, IS responSIble 

I 



I 

l' 
~ 
I 
I 
I 
I 
I 
i 

, 

I 
I 
I 
-I 
I 
JI 

2 

for the WIdespread dlStnbutlOll of lead In the world For mercury, 

however, several reports (HutchIson and Meema, 1987 and GESAMP, 

1988) suggest that natural elTIlSSIOnS are quantItatIvely more unportant 

than anthropogemc sources 

Heavy metals are usual1y taken up by both fauna and flora ThIs 

uptake could provoke an Increase III the concentratIOn of the metal III 

the orgamsms, If the excretIon phase IS slow, thts can lead to the 

blOaccumulatlOn phenomenon Some of these metals may undergo 

blOmagrnficatlon through the food cham Several mecharusms have 

been reported by RomenI (1971) for uptake and loss of trace elements 

by manne orgarusms These mecharusms are 

a) DIrect absorptIon of10ns at membrane-water mterfaces, 

b) adsorptIon by acbve and/or paSSIve dIffusIOn of metal Ions 

from sea water across semI-penneable membrane mto the 

body flUIds, and 

c) mgestIon of Ions WIth food or ill comhmatIOn WIth partIculate 

matter and absorptIon through the gut waIl 

The loss of heavy metals from bIOlogIcal matenaI may be 

attamed through two mecharusms proposed by Bryan (1971) 

1) ExcretIOn across the body surface or gIlls, and 

2) excretIOn VIa the gut and unne 
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Llvrng orgarusms have dynatmc relatIOnship With theIr 

envrrorunent, therefore, It IS frequently observed that a trace element IS 

both accumulated and excreted unt11 steady state has been attamed It 

has been shown by Pnngle et af (1968), Majon and Petramo (1973 a) 

usmg bIvalves appear to mdlcate that rates of uptake for trace elements 

are proportIOnal to therr concentratIon ill the medIUm Schulz-Baldes 

(1974) proposed that rates of loss are correlated to mtemaI 

concentratIon of the element DIrect relatIonshIps With the envrronment 

may be obscured by slow response tune for short-term vananon of 

trace elements ill water and tIssues 

Some heavy metals such as eu, Zn, Fe and Mn are essentJaI for 

the growth and well-belllg of hvmg orgamsms mcludmg man However, 

they are hkely to show tOXIC effects when organIsms are exposed to 

levels hIgher than nonnally reqUITed, Bowen (1966) stated that low 

concentratIOns of essentIal trace elements may suppress physiOlogIcal 

actIon, leadIng to abnonnal growth of an organIsms Other trace 

elements such as Cd, Pb and Hg are not essentJal for metabohc 

acoVltIes and exhIbIt tOXlC properbes Major elements such as Ca, Mg, 

Na and K are normally transported as mobIle catIons In aqueous 

solutIOns 

Metal contammatIOn of the aquatIc enVIronment may lead to 

deletenous effects from locahzed mputs whIch may be acutely or 

chrorucally tOXlC to aquatIc hfe Wlthm the affected area Most 

published data on the effects of metals on aquatIc organIsms, however, 

report adverse effects at concentratIons lugher than usually found m the 

enVlfonment (GESAMP, 1985 and 1988) 
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Metals may be taken up by orgarusms eIther llllllorgamc orland 

orgaruc soluble fonn For example, arseruc and copper, the morgamc 

fonn IS most tOXIC (Balhn, 1988) Others, such as Hg, Sn and Ph, the 

organIc forms are most toXIC In ambIent water, low concentratIons of 

Hg, Cd, As and Cu dIrectly may tn1ubIt photosynthesIs and 

phytoplankton growth Effects at I11gh trophIC levels mclude delayed 

embryomc development, malformatIOn and reduced growth of adults of 

fish, molluscs and crustaceans 

The major routs of heavy metal uptake by man are mgestton of 

food, and water and breatlung aIr FIsh, are one of the Important 

sources of metals for human bemgs, espeCIally those who hve by the 

sea and fishennen and theIr dlets depends mamly 011 seafood 

Acute tOXICIty of cadnnum may result from mgestton of relattvely 

hIgh concentranons of cadnnum, as may occur m contannnated 

beverages or food Nordberg (1972) relates an mstance m whtch 

nausea, vOImtmg and abdommal pam occurred from consumptton of 

dnnks contall1lllg apprOXImately 16 ppm of cadnnum Recovery was 

rapId WIthout apparent long-tenn effects The prmclpaI long-tenn 

effects of low-level exposure to cadrmum are chromc pulmonary 

dIsease and emphysema and chrome renal tubular chsease There may 

also be causes of carcmoma, hypertensIOn and effects on the 

carchovascular and skeletal system (NolDlyama, 1980 , Fnberg and 

KJellstro~ 1981) 

Lead pOlSOll1ng resultIng from the consumptIOn of contannnated 

foodstuffs and water have rarely been reported Lead affects mamly 
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nervous system, blood, gastromtestmaI tract and lodneys Effect on the 

endocnne, reproductIve and pulmonary systems also have been noted 

The presence of hIgh concentrattons of nIckel m specIfic tIssues 

may be responsIble for some adverse bIOlogIcal effects For example, 

the locahzatlOn of mckel III the pltUltary gland may have caused the 

reported depressIOn of prolactIn secretIOn (La Bella et al , 1973 a, b) 

Nlckel locahzatton III the pancreas may also result III mlubltlOn of 

msuhn secretIon (CIa..), and Vlgnatl, 1973) 

Copper, zmc and tron are essentIal elements whIch play an 

nnportant role ill drfferent physIOlogIcal processes, and theIr defiCIency 

results III sever health consequences Trace of copper IS requtred for 

utIlIzatIon of tron m haemoglobm formatIOn, therefore, copper 

defiCIency IS charactenzed by hypochromIc, mIcrocytIc anaemIa 

resultmg from defectIve haemoglobm synthesIs OXIdative enzymes, 

such as catalase peroxIdase, cytochrome OXIdase, and others, also 

requtre copper Zmc IS the structural and functIOn component of some 

enzymes m the vertebrates It IS necessary to mamtam the normal 

concentratlOn of VItamm A m plasma DefiCIency of thIS metal may 

cause the so-called CIrrhoses Iron IS a component of haemoglobm, 

myoglobme and cytochrome, 1 e It IS an essentIal component of blood 

pIgments ill vertebrates DefiCIency of Iron causes anaenua ill most 

vertebrate annnals 

Excess amounts of the essentIal elements ill the tIssues causes 

the appearance of vanous dIseases Copper causes hepatolentIcular 

degeneratlOn (WIlson's dISease) whIch IS due to exceSSIve accumulation 
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of copper III bram, lodney and lIver AccumulatIon of eu III the ktdney 

may cause a renal tubular damage whIch leads to Increase the unnary 

excretIOn of ammo aCIds, pepttdes and occaslOnalIy glucose Excess of 

Zmc IS said to cause rusruptlOn of hepatic cells whIch IS also the chIef 

storage organ for tIllS element Excess Iron cause a pronounced 

plgmentatton of the SkIll (HemochromotosIs) LIver damage wIth SIgnS 

of CIrrhOSIS, diabetes and a pancreatic fibrosIs, frequently occur ill 

human bemg as the result of exceSSIve doses of rron 
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Literature Cited 

Because of their hazardous and deletenous effects on the 

enVlronments, heavy metals have been taken Il1 conslderatIOn smce 

several decades In manne envrronment, part1cularly for manne 

organIsms, metals were studted by dIfferent sCIentIst and for several 

aImS, such as~ mvestlgatmg the levels of metal ill the orgarusms from 

polluted and non-polluted SItes, studymg the effects of metals on the 

orgamsms by computmg the medIan lethal concentratIOns (LCso) for 

mdtVldual metal and followl11g up the rate of accumulatIOn ill the 

dIfferent organs (bIOaccumu]atIon), findmg relatIOnshlps of metals to 

the chenucaI composItIon of the orgamsms and effect of age and sex on 

the rate of accumulatton 

In the present reView, the metal studIes whIch serve the objective 

of the present work are cIted and tItled accordmg to 

1) levels of metal, 

2) tOXICIty studIes, and 

3) rate of uptake and elunmatIon (exposure and depuratIon) 
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1- Metal levels in fish: 

The levels of metals ill fish frOln the Egyptian waters were 

deteffililled by many authors dunng the last two decades EI-Sokkary 

(1980) studIed the accumulatton of mercmy In fish collected from 

Mediterranean coast waters lt1 front of Alexandna 

Abdel-Salrun (1981) measured the contents of eu, Zn, Ph, Fe 

and Mn 111 edIble tIssues and theIr accumulatIon m the mtemal organs 

(hver, gonads, gIlls and heart) of 13 Red Sea fish 

Emara (1982) detennmed the level of copper, cadmtum and 

mercury m different fish speCIes collected from Abu Qrr Bay and Lake 

Idku Hafez (1982) measured the accumulatIOn of heavy metals (Fe, 

Mn, Zn, Cu and Cd) m lIver, muscle and gut of TIlapla m/otlca 

collected from both Lake Manut and Nozha Hydrodrome 

Saad (1985 and 1987) detenmned the concentratIon of Cd, eu, 

Zn and Fe m finfish from Lake Manut and Nozha Hydrodrome 

EI-Nady (1981) and EI-Ra)'ls and Ezzat (1986) studied the 

blOaccumulatlOn of copper, zmc, }fon, manganese and cadrrnum m 

selected manne arumals of dIfferent tropluc levels (Sparus auratus, 

RClJa mlYaletus, Portunus pe/aglcus and Patella vulgata) as part of a 

survey on heavy metals pollutIon m Alexandna waters and effects on 

manne ammals Fmdmgs mdlcated that although the waters have been 

mfluenced by Increased amounts of mdus1na], urban and domestic 

wastes, slgmficant effects are not apparent ill samples of the tested 

ammals 
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EI-NahaWl et af (1987) detennmed the concentratIOn of metals 

(As, Cd, Cu, Ph, Hg and Z11) 111 fish from Medtterranean at the 

Alexandna regton Fouda (1987) lflveshgated the reqUlrements of 

fanned fish specIes for vanous elements such as Ca, P, Mg, K, Na, Zn, 

eu and Fe and composItIon of Oreochromls nt/otlcuS tIssues 

Ahdelmonellll and EI-Deek (1992) detennmed the range and 

natural vanatIons of some unportant heavy metals (Cu, Zn, Mn, Ph, Cr 

Cd and Fe) In three organs of two econOmIC fish Lethrmus 

mahsenOides and Lethrmur; nebulosus from the Red Sea 

Shnadah and Emara (1992) studIed the effect of water pollutJon 

on the concentratIOns of Iron, manganese, mckel, lead and cadmIUm ill 

some fish and crustacea collected from the Eastern-Harbour and 

EI-Mex Bay of Alexandna Also, they estunated the concentratIOn 

factors for the tested metals ill the studIed fish 

EI-Moselhy (1993) mvesttgated the seasonal vanatton of Cd, Ph, 

Cu and Zn m seven organs (lIver, gills, muscles, bone, bram, skID and 

gonads) of four fish speCIes representmg all fishIng techmques m Suez 

Gulf and Suez Bay Emara et af (1993) compared the level of metals 

(Cr, Mn, Fe, Co, NI, Cu, Zn, Cd and Pb) m muscle and bone of fish 

from MedIterranean and Red Seas, and they stated that the 

accumulatton of metals IS more pronounced ill Red Sea speCIes than In 

Medtterranean ones 

Ahdelmonelffi et al (1994 a) studIed the content of trace metals 

(Cd, Ph, eu and Zn) ill Sardmella glbbosa, Saunda sp and 

Epmephelus sp from the Gulf of Suez, and stated that CarnIvorous fish 
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recorded hIghest values of Cd and Pb wIuIe Z11 was recorded m pelagIc 

herbIvorous fish Aluned et af (1994) measured the content of trace 

metals (Cr, Mn, Fe, Co, Cu and Pb) In muscle and bone of some fish 

speCles from Suez Bay and Ghardaqa, they showed that the htgbest 

levels m muscle were found In Upeneus mo/uccensls and the lowest In 

Pie ctropom us maculatus collected from Ghardaqa and Suez, 

respectively 

Abdelmonenn et al (1994 b) stuilled the levels of some heavy 

metals (Zn, Cu, Ph and Cd) m four fish speCIes collected from EI-Mex 

Bay, the results showed that the essentIal heavy metals Zn and Cu are 

accumulated m soft tIssues as hver wlnle the nonessentlal Ph and Cd 

are more accumulated In hard tlssues (bone and gtlls) Abdelmonelm et 

af (1994 c) studted the dtstnbubon of heavy metals (ell, Zn, Mn, Ph, 

Cr, Cd and Fe) ill the organs of some edIble fish speCIes from the Gulf 

of Suez (Red Sea) 

EI-Deek et al (1994 a) estImated the concentratIon of Cu, Zn 

and Pb m three Epmephelus sp collected from the Red Sea 

EI-Moselhy and El Samra (1994) determmed the level of metals 

(Cd, Ph, ell, Zn, Nt and Fe) III Saunda sp t Nemlpterus metoptas and 

Nemlpteros Japomcus collected from Red Sea and Suez Gulf, and 

Saunda sp from MedIterranean m front of Port SaId CIty for 

companson They recorded that the fish collected from the 

MedIterranean gave lugher values of metals than those collected from 

the Red Sea 
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Many experts mvestIgated heavy metals ill the manne orgamsms 

from waters other than EgyptIan ones Merancer and Somers (1968) 

detennmed the effectIveness of dry-ashmg for the atOlmc absorptIOn 

analysts of 8 metals (Cd, Co~ Cr, Cu, Nt, Pb, Zn and Mn) 111 a number 

of typIcal seafood samples 

Lucas and Edgmgton (1970) detemll11ed the concentration of 15 

trace elements by nutron acttvatIon analysts of samples of whole fish 

and fish hver from three of the Great Lakes They observed that the 

concentratlOns of trace elements vaned With speCIes and lakes 

Klemert et al (1974) found the concentratlOns of metals m fillets 

offish sampled from Wisconsm waters were less than 005 ppm for Cd, 

not detectable (ND) to 0 42 ppm for Cr, 2 7 to 18 3 for ZI1, ND to 4 31 

for Ph and ND to 0 35 for As They recommended that these metals, 

wluch found ill the tested fish, are presented ill suffiCIent amount wmch 

dId not create any hazards to consumers 

Bryan (1980) mvesttgated the contanunatlon of heavy metals ill 

sea, mput of metals to sea and theIr deposItton m sedlII1ents, and 

mfluence of envrronmental and bIOlOgIcal factors on the accumulation 

of metals by bIota 

Shlber and Salanla (1981) detennmed Pb, Cd, Nt, Fe, Zn, Cu 

and Cr concentratJOns m 6 specIes of mtemdal orgamsms common to 

the coast ofRas Berrut, Lebanon 
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Salankt. et af (1982) measured the concentratIon of Hg~ Cd~ Cu, 

Ph, Zn, Fe and Mn 111 chrronoIDldae larvae, crustacea, plankton, as well 

as ill vanous organs of mussels and fishes collected from the open 

water area of Lake Balaton (Hungary) They showed that the values 

were comparatIvely low and there were sIgmficant dIfferences ill the 

metal concentratIons of speCIes and tIssues 

Honda et al (1983) determmed the concentratIons of Fe, Mn, 

Zn, Cu, Pb, NI, Cd and Hg ill the muscle, hver and kidney of fifty rune 

stnped dolplnns by atomtc absorptIOn spectrophotometry They found 

that the levels of the most metals exammed were hIgher ill the lIver than 

the other tissues, also, correlatIOn of the metal concentratIons to the 

body length, WeIght and age was posItIve for Fe, Pb, Nl, Cd and Hg 

and negatIve for Mn, Zn and Cu 

MtklOVIcS et al (1985) studted the accmnulatlon and effect of 

heavy metals III the fishes of Lake Balaton (Hungary) They stated that 

there was conSIderable vanatIons m metal levels between dIfferent 

organs of the fish, and the heavy metals dId not reach tOXlC levels ill the 

fish sampled 

Maher (1986) measured the concentratIons of heavy metals (Cd, 

Cu, Pb and Zn) ill the tIssues of fish, molluscs, crustaceans and 

macrophytes from St Villcent Gulf, South AustralIa 

BleVIns and Pancorbo (1986) determmed the heavy metals 

reSIdues (1 e, As, Cd, Cu, Pb, Mn, Hg and Zn) ill strIated muscle of 

268 fish speCllllens harvested dunng a 5 years penod (1980 - 1984) 

from several aquatIc systems ill east Tennessee (U SA) 
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Denton and Burdon-Jones (1986 a) exammed trace metals ill fish 

from the Great Barner Reef They momtored seventeen specIes of fish 

for Cd, Cu, Pb, Hg, NI and Zn to establIsh a database for the area 

Vos et al (1986) exammed the metal content ofPb, Cd, Hg, Cr, 

Nl, Z11, Cu, As and Se m fishery products caught m Dutch waters 

mcludmg sole, plaIce, cod, hemng, eel, pIke-perch, mussel and 

shnmps 

Wahbeh and Mahasneh (1987) measured the concentratIOns of 

ten metals ill hvers, gIlls, gonads and muscles of SIX speCIes of fish 

from Aqaba, Jordan, usmg atomIC absorptIOn spectrophotometry They 

found a slgmficant metal concentration drlferences between speCIes, 

tIssues and metals 

Sex years trend momtonng data of Hg, Cd, Cu, Pb and Zn III 

flO1.mder (Plaflchthys jlesus) from the Sound and Great Belt (Damsh 

coastal waters) were statIstIcally assessed usmg a senes of multtlmear, 

regressIve models ill terms of the measurements of metal levels and 

vanous bIOlogIcal parameters (e g length) for mdIVIdual fish (Jensen 

and Cheng, 1987) 

Kakulu et al (1987) determmed the trace metal contents (Cd, 

Cu, Fe and Zn) ill vanous fish and shellfishes from NIger delta area of 

Nlgena, and they stated that the levels ill the shellfishes were hIgher 

than ill the fish, wInch could be due to therr belllg bottom feeders 
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Romeo (1987) analysed trace metals (Cd, Pb, Hg, Cu, Fe, Mn 

and Zn) m fish roe "an 1lllportant fish for the economy" from the 

northern coast of MauntanIa 

Hornung and Ramelow (1987) measured the concentratIOns and 

chstnbutIon of metals (Cd, Cr, Cu and Zn) III muscle tIssue of four 

common fish speCIes, Mullus barbatus, Upeneus mo/uecensls, Saunda 

undosquamls and Pagel/us erythrmus, eastern MedIterranean regIon 

Also, they plotted the relatIonslnps between elements and zmc 

IsmaIl et al (1988) mvestIgated the metals (pb, Cu, Cd and Nl) 

In muscle, gIlls and lIver of fish, crustaceans and molluscs collected 

from South Chma Sea Sarawak waters 

Marcovecchlo et af (1988) detennmed the total Hg, Cd and Zn 

m the muscles of 19 speCIes of manne orgamsms (mcludmg prawns, 

shrImps and vanous fish) from the BahIa Blanca Estuary, Argentma, 

dunng the penod of 1985 - 1986) 

Peterson et al (1989) analyses three speCIes of fish (brook trout, 

Salvelmus Jontmahs, whIte sucker, Catostomus commersonll, and 

yellow perch, Perea jlavescens) collected from lakes ill New 

BrunsWIck and Nova ScotIa (Canada) for whole body concentratIon of 

trace metals (pb, Cd, Hg, Cu and Zn) Also, he IDvestIgated the 

mfluence of pH and other chemIcal parameters on the accumulatIOn of 

the metals 

Tsoukalt-Papadopoulou et al (1989) detenmned the 

concentratIOn of copper, Iron, chrOImum and mckel m fish and shellfish 
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harvested from Geras Gulf, Lesvos Island, Greece, dunng dIfferent 

seasons of the year 

DeVl (1989) studIed the levels of heavy metals (Cu, Zn, Cd, Pb 

and Hg) to morutar metal levels m Malayslan fish and shellfish 

collected from VarIOUS landmg statIOn (number of fish samples were 

three to five for each specIes) 

Karbe et al (1989) studIed the regIOnal rustnbutIon of heavy 

metals (Hg, Cd, Cu, Zn, Ag, Ph, Fe and Mn) In the abdommal parts of 

hermIt crab, Pagurus bemhardus, from the North and Insh Seas 

Dru-Quanyu et af (1990) detenruned the contents of 26 metal 

elements for commercIal fishes from lakes m Suzhou regIOn (CIuna) 

The magmtudes of metal contents were m the order bentlllc fishes > 

Dlld-water fishes> upper-layer fishes, and Wlth respect to food cham, 

the order was CarnIvorous fishes > omruvorous fishes > herbIvorous 

fishes 

Hernandez et af (1990) detennmed the levels ofHg, Cd, Cr and 

Pb ill several manne orgamsms collected from the Mechterranean Sea 

on the Castellon coast, Spam, dunng 1986 and 1987 They analysed 

dIfferent tIssues m order to know the degree of accumulatIon of heavy 

metals 

Barak and Mason (1990) measured the concentratIOn ofHg, Cd 

and Pb ill bver and flesh of 885 eels (Anguilla anguilla) and 338 roach 

(Rutllus ruolus) collected from four sItes on the RIvers Brett and 

Chelmer, eastern England, over the penod November 1985 to 
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November 1987 They also studIed the effects of length, sItes and 

season on the metal concentratIons 

Bezmdenhout et al (1990) IDvestIgated the blOconcentratlon of 

the heavy metals zmc and copper m the mtestme, spleen, lIver, kIdney, 

body fat, gonads, heart, muscle, braID, vertebrae and gtlls of the 

sharptooth catfish, Clan as ganepmur;, III a lake contammated by 

effluents and seepage water from mmes and metal processmg 

mdustnes 

Wagemann et at (1990) analyzed samples of lIver, kIdney and 

muscle tIssue from beluga (Delphmapterus leucas) from 5 locatIOns 

across tbe CanadIan ArctIc and the St Lawrence Estuary for copper, 

zmc, cadrruwn, mercury, lead and selenIUm They found that, mercury 

was posItIvely assoclated WIth selerumn and age 111 all arumals, 

cadmmID ill ladney was posItIvely assocIated WIth seleruum and age, 

and copper concentratIons declmed WIth age 

Tanq et al (1991) reported the concentratIons of eleven heavy 

metals (Ag, As, Cd, Cr, Cll, Fe, Mn, NI, Pb, Zn and Hg) and four major 

catIons (Na, K, Ca and Mg) ill the muscle of Lobgo duvauceh, 

Sardmella /onglceps and Lapturacanthus savala harvested from ten 

near-shore and offshore coastal SItes of the ArabIan Sea, PaIastan 

Slgruficant correlatIOn between the concentratlO11s of trace metals and 

major catIons were estnnated to IdentIfy the pollutIon status of the area 

ill tenns of fish-speCIficIty and SIte-speCIficIty 

Law and Smgh (1991) studIed the relatJonsrups between body 

weIght of fish and heavy metal (eu, Zn, Pb and Hg) content of the 
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edIble tIssue for three MaIaystan fish speCIes (Anus thalassmus, 

Plotosus angUlllarrs and Dasyatls zugen) caught ill the Kelang estuary 

Ashraf et at (1992) detennmed the concentratIOns often metals 

(As, Cd, Cr, eu, Fe, Mn, Nt, Ph, Zn and Hg) ill the edtble muscle of 

Anus maculatus captured from eIght drlferent near-shore and offshore 

sItes of the south west coast of the Arablan Sea, PakIstan 

Al-Mohanna (1994) analyzed five commerCIally IIDportant fishes 

of SaudI Arabla from J1Zan, Red Sea coast for certalll metals (eu, Hg, 

Cd, Cr, Pb and Zn) ill dIfferent organs of fish tIssue, VIZ , lIver, ladney, 

gut, gIlls and muscle 

Kucuksezgm and BalCI (1994) mvestlgated the concentratIOns of 

heavy metals (Hg, Cd, Ph, Cr, Cu and Zn) ill different manne 

orgamsms (macroalgae, mollusca, crustacea and fish) collected from 

lZImr Bay, Turkey 
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11- Toxicity of metals 

T OXIC effects of the mdIVldual metals depend mamly on the 

cheIll1cal structure of the metal, condItIons of water, and on the arumal 

specIes Generally, medIan lethal concentratIOn (LCso) IS measured for 

more speCIes to dnve the safe enVIronmental condItIon for dIfferent 

pollutants In the present reVIew, the avaIlable studIes whIch carned out 

to detect LCso for metals are cIted 

Ahsanullah et al (1981) detefIlllned the acute tOXICIty of zmc, 

cadIll1UID and copper to the manne shnmp, Callianassa austrahensls ill 

tests lastmg up to 14 days, to compare the 4, 7, 10 and 14 days LCso 

values for each metal 

Ward (1984) assessed the concentratIOn of acute toxIcdy of the 

metals to the specIes dIstnbutIon pattern m the area located at Port 

PIne, Spencer Gulf, South AustralIa 

EI-Nady (1981) and Ezzat et af (1985) studted the effect of Cu, 

Zn and Cd on the fish, MUgl! capito and the crab, Portunus pelaglcus 

to determme LCso and bIOaccumulatIon of the metals 

Denton and Burdon-Jones (1986 b) exammed the acute tOXICIty 

of Hg, Cu, Cd, Zn, NI and Ph to adult and Juvemle glass perch 

(Pnopldlchthys marranus) and Juvemle dtamond-scaled mullet (Llza 

Valglensls), and the effects of water qualIty on the tOXICIty of metals 

Prabhudeva and Menon (1986) studIed the effect of metal 

truxture (ZInC and copper) on the mortalIty rate of Perna V111dlS 
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(Mollusca Pelecypoda), and they stated that, the mIxture of zmc and 

copper recorded enhanced tOXlCIty of one metal ill the presence of 

another metal 

de NIcola GIUdicI et al (1987) mvestIgated the acute and 

long-term tOXICIty of cadnnum ill dtfferent stages of the lile cycle of an 

Idothea bafllca (crustacea) populatIon from the Bay of Naples 

KnshnaJa et af (1987) evaluated the toXIC effects of certam 

heavy metals (Hg6 Cd. Se, As and Pb) on Scylla serrata, the common 

edIble IndIan manne crab, and detennmed the 24 to 96 h LCso values 

for each metals 

Hdmy et af (1987) detemuned the acute tOXlCIty of Cu, Zn, and 

nnxture of the two metals to Juvemle Clanas lazera over a 96 h 

exposure penod, also they assessed the toXIC effects of the nuxture on 

the physIOlogIcal parameters 

Mukhopadhyay et af (1987) studIed tbe tmocIty behavIOur of 

heavy metals on estuanne orgamsms, and the sensItIVIty of crustaceans 

and fishes to the zmc, copper and chromIUm Also, they studIed the 

effect of desalmIzatIon of medIa to the metal tOXlC!ty 

CUl-Keduo et al (1987) studIed the effects of SIX heavy metals 

(Hg, Cu, Cd, Zn, Pb and Cr) on hatchmg the eggs and SurvIval of 

larvae of flatfish, Paralichthys ol1vaceus and Cynoglossus semilaevls, 

taken from Jlaozhou Bay, Qmgdao, ChIna 
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Ram and Ramamurtln (1987) deternnned the medIan lethal 

concentratlOn (LCso) of Cu to crab OZlotelphusa senex senex, snaIl Piia 

globosa and fish TI/apw mossamblca They stated that the relatIve of 

tOXICIty vaned among the orgamsms 

Thorpe et af (1989) studIed the effect of cadnuum to sUIVlval, 

growth and moultmg frequency of mud crab R1llthropanopeus harnSll 

and grass sbnmp Palaemonetes pUglO when the newly hatched larvae 

of the two speCIes were exposed for 96 h to a range of cadnu.um 

free-IOn concentratIons usmg metal-buffered seawater 

Galkwad (1989) studIed the acute tOXICIty of three dIfferent 

heavy metals salt, mercury chlonde, copper sulphate and selemum 

OXIde, to the fish Etroplus maculatus collected from MansWlda Lake 

sItuated III Thane CIty, IndIa 

HamIlton and Buhl (1990) deternnned the acute tOXICIty of 

arsenate, arsemte, cadnnum, chrommm, copper, mercury, suver, 

vanadIUm and zmc (mdIVIdually and In two envrronmentally relevant 

IDlXtures) to two hfe stages of Chmook salmon m reconstItuted fresh 

and brackIsh waters that simulated potential condItIons m the San 

Joaqum Valley, Cahforma 

Wu-Yuhn et al (1990) studIed the effects of heavy metals (Cu, 

Zn, Cd, Ph and Cr) on early hfe stages of the flat fish, Parabchthys 

obvaceus 

Hamed (1992) detemuned the acute tOXICIty (72 h LCso) of Cd 

and Ph to Juvemle Mugll sehell 



I 
I 
Ii 

I 
I 
I 
I 
I 
I 
I 
I 
I , 
J 
II 
JI 

21 

111- Accumulation and depuration of metals: 

MleUmen (1973) studIed the mechalllsms and rates of absorptIOn 

and excretIOn of heavy metals m orgamsms, WIth partIcular reference to 

bIOlogIcal half-tIlue and accumulatIOn 

Ward (1982) examl11ed the dlstnbutIOll and accmnulatlOn rate of 

cadmnun ill the Sydney rock oyster, Saccostrea commerclGlis after 

a long-tenn sublethal challenge WIth the metal (10, 25, 50 and 150 

Jlg/l) 

The uptake of cadnnum by stIcklebacks and Its dIstnbutIOn 

between the body tIssues was compared followmg two methods of 

exposure, 1 e , natural exposure to the heavy metals In water and dIrect 

mtrapentoneal illjectIon (Woodworth and Pascoe, 1983) 

Borchardt (1983) l11vestlgated the kmetIcs of cadrmum uptake 

and loss VIa food and seawater In Myulus edulis and Its dependence on 

food quantItIes 

Ahsanullah et al (1984) exammed the accumulatIon of cadmIum 

by the shrunp Callianassa australiensIs ill laboratory mIcrocosms 

contrurung contammated water and sedIments, also they detennmed the 

effects of sublethal cadmIUm concentratIons on theIr growth, and the 

relatIve Importance of the exposure route for cadmIUm accumulatIon, 

that was, water versus sedIments and detntus 

Thomas et al (1985) studted the accumulatIOn rate of cadtmum 

ill the tIssues of rambow trout (Salma gaIrdnen) after pre-exposed to 
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eIther cadmnun (9 Jlg/l) or zmc (100 Jlg/J) In both cases, more than 

990/0 of the total body of cadnnum was found 111 the lIver, kIdney and 

gIlls of the ammals 

Brown et al (1986) detennmed the dIstnbutJon of the cadlmum 

accumulatIOn m the major body organs of three speCies of freshwater 

fish, Salmo gGl rdn err, RUllius rulllu'i and Noemachellus barbatulu'i, 

when exposed to cadnuum dissolved m theIr aquanum water 

Robmson and Ryan (1986) detennmed the accumulatIOn rate and 

depuratIOn of cadrmum and metal mteractIOns WIthm the kIdney, gIll 

and dlgestIve gland of the hard clam, MercenarlG mercenana, after 

exposed to cadmnl1n 

A large scale study was currently undetway to evaluate the 

combmed effects of the "best" envrronmental condItIons on the 

elnrunatIOn of cadmIum, zmc, copper, arsemc, selemum and tIn by 

adult and Juvernle eastern oysters, PaCific oysters, softshell clams and 

hardshell clams (SleWIckI et af , 1986) 

Ikuta (1987) detennmed the metal concentrations III Visceral and 

muscular parts of abalone (Habotls dlscus) by exposure to dIfferent 

concentratlon levels of cachmum, copper, lead and manganese for 120 

days 

Annard et af (1987) stuilled the patterns of accumulatIon of 

essentIal (Cu, Zn) and nonessentlal (Cd, Pb) trace metals m WOImS, 

crustaceans, and fish exposed to short-term expenmental contammation 

and low chromc contannnatton ill a polluted enVIronment 
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SkuI'-skll et af (1987) studIed tlle cadmIUm accumulatIon ill 

tissues of mussels kept Wlthm 20 - 60 days m water artIfiCIally ennched 

by cadnuum up to 20 - 100 J.lgli 

Adult rambow trout, Salmo gwrdnen, were exposed to 36 and 

64 Ilg Cd/I for 178 d to detennme the accumulatIon pattenl of 

cadmIUm 111 the dIfferent organs, gIll, ltver, kIdney, gut, skm and 

muscle, of the fish (GIles, 1988) He stated that, the levels of Cd were 

dIffered from organ to other accordmg to the abllity of uptake, wrole no 

mcrease was recorded III whtte muscle 

Gould et at (1988) studIed the uptake of copper and cadmIUm 

and 11s effects m the gonad of the sea scallop Placopecten 

magellamcus III early gametogeneSIS from the southern shelf of Hudson 

Canyon, New Tersey, USA They reported that, copper had a strongly 

mlubltOry effect on gamete productIon and maturatIOn 

Lmo-ICluu and HsIeh (1988) studted the acute tOXICIty, growth 

effects, accumulatlon and ehmmatIon of copper, cadmIUm and ZInC on 

Penaeus Japomcus, One of the more unportant commercIal sbnrnp 

speCIes ill TaIwan 

Lakshmanan and NambIsan (1989) reported the blOaccwnulatlOll 

and depuratIOn rates of trace metals (Hg, eu" Zn and Pb) by the mussel 

Perna VIridiS from seawater and explored Its swtablhty as an mdtcator 

orgamsms for metal pollutIOn 

AccumulatIon and rustnbutlOn of cadmIUm were stud1ed m the 

organs of the manne prosobranch LIftorma littorea exposed to two 
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amblent concentratIons and for 74 days (Mangomez and Ireland, 

1989) 

Noreyet al (1990 a) compared the accumulatIon rates and tIssue 

dlstnbutIon of cadmmm m dliferent speCIes of freshwater fish (rambow 

trout, Salmo gmrdnen and stone loach, Noemaehetlus barbatulus) 

after exposed to cadnuum m their aquarnun water, and the ablhty of 

fish to secrete the metal from Its ttssues 

Norey et al (1990 b) determmed the dlstnbutIon of cadmIUm 

accumulated In the major body organs of pJke, Esox lUCIUS, after 

exposed to cadnuum dIssolved ill theIr aquanum water at separate 

concentratIOns of 60, 125 and 225 J1g/l 

Das and KavrraJ (1990) studted the accumulatIon patterns of 

cadnnum m the organs of arr-bearthmg fish, Heteropneustes fOSSllIs 

after exposed to three dtfferent concentratIOns of cadrruum (2 5, 6 4 and 

55 5 mg/l) They found tllat the accumulatIon pattern of cadnuum ill 

lIver, gills and ktdney changed WIth ambIent concentratIOn of cadtruum 

ill water 

Lmo-IChIU et al (1990) studted the effects of Cu, Cd and Zn on 

the SUfVlVal and growth of Juverules of prawn, MacrobrachlUm 

rosenbergll and detenmned the acute tOXICIty of these metals to vanous 

larval stages of the prawn They also showed the patterns of 

accumulatIon and ebmmatton of the metals ill young prawn 

In chrome 7 days expenments, fasted catfish, Ietalurus 

punctatus, were found to accumulate the tOXiC metal (cachmum) ill therr 
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bver and kIdney from external medIa WIth Cd concentratIons as low as 

10-9 M (about 0 I Jlg/l), and the concentratlOl1S of Cd were found 111 the 

kIdney greater than the lIver (Bentley, 1991) 

Regoh et al (1991) InvestIgated the abIlIty of the seawedge shell 

Donacilla cornea (bIvalve) to concentrate copper, cadmIum and 

manganese when exposed to these metals ill Its aquan~ and the effect 

of these heavy metals on total calcIUm content III gills, dIgeStIve gland 

a..lJd \Vho!e soft parts 

Rmgwood (1991) evaluated the short-teon accumulatIOn of 

cadmIUm by embryos, vehgers, pedlvehgers and adults of an Hawauan 

bivalve, lsognomon calrfomlcum, over 24 h penod He stated that, the 

dJfferences ill stage-specIfic accumulatIOn rates suggest that there may 

be Important dIfferences m metal metabohsm dunng development that 

are essentIal to developmental process 

Holwerda (1991) determmed the Cd and Cu-accumulatIOn 

factors (AF) for the freshwater clams (Anodonta cygnea) after exposed 

to cadmIum chlonde, copper chlonde, or to a mIxture of the salts He 

found that, the Cd-AF for whole ammals was reduced by 90% ill the 

presence of eu, whIle Cu-AF was reduced by 50% m the presence of 

Cd 

Handy (1992) assessed the effects of cadmIUm and copper 

ennched dIets on the levels of these metals ill the tIssues of rambow 

trout (Oncorhynchus myklss) dunng a penod of32 days and allowed to 

recover on nonnal food for 12 days to evaluate the ehmmanon rates of 

the metals from the body tIssues of the ammals 
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Zorba et af (1992) mvestIgated the heavy metals (Hg, eu, V, Cd 

and Ph) accumulatIOn rate for 36 days and depuratIOn rate for 60 days 

III small and bIg clams, Clrcemta callIpyga They stated that, the rates 

of metal accumulatIon and depuratlOn dIffered m relation to clam size 

class 

Dodoo et af (1992) tested the effects of cupnc Ion actIVIty on 

calCllun accumulatIOn by exposure Juvenile flounder (Parabchthys sp) 

to five dIfferent actIVItIes of lomc copper for ] 4 days 

del Ramo et al (1993) studied the effect of pre-exposure to 

cadmIUm on the accumulatIOn of tlus metal from seawater by brme 

shnmp Artemw They reported that, m the first and thrrd days of 

exposure, htgher levels of carumum were found m pre-exposure 

ammals than ill the non-pre-exposure, but, after SIX days, there were no 

drfferences m cadrmum content between these groups 
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Aim of the work 

Red and Meruterranean Sea are frontIer of the eastern and 

northern sldes of Egypt, urbamzatlon and mdustnal development 

especIally dunng the last 40 years lead to exposure of the coastal belt 

of Egypt to pollution drrectly or IlldIrectly from dIfferent sources 

mcludmg dtfferent mdustnal effluents, agncultural and sewage drams 

These sources of pollution results III a constItutlOn of certam polluted 

regIOns dIffer accordmg to the type and amolUlt of pollutIOn reject 

ThIS work IS focused on metals especIally those WhlCh are sorted 

out as tOXIC metals and cause different hazardous effects to orgamsms 

and man Ghardaqa, Suez, IsmatIta, and Port Said and Alexandna are 

the areas, representIng Red Sea, Gulf of Suez, Suez Canat and 

MedIterranean, and are selected to study the vanatIon of metals m 

tissues of the commerCIal fish and therr response to pollutIon at these 

drlferent sItes To manage the problem of metal accumulatlon ill fish, 

depuratIOn patterns were studIed ill a long-tenn expenmental work 

The studIes were carned out ill two ways 

1- FIeld research, and 

ll- BIOassay 
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Material and Methods 

1- Level of metals in fish: 

1- CollectIOn of fish samples. 

19-FISh specIes lIsted m Table 1 were collected dunng the penod 

from September 1993 to May 1994 from the local commercIal 

fishermen and fish markets at the dIfferent areas of the study Most of 

the collectIOn was earned out dunng wmter season 

The fish were handled accordmg to FAO (1983) and UNEP 

(1984) Damaged fish specunens were dIscarded, washed each 

mdlVldual In clean water The samples were weIghed and measured to 

record the range of fish weIght and length (Table, 1) Then the fish 

samples were placed m polyethylene bags, labelled and stored m deep 

freezer untIl the tnne of analYSIS 

2- Metal standards: 

Metal standards (Cd, Pb, Cu, Zn, Co, Nt, Fe, Ca, Mg, Na and K) 

Wlth lugh punty were prepared from stock solutIOn of metals (1 g 

metalll lItre) By usmg delOruzed dIstilled water, a senes of drlIerent 

concentratIOns of metal standards were prepared then cahbratIon curves 

were evolved 
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Table (l) Number of specimens, and range of total length and total 
weight of the different fish speCIes from dIfferent SItes along 
the EgyptIan coast 

Species LocatlOn 
Specimens 

T otallength Total weIght 
number 

Red Sea 5 205 - 27 6 503 - 131 7 
Sazmda Gulf of Suez 5 21 0 - 30 8 568 - 189 1 

undo')quanl1s Port Said 9 13 5 - 287 141 - 2046 
Alexandna 5 13 5 - 28 0 1246- 161 7 

Red Sea 5 169 - 22 5 654 -1714 
Slganus Suez Bay 5 118-132 266 - 36 0 

nV7l1atus Port S~ud 5 125-1.1.7 258 - 448 
Alexandna 5 178-192 667- 874 

Rhabdosargus Gulf of Suez 5 139-160 343 - 54 0 
hafara Suez Bay 8 96-118 150- 27 5 

Mugzl sehelz Gulf of Suez 5 155-170 449 - 66 7 
Suez Bay 5 136-156 280- 50 3 
Suez Canal 5 13 8 - 152 306- 41 8 

Mugll aphalu~ Suez Canal 6 255 - 27 0 131 6 - 2235 
Mugll auratus Port Said 5 137-158 21 5 - 268 

Nemlpterus Red Sea 5 178-220 676 -113 8 
japOmCllS Gulf of Suez 3 180- 205 632 - 945 

Pomadysis Gulf of Suez 5 13 1 -149 310 -42 2 
stndens Suez Bay 5 ]09-113 199-223 

Gulf of Suez 5 110-128 266 - 41 5 
Pagnls pagnls Port SaId 5 195-221 1205 -1506 

Alexandna 5 21 6 - 23 5 1414 -170 2 

Upenaeussp Gulf of Suez 5 114-156 174- 438 
Port SaId 5 11 2 -136 158 - 28 2 

tv/ullus barbatu S Alexandna 5 174-187 625 - 680 

Sardmella Gulf of Suez 2 171-187 435 - 48 6 
gIbbosa Suez Bay 6 165 - 183 41 3 - 532 
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Table (1) Cont 

SpeCIes LocatIon 

Etrumeus teres GulfofSuez 
Scomber Gulf of Suez 

japomcus 
Trachurus Gulf of Suez 

mdlcus 

TIlapla rp Suez Canal 

Trachmotus Alexandna 
ovatus 

C aranx cryzs AlexandrIa 
VJlplodus sargus Alexan dna 
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Specnnens 
Total length Total wight 

number 

5 151-163 277- 312 
5 17 6 - 200 530- 80 5 

5 155-175 375 - 571 

5 190 -227 1283 - 246 9 

5 205 -223 676 - 88 8 . 
5 198 - 2] ] 905 -105 8 
5 151-160 600 - 69 6 
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3- Cleamng of the equipment-

Clean eqUJpment should be used to aVOId any contammatlOn for 

the samples The c1eanmg procedures are as the followmg 

1- Soakmg 111 tap water WIth detergent 

2- Rmsmg wIth III runmng tap water 

3- SoakIng the eqUIpment for some mmutes ill concentrated 

HN03 H20= 16 

4- Then, wash WIth quartz dlstllled water befor dryness m an 

oven at temperature of 105°C 

4- PreparatIOn of fish samples for analysIs: 

TIle concentratIOns of metals studied were referred to the wet 

weIght FIsh samples were removed from deep freezer and allowed 

tJme for them to thaw before opemng the plastIc bags The samples 

were dIssected for separatmg the organs, muscle, gll1s and hver 

ComposIte samples for small fish and organs were taken 

The method explamed m FAO Fishenes Techrucal Paper No 

158 (1976) for detennmatlOD of metals m the bIOlOgIcal matenals was 

adopted, whIch IS summanzed as follows 

- A known weIght of sample (smgle or composIte) was placed m a 

Teflon crucIble wluch was preViously cleaned 
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- Added an amount of concentrated HN03 (AR degree), covered the 

crucIble and allowed to stand for 30 mmutes or longer 

(predIgestIOn) to aVOId the foam 

- The crucIble was then transferred to a hot plate WIth thermostatIc 

control and heat It to about 1 00 °C for 60 mmutes 

- Let the crucIble cool at room temperature 

-If the solutton was not clear, reheated for another 60 mmutes at 100°C 

After dIgestIOn of all samples by usmg the preViOUS method, 

dIlute the samples to a known volume III a volumetnc flask More 

dIlut10n of samples was needed for measunng the major elements (Ca, 

Mg, NaandK) 

Metals Cd, Pb, Cu, Zn, Co, Nl, Fe, Ca, Mg, Na and K were 

detenmned In aCIdIC solutIOn usmg AAS (AtomIc AbsorptIOn 

Spectrophotometer), Buck SClen , model 200A, presented ill a dust free 

lab at the NIOF, Suez and Aqaba Gulfs branc~ Suez The results were 

expressed In ppm (Jlg / g) wet weIght for heavy metals (Cd, Pb, Cu, Zn, 

Co, NI and Fe) and ppt (mg / g) wet weIght for major elements (Ca, 

Mg, Na and K) 
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11- Toxicity tests (Cadmium and Copper): 

1- CollectIon and acchmatIzation of fish, Alugll seheli, JuvenIles: 

LIve Mug!l sehelr Juverules were collected from the Dersa Pond 

III the Suez Canal dunng February and March 1994 The fish fry were 

transported to the wet lab of the NIOF, Suez and Aqaba Gulfs branch, 

Suez, III aerated tanks contammg seawater from the same area of 

collectIon In the laboratory condttIons, the fish were kept m a holdmg 

tank filled Wlth seawater as stock Acchmattze to the condItIons of the 

expenment was restrIcted to 7 days 

2~ PreparatJon of the toxicants: 

Stock solutIOns of 1000 mg Cd I I and 1000 mg Cu I 1 were 

prepared freshly usmg Cd S04 and Cu S04 5H20 of pure grade pH of 

the stock solutIons was adjusted to about 7 to prevent adsorptIon of the 

metals on the wall of the contamer 

3- Experimental procedures: 

Several expenmental glass tanks 40 x 20 x 30 cm (length x Width 

x hetght) III rurnenston (lllcludtng one as control) were prepared 

(cleaned m tap water WIth detergent, washed III runnmg tap water and 

then m sea water as used ill the expenments, and filled Wlth a known 

volume of sea water) before addIng the test SOlutIOns A senous of 
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concentratIons for each metal were used Thrrty mmutes after addIng 

the toxIcants, ten randomly pIcked fish from the stock tank were 

mtroduced to each of the expenmental tanks, and expenmentaI tlmmg 

started ObservatIons for mortalIty were made four tunes dady at 

regular mtervals Dead fish were removed at each observatlon The 

number of dead fish were then recorded The test was tennmated after 

96 h DuplIcatIon of the expenments were taken mto consIderatIon to 

confirm the results 

4- Data analysIs: 

The percentage mortality III each concentratIOn were corrected 

for control mortalIty usrng Abbott's fonnula (Fmney, 1971), however, 

mortalItIes 111 controls were never greater than 10 % Abbott's formula 

was as follow 

Where, 

c= o-x 
100 X 

C IS the corrected mortalIty 

o IS the percentage of observed mortalIty 

X IS the percentage of the control ammals whIch have rued 
at the relevant observatIOn ttme 
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96 h Leso for each metal was estimated by problt methods 

(Furney, 1971) usmg graplllcal analysts To construct the graph, plot 

percentage mortalIty as the ordlllate agalllst log concentratIon as the • 

abscIssa Read the concentratlOn causmg 50 % mortahty from the fitted 

hne, thIS IS the estImated LCso for the exposure tIme 

111- Accumulation and depuration of Cd and Cu: 

LIve adult fish of Mugrl seheb were collected III October 1994 

from fish fann feedmg Wlth seawater from Suez Canal The fish were 

transported to the wet lab of the National Institute of Oceanography 

and Flshenes, Suez and Aqaba Gulfs branch, Suez, m aerated tanks 

contammg seawater from the same area of collectIon In the laboratory 

condItIons, the fish were acclnnauzed ill the laboratory for about two 

weeks III tanks, stmtlar to the expenmentaI tanks, filled Wlth seawater 

Metals, Cd (Cd 804) and Cu (Cu 804 5H20), were prepared 

freshly as stock solutIons of 1000 mg metals I 1 pH of the stock 

solutlOns was adjusted to about 7 to prevent preCIpItatIOn of the metals 

In four expenmental tanks (2500 htres), 100 fish for each tank 

were exposed to 0 5 and 2 0 mg Cd / 1, and 0 2 and 0 5 lng Cu / 1, a 

fifth group was kept WIth no metals added to the water (control) About 

100 btres of the seawater were statically renewed each two days 
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After 12 weeks of accumulatIOn penod, fish were transferred to 

tanks filImg wIth clean seawater for another 12 weeks 

For each treatment, 4 - 7 mdlV1duals were sampled at dIfferent 

hmes mtervals for metal analysIs The samples were prepared 

accordmg to FAO (1976) to measure the metals by AAS Metals were 

analyzed III fish organs, blood, lIver, gdls and muscle, and the results 

I { were expressed m ppm (Jig / g) wet weIght 
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ConditIOns of metal measurement (technical): 

The metals were detenruned m the extracts by usmg cathode 

lamps at specJf1c sht and wave lengths as shown ill Table 2 

Table (2) Wave length, cathode lamp current and sItt WIdth for 

detenrunatlOD of heavy metals 

Element Wavelength Current Shtwidth 

(nm) (rnA) (nm) 

Cadmnnn (Cd) 2288 75 07 

Lead (Pb) 2170 75 07 

Copper (Cu) 3247 100 07 

Zmc (Zn) 2139 100 07 

Cobalt (Co) 2407 150 02 

NIckel (N!) 2320 150 02 

Iron (Fe) 2483 150 02 

Calcmm (Ca) 4227 75 07 

MagneSIUm (Mg) 2852 75 07 

SOdlWTI (Na) 5890 75 02 

PotassIUm (K) 7665 75 02 
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The precIsIOn of analytIcal method was checked by rephcate 

measurements for cadmlUm and copper 111 fish muscles, results are 

shown m Table (3) 

Table (3) Reproduclbdlty of cadmIUm and copper 111 fish muscle 

samples 

concentratIOns (flglg) wet wt 

Samples Cd Cu 

1 o 115 0310 

2 o 118 0300 

3 0104 0307 

4 0119 0330 

5 0096 0281 

6 0114 0291 

7 0120 0277 

Mean o 112 0299 

±S D 0008 0017 

CV% 714 % 569% 
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Results and Discussion 
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1- Field Research 
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1- Field research 

(1) Level of metals in fish organs: 

For effectIve water pollution control and management, there IS a 

need for a clear understandmg of the loads and dIstrIbutIon of 

contammants In partIcular, the quantItIes and qualItIes need to be 

consldered together WIth the dlstnbutton and the effects on bIOta 

In recent tunes, metals have become a problem of mcreasmg 

concern due to, a) therr presence m excess of natural loads, b) theIr 

tOXIC effects to aquatIC organIsms, c) theIr l]Jgh persIstence to natura] 

degradatIOn and d) therr lugh affinIty of bIOaccUlllulatlon III aquatic 

orga111sms 

Metals may accumulate, unnotIced, to toXIC levels Thus 

problems associated WIth metal contammatton were first lnghhghted ill 

the mdustnally advanced countnes (Mmamata dIsease ill Japan, 

Kutsuna, 1968) Shunazu (1972) reported that eatmg cadmtum

contammated fish by man caused the "Ital-ItaI" whIch conSIdered as a 

cadmIUm pOlsonmg dIsease Other heavy metals such as chrOtnlum, 

copper and zmc, when dIscharge mto water, can enter food cham, 

bloaccumulated ill fish and hence become one of the threatmg factor for 

human bemgs 

The need to make an assessment of the level of metal 

contamInatIOn ill the EgyptIan manne enVIronments has led to the 
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llutlahon of the present pollutIOn momtonng programme TIns 

programme has accomplIshed for the comptlatIOn of an mventory of the 

sources and the quantIficatIon of metals m fish on a country basIs 

Thus, Important fish catchIng areas along the Egyptian coast such as, 

Alexandna and Port SaId at the Mediterranean, Ismruha at Suez Canal, 

The Gulf of Suez mcludmg Suez Bay and Ghardaqa at the Red Sea 

proper were selected to get samples from 

The present part IS a contnbutlOn towards the formulatIon of 

rattonal management polICIes for manne fish resources m Egypt It, 

thus, WIll help to cover the need to have a data base that could be 

effectIve 111 future control strategtes 

1- Muscle 

Table (4) shows the concentratIOn of each of the seven heavy 

metals (~g I g = ppm wet wt) and the four major elements (mg / g = 

ppt wet wt ) III muscles of the tested fish speCIes 

The mlmma and maxima for each metal were underlmed ill the 

table It IS well notIced that the hlghest values of cadnnum (0 09 ppm), 

magneSIUm (0 465 ppt) and potasslUm (4 995 ppt) was m fish Pagros 

pagrus Copper (1 36 ppm) was ill fish MUgl1 auratus Na (2 891 ppt) 

was ill fish Upenaeus sp All these fish samples were collected from 

the MedIterranean ill front of Port SaId Gulf of Suez, on the other 
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Table (4) Mean and standard deVlatlOn of metals level m the muscle of the fish collected from different sites 
along the Egyptian coast (mlmmum and maxImum values are underlmed) 

SpeCIes Area 
Trace metals (J.lg/g wet wt ) Major elements (mglg wet wt) 

Cd Ph eu Zn Co Nl Fe Ca Mg Na K 

Saunda Red Sea 0023 0172 0566 443 0053 0952 10726 008 0075 1 07 0895 -- --
undosquamls ±o 002 ±O 017 ±O 093 ±o 519 ±o 007 ±O 966 ±11 368 ±O 005 ±o 015 ±O 176 ±O 045 

Suez Gulf 0013 0133 0129 2582 0127 0317 3008 0196 0271 105 1 867 
:! 001 ±O 10 ±O 03 ±041 ±003 ±O 17 ±034 ±O 037 ±o 056 ±o 153 ±O 229 

MedIterranean 0052 0182 1 019 299 0067 0557 9529 0084 0254 1 112 0922 
"Port SaId" :i 003 ±O 031 ±o 39 ±O 41 ±O 007 ±o 44 ±624 ±O 013 ±o 097 ±O 423 ±O 087 

"Alexandna" 0027 050 0614 4412 0058 0671 3762 0069 0195 0767 2132 
±o 004 ±O 157 ±O 244 ±l 364 ±O 005 ±O 234 ±1 078 ±O 024 ±O 037 ±O 05 ±o 317 

Slganus Red Sea 0039 0226 0245 2653 0108 0312 3353 0063 019 0743 1629 
nvulatus ±O 006 ±O 081 ±O 029 ±O 288 ±o 018 ±O 149 ± 87 ±O 011 ±o 028 ±O 23 ±O427 

Suez Bay 0026 0255 0333 4383 0074 025 297 009 0146 0851 1222 
±o 002 ±O 081 ±O 082 ±O 574 ±O 009 ±O 053 ±O 373 ±0021 ±0034 ±O171 ±o 321 

Port Said 002 006 069 349 014 050 5557 005 0364 1 625 1926 
"Alexandna" 0026 0566 0743 540 0082 0607 4888 0035 0162 0955 2416 

±() 002 ±O 112 ± 182 ±1 633 ±O 017 ±O 133 ±O 768 ±O 016 ±O 015 ±O 095 ±O 121 

Rhabdosargu!1 Suez Gulf 0024 0216 0342 5412 0092 1 846 651 0037 0373 1094 2712 
hafara ±O 005 ±O 02 ±004 ±o 56 ±O 007 ±1 05 ±O 57 ±O 005 ±O 029 ±O 126 ±O 287 

Suez Bay 003 0217 0247 5463 0067 1 083 3523 009 0159 0389 2304 
±O 004 ±O 024 ±O 005 ±O 841 ±O 002 ±1 007 ±O 331 ±O 005 ±O 024 ±O 035 ±O 186 

--.-~- -~- - ------- ------- -------

c=..: _ _ _ 5-"" iiiIiiJ... --- _. ~ __ _ 
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Table (4) Cont 

SpecIes 

Mugll seheh 

Mugll cephalus 

Mug" auratus 

Nemlpterus 
Japomcus 

Pomadysls 
stndens 

----~ 

Area 

Suez Gulf 

Suez Bay 

Suez Canal 

Suez Canal 

Port SaId 

Red Sea 

Suez Gulf 

Suez Gulf 

Suez Bay 

_._-

Trace metals (Ilglg wet wt) 

Cd Pb Cu Zn Co Nl Fe 

0023 0194 038 3 156 0035 0331 5478 
±O 003 ±o 021 ±O 067 ±O 34 ±o 003 ±o 179 ±o 827 
0033 0268 0418 4088 0058 0224 3773 

±O 009 ±O 066 ±O 137 ±O 759 ±O 01 ±O 072 ±O 481 
002 0186 0738 8212 0064 1 966 17934 

±O 006 ±O 008 ±O 12 ±244 ±O 005 ±O 51 ±937 
003 0188 061 4745 0065 1 935 6297 

±002 ±014 ±1 13 ±O 01 ±O 86 ±O 91 
002 009 1 36 558 012 050 854 -

0022 0336 0288 213 0093 0251 631 
±O 006 ±o 07 ±O 085 ±o 113 ±O 023 ±O 109 ±4547 

003 0169 0228 1 921 0111 0444 3629 
±o 02 ±o 12 ±005 ±022 ±002 ±008 ±062 

002 0124 0568 5022 006 0492 6382 
±003 ±015 ±103 ±002 ±O 08 ±104 

0033 0304 044 349 0055 0256 346 
±O 001 ±O 024 ±O 06 ±O 32 ±O 006 ±O 065 ±023 

r ,_ ........ 
rJ 

Major elements (mglg wet wt ) 

Ca Mg Na K 

0063 0203 0669 1 369 
I 

±O 013 ±O 037 ±o 111 ±o 2271 
0146 014 0596 1 353 

±o 034 ±O 021 ±o 217 ±O 374 
0065 019 0737 1 977 

±O 004 ±o 015 ±o 121 ±O 174 
0052 0206 0616 2395 

±o 028 ±o 008 ±O 054 ±O 675 
0057 0244 1 32 1 047 

016 0165 0764 1 621 : 
±o 058 ±O 008 ±O 13 ±O 361 
0114 0235 082 1 941 

±O 012 ±O 01 ±0025 ±0398 

0106 0259 0686 1 913 
±O 006 ±O 019 ±O 063 ±O 311 
0131 0156 0832 1 312 

±O 015 ±O 026 ±O 05 ±0483 
---------- ------

- -, 





Table (4) Cont 

- -- -- - -

Species Area 
Trace metals (Jiglg wet wt ) Major elements (mglg wet wt ) 

Cd Ph Cu Zn Co Nl Fe Ca Mg Na K 

Scomber Suez Gulf 0024 0126 0484 721 006 0378 12142 0068 0275 0864 1 296 
Japomcus ±0005 ±002 ±015 ±048 ±O 01 ±003 ±275 ±o 008 ±O 034 ±O 10 ±O 136 

Trachurns 0028 061 0782 7754 0062 086 6974 006 019 1 145 1458 
mdlcus ±O 008 ±O 159 ±O 189 ±1 071 ±O 008 ±O 672 ±O 581 ±o 002 ±o 026 ±o 31 ±o 416 i 

Tliapla sp Suez Canal 0034 0234 0618 3 182 006 0342 5262 0065 0148 0607 1 355 
±OO08 ±o 01 ±009 ±O 32 ±O 006 ±O 10 ±133 ±O 015 ±O 026 ±o 098 ±O 178 

~ 
i Trachmotus Alexandna 0028 0404 0964 5346 0062 2261 8242 0027 0231 1 336 1669 

ovatus ±O 003 ±O 036 ±O 09 ± 1 446 ±O 007 ±2 065 ±3 831 ±o 015 ±O 027 ±o 226 ±O 146 
. Caranx cryzes 0028 048 0752 5932 0064 0561 11 208 0015 0175 1 051 2034 

±O 003 ±O 063 ±O 073 ±O 718 ±O 005 ±O 09 ±4 255 ±O 01 ±O 023 ±O 117 ±O 122 
Dlplodus 0031 0356 0892 4864 0064 0594 

, 

15872 0084 0187 0937 1 619 
sargus ±O 003 ±O 087 ±o 151 ±1222 ±O 005 ±O 174 ±9947 ±O 017 ±O 034 ±O 026 ±O 159 

r .--- r1 ,....... .. .." ---, 
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hand, showed lughest values ofNl (2468 ppm), Fe (47 46 ppm) ill fish 

Pagrus pagrus Lead (0 61 ppm) was m fish Trachurns mdlcus, Zn 

(13 512 ppm) III fish Etrumeus teles, cobalt (0 189 ppm) III Smdmella 

glbbosa and Ca (0 196 ppt) tn Saur/da undosquamls 

FISh from Alexandna regIOn showed no any maxImum 

However, lead, m partlcular, showed hIgh values 111 fish muscles, the 

average of wruch was 0 396 ppm wlnch IS consIderably lngher than that 

of the Gulf of Suez (av 0 217 ppm) 

2- LIver 

The concentratIOns of heavy and major metals m hver of fish 

speCIes collected from dIfferent areas along the Egyptian coasts are 

present In Table (5) 

It IS well nottced that the lnghest values of caclnuum (1 16 pp) 

was m fish Scomber Japomcus Lead (1 851 ppm) m fish MUgll sehelz 

Cobalt and mckel (lll and 19 76 ppm) were m fish Sardmella 

glbbosa and Pagrus pagrus, respectIvely The major elements, Ca, Mg, 

Na and K (1 875, 0731, 9633 and 2603 ppt) were m fish Sardmella 

glbbosa All these fish specIes were catched from the Gulf of Suez 

Copper showed Its lughest level (81 17 ppm) m fish MUgll auratus 

collected from Port SaId Siganus nvulatus from Alexandna regIOns 

and Red Sea proper at Ghardaqa had an elevate amount ofZ1nc (102 90 

ppm) and Iron (573 59 ppm) 
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Table (5) Mean and standard deVIatton of metals level m the hver of the fish collected from different sites 
along the Egyptlan coast (mInImUm and maxImum values are underlmed) 

SpecIes Area 
Trace metals (J-lg/g wet wt ) Major elements (mglg wet wt) 

Cd Pb eu Zn Co Nl Fe Ca Mg Na K 

Saunda Red Sea 0113 016 1 76 21 10 0092 081 10754 0319 0157 0978 0396 -undosquamls I 

Suez Gulf 0041 0173 7847 44 55 0316 0379 18741 0201 0342 1 743 1 767 I 

±006 ±o 11 ±351 ±20 70 ±O 07 ±O 22 ±70 16 ±O 146 ±O 107 ±o 474 ±O 266 
, 

Port SaId 041 1 03 12 117 21 977 0 199 0585 144308 0138 0351 2149 1 876 
±026 ±O43 ±220 ±905 ±OO5 ±O 15 ±60 51 ±O 234 ±O 115 ±O 927 ±1438 

Alexandna 0067 0712 4084 35916 0059 0751 4829 0071 0191 1 038 1 887 
±O 022 ±o 481 ±2144 ±25 10 ±O 021 ±O 309 ±19 644 ±O 066 ±O 07 ±O 312 ±O 568 

ISlganus Red Sea 0888 0622 1587 70305 0646 1 753 57359 0207 0249 080 1 179 
nvu/atus ±O 161 ±O 077 ±3 13 ±8445 ±O 045 ±O 298 ±164 93 ±O 047 ±O 034 ±O 073 ±O 118 

Suez Bay 0018 0731 990 2528 0201 0365 14773 0226 0153 0877 1069 -
Port SaId 005 006 343 2657 025 036 12143 0132 0353 1 723 1 137 -

Alexandna 0043 095 2595 10290 032 1 53 28030 0056 0264 1213 1 555 

Rhabdosargus Suez Gulf 013 061 538 4037 025 307 23225 1268 059 1907 1 917 
hafara 

Suez Bay 0089 1 111 228 31 36 0222 1 30 12975 0168 0157 1 185 1 723 
- ----- ----- --~ ------------

r r-- r-:'1 ,....-..-, -l - .... --, 
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Table (5) Cont 

Species 

MUgi/ seheb 

MUgi/ cepha/us 

MUgi/ auratus 

Nenllpteruj 
Japomcus 

Pomadysls 
<it11dens 

Pagrus pagrus 

----

Area 

Suez Gulf 

Suez Bay 

Suez Canal 

Suez Canal 

Port Said 

Red Sea 

Suez Gulf 

Suez Gulf 

Suez Bay 

Suez Gulf 
MedIterranean 

"Port Sald" 

" Alexandna" 
~~--

Trace metals (J.1g/g wet wt ) Major elements (mglg wet wt ) 

Cd Pb Cu Zn Co N1 Fe Ca Mg Na K 

0035 0347 3297 21 79 0139 0764 34577 0073 o 151 1 199 1 053 

010 1 851 6845 1724 0222 0662 30595 0151 016 1 085 1406 
±O 008 ±O 016 ±2075 ±o 81 ±o 009 ±o 049 ±8205 ±O 098 ±O 024 ±O 018 ±o 01 

003 039 787 13 21 011 1204 20594 013 0159 1482 1393 

0072 031 18844 24572 010 0982 73494 0169 0159 1 131 1 515 
±003 ±006 ±851 ±10 53 ±O 03 ±O 47 ±5626 ±O 148 ±O 027 ±o 314 ±O 224 
018 006 81 17 2426 051 079 21600 0131 0345 2486 1 028 

0864 1 148 288 34505 0192 0984 22562 0132 0245 1278 1 712 
±O 645 ±O 164 ±O 20 ±11 43 ±O 028 ±o 11 ±3694 ±O 036 ±O 059 ±O 054 ±O 184 

002 008 1 59 1455 033 083 8556 0495 038 2925 1 63 

004 022 251 1642 006 1 00 9097 0552 0154 1 78 1595 

0035 0708 1 72 752 0071 0236 2287 0548 0136 1 416 0898 

017 057 901 2855 018 1976 30685 0274 0425 2041 1 66 

074 049 749 3928 028 1 21 12461 0073 0307 1 75 2439 

0094 0335 522 4621 0089 0381 32320 0112 0268 1 073 1 755 
~------- -~ 

~ --------,---
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Table (5) Cont 

SpecIes 

Upenaeussp 

Mullus barbatus 

~ardmel/a gzbbosa 

Scomber 
Japomcus 

Trachurus mdlcus 

Tllapla sp 

Trachmotus 
ovatus 

Caranx cryzes 

Dlp/odus sargus 

Area 

Suez Gulf 

Port SaId 

Alexandna 

Suez Gulf 

Suez Bay 

Suez Gulf 

Suez Canal 

Alexandna 

Cd 

019 

019 

0019 

033 

007 

1 16 -
0033 

006 

0043 

0033 

0061 
- ~~--

r 
l 

Ph 

069 

054 

014 

040 

025 

011 

0714 

075 

060 

051 

1 15 

Trace metals (J.1g/g wet wt ) 

Cu Zn Co Nt 

689 5593 013 11 00 

264 3067 024 1 52 

1 31 1049 0056 1 178 - --
757 5038 111 417 -
329 31 98 027 056 

228 18 14 020 049 

336 2671 020 2105 

2534 2892 022 080 

434 2429 0156 13 99 

471 1959 0115 0647 

707 3636 0136 1 196 

II 

Major elements (mg/g wet wt) I 

Fe Ca Mg Na K 

12206 0278 0226 1 704 1 612 

18395 0125 0341 2667 0984 

29011 0026 0071 0445 0737 -
23231 1 875 0731 9633 2603 -- -- --
11226 0064 032 1 217 2004 

22083 0515 0274 1 776 1 384 

29482 0196 0221 224 1 84 

22074 0101 0154 1119 0948 

9206 0009 0245 1 834 1 369 

7162 0006 0175 1 585 1209 

16390 0016 0176 1 637 1 077 
_~ _______ .~~ ______ -------......J 

I~:l -, --- 1 ...-, 
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3- GIlls 

Table (6) shows the levels of the measured 11 metals In the gtlls 

of each of 19-fish speCIes 

The nuruma and maXlma for each metal were underlmed 1D the 

table It IS well notIced that the lughcst values of cadmnun (0 ] 94 ppm), 

zmc (49 10 ppm) and calCIUm (5 306 ppt) was ill fish Scomber 

Japan/cus Lead (l 24 ppm) was ill fish Mugll seheb Cobalt (0 81 

ppm) was In fish Sardmella glbbosa NIckel (3 13 ppm) was ill fish 

Pamadysls stndens Potassnun (2 41 I ppt) was ill fish Etrumeus teres 

All these fish were collected from the Gulf of Suez MedIterranean 

mfront of Port Satd, on the other hand, showed hIghest values of Cu 

(302 ppm) and Fe (1191 30 ppm) ill fish MUgl1 auratus MagneSIUm 

(1 32 ppt) and sodIUm (2845 ppt) were m fish Saunda undasquamls 

Generally, fish from Alexandna regIOn showed the lowest values 

of metals ill all organs except lead ill muscle WInle other areas (Red 

Sea, Gulf of Suez and Port SaId) had the htghest levels of tested metals 

WIth dIfferent concentratIOns 

HIgh levels of copper WhICh were observed In muscle, lIver and 

gtlls of fish collected from Port SaId regIOn reflect contrIbutIon of pamt 

effect of dense traffic srups whIle, h1gh values of mckel presented In 

the organs of fish from the Gulf of Suez are mamly due to pollutlOn 

mfluence of petrochemIcal mdustrtes, petroleum refinenes and many of 

the 011 fields ill the Gulf waters 
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Table (6) Mean and standard deviatIOn of metals level In the gllis of the fish collected from different sites 
along the EgyptIan coast (mInImUm and maxlmum values are underlmed) 

Trace metals (J.lg/g wet wt ) Major elements (mglg wet wt ) 
SpecIes Area 

Cd Ph eu Zn Co N1 Fe Ca Mg Na K 

Saunda Red Sea 007 025 1 00 35 10 022 092 7050 1 581 0536 0648 0448 
undosquamzs 

Suez Gulf 0081 0501 0521 30084 0701 1404 4894 2514 0615 1 594 0922 
±006 ±026 ±O 05 ±258 ±o 16 ±043 ±2339 ±l 244 ±O 079 ±O 253 ±O 195 . 

Port SaId 010 0546 2274 13203 0415 I 06 20420 3531 132 2845 0819 I 

±O 012 ±o 10 ±o 75 ±435 ±005 ±o 17 ±5505 ±2698 ±1 375 ±2848 ±0621 
Alexandna 0074 0588 068 2591 0193 0739 33 195 2866 0511 1473 1 21 

±O 003 ±O 028 ±O 127 ±1 103 ±O 004 ±O 123 ±531 ±O 075 ±O 016 ±O 066 ±O 102 

I Slganus Red Sea 0063 0587 060 5555 0493 0479 3205 1 864 020 1 512 0607 
I nvulatus ±O 005 ±O 054 ±O 04 ±O 125 ±o 053 ±O 035 ±O 039 ±o 162 ±o 018 ±O 043 ±o 009 

Suez Bay 0051 081 097 793 0101 0473 3596 1 386 0131 081 0634 -- --
I 

Port SaId 005 013 1 60 11 76 064 1 91 76812 0798 0394 1 178 0711 i -- --
Alexandna 0055 024 065 11 81 0301 0738 5768 1944 0414 1 34 0661 

Rhabdosargus Suez Gulf 007 046 071 2523 031 059 93 14 1 708 1244 1 528 1492 
hafara 

Suez Bay 0132 0526 076 1745 0276 0768 2853 3501 0252 0746 0985 --
-------

r - r--- r'7"'1 -, - - l - ,..-, 
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Table (6) Cont 

Species 

MUgJ/ sehell 

Mugz/ cepha/us 

Mugz/ auratus 

Nemlpterus 
Japomcus 

Pomadysls 
stndens 

Area 

Suez Gulf 

Suez Bay 

Suez Canal 

Suez Canal 

Port Said 

Red Sea 

Suez Gulf 

Suez Gulf 

Suez Bay 

Trace metals (Ilg/g wet wt ) 

Cd Ph Cu Zn Co Nl Fe 

0048 0399 055 234 0152 0724 30762 

0093 1 24 095 1210 0274 0379 38415 
±O 001 ±o 112 ±o 09 ±o 40 ±o 024 ±O 037 ±1 095 

007 0595 1225 2724 026 120 10547 
±o 005 ±O 34 ±172 ±o 01 ±O05 ±1409 

007 0542 1 237 17783 0203 1 373 5533 
±O 008 ±O 07 ±023 ±349 ±002 ±O 14 ±286 

003 025 302 714 071 200 1191 30 - -
0134 1 116 0646 10 698 0461 0583 22306 

±O 015 ±O 262 ±O 13 ±1 166 ±O 049 ± 131 ±285 09 
0103 067 0816 9679 060 1 672 48877 
±002 ±O 10 ±O 12 ±090 ±006 ±O 11 ±779 

007 048 1 13 1629 023 313 8386 --
0051 0428 072 636 0182 0571 6035 

r - - ~ 

Major elements (mg/g wet wt ) 

Ca Mg Na K 

2333 0682 1494 0587 

I 

2762 0242 1 475 0752 I 

±O 039 ±O 006 ±O 028 ±OO03 
1 154 0376 1 543 1 231 

±O 101 ±O 017 ±O 02 ±O 011 
1268 034 0853 0563 

±O 125 ±O 092 ±O 117 ±0035 
1494 0766 1 126 0702 

4712 0445 082 0825 
±0558 ±0165 ±OO8 ±O 051 
2034 0619 1 524 0956 

±O 585 ±O 06 ±O 115 ±O 131 

326 0641 1 165 1 38 

2525 017 0875 0765 
~---~ 

- , - - .... ' iiiiii 5-' 
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Table (6) Cont 

SpecIes 

Pagros pagros 

Upenaeussp 

I 

. Mullus barbatus 

Sardmella 
gJbbosa 

Etromeus teres 

& .. omber 
Japomcus 

Trachuros mdzcus 

Area 

Suez Gulf 

Port SaId 

Alexandna 

Suez Gulf 

Port SaId 

Alexandna 

Suez Gulf 

Suez Bay 

Suez Gulf 

Trace metals (Ilg/g wet wt ) 
-

Cd Pb Cu Zn Co NI Fe 

012 077 123 1272 025 063 6474 

0168 0634 1 964 14994 0378 0654 8830 
±002 ±o 16 ±044 ±357 ±o 01 ±006 ±1329 
007 0596 0795 14885 0118 0741 22487 

±O 011 ±O 091 ±O 325 ±4235 ±O 016 ±O 097 ±2522 

010 051 145 2142 027 1 52 11796 

006 034 079 680 029 074 14019 

0056 0677 1 18 1073 o 141 066 19646 

010 087 129 3351 027 224 11550 

0101 0762 079 3392 081 2031 81229 -
±O 02 ±039 ±020 ±703 ±O 13 :*:044 ±3274 

009 063 1 60 4240 037 1 52 12582 

0194 0436 0982 4910 038 1 28 21504 --
±004 ±O 03 ±019 ±645 ±004 ±O 25 ±6272 
0062 036 080 10 06 0201 0611 6939 

[- r--rJ 

Major elements (mglg wet wt) 

Ca Mg Na K 

0843 068 1 943 1 157 

3469 1 062 2086 1 048 
±o 556 ±O 409 ±o 548 :*:0203 
2246 0492 1 184 0727 

±O 327 ±O 021 ±o 062 :*:0051 

2504 073 1273 1 302 
I 

1 153 0356 1 126 0678 I 

1097 0447 1278 0723 

3 182 0569 1347 1 165 

1 939 0746 2585 1 657 
±O 66 ±O 054 ±O 222 ±O 257 

324 1 281 1 302 2411 I 
I 

5306 0884 1267 078 
±o 712 ±O 125 ±O 189 :*:0135 
2625 0826 1 374 070 

-~1 
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Teble (6) Cont 

SpecIes Area 

Tllapla sp Suez Canal 

Trachmotus Alexandna 
ovatus 

Caranx cryzes 

Dlp/odus 
sargus 

• 
Trace metals (J1g/g wet wt ) Major elements (mg/g wet wt) _. 

Cd Pb Cu Zn Co NI Fe Ca Mg Na K 

0054 0522 1 044 14274 017 0414 61 006 1 34 0324 0981 0646 
±O 01 ±O 11 ±o 21 ±220 ±OO4 ±O 05 ±11 17 ±o 271 ±o 138 ±O 356 ±o 286 

0046 027 033 1 99 0164 0726 4249 2254 0713 1473 084 - --
0061 047 0435 583 0177 0518 55865 2671 0742 1 641 0415 --

±0016 ±O 12 ±O 095 ±339 ±O 026 ±O 028 ±12 785 ±O 255 ±O 043 ±O 054 ±O 142 

0071 048 051 940 0195 0699 5885 2836 0535 143 0457 

-- - - ---- --------- -~- .. -- -- - ------ -

-------
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In fact, It IS dIfficult to explam specifically the dIfferences m 

metal content of fish organs m the dIfferent sItes compleXity arIses 

from many factors, some of whIch are belongmg to the enVIronmental 

condItIOns, whIle others are bemg Judged 111 relatIon to the selected fish 

speCIes and other bIOlOgical aspects 

Although metal salts have a great mfIuence on the 

blOaccumulatlon of heavy metals, the metaboltsm of the metal m the 

orgarusm has an tmportant mfluence on the concentrations ultunately 

acmeved, both factors are, of course, mfluenced by enVlfonmental 

parameters such as sahmty, temperature, pH and so on (Bryan, 1980) 

Also, water ambIent concentratIons of metals may affect the 

accumulatIOn rate of metals In the tIssues of the organIsms 

Accordmgly, the VarIatIons of the metal contents In the fish caught from 

the dIfferent areas m the present study may be related to the vanatlOns 

m water condItIons as well as the concentratIons of metals ill the water 

wmch are drlfered accordmg to the source of pollutIon (types and 

amounts) 

Bryan (1980) stated that, If an orgamsm absorbs metals as a rate 

proportIOnal to the envrronmental concentratIOn there are at least three 

pOSSIble types of relatIOn between the concentratIOns aclueved by the 

tIssues and those of the envrronment, 

(1) The orgamsm excretes the metal at a rate proportIonal to the body 

burden and therefore the concentratIOn m the body IS 

proportIonal to the enVlTonmental avatlabIlIty and usually 

remams farrly constant or trend to fall With mcreasmg age 
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(2) The orgarusm has lnmted powers of excretIOn and tends to store 

absorbed metals In thts case the concentratIOn ill the organIsm 

may stIll be drrectly proporbonal to enVIronmental avaIlabIlIty 

but, unless It grows fast enough to dIlute the metal, the level 10 

the body tends to mcrease WIth age 

(3) The orgalllsm IS able to Increase the efficIency of excretIon 111 

response to mcreased absorptIOn and therefore the concentratIOn 

ill the body does not mcrease In proportIonal to envlfonmental 

avaIlabIlIty 

Generally, the more hIghly evolved f01111s mcIudmg fish and decapod 

crustaceans tend to be the best regulators and the essentIal metals such 

as ZInC and copper are better regulated than the nonessentIal such as 

cadmmm and speCIally mercury 

In the present survey, the VarIatIOns of the metal contents from 

speCIes to another are mamly due to one of the pornts stated above 
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(2) Response of fish to metals in different areas: 

Accordmg to the lIterature, heavy metal concentratIOns are 

extremely vanable 10 vanous manne and freshwater organIsms 

(Roberts, 1976, Forstner and Porst, 1979), dependmg on the 

geochenucal backgroood and the level of pollutIOn m the gIven area 

Also, the speCIes vanattons m metals content may depend on the fish 

actIVity to uptake of metals from the envrronment, the feedmg habIt and 

mechanIsm and amount of lIpIds present m m each fish and Its organs, 

winch IS usually vary from one organ to another 

Aylmg (1974) and Coughtrey and Martm (1977) suggested that 

dIfferent mecharnsms eXIst for the uptake of copper, chromIUm, zmc, 

cadmtum and lead WIthm Crassostrea gigas (oyster) and Helrx aspersa 

(pulmonate mollusc) These mechamsms may also vary With 

phySIOlogICal and enVIronmental factors (Bryan, 1973) or even With 

sexual state of the ammaI (Alexander and Young, 1976) Thus the 

observed vanatIOn m metal levels of the fish speCIes, ill the present 

study, may be related to one or more of the folIoWlllg factors 

(1) The avrulabIlIty, of dIfferent metals to the arumal (fish), vanes m the 

dIfferent SItes 

(2) HabItat of the fish speCIes and the aVaIlabIlIty of dIfferent metals to 

the fish vanes WIth the type of the feedmg habIt and mecharusm 

(CaI111VOrOUs, ommvorous or herbtvorous) 
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(3) The hPIds content ill the tIssues of dtfferent fish speCIes 

(4) The arumal mvolves dIfferent uptake and reter..tlOD mechamsms for 

the same metal at dIfferent sItes 

One of our obJectIves, m the present study, IS to dIscuss the 

aforementIoned factors DISCUSSIOn m the next parts depends on the 

preVIOUS works m addItIon to data collected from the field to get 

accurate explanallon 
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Part I: The avadabllity of metals to fish in the different sites. 

Allen et al (1974) stated that, the ratIo of metals 10 the fallout at 

dIfferent sItes vanes and also the chemIcal fonn of the metal changes 

hence the avaIlabIlIty of metals may also change 

The present data reveal certam vanatIOns ill heavy metal 

concentratIOns ill the tIssues of ~"'e fish speCIes harvested from the 

selected areas In all tested regIOns, except Port Srud regIOn, the order 

of metals accumulatIon ill fish muscle was Fe > Zn > NI > eu > Pb > 

Co > Cd Wlule ill Port SaId regton, the order was Fe > Zn > Cu > Nl > 

Pb > Co > Cd The change ill the order of copper ill Port Srud regIOn 

may be resulted from the htgh contammatton WIth copper ill tlus area 

that can affect the manne orgamsms and lead to magmficatlOD of 

copper m theIr tISSUes 

RegIOnal VarIatIOn ill the bIOaccumulatIon rate of heavy metals 

by the aquatlc orgamsms were CIted by VarIOUS authors (Hobden, 1967, 

Preston et af, 1972, Coughtrey and MartIn, 1977, Gnmarus et of , 

1980, Voutsmou, 1980, Hafez, 1982, Karbe et of, 1989, Barak and 

Mason, 1990, Emara et af , 1993 and EI-Moselhy and El Samra, 1994) 

The data obtamed by Karbe et af (1989) show that there are 

dIfferences among the vanous metals With respect to theIr patterns of 

regIOnal dtstnbutIOn Also, concentratIOns are lugb. at locatIOns 

nrlluenced drrectly by the known nverllle and other landbased sources 
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Emara et al (1993) showed that, the accumulatIOn of metals (Cr, 

Mn, Fe, Co, NI, Cu, Zn, Cd and Pb) 11l fish was more pronounced ill 

Red Sea speCIes than ill MedIterranean specIes In contrast, 

EI-Moselhy and EI Samra (1994) stated that, fish from MedIterranean 

111front of Port Srud CIty gave Ingber values of metals than those 

collected from the Red Sea The dIfference between the two studIes 

may be related to select more than one speCIes, ill the first study, for 

companson winch are vanes ill Its habItat and feedIng mechamsms, 

whIle 111 the other study, t.~ey compared the metal (,ontents ill the same 

specIes collected from the drlferent SItes 
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Part II: FeedIng and habitat mechanIsms. 

10 find the effect of feedlllg and habItat meChatllSlTIS, fish 

collected from the Gulf of Suez, three specIes of winch are pelagIC and 

filter feedmg fish, one IS pelagIC and carmvorous, willIe, seven speCIes 

are bottom and CarnIvorous fish 

Metals content IT' t..~e dIfferent organs of these drlferent speCIes 

are ShOWI1111 FIgs (1 - 3) 

For all metals other than cadmIUm, gIlls showed therr lugher 

levels ill pelagIC and filter feedmg fish than those recorded ill 

canuvorous fish Tins result may be due to adsorpnon of metals on the 

outer surface of gill tIssues dunng the filtratIOn mechamsm 

In lIver, copper, Zl11C cobalt and rron showed hIgh values ill the 

filter feeders, whIle other metals (cadImum, lead and mckel) were 

found ill CarnIvorous fish 

For muscle, only cadmmm and mckel were present ill 

CarnIvorous fish WIth htgh values, wlule the other metals recorded Its 

htghest levels ill filter feedmg fish 

CadmIUm was the only metal that showed Its lughest level ill 

canuvorous fish for all tested organs, and dus may mdtcate that 

cadmIUm can be magmfied dunng the food cham and reaches ItS 

hIghest level 111 the top of the food cham 
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Generally, the maxnnum values of most studIed metals were 

found ill pelagtc and filter feedmg fish ThIs result can suggests that the 

CarnIvorous fish specIes tested ill the present study tend to regulate 

metals although Its food (fish, crustaceans and molluscs) not regulate 

metals, and have lngh concentratIOns of metals HardIsty et af (1974) 

stated that, flounder, Plallchthys flesus, from Severn Estuary havmg a 

dIet of Macoma balthlca (non-regulator) contamed lngher levels of Zn 

than those havmg a chet of crustaceans and small fish tend to regulate 

Samples of Mytllus galloprovmclGhs, Parapenaeus longlrOStls, 

MerlucClUS merlucclUs, and Mullus barb at us collected ill the Sarorukos 

Gulf (Athens) and analysed for Cd, Cr, Co, Cu, Fe, Mn, Nl, Pb and Zn 

showed no eVidence of elevated pollutIon levels (Bernhard, 1982) 

However, It IS mterestmg to note that the Cu, Cr, Fe, Mn and Zn 

concentratton of M m erluccl us, whIch probably preys on P 

fonglrostls, are lower than ill P longlrostls If It IS confirmed by a food 

cham analYSIS, It means that the concentratIon of these metals 

decreased m lugher levels of the food cham 
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Part III· The lipIds content in the tissues of dIfferent fish specIes. 

The lIpId contents can affect the acclllnulatIon rate of metals ill 

the tIssue Hoar and Randall (1969) reported that, most of metals are 

usually stored 111 fatty ttssues tins observatIOn IS III accordance WIth the 

observatIOns glven by vanous authors (Pentreath, 1973, Bryan, 1973, 

Andereotls and Papadopoulou, 1980, EI-Nady, 1981, Hafez, 1982 and 

EI-Moselhy, 1993) LIver wInch IS fatty tIssue showed lnghest 

accumulatIon rate of most metals studIed than other organs Accordmg 

to the lIterature, amount of lIPId In the fish tIssues affects the 

mstnbutlon of metals III the dIfferent organs of the same 1l1illVldual, 

from mdtVldual to other and from speCIes to other, there are, of course, 

other factors wInch are unportant 111 the accumulatIon rate of the metals 

111 fish Benemarlya et al (1991) showed that, correlatIOn between trace 

element levels III the fish and fish lIPId were not found 

The dtstnbutlon of heavy metals WItlllll the tIssues IS vary from 

organ to other accordmg to the target organ of the metal In the present 

study, the hIghest concentratIon of cadmIUm, copper, zmc, DIckel and 

Iron was observed ill the lIver wInch IS fatty tIssue GIlls showed the 

lughest concentratIon of cobalt WInle the lead was fluctuated between 

liver and gIlls tIssues 

Abdel-Salam (1981) and SalankI et al (1982) found that the 

lIver had lnghest copper than other organs The fonner author observed 

also htgh amounts of zmc and lead ill gonads Bendell-Young et al 
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(1986) recorded that, lIver can accumulate cadmIUm Wlth a level higher 

than those found III other organs 

Bradley and Moms (1986) stated that, muscle tissue was a poor 

mdtcator of mcreased metal avatlablhty, whIle lIver tissues was a good 

mdlcator for Cu, and ladney tissue was best for NI In tlus context, 

MIller et af (1992) suggested that lIver and kIdney are better mdtcators 

of chrome eu and Zn exposure than muscle 

EI-NabaWl et af (1987) showed that the lIver had concentratIons 

of Cd, Pb, Cu and Zn 1ugher than m muscle tIssue of mvestIgated fish 

collected from Abu Qrr Bay, Lake Idku and Lake Manut FUJIse et af 

(1988) dlscenubled that some metals showed organ - and metal speCIfic 

accumulatIons, and recorded l11gh concentratIOn of lead and zmc m 

hard tIssues of Dall's PorpOIse as skIn and bone 

Hernandez et af (1990) reported that an 111lportant accumulation 

of metals was found ill digestIve tract, hver, and partIcularly ill ladney, 

as well as III gIlls for lead and chromIUm 

EI-Moselhy (1993) observed that the lughest concentratIOn of 

cadmIUm and lead was found m bone tIssues, whIle the hIghest copper 

was presented III lIver, and zmc was recorded III gonads 

Al-Mohanna (1994) stated that all the heavy metals were found 

to be accumulatIOn more m lIver and ladney, least concentratIons of 

drfferent metals were found ll1 muscle tIssue 
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Ahdelmonerrn et al (1994 h) showed that, III fish, the essentIal 

heavy metals Zn and Cu were accmnulated III soft tissues as hver whlie 

the nOll- essentIal Ph and Cd were more accumulated m hard tIssues 

(bone and gtlls) 
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Part IV: Uptake and retentIon mechanisms for the metal at 

different sItes 

A casestudv 

Here, dIscussIOn wdl be focused on the response of a same 

specIes collected from dIfferent sttes StatIstIcal analysIs was carned 

out to give accurate data Saunda sp was collected from three areas, 

Alexandna, and Port SaId reglO11s (lvledIterranean) and Suez regton 

(Gulf of Suez) Table (7) shows the range and mean (n = 32) length 

(cm) and weIght (g) of the fish from each of the three regions The 

correlatIOn coefficIent (r) between length and weIght IS calculated Tlus 

correJatlon IS posItive and htghly slgmficant for all reglOns (It IS 

097322 for Alexandna fish, 096431 for Port Srud fish and 0 95735 for 

Suez fish) Consequently, It IS expected eIther length or weIght WIll 

give paraJell relatIOn when It IS plotted agamst the concentratIOn of 

metals In the present study, length was used to give an Idea about the 

relatIOnshIps between fish growth and ItS metals concentratIon ill 

muscle (FIgS 4 - 9) 

1- Metal - length relationships: 

Alexandna regIOn 

In fish from Alexandna (Table 8), each of Cd, Zn and Fe shows 

a negatIve correlatIon WIth the fish length While for the other heavy 

metals (pb, Cu, Co and Nt) the correlatIon IS pOSItIve But these 
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Table (7) Range, and mean of length and weight and theIr correlatIon coefficient 
(r) of Saunda sp collected from dIfferent sItes (no of samples = 32) 

Region Alexandna Port Said Suez Gulf 

Length range 16 1 - 26 0 166- 28 6 150 - 28 7 
(em) 

mean 2133 2012 21 86 

Weight range 2643 -13900 2930 - 15700 1910 - 15920 
(g) 

mean 7628 5726 7048 

r 097322 096431 095735 
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correlatIon (whether they are negative or posItive) are mSlgnrficant 

(-0 5 < r < 0 5) On the other hand each of the major metals Ca, Mg 

and Na shows a negatIve correlatIon wIllIe K shows a pOSItIve 

correlatIon WIth fish length Surpnsmgly, calcHlln IS the only metal that 

gave a slgmficant correlatIOn (r=-O 766) WIth length for Alexandna fish 

Port Said region 

Cadnuum, cobalt and Iron m fish from Port SaId gave a negative 

correlatIOn wIth the fish length, willie other heavy metals (Pb, Cu, Zn 

and NI) gave a pOSItive correlatIOn, but all these correlatIOns lIke 

Alexandna reglOn were mSlgl11ficant Each of the major elements Ca 

and Na showed a negative correlatIon, wlule each of Mg and K gave a 

POSItIve correlatIOn In tlus regton, only potassIUm has slgmficant 

correlation WIth the fish length (r = 0 589) 

Suez region 

In fish from the Gu1f of Suez, the correlatIOn between each of 

Cd, Pb, Co, NI and fish length IS pOSItive and mSlgmficant Tlus 

relation IS mverse and mSlgmficant for Cu (r = - 0 395) Wlule, Zn and 

Fe gave a negatIve and slgmficant correlatIon WIth fish length (r = 

- 0682 and - 0804, respectively) For the major element, K length 

relatIOn was posItIve and margmalIy slgmficant (r = 0494), wlule for 

the other major metals, the correlatIon were negative and mSlgnmcant 
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Genera1ly, most metals ill muscle of fish, Saurrda sp, recorded 

non- SI grnfi cant correlatIOn wIth fish length whether pOSITIVe or 

negatIve, except few, such as calcIUm ill fish from Alexandna, 

potaSSIUm III fish from Port SaId, and zmc and Iron III fish from Suez In 

thIs context, Bevendge et al (1985) showed that, t11ere was no 

sIgmficant dIfference between large and small fish III the levels of 

metals m the TIssues exammed (skIn, muscle, bone and hver) LIver and 

flesh of eels, Anguilla angUilla, and roach, RUlIIus rutlIus, were 

exammed lO measure mercury, c,dOrnnUll and lead (Barak and Mason, 

1990), they found that, there were fewer slgmficant relatlOnslups With 

:fish length and the concentratIons of cadnnum and lead 

Kalal et al (1990) recorded that, the heavy metal concentrations 

m the muscle of rambow trout showed httle mcrease WIth mcreasmg 

body weIght, and they concluded that the waters under mvestIgatlOn 

were safe for fanrung of edIble fish 

EI-Moselhy (1993) studIed four fish speCIes from the Gulf of 

Suez, the concentratIOn of copper mcreased apparently With the weIght 

and length of all tested fish, but the correlatIOn for other metals (Cd, Pb 

and Zn) were tended to be illversely proportIonal WIth the weight and 

length 

Law and Smgh (1991) showed a SIgnIficant correlatIon between 

heavy metals content (Cu, Zn, Pb and Hg) III the edIble tIssues of three 

MalaYSIan fish speCIes and body weIght of fish 

McFarlane and Franzm (1980) demonstrated a conSIstent 

posItIve correlatIOn between copper ill plke bver and fish age 
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hI muscle and bver of three specIes of shark from the Balua 

Blanca estuary, ArgentIna, metal concentratIons (Rg, Cd and Zn) 

showed an mcreasmg patterns proportIOnally to the total length of the 

sharks (Marcovecchlo et at , 1991) 

Khalaf et af (1986) reported that, the relatIOnshIps of metals 

(Cd, Cu, Mn, Pb and Zn) With age and fish weIght were generally 

mSlgmficant However ill case of small fish, the metal concentratIon 

decrease WIth mcreasmg weIght and the large fish showed some 

mcreasmg trend 

Hornung and Ramelow (1987) studIed the relatIonsiups between 

metal concentratIons (Cd, Cr, eu and Zn) and length for Mullus 

barbatus collected from eastern MedIterranean, and showed that there 

was no slgmficant correlatIOn between metals and length of fish 

Haynex et af (1995) recorded that the tIssue weIght of the 

blValve, Donax deltOides, was negatlvely and mSlgruficant correlated 

WIth metal concentratIons (Cd, C~ Hg, Mo, Nt, Se and Zn) 

Boyden (1974) suggested that the relatIOnshIp of metal content 

to body weIght of a WIde range of molluscs was governed by 

phYSIOlogical rather than envrronmental factors WInle Coughtrey and 

Martm (1977) stated that the rate of uptake of metal WIth mcreasmg 

body weIght mIght be useful m the companson of polluted and non 

polluted SItes 
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2- Copper - length relationships: 

hl the present study, relatIOnslup between copper and fish length 

showed a partIcular case m the muscle of fish, Saunda sp, collected 

from the three tested regIOns (FIgS, 10 - 12) 

In the sma]] fish (length < 22 0 cm), copper showed a posItIve 

relatIOnslups With length, and the correlatIOn coefficIent for Alexandna, 

Port SaId and Suez fish were 03802, 07137 and 0 8711, respectIvely 

(mslgluficant for Alexandna and slgmficant for Port SaId and Suez) 

Wlule for large fish (length > 22 0 cm), the relatIOns were mversely and 

the correlatIOn coefficient were -0 1415, -05450 and -05490 

(mslgmficant for Alexandna and sIgmficant for Port SaId and Suez) 

Copper IS an essentIal element for aruma! hfe Its mvolvement ill 

vanous phYSIOlogIcal mecharusms (growth, haemoglobm fonnatIOll, 

enzymatIc actIVItIes and other metabolIc processes) IS clear Therefore, 

copper 1Il the small fish, wInch are ill development stage, may present 

m the tIssues With large amounts than that III the large one Underwood 

(1956) recorded that the whole body content of copper m new-born 

annnals was greater than that m the adult 

In thIS context, Fouda (1987) showed that the content of copper 

and ZillC was decreased ill muscle, skIn and bone compered WIth the 

mcrease of fish age Tacon and De Stlva, 1983 discussed that the 

mmeral reqUIrement of small fish, partIcularly zmc and copper, IS 

Ingber than that of adult fish m VIew of the lugh metabolIc acttVIty and 

growth m small fish 
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ThIS lllverse relatIonslup of copper wIth the fish length was also 

reported by many authors (Cross et at , 1973, Boyden, 1974, Mruks et 

al, 1980, Honda et al, 1983 and 1987, AmI and Wagh, 1988, 

Wagemann et aI, 1990, Abdelmonelm and EI-Deek, 1992, Emara et 

al , 1993) 

3- Metals interrelationships: 

Tables (8 - 10) show the correlatIOn matrIx of metal versus metal 

ill the fish, Saunda sp , collected from Alexruldna, Port SaId and Gulf 

of Suez, and the sigruficant relatlOnsrups are Illustrated m FIgS (13-18) 

The followmg remarks are obVIously noticed 

l~ Fish from Port SaId regIon had a poor sIgruficant correlatIon 

between metals, and thIs mrucate that, the accumulation of 

metals by the manne orgamsms from the Port SaId waters IS 

affected by vanous and complIcated factors, such as wmd and 

current regnne (ENODC, personal cOimnurucatlOn), vanatIon ill 

Salmity dunng drfferent months, nnpact of drfferent pollutIOn 

sources and so on 

2- Lead dId not record any sIgruficant correlatIOn W]th other metals m 

all sturued regIOns 

3- Most of slgmficant correlatIon were observed for essentIal and major 

elements, perhaps due to theIr common eXIstence m mmeral 

deposIts 



Table (8) Correlation matnx total length vs metal, metal vs metal In the muscle of Saurzda sp collected from Alexandna 

CadmlUm Lead Copper Zmc Cobalt NICkel Iron CalcIUm MagneslWTI SodIUm PotassIUm Length 

CadmlUm 1000 

Lead -0142 1 000 

Copper -0392 0178 1 000 

Zmc 0208 -0030 -0522 1 000 

-.::t II Cobalt 0041 -0218 0423 0024 1 000 
00 

Nlckel -0264 0039 0678 0363 0682 1000 

Iron -0318 0055 0432 ·0264 0202 0587 1000 

CalclUm 0309 -0444 -0348 0332 -0137 -0230 0137 I 000 

MagnesIum 0457 -0455 -0417 0521 0067 -0223 -0182 0494 1000 

SodIum 0514 -0150 -0173 0373 0026 -0173 0035 0568 0661 1 000 

PotasslUm 0081 0262 -0294 0623 0222 -0276 -0480 -0195 0078 0064 1 000 

Length -0127 0194 0361 0255 0428 0300 -0149 -0766 -0195 -0390 0196 1000 

- 05> r> 05 IS sIgmficant 

< -- ,.. 
r:"J I -I ..... -, 



Table (9) Correlation matrIx total length vs metal. metal vs metal In the muscle of Saurula sp collected from Port Satd 

CadmIUm Lead Copper ZInC Cobalt Nickel Iron CalcIUm MagnesIum SodIUm PotassIUm Length 

CadmIUm 1 000 

Lead -0493 1000 

Copper 0242 0049 1000 

Zmc -0058 0271 0233 1000 

'r) II Cobalt 0524 -0249 0300 -0189 1 000 
00 

Ntckel 0124 0023 0369 0306 0049 1000 

Iron 0201 -0348 0137 -0240 0039 -0096 1 000 

CalcIUm 1-0 309 0410 -0357 0024 -0279 -0361 0028 1 000 

MagnesIum -0332 0125 -0 158 0186 -0203 -0052 -0301 0310 1000 

SodIUm 1 0146 -0397 0148 -0 326 0285 -0096 0533 0050 0127 1 000 

PotassIUm 0008 0375 0106 0090 0013 0231 -0463 -0028 000001 -0493 1000 

Length I -0 165 0462 0271 0194 -0008 0371 -0376 -0062 o 171 -0347 0589 1 000 

- 0 5 > r > 0 5 IS sIgmficant 



I 

Table (10) CorrelatIon matnx tota11ength vs metal, metal vs metal m the muscle of Saunda sp collected from the Gulf of Suez 

CadmlUm Lead Copper Zmc Cobalt Nlckel Iron CalcIUm MagneslUm SodIUm PotassIUm Length 

CadmIUm 1 000 

Lead 0247 1000 

Copper 0189 -0092 1000 

Zmc 0131 -0231 0632 1 000 

\0 "Cobalt 0289 0212 0537 0180 1 000 
00 

NIckel 0254 0336 0341 0243 0563 1000 I ~ 
~ 

D 
Iron 

1-
0001 -0301 0345 0622 0056 0120 1000 

CalCIUm 0250 -0 181 0632 0460 0389 0080 0396 1000 

MagnesIUm 0528 0271 0439 0416 0431 0279 0191 0529 1000 

SodIUm 0285 -0010 0655 0480 0288 0196 0228 0506 0562 1 000 

PotassIUm 0109 0406 -0137 -0182 0143 0157 -0498 -0317 0340 0037 1 000 

Length 0062 0429 -0395 0682 0106 0049 -0804 -0310 -0105 -0321 0494 1000 

- 0 5 > r> 0 5 IS sIgmficant 

r ... 1 I'" r 
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4- CalCIum and magnesIUm showed the same patterns when correlated 

wIth other metals and length of fish, and tIns mdlcates that the 

fish have slmtlar response to these two elements, also the 

metabolIc reactIon of calclUtn and Inagnesmm has the same 

affiruty 

Holwerda (1991) reported that, cadmmm and copper mlubIt each 

other, when Anodonta cygnea was exposed to a concentratIons of 

cadmIUm and copper ill therr aquarmID The Cd-accumulatIOn factor 

(AF) for whole arumal was reduced by 90 % In the presence of Cu and 

Cu-AF was reduced by 50 % m the presence of Cd In the present 

study, the relatIOnshIp of cadmIUm and copper In the fish from 

AIexandna was COInCIded WIth the result of Holwerda, where the 

correlatIon coeffiCIent was negative (- 0392) 

Peterson et al (1989) observed that copper and ZInC were 

conSIstently posItIvely correlated for all tested fish speCIes, III thIS 

context, one of the copper or Zinc was mcreased III the presence of the 

other ill the muscle of MytIlus edulzs (Elhott et al , 1986) SnmIar result 

was obtamed III Saunda sp from Port SaId and Gulf of Suez (r = 0 233 

and 0632, respectIvely), whIle the fish from AIexandna showed a 

negatlve correlatIon between Cu and Zn (r = - 0 522) 

Tanq et al (1991) estImated the correlatIOn coeffiCIent between 

major cauons and heavy metals m fish from the ArabIan Sea They 

reported a sIgmficant correlatIon (r > 0 468) between the 

concentratJons of trace metals and major catJons Also, stronger 

correlatIon (r > 0900) were observed to eXIst between calCIUm and/or 
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magnesmm and Cd, Fe, Hg, Mn and Pb ill Lobgo duvaucelr, for Cr, 

Mn, Nl and Pb 111 sardmella fongrceps and for Cd alone 111 

Lapturacanthus savala 

Haynex et af (1995) mvestIgated the mter-element correlatIon 111 

bIvalve, Donax deltoldes, and recorded a slgmficant correlatIon of ZlllC 

WIth mercury, lllckel and selemmn, selell1um wIth copper and mercUI)', 

and mckel With copper In tlus context, Honda et al (1987) reported a 

p05~tnle a..'1d slgnmcant correlatIOn for copper With ZU1C, mckel With 

lead, cobalt WIth lead and ruckel, cadnnUlTI WIth zmc and copper, and 

mercury WIth zmc, copper and cadmIUm, m southern mmke whales 

Balaenoptera acutorostrata 

Huggett et al (1973) showed that, wIllIe there was no 

relatIonshIp of zmc concentratIOn and body weIght m the eastern oyster 

(Crassostrea Vlrgm/ca) the relatIOnshIp of copper and zmc 

concentratIOns could be used to mdicate unnatural mputs of these 

metals mto the enVIronment 
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4~ Level of metals in the fish Saurtda sp. and its 

concentration factors: 

Table (11) shows the concentratIons of the seven heavy metals 

(Cd, Pb, Cu, Zl1, Co, Nt and Fe) and that of four major elements (Ca, 

Mg, Na an K) 111 the fish muscle of Saunda sp coHected from 

Alexandna, Port saId and the Gulf of Suez waters 

The maxImum levels of cadmIUm (0044 ppm), Zmc (2296 

ppm), cobalt (0085 ppm), Iron (2 879 ppm) and SOdlWD (81] 94 ppm) 

were observed m the fish from Port SaId waters Whlle, Pb, Cu, NI and 

Ca were recorded Its hIghest level (0 408, 0 328, 0 919 and 39 826 

ppm, respectIvely) m the fish from Alexandna waters MagneslWD and 

potaSSIUm were elevated ill the fish from the Gulf of Suez (43824 and 

174927 ppm, respectIvely) 

To detennme the concentratIOn factors (CF) of the trace metals 

(Cd, Pb, Cu, Zn, Co, NI and Fe) m fish from al1 tested regIOns, the 

levels of these metals ill water at dIfferent areas were collected from 

the hterature and tabulated (Table, 12) Data for Cd, Pb, eu and Zn 

were enough presented to compare the CF m all regIons 

Table (13) shows the concentratIon factors of metals ill fish, 

Saur/da sp, from Alexandna, Port SaId and Gulf of Suez It can be 

notIced that, the concentratlon factors of Cd, Pb, Cu and Zn were found 

to be lugher m Port SaId than those of the others (Alexandna and Gulf 

of Suez), thIS result mdlCate that the fish from Port SaId have the ablhty 
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Table (11) Range, mean and standard error (8 E ) of metals level (ppm) In 

muscle of Saunda sp colJected from different sites (Egypt) 
(no of samples = 321 

Metal 
RegIOn Alexandna Port Said Suez Gulf 

range 0015 - 0 0469 0022 - 0 068 00205 - 0 055 
Cd mean 00261 00444 00369 

SE 00011 00023 00016 

range 0159-0909 0123 - 0 924 o 103 - 0 455 
Ph mean 04075 03651 03095 

SE 00456 00343 00143 

range 0125 - 0810 0136 - 0 606 00335 - 0 522 
eu mean 03278 02969 01865 

SE 00336 00222 00269 

range 1 509 - 3386 1 316 - 4 456 0810 - 2 279 
Zn mean 22817 22962 1 5195 

SE 00798 0123 0070 

range 0025 - 0111 0045 - 0162 0046 - 0136 
Co mean 0057 00853 00818 

SE 00029 0004 00038 

range 0089 - 11 430 0057 - 3365 011 - 4083 
Nt mean 09186 0493 04221 

SE 03651 01414 01403 

range 1 442 -7 440 1 369 -7 991 0742 - 8 199 
Fe mean 26408 28793 22936 

SE 02642 02133 02615 

range 1771 -7679 12 17 - 37 92 I3 24 - 2854 
Ca mean 39826 23682 19025 

SE 255 1 176 0679 

range 9264 -13589 12429 - 284 31 334 77 - 530 54 
Mg mean 114826 199895 438274 

SE 1 766 7509 7847 

range 265 79 - 947 37 2600- 1001 5 451 27 -1151 71 
Na mean 567254 811 936 722571 

SE 2735 21 755 24906 

range 545 10 - 182292 9949 -19437 597 I - 28358 
K mean 103445 1503939 1749271 

SE 50849 49255 96469 

-
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Table (12) ConcentratlOn (J.l.gIL) of the dissolved heavy metals m the water of each of the different sites (Egypt) 

LocatIon CadmlUm Lead Copper Zmc Cobalt Ntckel Iron Reference 

Alexandna 017 060 378 21 90 --- --- 7400 Aboul Dahab, 1985 

208 - 2 14 048 - 0 61 339 - 3 72 --- --- --- --- Shnadah and Emara, 
1991 

.-- --- --- 1624-1780 005 - 0 07 047-055 248 - 26 0 Emara and Shnadah. 
1991 

081 - 0 97 267 - 347 303 - 4 42 2758-3757 --- --- --- Abdelmonelm et al , 
1994 b 

2 14 056 290 1404 007 061 2570 Emara et al , 1995 

Port Said o 15 - 0 93 036-351 023 - 382 1 78 - 17 57 --- --- --- Abdelmonelm and 
Fattouh, 1994 

Gulf of Suez --- I 00 1 60 - 9 60 1 62 - 29 22 --- --- II 32-2132 1 Abdel-Salam, 1981 

o 17 - 0 29 1 79 - 1 85 855 - 1067 909 - 2950 --- --- --- EI-Moselhy, 1993 

-_._-

r r-:: c:::J ---- .-, ~ - ~ 
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Table (13) ConcentratIon factors of metals In Saunda sp collected from 
dIfferent sItes 

Metal Alexandna Port SaId Suez Gulf 

CadmIUm 122-1535 477 - 296 0 1272-2171 

Lead 1174 -727 7 1040- 10142 1673 - 3095 

Copper 742- 113 0 757- 12909 175-1166 

Zmc 163-1042 1307- 12900 51 5 - 938 0 

Cobalt 8143-57000 --- ---

NIckel 15059 --- ---

Iron 357- 661 9 --- I 1 - 2026 
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to concentrate the trace metals ill Its tIssues much more than those of 

Alexandna and Gulf of Suez 

5- One Way Anova analysis: 

One Way Anova analYSIS for the metals In the muscle of fish, 

Saunda sp, collected from the three reglOns ill the present study 

(Alexandna, Port SaId and Gulf of Suez) was used to estImate the 

probabIlIty and dIfference ill the metal content of the dIfferent areas 

(Table 14) 

Cadmul1D, calCIUm, magnesIUm and sodIUm In the muscle of fish 

recorded hIgh SIgnIficant dIfferences between all tested reglOns In 

contrast, lead, rucke1 and Iron showed mSIgmficant dIfferences Copper 

and ZInC showed mSIgruficallt dIfferences between fish from Alexandna 

and Port SaId only, willIe cobalt and potassIUm recorded mSlgruficant 

dIfferences between Port SaId and Gulf of Suez fish These analYSIS 

mmcate that there IS a dtfference between the concentratlOn of some 

elements m the tIssues of the fish from the three areas willIe the other 

are snrular, however, thIs slll11lanty may observed for two areas only 

such as Cu and Zn m fish from Alexandna and Port SaId 

The present case study explam properly the response of fish ill 

dIfferent SItes "the annnal illvolves dIfferent uptake and retentIon 

mechamsms for the same metal at dIfferent SItes" Bnefly the 

conclusIOn could operate m one of two reasons 1) the dIfferent 

populatIOns of the same speCIes at the three regIOns may have dtfferent 
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Tdble (14) Propablhty of metals In the muscles of Saunda sp at dtfferent sites usmg 
One Way Anova analysIs 

Area f---

Cd Ph 

Alexandna & Port Srud 0001 05 

Ale>-.andna & Suez Gulf 0001 005 

i Port Satd & Suez Gulf 001 05 

I Ale>-.andna Port Srud & Suez Gulf 0001 05 

P <0001 
P <0 01 
P<005 
P<01&05 

Very highly slgmficant 
Highly slgmficant 
Slgmficant 

Inslgmficant 

I --, r-\ 

eu Zn 

05 >05 

001 0001 

001 0001 

001 0001 

Propablllty (P < ) 

Co Nl Fe Ca Mg 

0001 05 05 0001 0001 

0001 05 05 0001 0001 

>05 >05 o 1 001 0001 

0001 05 05 0001 0001 

- ..., ,..---.. ~ 

Na K 

0001 0001 

0001 0001 

001 005 

0001 0001 

.--~ -, ,..-, 
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abIlItIes to accumulate metals, 2) the uptake of one metal affects the 

uptake of other metals 

IndIVIdual vanatIOn for uptake and accumulatIon of metals from 

the enVlTonment can be expected ill the same populatIOn, therefore, the 

dtfferent populatIons should have certam dIfferent abIlItIes to 

accmllulate metals 

The second alternatIve has been extensIvely stuilled Wlth the 

molluscs (e g Romenl, 1971, Coombs, 1972 and 1974, Coughtrey, 

1975, FrazIer, 1975, Martm and Felgal, ] 975, Howard, 1975, 

Coughtrey and Martm, 1977, EllIott et af , 1986 and Holwerda, 1991), 

and IS also suggested by the present correlatIon analYSIS of the data for 

the SaUl Ida sp Slgl11ficant correlatIon (0 5 < r < - 0 5) eXist between 

most of the metals at Alexandna and Gulf of Suez, wluIe at Port SaId 

some were between cadmnun cobalt and Iron sodIUm LIterature 

showed that, Cd uptake was slgmficantly reduced by the presence of 

zmc (Bryan and Hummerstone, 1973, Jacknn et af, 1977, Ray et af, 

1979 and 1980 b) In Juvemle mmnows (Phoxmus phoxmus), 

Zn-mduced Increase ill Cd turnover rate m the fish (Glynn et af , 1992) 

Effect of copper and lead on Cd bIOaccumulatlOn by hemng eggs have 

been studIed (Westemhagen et af , 1979), at 2 exposure concentratIOns, 

Cd contents of eggs were enhanced by lead and decreased by copper 

whereas, at an mtermedlate concentratIon, both copper and lead 

mlublt~d Cd accumulatton Cachruum and copper mhtbIt each other, 

when Anodonta cygnea was exposed to a concentrations of cadnnum 

and copper ill theIr aquanwn (Holwerd~ 199 I) In bIvalve, Donacilla 

cornea, large mcreases m CalCIum concentratIOns were observed 
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followmg exposure to Cu and Cd (Regoh et ai, 1991) The tOXICIty of 

cadmIUm was reduced m water With lugh calcIUm concentranon (GIll 

and Epple, 1992) WIcklund and Runn (1988) showed that 109Cd uptake 

m the gtlls decreased wIth mcreasmg Ca levels 
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(3) Sea food safety in Egypt 

The nsk to man can be estImated by companng the metal mtake 

from an observed consumptIOn rate of seafood Wlth the ProVIsIOnal 

Tolerable Weekly Intake (PTWI) For a few trace metals these PTWls 

have been publIshed (Bebbmgton et al, 1997 and Bernhard, 1982) 

The followmg PTWI values are aVaIlable 

PrOVISIonal tolerable weekly mtake 111 mg per 70 kg man 

Cd 03 

Pb 28 

eu 2450 

Table (15) shows the percentage of the present metal 

concentratIons m fish muscle to that of PTWI The obtamed result 

demonstrate that the concentratIOns of trace metals (Cd, Cu and Pb) ill 

the muscle of fish speCIes from dIfferent regIOns along the EgyptIan 

coast would be much lower than the PTWI values and accordmgly 

there IS no nsk from the human consumptIon of these fish The same 

results were recorded by Emara et al (1993) WIth the exceptIOn of lead 

111 Mugrl and Epmephelus speCIes from the MedIterranean wInch 

showed a 80 and 76 % to that ofPTWI 

For liver, the percentage of the cadmIum concentratIOns to that 

of PTWI was vaned between 6 33 % m Mullus barbatus from 
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Table (15) Mean concentratIOns of trace metals Cd, Pb and eu m muscles offish speCIes 
from dIfferent regIOns and their percentage to that of PrOVIsIonal Tolerable 
Weeldy Intake (PTWI) 

Mean concentration Yo of the present concentratIOn to 

SpecIes LocatIon 
mg/kg thatofPTWI 

Cd Ph Cu Cd Pb Cu 

Red Sea 0023 0172 0566 767 614 023 
Sawrda Gulf of Suez 0013 0133 0129 433 475 005 

undosquanlls Port Said 0052 0182 1 019 1733 650 042 
AIexandna 0027 050 0614 90 1786 025 

Red Sea 0039 0226 0245 1233 807 010 
Srganus Suez Bay 0026 0255 0333 867 911 014 

nvulatus Port Said 002 006 069 667 214 028 
Alexandna 0026 0566 0743 867 2021 030 

Rhabdosargus GulfofSuez 0024 02]6 0342 80 771 014 
hafQla Suez Bay 003 0217 0247 100 775 010 

MugTlseheh Gulf of Suez 0023 0194 038 767 693 016 
Suez Bay 0033 0268 0418 110 957 017 
Suez Canal 002 0186 0738 667 664 030 

MugTl cephalus Suez Canal 003 0188 061 100 671 025 
Mugll auratus Port SaId 002 009 I 36 667 321 056 

Nemlpterus Red Sea 0022 0336 0288 733 120 012 
Japomcus Gulf of Suez 003 0169 0228 100 604 009 

Pomadysls Gulf of Suez 002 0124 0568 667 443 023 
s117dens Suez Bay 0033 0304 044 11 0 1086 018 

Gulf of Suez 0028 027 0404 933 964 016 
Pagrus pagrus Port Said 009 0192 1 116 300 686 046 

Alexandna 0035 0191 0272 1167 682 011 

Upenaeus sp Gulf of Suez 0032 0226 0542 1067 807 022 
Port Said 0044 017 0906 1467 607 037 

Mul/us bar batu s Alexandna 0027 0272 0366 90 971 015 

Sardmella Gulf of Suez 0023 0144 0406 767 5 14 017 
grbbosa Suez Bay 0016 0059 0549 533 211 022 
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Table (15) Cont 

Species LocatIOn 

EtnlmellS teres Gulf of Suez 
Scomber Gulf of Suez 

Japomcus 
Trachuros Gulf of Suez 

mdlClls 

TllapJa sp Suez Canal 

Trachmotus Alexandna 
ovatus 

C a1 anx cryzs Alexandna 
"{Jlplodus Sal gus Alexandna 

105 

Mean concentratIOn 
mg/kg 

Cd Pb Cu 

0022 0156 087 
0024 0126 0484 

0028 061 0782 

0034 0234 0618 

0028 0404 0964 

0028 048 0752 
0031 0356 0892 

Yo of the present concentratIOn to 
thatofPTWI 

Cd Pb Cu 

733 557 036 
80 450 020 

933 21 79 032 

11 33 836 025 

933 1443 039 

933 1714 031 
1033 1271 036 
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Alexandna and 386 67 % m Scomber japon/cus from the Gulf of Suez 

Lead showed a percentage of 2 14 - 66 11 %~ wlule copper gave a 

range of 053 - 33 13 to that of PTWI hence, hver, whIch IS a 

detoXIficatIon organ, can accumulate metals much lugher than the 

values of ProVIsIOnal tolerable weekly mtake (PTWI) and consequently 

cause a senous effect to human when take thIS organ ill therr dady dIet 

By companng the level of metals of the fish muscle ill the 

present study wlth the other works m the EgyptIan waters (Table 16), It 

can be notIced that 

1- Cadnuum and lead ill fish samples of the present survey show the 

lowest concentratIons than that recorded ill the other studIes 

2- Copper, zmc and Iron m the present survey are gomg wtthtn the 

levels of the EgyptIan fish 

3- No avaIlable data for cobalt and 11lckel to gIve an Ideal companson, 

the levels of cobalt and mckel recorded by Emara et at (1993) 

were slIghtly lower than those recorded ill the present study 

The wet-weIght concentratIOns of the four metals (Cd~ Pb, Cu 

and Zn) found m the muscle of fish, Mullus barbatus, collected from 

the EgyptIan waters (Alexandna regIOn) ill tillS study are compared 

WIth results of other workers along the MedIterranean coast ill Table 

(17) Generally, our values are Wlthm the range seen ill other regIOns of 

the Mediterranean, and may thus prOVIde vahd mfOlmatIon about the 

current state of the EgyptIan regIons (Medtterranean and Red Sea) 
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Table (16) Companson of metals (ppm wet weIght) In fish muscles of the present study to those found In other 
EgyptIan hterature 

LocatIon CadmlUm Lead Copper ZInC Cobalt NIckel Iron Reference 

Red Sea ~-- 0612-7142 0563-2011 248 -1769 --- --- --- Abdel-Salam, 198 I 
MedIterranean o 30 ~ 0 339 283 - 376 0372 5 36 ~ 697 --- --- --- Abbas et al, 1988 
Gulf of Suez 039-051 064 - 1 14 034 - 045 481 - 687 --- --- 1925 - 20 14 Abdelmonelm and 

El~Deek, 1992 

Red Sea 013-021 026 - 1 24 025 - 0 95 3 16 - 360 002 - 0 08 016-018 162 - 423 Emara et al , 1993 
MedIterranean --- 067 - 267 023 - 048 --- 003 - 0 05 -- 390- 782 Emara et al , 1993 
Gulf of Suez 012 - 0 24 054 - 0 93 041 - 0 59 704 - 22 10 --~ --- --- EI-Moselhy, 1993 
Ismalha --- 362 - 4 60 --- 13 04 - 1347 --- --- 31 48 - 37 31 EI-Dekk et a1 , 1994 b 
Port SaId --- 258 --- 11 21 --- --- 2252 EI-Deek et al , 1994 b 
Gulf of Suez 026 - 055 3 36 - 396 051 - 1 01 434 - 1022 --- --- 8 11 - 1630 Abdelmonelm et al , 

1994 C 

Suez Bay 0012-012 ND - 0 74 031 - 1 55 473 - 9 65 --- --- --- Abdel-Azlffi, 1996 
Gulf of Suez ND - 0 077 N D - 0 921 039 - 3303 333 - 3787 --- --. --- YousIf, 1996 
Red Sea 0022-0039 o 172-0336 0245-0566 213-443 0053-0108 0251-0952 3353-10 726 present study 
Gulf of Suez 0013-0032 0124-061 o 129 - 0 87 1 921-13512 0035-0127 0317-2468 3008-4746 

'" 
Suez Canal 002 - 0 034 0186-0234 061 - 0 738 3 182-8212 006 - 0 065 0342-1 966 5262-17934 

'" 
Port SaId 002 - 0 09 006 - 0192 069 - 1 36 2798 - 558 0064 - 014 030 - 0557 5557-9529 ", 
Alexandna 0026-0035 0191-0566 0272-0964 2708-5932 0037-0082 0306-2261 3 762-15872 

'" 
- - - ~~~--~----

r-
----"'1 _______ _ 
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Table (17) Companson of metals concentratIOns (Jlg/g wet weight) In fish,Mullus barbatus, 
In the present study to those found In other Mediterranean regIOns 

RegIOn Cd Ph ell Zn Reference 

Israel 02-07 --- 33-64 149 - 255 Roth and Hornung, 
1977 

Turkey 003 --- 048 45 Balkas et al , 1978 

Italy <0005 - 0 08 --- --- --- Bolognan et al , 1978 

Greece --- --- 030-051 36 - 6 9 Grlmanls et al , 1980 

Greece 002 - 0 22 --- 016 - I 48 21 -77 VoutSInOU-Tahadoun, 
1982 

Greece 0034 - 0 07 --- --- VaslhkIotls et al , 1982 ---
Egypt 0009 - 0 013 --- 032 - 0 65 --- Emara, 1982 

Italy <008 --- 033 - I 3 24-95 Capell. et al , 1983 

YugoslavIa --- --- 043 - 0 78 342 - 5 45 VukadIn et al , 1984 

Turkey 005 - 013 1 18 - 1 9 048 - 0 95 374 - 598 UysaJ and Tuncer, 
1984 

SpaIn 0001 - 0023 001 - 0 54 --- de Leon et ai, 1984 --
Israel 0007 - 0114 -- 0005 - 019 18- 109 Hornung and Ramelow 

1987 
Turkey 009 - 0 21 1 34 - 2 21 --- 236 - 32 Kucuksezgm and Balci 

1994 
Egypt 0013 - 0 09 006 - 0 61 0129 - 1 36 1 921 - 13 512 Present study 

\ 
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Results and Discussion 

11- Bioassay 
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11- Bioassay 

1- ToxicIty tests of metals (cadmium and copper) 

TIle tOXICIty tests are necessary 1ll water pollutlon evaluation 

because chemIcal and phYSICal tests alone are not sufficlent to assess 

potentIal effects on aquahc bIota (Tarzwell, 1958 and 1971) 

Many acute lethahty studtes have been conducted on the effects 

of metals on marme and freshwater 1l1vertebrates and fish (Sprague, 

1967) Such mformation IS generally used m two ways firstly, to 

compare the sensItIVitIes of different speCIes and potenCIes of 

cheIll1cals usmg LCso values, and secondly to dnve "safe" 

envrronmental concentratIOns usmg LCso values and apphcatlon factors 

m the absence of chromc tOXICIty mformabon on the tested speCIes 

(Ahsanullah et of , 1981) Most acute studtes have been conducted for 

96 h as recommended by Portmaml (1972), NASINAE (1973) and 

APHA (1989) However, the lethal threshold concentratIon of a 

tOXIcant may be a more appropnate quantIty to charactenze tOXICIty, 

smce It represents a common pomt to lethal phYSIOlOgIcal response 

(Wuhrmann, 1952, Sprague, 1967 and Brown, 1973) The lethal 

threshold concentratIOn, therefore, severs as a better concentrallon from 

whIch relatIve senSItIVitIes of dlfferent speCIes to a tmocant can be 

detenrune than LCso values based on an arbltrary 1lme (Sprague, 1967) 

Some lllvestigators (EIsler, 1971, Thorp and Lake, 1974) have also 

suggested that for certaIn tmocants, 96 h tests are too short to 

detennme acutely toXiC effect adequately 
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DetenrunatlOn of the medIan lethal concentratIon (LCso) of the 

cadtruwn and copper for the Juverules of fish, Mugi/ sehelI, at 96 h IS 

the ann of the present sectton It IS an Important step to predIct the 

levels of cadmlUm and copper to be used 111 the uptake expenmental 

study of the accumulatlOfl and depuratIon rates of these metals III the 

tIssues of adult fish 

Acute tOXICIty tests of cadmIUm and copper to MugIl sehell are 

shown III FIg (19) 

The expenments were conducted durmg February and March, 

1994 The conrut1ons of the expenments were as follow temperature 

ranged from 19 5 to 215°C, pH ranged from 8 22 to 8 31, saItnlty 

ranged from 40 90 to 41 03 %0 and dtssolved oxygen vaned from 438 

to 4 97 mg O2 / 1 

JuvemJes of Mugll sehell are collected from the Dersa Pond ill 

the Suez Canal, sorted for SIZe from 1 8 to 3 4 cm m total length and 

from 0 1 to 0 45 g m total welght 

hI the present study, 96 h-LCso values of Cd and Cu (used as 

cadnnum and copper sulphate) were 527 and 1 64 ppm, respectIvely 

TIus Illdlcate that the lomc fonn of Cu IS more tOXIC than the lomc fonn 

of Cd to Mugl! seheb, and the Juvemles are more senSlove to copper 

tOXICIty than those of cadmIUm 

TIns findmg agrees With tOXICIty mfonnation reported for other 

fish by Denton and Burdon-Jones (1986 b), CUl-Keduo et al (1987) 

and Wu-Yulm et a! (1990) The same result was obtamed for 
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crustaceans by Bryan (1971), Machmes (1973), AhsanuIIah and Arnott 

(1978), AnI0tt and Ahsanullah (1979), Ahsanullah et of (1981) and de 

NIcola GlUdlca (I 989) 

In contrast, Hatrulton and Buh] (1990) stated that the cadmIUm 

was more toXIC to fly of CluDook salmon than of the copper, thIS result 

may be due to the sensItIVIty of the organIsms to the mdlVIdual metal 

whtch IS dIffer from specIes to other 

Spehar (1976) reported that the 96 h LCso of Cd for flagfish, 

Jordan ella jlondae, was 2 5 mg / I Hamed (I 992) found that the 72 h 

LCso of Cd for Muglf seheb was 4 87 mg/l, whIle m the present, study 

It was 5 27 mg/I The LCso values of Cd and Cu for oyster, Crassostrea 

vlrglnlca, were 3 80 and 0 103 ppm, respectIvely (Macbmes, 1973) 

The 96 h Leso values of copper was 1 83 ppm for fish Etroplus 

maculaus reported by Galkwad (1989) The vanauon m the Leso 

values for the same metal may be due to, speCIes type, chemIcal 

structure of metal compound, and the conditIons of the expenment 

Taylor (1981) reported LCso values of about 03 to 50 mg ed/l 

W1ule 96 h LCso of Cu ranged from 0 2 to 3 mgll for vanous marme 

fish and crustaceans (Bryan, 1976) Ward (1984) stated that the Cu was 

Inghly toXIC to manne fishes and crustaceans, Ignonng metal-metal and 

metal-enVIronment mteractIOns, and Its water concentratIOn does not 

exceed 0 01 mg / 1 ill the lughly contammated areas 

Sill and Yu (1986) descnbed the mfluence of vanous 

concentratIons of Cd and Cu Ions on the fertIlIzatIOn and development 

of the early embryo of the thick shell mussel (Myfllus coruscus) The 
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results obtamed showed that when the concentratIOn of Cd+2 was below 

2 ppm, no obVIous mfIuence occurs, but ill the case of Cu+2
, the 

concentratIOn of only 20 ppb had a senous mfluence on the mcubatlOn 

of fertuIZed eggs 

Pagenkopf (1986) studIed the tOXICIty of copper, cadmIUm, lead 

and ZIIlC to fishes He denved at least four general conclUSIOns from the 

analysts of hterature 

(1) some chemIcal specIes of metal are more tOXIC than other 

(2) an Increase III water hardness tends to reduce the metal 

tOXICIty, 

(3) some metals are more tOXIC than others, and 

(4) naturally occumng matenals often reduce the concentratIOns 

of tOXIC speCIes 

These parameters are not the only ones affectmg tOXICIty, but they can 

be utIlIzed to ratIOnalIZe many observed metal tOXICIty results 

From the results stated above, we can conclude that, although 

copper IS essentIal metal for vanous physIOlogIcal processes, It shows a 

toXiC effect to manne organtsms mgher than those of cadnnum wmch IS 

known as toXIC metal and not reqUIred for physIolOgIcal reactIons at 

any concentratIOn TIus result should he unpelled us to make a focusmg 

on the copper and other essentIal elements that can produce a 

hazardous mfluences on the manne organIsms, and m general on the 

manne ltfe and enVIronment 
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2- Accumulation and depuration of metals 

Metals ofbJOlogJcal concern may be dlVlded mto three groups 

(1) hght metals (sodIUm, potassnllTI, calcIUm, etc) nonnally transported 

as mobIle cations ill aqueous solutIons, 

(2) transItIonal metals (e g Iron, copper, ZlllC, cobalt, and manganese) 

wInch are essentIal ill low concentratIOns but may be tOXlC ill 

rugh concentratJOns, 

(3) heavy metals or metallOIds (e g mercury, cadmIUm, lead, selemum, 

tm, and arseruc) whIch are generally not reqrnred for metabolIc 

actIVity and are tOXlC to the cell at qUite low concentratIOns 

Absorption of heavy metals from solutIon IS dependent on actIve 

transport system m some nucro-orgaIllsms and sea urchIn larvae, but 

generally ill plant and arumals It IS by paSSIve dIffusIon across gradIents 

created by adsorptIon at the surface, and by bmdmg by constItuents of 

the surface cells, body flwds, etc An alternatIve and unportant 

pathway for ammals IS when metals are adsorbed onto or present ill 

food, and by the collectIOn of partIculate or collOIdal metal by a 

food-collectmg mechamsm such as gIlls ill marme orgarusms There IS 

conSIderable vanatlon m the extent to whIch plants and anImals can 

regulate the concentratlons of metals m the body Plants and bIvalve 

molluscs are poor regulators of heavy metals Decapod crustaceans and 

fish are generally able to regulate essentIal metals such as Zinc and 

copper, but nonessentIal such as mercury and cadnnum are less well 

regulated 
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The present expenments were desIgned to follow the 

accumulatIOn pattenl of carumUlll and copper 111 dIfferent organs of 

Muglf seheli dunng 84 days ( 12 weeks) when exposed to two 

concentratIons of each metal m therr aquanwn, and to evaluate the 

abIlIty of fish to excrete the metals from Its body by transfemng the fish 

to natural (nonpolluted) water 

A-Cadmium 

Cadlll1WTI was first Isolated and IdentIfied by F Strohmeyer ill 

1817 from the zmc ore smithsomte (Zn C03), It IS among the rarer trace 

elements and IS seldom found 111 pure mmerals (GESAMP, 1985) It IS 

usually assocIated with ZInC ores, partlcularly ZInC blende (Zn S), 

where Its concentratIOn may range from 0 1 to 5 0 % or htgher 

(ChlZiukov, 1966) Industnal use of cadmmm was mmor untIl about 50 

years ago But now It IS a very Important metal WIth many applIcatIOns 

The mam use IS electroplantmg or galvaruzmg because of ItS 

noncorrosIve propertIes It IS also used as a colour pIgment for pamts 

and plastics, and cathode matenal for mckel-cadnuum battenes 

Manne geocheIDlstry of Cd has been chscussed by Eaton (1976) 

and Boyle et at (1976) It IS well establIshed that, although 

concentratIOn of Cd tn surface water may be less than lOng ! 1, It 

mcreases to a maxunum of about 125 ng / 1 at about 1000 m depth and 

then decreases shghtly at lower depths (Knauer and Martm, 1973, 

Bender and Gagner, 1976, Boyle et al, 1976, Martm et al, 1976, 
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Bruland et al , 1978, and Raspof, 1980) Nnagu (1980) estImated that 

atmosphenc mput of Cd to the oceans IS 2 4 x 109 g Cd I yr , whIle the 

aIlliual mput Vla stream fWloff IS 7 5 x 109 g, and that most of the net 

gaIn of Cd to the oceans IS due to human actlVltles 

Cadrmum IS a UbIqUltous nonessentIal (toXiC) element that 

possesses hIgh toxICIty and IS easIly accumulated from the enVIronment 

by aquabc orgamsms It has been demonstrated that body burdens are 

mfluenced by season and sex (Watlmg and Watlmg, 1976, Orren et al , 

] 980), age (Cossa et ai, 1979), temperature and sahmty (phIllIps, 

1976), complexmg agents (George and Coombs, 1977) and starvatIOn 

(Jansen and Scholz, 1979) 

Cadmmm uptake from water can take place eIther by paSSIve 

dIffusIOn through body surface or from water passmg through the gtlls 

and subsequently through the body (Ray, 1984 and del Ramo et ai, 

1993) 

CadmIUm blOaccumulatlOn by manne orgamsms has been the 

subject of consIderable mterest m recent years because of senous 

concern and hIgh levels of Cd may have detnmental effects on the 

manne orgamsm and may create problems III relatlon to theIr sUltablhty 

as food for humans 
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AccumulatIon of cadmium 

The concentration of cadrmum ill the lIver, gIlls, blood and 

muscle at each samplmg tnne for the 0 (control), 0 5 and 2 0 mg / 1 

groups are shown m Tables (18 - 21), and Illustrated as a folds to the 

1llltIal concentratIon ill Figs (20 - 21) 

The accumulatlOD patterns of lIver show that the two groups (0 5 

and 2 0 mg I 1) are approXImately sundar III the rate of accumulatIOn 

dunng the first 7 days But from the day ] 4, the accumulation rate 1S 

differ to be much hIgher ill the group of 2 0 mg Cd 11, and show a fast 

lllcrease to reach 318 folds over the ill1ttal concentration at the end of 

exposure penod (84 days) WInle the low water ambIent concentratIon 

of cadnuUIll (0 5 mg / 1) shows more or less constant pattern "plateautl 

(41 - 62 folds over the Imhal concentratIon) until the end of exposure 

penod 

In gllls, as shown m FIg, cadmIUm IS accumulated most rapidly 

dunng the first day showed 6 and 11 folds over the lll1t1al concentratIon 

for 0 5 and 2 0 mg II groups, and Its maxlmum values are recorded at 

the day 14 (12 and 23 folds, respectively) After that, levels of 

cadmIUm m gills are fluctuated and decreased slIghtly untIl the end of 

exposure penod 

For blood, the concentratIOns of cachmum are fluctuated near the 

levels of control dunng aU ttme of the expenment 

No response IS recorded In muscle for 0 5 mg / 1 group dunng the 

expenmental tune While m 2 0 mg / 1 group, slIghtly mcrease m Cd 
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reach up to 2 folds over the trutIal concentratIOn and fluctuated until the 

end of experunent 

The data obtamed by the accWDulatIOl1 of cadrruwn showed that 

there are dIfferent vanatlOl1S m the abIlIty of organs to accumulate the 

metal, and the concentratIOn of cadmmm m the fish TIssues can be 

mfluenced by the ambIent concentratIon m theIr water 

Adult rambow trout, Salrno garrdnen, were exposed to two 

ambIent concentratIOns of Cd m therr aquanwn for 178 days (Gdes, 

1988) Cadrruum accumulated most rapIdly m gIll tIssue wInch became 

saturated at levels 100 fold lugher than controls wlthm 24 and 52 days 

m the htgh and low metal exposures, respectIvely LIver cadnuum 

mcreased 250 to 400 fold over the test penod but accumulatIOn 

exlublted a plateau between 52 and 129 d followmg by a rapId nse by 

178 d KIdney cadnuum mcreased consIstently through the test penod 

to levels apprmamately 50 to 100 fold lngher than control values 

Cadmnun ill the gut and skm ll1creased 10 and 5 fold, respectIvely, 

willIe no mcrease was recorded m wInte muscle 

Carp, Cyprmus carpIO, were exposed to a senous concentratIOns 

of cadrruum for a penod of 120 days (Ikeda et af , 1986) Cd levels m 

tIssues showed Ingher values as exposure days elapsed m htgher Cd 

concentratlOns, and the concentratIOns of Cd were m the order KIdney 

> hepatopancreas > gIlls 

Rambow trout, Oncorhynchus myklss, were fed on a commercIal 

food ennched WIth Cd for 32 days the body burden of fish fed 

Cd-ennched dIet mcreased from about 0 05 to 0 39 Jig I g wet weIght, 
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reflected by elevation 111 the Cd content m gIlls, lIver, blood plasma, 

ladney, skIn, mucus, and whole gut Muscle Cd content dId not alter 

(Handy, 1992) 

The accumulatIOn of cadrmum from external envrronmental 

solutIOn was measured m channel catfish (Ictalums punctatus) WIth the 

aId of 109Cd (Bentley, 1991) In chromc 7 days expenments, fasted 

catfish were fOlUld to accumulate the tOXIC metal ill theIr hver and 

kIdney from external medIa WIth Cd concentranons as low as 10-9 M 

(about 0 1 Ilg / 1) ConcentratIOns were greater m the kldney than the 

lIver Detectable amolUlts of Cd « 0 03 Ilg / g net wt ) were not found 

111 muscle ill tlus t1me at external concentratIon of Cd < 10-5 M « 1 0 

mg/ I) 

Cadlmum bIOaccumuJatlOn from solutIOn by platce Pleuronectes 

platessa and thomback ray raja clavata was found to be extremely low 

for both speCIes (pentreath, 1977) 

Brooks and Rumsby (1967) found that the concentratIOn factors 

for Cd ill oyster Ostrea smuata decreased steadIly WIth 111crease ill 

exposure concentratIOn and the concentratIons of Cd ill the tissues 

decrease m the order gIll > heart > VIsceral mass > mantle > whIte 

muscle> stnated muscle Crassostrea VlrgIn/ca (Shuster and Pnngle, 

1969 and EIsler et af , 1972) exposed to Cd rapIdly accumulated hIgh 

levels of the metal ill soft nssues 

Crassostrea gigas and Ostrea edubs collected from a clean 

enVIronment and transplanted for a penod of 5 months 111 polluted 

water contammg an average of 5 7 Jlg Cd / I accumulated 15 and 17 

• 
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tnnes, respectIvely, the concentratIOns of Cd m control samples 

(Boyden, 1975) Crassostrea VlrglnICa (Zaroogtan and Cheer, 1976 

and Zaroogtan, 1980) was exposed to 5, 10 and 15 Ilg Cd / I seawater 

for 40 weeks at ambIent temperature and salmlty, had as much as 89, 

176 and 292 Ilg Cd / g (dry wt ), respectIvely, ill the whole-body soft 

tIssues Wlthout reachmg eqUlhbnum The Cd concentratIOn In the soft 

tIssues was Imearly related to the exposure concentratlOll and had a 

curvtlmear relatIonshtp Wlth tIme of exposure 

In Sacco 'it rea commercla/zs (Ward, 1982) exposed to several 

concentratIons of Cd (noIrunally 0, 10,25,50 and 150 Ilg / 1) III flowmg 

seawater, the gtlI tissues always had the lughest concentratIOn of Cd at 

any samplmg time, generally III the order gIll > VIscera :: mantle > 

muscle m all experunents other than ill the control group where the 

Vlscera conSIstently had the rughest Cd concentraboll, suggestIng that 

the gIll was the cntIcal organ for Cd uptake ill thIS speCIes 

GreIg (1979) exposed quahaugs, surf clams and oysters to 19 

and 20 Ilg Cd/l seawater for 43 days At the end of 1 ° Ilg / 1 

experunent, the Cd concentratIons m quahaugs, clams, and oysters 

were 2, 2, and 4 tunes the concentratIon m control ammals The 

correspondmg values for exposure at 20 Jlg Cd / I were 2, 4, and 8 

tunes, respectIvely 

George and Coombs (1977) reported an lDlUal lag penod ill 

uptake of Cd ill mussel Mytlfus edubs, but a subsequent Imear 

relatlonslllp WIth tIme and exposure concentratlOn Sl11l11ar results were 

obtamed by Jacknn et af (1977) for 3 filter-feedmg (Mytllus edults, 
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Mulmra lateralIs, and Mya arenarw), and 1 deposlt-feedmg bIvalve 

(Nucula proxIma) and by other workers (Jansen and Scholz, 1979, 

GutIerrez-Galmdo, 1980 and Scholz, 1980) for Mytllus edulls 

The scallops AqUlpecten lrradwns and Argopecten lrradzans 

were also observed to Cd accumulate rapIdly when exposed to spIked 

water (EIsler et aI, 1972 and Cannichael and Fowler, 1981) 

Whole-body Cd concentratIon ill shnmp Penaeus duorarum., 

Palaemonetes vulgaris, and Palaemonetes puglO, exposed to a range 

of 75-1000 J!g Cd / I were ill all case drrectly proportIOnal to the 

concentratIon ill exposure solutlon and to tune of exposure (Nmuno et 

af , 1977 and Engel and Fowler, 1979) A smular relatlOnslnp has also 

been observed for Palaemon elegans (WIute and Rambow, 1982) 

The burrowmg manne shnmp CallIanassa australIenSIS 

collected from an uncontammated area lD Western Port, Vlctona, 

AustralIa, and then exposed to cadmmm-contammated water and 

sednnent for 8 weeks The concentrabons ranged from 0 5 to 63 Jlg 

Cd/l for water and 0 5 to 63 Ilg Cd / g for sednnent the shnmp 

accumulated cadmunn from water at a rate commensurate WIth 

mcreases 111 the concentratIon of cadrmum ill water and the duratton of 

the expenment (Ahsanullah et af , 1984) 

Regoh et af (1991) exposed sandy-bottom bIvalve, Donacilla 

c0111ea, from lll1polluted shore ill northern Sanilma, to 200 Ilg Cd 11 

The bIvalves were found to accumulate the metal, and Cd concentranon 

progreSSIvely mcreased through the penod of exposure 
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Manne prosobranch, Lrttorma /rttorea, were exposed to two 

ambIent concentratlOns and for vanous exposure tunes (Mangomez and 

IreJand, 1989) Lmear accumulatton appeared to occur m the whole soft 

body at the cadnllUIn concentrat1Olls and times of exposure There was 

also a general lInear trend ill the accumulatIOn of cachruum ill the 

vanous organs (gIlls, kIdney, digesttve gland / gonad complex and 

remammg tIssues) 

Depuration (excretion) of cadmium 

Concentrattons of cadmIUm ill lIver dunng the depuratIOn penod 

show unexpected patterns (FIg 20) bemg mcreased contmuously WIth 

the same manner of exposure and reach to 169 and 545 folds over the 

11l1ual concentratIOn for 0 5 and 2 0 mg / I groups, respecttvely, at the 

end of expenment (168 days) 

To explam tIns uneApected result, Jt IS worth to know that the 

accumulated cadmtum IS stored ill ddIerent ttssues Borchardt (1983) 

dtscussed that, cadmnun can be slufted from one organ to another 

accordmg to the dtfferent cadnnum affimtIes At the same tune a part of 

the cadnuum IS released, wlule another IS transferred mto fIxed bonds 

Hence the orgamsms has to be regarded as a multI-compartment 

system Therefore the measured ehmmatlOll curve represents the sum of 

an unknown number of ehmmatlOll processes 

If we conSIder the detoxrlicatIon functIon of lIver, hence, the 

blood may carry accumulated Cd from dIfferent organs (Cd ill blood 

mcreased for 28 days of depuratIOn penod, see FIg, 22) and then leave 
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Its load mto lIver (Cd content of blood began to decrease at 112 day of 

expenment) then stonng of Cd start mSlde the lIver 

In gIlls, the concentratIOns of cadmlUm are nonnally decreased to 

reach the control level at the end of the expenment for 0 5 mg / I group, 

w1ule ill 2 0 mg / I group, the level of cadmIUm IS 3 folds over the InItIa] 

concentratIOn 

The patterns of blood and muscle dunng the depuratIOn penod 

are smlliar to that recorded for exposure penod 

There IS very lIttle, If any, excretIOn of Cd by manne orgarusms 

The bIOlogICal half-hfe IS usually qUIt long (Ray, 1984) ExcretIOn of 

cadmtum by mussels Mytllus galloprovlncIalrs (Majon and Petranlo, 

1973 b) and Mytllus edulrs (George and coombs, 1977) was reported to 

be very slow GreIg and Wenzloff(1978) and Zaroogtan (1979) illd not 

observe any lowenng ill concentratIon of Cd when contammated oyster 

Crassosllea Vlrglnlca were held ill unpolluted waters for 40 weeks 

However, Mowdy (1981) showed that oysters exposed m the 

laboratory ebmmated Cd when transferred to uncontammated estuanne 

enVIronment and suggested that the ehmmatIOll rate depended upon 

sahruty and temperature 

ConflIctmg results have also been presented for crabs For 

example, there was no decreased m Cd content ill Callmectes ssapldus 

(Hutcheson, 1974) but Carcmus maenas (Wnght, 1977 and Jenrungs 

and Rambow, 1979) excreted than 50 % Cd ill about 10 days Veda et 

af (1976) reported 30 % Cd loss from polycheate Nerers Japonlcus 

Wlthm 7 days but no subsequent slgmficant loss In contrast, no Cd 
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excretIOn from Nerels Vlrens was observed (Ray et af , 1980 a) over a 

penod of 75 days:> regardless of the llltIal Cd concentratIOns ill the 

wonns 

EIsler (1974) reported that ill munnmchogs Fundulus 

heteroclltus there was a 50 % Cd loss WltlUl1 2 - 3 days and over 90 0/0 

by 180 days but bIOlogIcal half-hfe (TII2) for Cd III pI rue PleUlolleLles 

platesssa and tll0fllback ray raJa clavata was 150 - 200 days and 76 -

147 days, respectIvely (Pentreath, 1977) 

After 15 days III clean seawater, the loss of cadmIUm was not 

statIstIcally sigruficant m bIvalve, Donacll/a cornea (Regoh et al, 

1991) Zorba et al (1992) reported a sIgtnficrult depuratIOn of Cd ill 

clam Clrcemta call1pyga dunng a penod of 60 days Norey et af (1990 

a) observed that the dIstnbution of cadnuum With three major 

cadmnun-sequestermg organs (hver, ktdney and gtlls) of the rambow 

trout (Salmo galrdnen) and stone loach (Noemachellus barbatufus) dtd 

not change sIgmficantly dunng the penod of therr mamtenance ill 

cadmIUm free water 

When the prawn, Macrobrachlum rosenbergl, were transferred 

to clean freshwater after 32 days of exposure to cadmmm, the 

accumulated metal markedly decreased over a 20 days penod 

(Llao-ICluu et ai, 1990) No loss of cadnuwn occurred m the hard 

clam, MercenanG mercenanG, even after 64 days depuratIon 

(Robmson and Ryan, 1986) Most organs of rambow trout, 

Oncorhynchus myklss, remamed contammated Wltll Cd after 12 days 

depuratIon (Handy, 1992) 



l 
I 
I 
I 
I 
i 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

128 

B- Copper 

Copper IS wIdely dlstnbuted 111 nature and IS an essentIal 

element It was first IdentIfied 111 bIOlogICal matenals by Bucholtz 

(1816) and MeIssner (1817) who fOlmd It In plant Its presence In 

arumals was demonstrated by Sarzeau (l830}, who found ox blood to 

contarn 700 J..lg / htre 

Although copper IS hIghly toXiC to fish, ItS compounds are used 

ill fish culture and fishenes as algIcIdes and III the preventIOn and 

therapy of some fish dIseases The maxImum adnusslble copper 

concentratIOn ill water for the protectIOn of fish IS m the range of 0 001 

to 0 01 mg I 1, dependmg 011 the phYSICal and cheullcal propertIes of 

water and on the speCIes of the fish (FAO, 1993) 

The natural mput of copper to the marme enVIronment from 

erosIon of mmerahzed rocks IS estimated to be 325000 t / yr Inputs 

from human actIVlues are localIzed and vary WIdely ill theIr nature 

About 7 5 nnlbon t I yr of copper IS produced for use m electncal 

eqmpment, ill alloys, as a chemIcal catalyst, m antIfoulmg parnt for 

shIps 'hulls, as an algIcIde, and a wood preservatIve Several of these 

uses meVltable result m copper bemg transferred to the envrronment 

(Clark, 1993) DIssolved copper ill the sea IS ill the fonn of Cu C03, 

Cu+2, and CuOH\ but copper IS one of the metals readIly removed from 

solutIOn by adsorptIOn to partIcles and It IS estlffiated that 83 percent of 

copper ill the sea IS ill tIns form 



l 
J 

J 

1 
] 

129 

Copper IS an essential element for anlffials and lughest 

concentratIons are usually found ill the lIver DespIte the eXIstence of a 

number of detoxdymg and storage systems for copper) It IS the most 

tOXIC metal, after mercury and stiver, to a wIde spectrum of manne hfe 

Expenmental studtes on the accumulatIOn and excretIon of 

copper by manne orgamsms are very few when compared wIth 

cadmIUm 

Accumulation of copper 

The concentratIons of copper In lIver, gIlls, blood and muscle at 

each samplmg tune for the 0 (control), 0 2 and 0 5 mg I 1 groups are 

shown III Tables (18 - 21), and lliustrated as a folds to the 1lllual 

concentratIOn ill FIgS (23 - 24) 

Copper concentratIons ill lIver durmg the first 28 days of the 

expenment show no SIgnIficant dtfferences between mdtVlduals 

exposed to 0 2 and 0 5 mg 11, after tIns tIme, the drlferences are 

observed between the two groups and the levels of Cu reach to 6 and 9 

folds over the illltial concentratIOn, respectIvely 

For gills, at the first 6 hours, eu level showed Its hIghest values 

and recorded about 4 and 10 folds over the lllltmi concentratIOn for 0 2 

and 0 5 mg / I groups, respectIvely, then, as for cachmum, decrease and 

fluctuate untIl the end of exposure penod whIch reach up to 2 folds for 

the two groups 
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In blood, copper IS fluctuated around the control level dunng all 

tIlne of expenments, and shows Its lughest values m the begmnmg of 

exposure penod 

No response IS recorded III muscle for 0 2 and 0 5 mg /1 groups 

dunng the tnne of expenment, and the levels of copper are fluctuate 

near the levels of control group 

Laboratory expenments revealed that copper was strongly 

accumu1ated by sandy bottom bIvalve, Donacll/a cornea (Regoh et af , 

1991), WIth maxnnum body concentratIOn at 25°C At this temperature 

the body concentratIOns for 150 Ilg / 1 of Cu m seawater were 

slgmficantIy higher than those for ] 00 Ilg / 1 No slgmficant drfferences 

m Cu accumulatIOn were observed at 18°C between mdIVlduals 

exposed to 150 and 300 J.lg II 

Clam, Clrcenlla calbpyga were exposed to copper ill therr 

aquanum for 36 days, and It showed a progresslVely mcrease of copper 

m theIr tIssues (Zorba et al , 1992) 

Lmo-IChm et af (1990) studJed the accumulatIon of copper m 

young prawn, Macrobrachlum rosenbergll, and stated that the 

accumulatIon rates vaned WIth the concentratIon of copper 

Rambow trout, Oncorhynchus myklss, were fed on a corrnnercIaI 

feed ennched WIth Cu for 32 days (Handy, 1992) The body burden of 

ammals fed eu-enrIched chet mcreased from about 1 2 to 1 5 ~g / g wet 

WeIght, WIth the gtll, whole gut, blood plasma, s~ and mucus 
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contanunated after 32 days, no changes m the hver and muscle 

occurred 

DepuratIOn (excretIon) of copper 

Dunng the depuratIon penod, copper IS slIghtly decreased m 

lIver (FIg, 23) for the two groups and then begm mcreasmg to reach up 

to 8 and 10 folds over the 1ll1ual concentrauon for 0 2 and 0 5 mg I I, 

respectlve1y 

In gills, after 7 days of depuratIOn penod, copper decrease 

suddenly and Its values are sundar to those found ill control dunng the 

remammg tune of depuratlOn penod 

The patterns of blood and muscle dunng the depuratlOn penod 

are sundar to that recorded for exposure penod 

Zorba et of (1992) observed a sIgnIficant elnrunabon of eu ill 
clam, Clrcemta cafbpyga, durmg a depurabon penod of 60 days ill 

clean seawater 

When the prawn MacrobrachlUm rosenbergu were transferred 

to clean water after 32 days of exposure to copper, the accumulated 

copper markedly decreased over a 20 days penod (Ltao-IChlU et of , 

1990) 

Rambow trout were fed on Cu-ennched met for 32 days and 

allowed to recover on normal food for 12 days (Handy, 1992), all 
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organs~ except the gIll and kldney~ returned to control values after 12 

days depuratIOn 

From the above results, we can notIced the fol1owmg remarks -

(1) GIlls tIssue accumulate metals (Cd and eu) most rapIdly, and tills 

suggests a role for gIll m drrect contact of metals from the water 

Also, adsorbed metals on t..'he surface of gills can smoothly be 

released to the water by the movement of fish, therefore, the 

concentratIOn of metals m gIlls appears to be fluctuated dunng 

all tImes of exposure penod 

(2) LIver records the illghest rate of accumulatIon rather than the other 

organs IllIS may be attrIbuted to the detoxIficatIOn functlOn of 

the bver, thus It has the abIlIty to store any stranger and toXlC 

substances from the blood stream of ammals 

(3) Blood has a fluctuated patterns ill the level of metals dunng all 

tunes of expenments Tills IS m agreement WIth the functIOn of 

lIver and kIdney whIch can get off the tOXlC substances from the 

blood 

(4) No response IS observed ill muscles WIth except of Cd ill group of 

2 0 mg I I wInch record 2 folds over the lDltIal concentratIon 

TIns result may be related to that the muscle of fish, have an age 

of 2 - 3 years and reared ill water contams about 03 ppb 
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cadmmm and I 6 ppb copper, and thus, reached to the saturatIOn 

levels before the begmnmg of expenments 

(5) AccumulatIOn rate of cadmlwn and copper 111 gtlls and lIver was 

hIgher for the Ingh water ambIent concentratIOns (2 0 ppm Cd 

and 0 5 ppm eu), tIns observatIOn IS m agreement WIth dtfferent 

preVIous studIes 

(6) Gills showed a nonnal patterns dunng the depuratIon penod wInch 

reach to the control levels (except Cd III group 2 0 mg / I), and 

thIs result support the suggestIon ill the first remark, that 

adsorbed metals can easIly be released from the surface of gtlls 

wInJe, III case of Cd III groups 20 mg / 1, the metal may be 

dIffused to the cells of gtlls and bond to a protem fractIons 

(7) LIver records unexpected results dunng the depuratIon penod of the 

cadmIUm groups, whIch mcreased contmuously untIl the end of 

expenments WInle III copper groups, levels of eu were 

decreased shghtly dunng the first month of depuratIOn, then 

Increased agam and reach to level lugher than recorded at the 

end of exposure penod Tlus may mdtcate that the lIver can 

accumulate the metals carned by the blood from other mternal 

organs accordmg to Its abIlIty to accumulate more and more 

tOXIcants from the arumal body 

(8) Dunng the exposure penod, accumulatIOn rate of cadnnUDl was 

lngher than those of copper WIth the same water ambIent 

concentratIOn (05 mg / 1) After 84 days of exposure, cadmIUm 

level ill lIver was 62 folds over the lDlUal concentratIon, wlnle for 
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copper was 10 folds only Tills result suggests that cadnuUll1 

wInch IS toXIC and nonessential element IS easIly accumulated 

from the water more than copper wInch IS essentIal element 

(9) By estnnatIOn of concentratIOn factors (CF) for cadnuum and 

copper m lIver offish durmg all tunes of expenments (Table 22) 

It can be notIced that, the concentratIOn factors decreased wIth 

mcreasmg metals concentratIOn m the water but mcreased as the 

duratIon of the expenment was mcreased Concentration factors 

of cadnuum and copper for the contra] group (water ambIent 

concentratIOn was about of 0 2 llg Cd / 1 and 8 0 ~g Cu / 1) were 

much lugher than other expenmental tanks The same results for 

CF of cadmmm were recorded by Brooks and Rumsby (1967), 

Ward (1982) and Ahsanullah et al (1984) 
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Table (18) AccumulatlOn rate of cadmlUm and copper m the ltver of MUgil sehelz dunng all tIme of experunents 

CadmIUm Copper 
Time (day) 

Control 05 mgll 2 mg/l Control 02 mg/I 05 rogll 

Exposure perIOd 

0 0280 ± 0 029 o 280± 0 029 0280 ± 0 029 15210 ± 2658 15210 ± 2658 15210±2658 
025 0508 ± 0 027 0715 ± 0 030 23544 ± 3572 11 813 ± 3566 

1 1 258 ± 0153 2 189 ± 0153 38677 ± 6219 10 880± 2 795 
2 0283 ± 0 061 1 596 ± 0184 3274 ± 0 793 15505±2390 36680 ± 1 965 37 625 ± 7 622 I 

i 

4 2320 ± 0 309 3537 ± 0 339 27 814± 3078 30127 ± 2715 
7 3648 ± 0 757 6116±0439 23759 50 232±6 613 
14 0468 ± 0 052 4332 ± 0 361 14298±2272 27630±4510 34440 58 141 ± 9606 
21 0212 ± 0 036 6500 ± 1 178 19046 ± 2 231 46372±0875 62 210± 5099 
28 0203 ± 0 039 9848 ± 3703 32968 ± 5 299 13 701 ± 3891 56590 ± 13 510 62 032± 6 665 
42 o 200±0 024 11 352 ± 0 249 33 365 ± 4905 7675 ± 1 744 85700 ± 2580 119678 ± 8184 
56 0233 ± 0 031 11 023 ± 2 688 42 550 ± 1 770 17 710 ± 3428 75870 ± 21 650 112477 ± 17975 
70 0208 ± 0 042 14113±6671 60245 ± 4395 94298 ± 15230 156461 ± 22792 
84 0175 ± 0 045 17 449± 4 691 89170 ± 2611 23530±5418 100270±25110 140067±2420 

! 

DepuratJon perIOd I 

7 0240 ± 0042 22840 ± 8 480 76628 ± 0830 68944 ± 6 032 92003 ± 31427 
14 0367 ± 0 066 25 580± 6 321 89322±8072 21 411 ± 3090 85679 ± 7 896 82028 ± 13 047 
28 0732±0211 26357 ± 5 914 68616 ± 1 267 26277 ± 5 139 122709 ± 60292 77922 ± 10913 
56 0392±0 109 38210±9025 131 355±7193 27574±9232 125938 ± 13 375 154 926± 17784 
84 0733±01S947400±1351152703±14377 18027±4214 115781 ±7390 157520±20860 

- -~------- ------ --- .~-~-~- -

--, r .. -- r'7l .---, -1 - ,..., 
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Table (19) AccumulatlOn rate of cadmIUm and copper In the gIlls of Mugzl sehell dUrIng all time of expenments 

-

CadmIUm Copper 
Time (day) 

Control 05 mg/I 2 mg/I Control 02 mg/l 05 mg/I 

Exposure period 

0 o 220± 0 034 o 220± 0 034 0220 ± 0 034 1 490 ± 0 262 1 490 ± 0 262 1 490± 0 262 
025 1 333 ± 0162 2526 ± 0 402 5522 ± 0 813 15636 ± 5 428 

1 1 091 ± 0120 2766 ± 0 624 2715 ± 0176 5 797±} 068 
2 o 226±0 067 1 320 ± 0 290 3114±0418 1 524± 0 260 3168±0712 5588 ± 2 042 

I 4 1 192 ± 0 268 3 050± 0437 2875 ± 0234 4 996± 0 377 
I 7 1 374 ± 0 266 3 791 ± 1 120 2 129 ± 0 651 4 126± 1 700 I 
I 14 0228 ± 0 034 2539 ± 1 373 5064 ± 0 861 1 095 ± 0196 4 240± 2 377 6775 ± 2148 

21 o 209± 0 044 1 185 ± 0 236 3856 ± 1 425 1010±0176 2621±0607 2941 ± 0531 
28 0185 ± 0 031 2030±0317 3248 ± 0 334 0938 ± 0171 4182± 0 348 4223 ± 1300 
42 0165±0036 1 603 ± 0 395 2948 ± 1450 1 161 ± 0 096 2513±1015 2521±0233 
56 0245±0127 1 777 ± 0 294 2575 ± 0 057 1 345 ± 0 288 2375 ± 0 530 2 228±0 779 

, 

70 o 062±0 020 1 256 ± 0451 2403 ± 0 496 0881±0332 3863 ± 1107 2699 ± 0553 
84 o 158±0087 1807±0810 3363 ± 0576 0659 ± 0131 2 096± 0 437 2748 ± 0 590 

I 
:1 Depuration period , 

I 
, 

I I 
, 7 O101±0012 1 720 ± 0 230 2873 ± 0856 o 762± 0 023 1 076 ± 0134 1 355 ± 0185 : I 
I I 

I 14 o 120± 0 007 0568±0047 1 861 ± 0 125 0816 ± 0 061 0788 ± 0025 1 002 ± 0161 : 
I I 

28 0228 ± 0 045 0615 ± 0 167 2 026± 0 608 0542 0784 ± 0 200 o 650± 0 239 
56 0105±OO12 0215 ± 0 083 1 191 ± 0 053 0573±0041 0807±0235 0677±0114 
84 o 127± 0 018 0180 ± 0 075 0738 ± 0 033 0435 ± 0 033 0835 ± 0146 0745 ± 0 065 

, 
, 

-- .-r_ - - - .. .. --r""""] - .. - .. -
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Table (20) AccumulatIon rate of cadmIUm and copper In the blood of Mugil sehelz dunng all tIme of expenments 

---_.-

CadmIUm Copper 
TIme (day) 

Control 05 mgll 2mgli Control 02 mg/I 05 mgll 

Exposure perIod 

0 0080 ± 0 018 0080 ± 0 018 0080 ± 0 018 0470±O 116 0470±0 116 0470±0 116 
025 0100 ± 0 015 0167 ± 0043 1 538 ± 0 324 1 753 ± 0 595 I 

I 

1 0056 ± 0 011 0240 ± 0 042 0530 ± 0050 2318 ± 0 495 I 

2 0189 ± 0026 0104 ± 0 015 0233 ± 0 094 0473 ± 0 091 0753 ± 0132 0364 ± 0189 
4 0029 ± 0 008 0125 ± 0 043 0773 ± 0151 0662±0 167 
7 0074 ± 0 012 0150 ± 0058 0955 ± 0 233 1 037 ± 0160 
14 0023 ± 0008 o 142±0045 0411 ±O 114 0213±0042 0821 ± 0 210 0555 ± 0 055 
21 0034 ± 0007 0187 ± 0 074 0028 ± 0 006 0633±01l0 1 275 ± 0 288 0333 ± 0108 
28 0035 ± 0 009 0060 ± 0 011 0291 ± 0085 0433 ± 0 046 1 640 ± 0 760 0233 ± 0 024 
42 0037±0010 0068 ± 0 018 0202 ± 0 002 o 467±0 075 0686±0135 1 058 ± 0 025 ; 

I 

56 0037 ± 0 012 0168 ± 0113 0050±0016 0583 ± 0104 o 864±0 232 0601 ± 0101 
70 0023 ± 0 005 0257 ± 0108 0166 ± 0134 0361 ±0049 1 102 ± 0 249 0737 ± 0 004 
84 0225 ± 0 093 o 150±0056 o 226±0 071 0253 ± 0 042 0750 ± 0110 0405 ± 0 064 

DepuratIon period 

7 0135±0033 0324 ± 0077 0333 ± 0105 0899 ± 0187 0667±0 135 0474 ± 0 093 
14 0258 ± 0045 0547 ± 0 101 0285 ± 0080 0478±0 115 0564±0112 0563 ± 0131 
28 0330 ± 0032 0800 ± 0 095 0391 ± 0 121 o 524± 0 047 0972 ± 0186 0767 ± 0224 
56 o 206± 0025 0780 ± 0 080 0112 ± 0 031 o 229± 0 044 0304 ± 0081 0388 ± 0 035 
84 0069 ± 0011 0220 ± 0 006 0195 ± 0 073 0193 ± 0 031 0889 ± 0 245 0482 ± 0 066 
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Table (21) AccumulatIon rate of cadrmum and copper in the muscle of Mugi/ sehelr dunng all time of expenments 

CadmIUm Copper 
Time (day) I 

I 

Control 05 mg/I 2 mg/I Control 02 mg/I 05 mg/l I 
I 
I 

Exposure period I 

i 
I 

o 320±0 042 
I 

0 0060 ± 0 013 o 060±0 013 o 060± a 013 o 320±0 042 0320 ± 0 042 I 

025 0080 ± 0019 0076±0018 0413 ±0067 0353 ± 0 057 I 

1 0071 ± 0 023 0091 ± 0 014 o 369± 0 046 0192 ± 0 026 
2 o 066± 0 027 0087 ± 0 011 0078±0014 0333 ± 0 015 0480 ±O 041 o 250±0 034 
4 0082 ± 0016 0072 ± 0005 0403 ±0050 0341 ± 0 028 
7 0074 ± 0 013 0076±0014 0445 ± 0 055 0273 ± 0 053 
14 0063 ± 0 027 0077 ± 0 023 o 096±0 022 0354±0051 o 446±0 067 0297 ± 0 040 
21 0043 ± 0 012 0057±0018 0159 ± 0109 0281 ± 0 044 0573 ± 0 044 o 568± 0 058 
28 o 070±0 017 0070 ± 0 009 o 149±0082 0341 ±0028 o 519± 0 091 0561 ±0075 
42 0054±0014 0056 ± 0 008 0081 ± 0021 0375 ± 0 085 o 624± 0 096 0455 ± 0081 
56 0055 ± 0 008 0047 ± 0 016 0099 ± 0 012 0398 ±O 066 0555 ± 0115 0521 ± 0076 
70 o 057±0 017 0045 ± 0 003 0081 ± 0 009 o 402± 0 060 0417 ± 0 082 0602 ± 0143 
84 0068 ± 0 014 0073 ± 0 036 0121 ± 0 010 o 392±0 039 0418±O051 0528 ± 0 096 

Depuration period 

7 0055±0018 0096 ± 0025 o 149±0066 0386 ± 0094 0363 ±O 141 o 372± 0119 
14 0067±0017 0048 ± 0002 0112±0011 0453 ± 0 023 0414 ± 0 062 0430±0 100 
28 0114 ± 0 003 o 163 ± 0017 0179 ± 0 008 0304 ± 0 054 0408 ±O045 0247 ± 0 017 
56 0037±0012 0056 ± 0 002 0060 ± 0 019 0309 ± 0 073 0437 ± 0 017 o 300± 0 092 
84 0090 ± 0 008 0055±0012 0069 ± 0 031 0230 ± 0114 0386 ± 0 086 0263 ± 0 055 

• 

I-=- 1.-1.. -_ __ _ __ ~ ...- .. _ _ _ -- ... .. 



Table (22) ConcentratIOn factors of cadmIUm and copper for lIver of MugIl sehelr dunng all tIme of expenments 

CadmIUm Copper 
Time (day) 

Control (0 2 Ilg/I) 05 mg/I 2 mg/I Control (8 Ilg/l) 02 mg/I 05mg/l 

Exposure period 

1 25 1 1 193 22 
2 1415 32 1 6 1938 183 75 
4 46 1 8 139 60 
7 73 3 1 119 100 I 

14 2340 87 7 1 3454 172 116 I 

21 1060 130 95 232 124 
28 1015 197 165 1713 283 124 ..... 

"d" 42 1000 227 167 959 429 239 ..... 
56 1165 220 21 3 2214 379 225 
70 1040 282 301 471 313 
84 875 349 446 2941 501 280 

Depuration penod 

7 1200 457 383 345 184 
14 1835 51 2 447 2676 428 164 
28 3660 527 343 3285 614 156 
56 1960 764 657 3447 630 310 
84 3665 948 764 2253 579 315 

r r-- ~ ---. 



Chapter V 

Summary 



142 

Summary 

Heavy metals consIdered as one of the most mSldIOus and 

dangerous category of pollutants m the sea whIch enter the aquatIc 

ellV1romnent from both natural and anthropogemc sources Metal 

contarrunatIOn of aquattc envrronment may lead to deletenous effects 

from locahzed mputs wluch may be acute!} or chromcally tOhlC to 

aquatic hfe Wlthm the effected area Most publIshed data on the effects 

of metals on aquatIC orgamsms, however, report adverse effects at 

concentratIOns hIgher than usually found m the enVIronment Metals are 

often accumulated m the tissues of organs whIch have taken them up, 

and t1ns leads to an amphficatIOn of the concentratIOn of them ill 

ammals Ingber up to food cham Not only do heavy metals constItute a 

direct threat to pubhc health, they are a broad contammants and Its 

control IS extremely dJfficult 

TIns work aImed to study the van anon of metals m the tIssues of 

commercIal fish collected from dIfferent sttes along the EgyptIan coast, 

and theIr response to pollutIOn ill the SItes To manage the problem of 

metals accumulatIOn ill fish, depuratIon patterns were studIed ill a 

long-term expenments 

The results obtamed from the study can summarIZe m the 

followmg 
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1- Field research 

1- Level of metals In fish. 

a) Muscle 

The lughest values of cadmIUm (009 ppm), copper (1 36 ppm), 

Mg (0 465 ppt), K (4 995 ppt) and Na (2 891 ppt) were found III 

fish collected from Port SaId regIOn W1u.Ie~ Pb (0 61 ppm)~ Zn 

(13 512 ppm), Co (0 189 ppm), Nt (2468 ppm), Fe (47 46 ppm) 

and Ca ( 196 ppt) were ill fish from the Gulf of Suez 

b) Liver. 

The lughest values of Cd (I 16 ppm), Pb (1 851 ppm), Co (1 11 

ppm), NI (19 76 ppm) and major elements, Ca, Mg, K and Na 

(1 875, 0731, 9633 and 2603 ppt) were found ill fish from the 

Gulf of Suez Cu showed Its lnghest level (81 17 ppm) ill fish 

Mugrl auratus collected from Port SaId Slganus nvulatus from 

Alexandna regIon and Red Sea had an elevated amount of zmc 

(l02 90 ppm) and tron (573 59 ppm), respectIvely 

c) GIlls 

The htghest values of Cd (0 194 ppm), Pb (1 24 ppm), Zn (49 1 

ppm), Co (0 81 ppm), NI (3 13 ppm), Ca (0 194 ppt) and K 

(2411 ppt) were found m fish from the Gulf of Suez On the 

other hand, Cu (302 ppm), Fe (1191 30 ppm), Mg (1 32 ppt) 

and Na (2 845 ppt) were m fish from MedIterranean mfront of 

Port SaId 
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2- Response of fish to metals in different areas: 

a) The availabilIty of metals to fish In different sItes 

In all tested regIOns, except Port SaId regIOn, the order of metals 

III fish muscle was Fe > Zn > Nl > Cu > Pb > Co > Cd WhIle 111 Port 

SaId regIOn, the order was Fe > Zn > Cu > Nt > Pb > Co > Cd 

b) Feedmg and habItat mechamsms. 

For all metals other than cadmIUm, gIlls showed thelf hIgher 

levels III pelagtc and filter feedmg fish than those recorded ill 

CarnIVorous fish Cu, Zn, Co and Fe (m lIver) showed hIgh values ill the 

filter feeders, wlule other metals (Cd, Pb and Nt) were found ill 

CarnIVorous fish For muscle, Ph, Cu, Zn, Co and Fe were presented III 

filter feedmg fish WIth hIgh values Cd was the only metal that showed 

Its hIghest level III CarnIVorous fish for all drfferent organs 

c) The bplds content In the tissues of different fish species 

Liver wmch IS fatty tissue showed lngher accumulatIon rate of 

most metals studied than other organs 

d) Uptake and retentIOn mechanisms for the metals at different 

sItes A case study 

FIsh, Saunda sp, was collected from Alexandna, Port Srud and 

Gulf of Suez to give some statlstlCaI analysIs of the obtamed data 

I 
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i- Meta) - length relahonshlps 

Most metals III the muscle of fish, Saunda vp, recorded 

mSIgruficant correlatIOn Wlth fish length whether posItIve or negatIve, 

except few, such as, calcIUm (r = - 0766) III fish from Alexandna, 

potassmm (r = 0 589) ill fish from Port Satd, and zmc (r = - 0 682) and 

tron (r = - 0804) 111 fish from Suez 

11- Copper - length relatmnshlps· 

In the small fish (length < 22 0 cm), Cu showed a posItIve 

relatIonshIps wIth length (r = 03802, 07137 and 08711 for 

Alexandna, Port SaId and Suez fish, respectIVely) WhIle III large fish 

(length 2:: 220 cm), the relatIOns were mversely With correlatIOn 

coefficIents (r) of - 0 1415, - 05450 and - 0 5490 for Alexandna, Port 

Srud and Suez fish, respectIvely 

111- Metals mterrelationshlps. 

FISh from Port Srud region had a poor sIgmficant correlatIOn 

between the studIed metals Lead dId not record any sigruficant 

correlatIon WIth the other metals ill all studIed regIOns Most of 

sigruficant correlatIon were observed for essentIal and major elements 

CaIcmm and magnesIUm showed more or less same patterns dunng 

study the correlatIOn WIth the other metals and WIth length of the fish 

IV- Level of metals In SauTlda sp and its concentratIOn factors: 

The maxlmwn levels of Cd (0044 ppm), Zn (2296 ppm), Co 

(0 085 ppm), Fe (2 879 ppm) and Na (811 94 ppm) were observed ill 
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the fish from Port SaId waters Whlle Pb, Cu, Nt and Ca were recorded 

Its htghest level (0 408, 0 328, 0 919 and 39 826 ppm, respectIvely) ill 

the fish from Alexandna waters Mg and K were elevated ill the fish 

from the Gulf of Suez (43824 and 174927 ppm, respectIvely) 

ConcentratIon factors of metals, Cd, Pb, Cu and Zll ill fish were found 

to be hIgher m Port Said than those of the others (Alexandna and the 

Gulf of Suez) 

v- One Waj' AnOl'Ci andIY~ls. 

One Way Anava analYSIS was used to estlIDate probabIlIty and 

dIfference ill the metals content of fish muscle from the dIfferent areas 

Cd, Ca, Mg and Na m the fish muscle recorded htgh slgruficant 

dIfferences between all tested regIons In contrast, Pb, NI and Fe 

showed mSlgmficant dIfferences Cu and Zn showed mSlgruficant 

dIfferences between fish from Alexandna and Port SaId only, whtle Co 

and K recorded mSlgtlrficant dIfferences between Port SaId and the 

Gulf of Suez fish 

3- Sea food safety In Egypt: 

The percentage of the present metal concentratIOns m fish 

muscle to that of PTWI (PrOVISIOnal tolerable weekly mtake ill mg per 

70 kg man) was calculated, and the obtamed data demonstrate that the 

concentrations of trace metals (Cd, Pb and Cu) would be much lower 

than the PTWI values and accordmgly there IS no nsk from the human 

consumptIOn of these fish 
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By companng the metal levels In the fish muscle of our study 

WIth the EgyptIan fish, It can be notIced that, Cd and Pb show the 

lowest concentratIOns than that recorded ill the other studIes, Cu, Zn 

and Fe are gomg WIthm the levels of the EgyptIan fish 

Also, Mullus barbatus wll1ch collected from Alexandna regIOn 

was selected to compare our levels of Cd, Pb, eu and 2n wIth results 

of other workers along the Mediterranean coast It can notIced that, our 

metal levels hes ill the range recorded ill the other MedIterranean 

regtons 

11- Bioassay: 

1- Toxicity of cadmium and copper: 

luvemles of MugJ! sehelt were collected from the Dersa Pond ill 

the Suez Canal to estIllate the mortalIty effects of cadmmm and 

copper, they sorted for SIZe from 1 8 to 3 4 cm ill total length and from 

o 1 to 045 g ill total weIght Copper showed a toXIC effect to the fish 

Juvemles (LCso, I 64 ppm) lugber than those of cadtmum (LCso, 527 

ppm) 

2- AccumulatIon and depuration of cadmium and copper: 

I) CadmIUm. 

Liver After about 14 day of exposure penod, Cd showed a fast 

mcrease to reach 318 folds over the 1l1ltlaI concentratIon at the end of 

exposure penod (84 days) ill the group of 2 0 rug Cd 11, whIle the low 

water ambient concentratIOn of cadnnum (0 5 mg I I) showed more or 
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less constant pattern (41 - 62 folds) untIl the end of exposure penod 

Dunng the depuratIOn penod, lIver showed unexpected patterns bemg 

111creased contmuously wIth the same mamler of exposure and reached 

to 169 and 545 folds over the uutlal concentratIOn for 0 5 and 2 0 mg / 1 

groups, respectIvely, at the end of expenments (168 days) 

Gills Cadnuum was accumulated most rapIdly dunng the first 

day and Its maxnnum values were recorded at the day 14 (I2 and 23 

folds for 0 5 and 2 0 mg 11 groups, respectIvely) Dunng the depuratIOn 

penod, the concentratIOns of Cd were nonnally decreased to reach the 

control level for 0 5 mg / 1 group, and 3 folds over the lilltIal 

concentratIOn for 2 0 rug / 1 group 

Blood. The concentrations of Cd were fluctuated near the level 

of control dunng all time of the expenment 

Muscle No response was recorded m muscle for 05 mg / I 

group durmg the expenmental tIme WillIe ill 20 mg / 1 group, slIght 

mcrease III Cd occurs and reaches up to 2 folds over the 1ll1tlal 

concentratIOn and fluctuated unttl the end of expenment 

II) Copper. 

LIver Dunng the exposure penod, the concentranon of copper 

ill hver reached to 6 and 9 folds over the lll1tlal concentratIOn for 0 2 

and 0 5 mg eu / 1 groups, respectIvely, and then showed more or less 

constant pattern durmg the depuratIon penod wInch reached to 8 and 

10 folds for the two groups 
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Gills At the first 6 hours, Cu level showed Its hIghest values and 

recorded about 4 and 10 folds for 0 2 and 0 5 mg / 1 groups, then 

decreased and fluctuated unttl the end of exposure penod After 7 days 

of depuratIon penod, Cu decreased and reached to control level for the 

two groups 

Blood Copper was fluctuated around the control level dunng all 

tune of expenments 

Muscle" No response was recorded III muscle for the two groups 

dunng all tIme of expenments, and Its levels were fluctuated near the 

background level of control group 

From the results of the expenmental work, It can be concluded 

that the muscles of fish, the echble part WhICh are slIghtly or even not 

affected by the metals (Cd and Cu m the present sIDdy) contammatlOn 

ill theIr aquanum Other organs mc1udmg lIver (organ for 

detoXIficatIon) and gtlls (drrect contact WIth water surface) that 

accumulate lugh amount of metals, and reach to levels more than the 

safe concentratIOn Therefore, the level of metals m fish organs caught 

from lnghly polluted areas must be taken mto consIderatIOn by those 

people responsIble for human bemg health It IS, thus, of urgent need to 

prevent nsks caused by sea food contams lngh level of metals m Its 

organs The first step IS to mtttate a regular and weI1 planned nattonal 

programme to follow the metals level J11 the EgyptIan manne 

envrromnent Also, preventmg usmg the polluted organs as a food for 

other consumable ammals (m ammal farmmg) 
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